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Preface 

The proceedings and conferences reflected the main theme: Sustainability of forest-based 
industries in the global economy, in forestry, wood processing and furniture manufacturing, from 
marketing, economy, management, technology and production point of view. The main goal of the event 
was to exchenge and transfer knowledge by international experts and scientists in an array of topics and 
issues facing the global forest and forest products sectors. Scientists and experts, 128 of them from 13 
countries (Bulgaria, Croatia, Czech Republic, Finland, North Macedonia, Poland, Romania, Russia, 
Slovakia, Slovenia, Serbia, Turkey and Ukraine), presented their points of view important in market 
competitiveness and sustainability for industry, regardless of country or region. 

 
 
 
 
 

Head of the Organization Board 
Assis.prof. Andreja Pirc Barčić, PhD. 
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 This proceedings of scientific papers is a compilation of articles submitted by authors that convey 
results of recently completed research. These results were presented at the international event titled 
SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY, held in Vinkovci, 
Croatia, September 28th-30th 2020. This event was organized as two joined conferences: the 13th 
international scientific conference WoodEMA 2020 and the 31st international scientific conference ICWST 
2020. 
 This year WoodEMA, i.a. was partnering University of Zagreb, Faculty of Forestry, Zagreb, 
Croatia and Competence Centre, Vinkovci, Croatia to organize joined event with two combined 
conferences and many side activities. Although the pandemic year 2020 (Covid-19) was the year to forget, 
the response to these conferences was higher than expected. All together 69 scientific articles  
submitted for the event of which, after the international review, 63 were accepted and included in this 
book of proceedings.  
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EXPERIENCE OF THE RUSSIAN FEDERATION  
IN JOINING STRATEGIC PLANNING  
OF THE GLOBAL FOREST SECTOR 

 
Pryadilina, N., Lobovikov, M., Skvortcov, E. 

 
 

Abstract. In the context of globalization of forest policy, long-term planning is becoming one of the most important 
tools for sustainable forest management at the national and regional levels. This thesis is confirmed by the 
experience of international organizations, such as Food and Agriculture Organization of the United Nations (FAO 
UN), World Bank (WB), European Forest Institute (EFI) and others. These organizations make a great contribution 
for the creation of methodologies for long-term planning (forecasting) of the global forest sector as well as practical 
recommendations for individual countries. These recommendations are aimed at the efficient use of forest resources 
based on a balance of economic, environmental and social interests of society. Intensive development of the forest 
sector requires mechanisms that will allow managing forest potential through increased profitability and improved 
natural forest conditions. A concept of long-term planning should lead to a mechanism for intensive development of 
the forest sector, taking into account regional factors. Certain attempts to change approaches to long-term planning 
were made by the FAO project “The Russian Federation Forest Sector Outlook Study to 2030”. The outlook was 
prepared by the Russian scientists on the basis of methodological recommendations used by the UN FAO in the 
global and regional forest sector forecasts. The main novelty of the Russian outlook was orientation on domestic and 
export demand, estimated with models and expert evaluations. Forest sector alternative scenarios were designed on 
the basis of balance of goals and resources. However, resources supply was not guaranteed. The Russian forest 
sector outlook, which was supported by the FAO, has received wide international appreciation. Unfortunately, it did 
not become an official strategic planning document in the Russian Federation. Its development was not directly 
ordered by the Russian federal government. 
Keywords: strategic planning, forecasts, forecast estimates, forest sector, demand for forest products, supply for 
forest resources 
 
 

1. INTRODUCTION 
 

Not only individual states, but also international organizations are engaged in long-term and strategic 
planning and forecasting within the framework of their international mandates. The concept is to help 
states to develop and adjust their own national strategies in the context of globalization and growing 
dependence of states on each other and on the general state of the economy, ecology and world society 
on the planet. Examples of such organizations are the Food and Agriculture Organization of the United 
Nations (FAO), the Organization for Economic Cooperation and Development (OECD), the United Nations 
Environment Program (UNEP), the International Energy Agency (IEA), the World Bank (WB) and others. 
These organizations have a mandate to develop global and regional forecasts, as well as commitments to 
assist Member States in developing their own strategic goals and development programs. Each 
international organization fulfills its role and fills in a certain niche, that was identified by the member 
states: 

 FAO periodically develops, with the participation of the member countries, strategic forecasts for 
10 to 20 years ahead in agriculture (OECD/FAO Agricultural Outlook), fisheries (Fisheries 
Outlook), forestry and forest industry (Forest Sector Outlook Studies - FSOS). 

 The World Bank is engaged in global economic forecasts (Global Economic Outlook) and ratings 
of countries on the ease of doing business (Doing Business). 

 UNEP produces a periodic environmental forecast (World Environmental Outlook). 

 The International Energy Agency (IEA) compiles an annual energy review-forecast (World Energy 
Outlook). 
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2. FAO OUTLOOK STUDIES AND THEIR FEATURES 
 

FAO forecasts are highly appreciated by the member states because they serve as reliable 
guidelines for the development and adjustment of their own national plans and programs for fisheries, 
agriculture and the forest sector. Analysis, assessment of the state and trends, as well as forecasting of 
the world's forest sector are an integral part of FAO's own strategy. Predictive studies highlight the long-
term and most important trends in the forest sector and identify obstacles, difficulties and new 
opportunities. Based on data from various sources, attracting the best specialists and applying advanced 
methodologies, these studies support the political reviews and strategic planning necessary in a globalized 
world. They are based on several scenarios and show politicians and managers a possible set of 
acceptable solutions. 

There are global, regional, country and thematic forecasts of FAO. Global studies analyze trends 
in the production, demand, trade and consumption of forest products in the world, or in certain thematic 
areas of interest to many countries, for example, furniture, energy, forestry, forest plantations, etc. 
Regional studies analyze a wider range of issues, but on regional scales (Asia, Africa, Europe, Russia, 
China, USA). These include issues and concerns that are particularly relevant to a region. At the same 
time, global, regional and thematic forecasts complement each other. 

FAO forecasts deal with both today and the remote future. Their main goal is to support the reform of 
interested states, as well as private forest business, in order to implement the UN decisions on 
globalization, green economy, biodiversity and sustainable management. Forecasts indicate a range of 
possible alternatives, benefits and risks due to implementation of the alternatives. Forecasts contribute to 
the three main areas: 

1. development of national forest policies and strategic planning together with the development of 
roadmaps; 

2. development of a civilized national dialogue on forests; 
3. assistance in attracting new investments. 

In preparing the forecasts, FAO considers it important: 
1. Involve all stakeholders, especially national experts, multilateral or bilateral organizations, the 

private sector, non-governmental organizations and national minorities in the forecasting process. 
2. Use the process of producing forecast to increase the individual and institutional capacity of 

development participants. 
3. To ensure the dissemination of data, results and knowledge in the country. 
4. Promote the use of results to improve sustainable forest management. 
Forecasts include both quantitative and qualitative elements of the study. Analysis based on supply 

and demand models is complemented by qualitative analysis. The problems that can significantly affect 
future development are considered. 

At the global level, FAO has so far generated two forecasts for the possible development of the forest 
sector: the Global Forest Products Outlook Study (GFPOS) and the Global Fiber Supply Model (GFSM). 

The first study analyzes trends in forest management with the goal of forecasting future production of 
forest products. The forecast for wood fiber materials is limited mainly to roundwood production. The 
results of the two complementary studies were used in other related studies, for example, in the FAO 
flagship report "State of the World’s Forests" [1]. 

The Global Forest Products Outlook Study (GFPOS) is the fifth of a series of global supply and 
demand forecasts. This forecast has been compiled since 1982 with a frequency of approximately every 
five years. It went further than its predecessors and presented the most complete forecasting of supply 
and demand from the point of view of forest policy and management. Thus, the study went beyond the 
traditional question of how much wood is needed in the future. It answered the questions posed: where the 
wood will come from, who will produce it, where and how will the wood be processed and used. In 
addition, the forecast tried to answer the question of how policies should be changed and institutions 
restructured in the future. 

The Global Wood Fiber Supply Model (GFSM) was first developed in 1995. Along with the predictive 
model, the analysis included fresh forest inventory statistics as well as recovered and non-wood fiber data. 
In general, this study contributed to the development of forest policy. It required reliable data and analysis 
of the sources and disposal of fiber materials. This has contributed to efforts to achieve sustainable forest 
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governance in many countries. Both forecasts were based on a number of reports on different areas of 
relevant research. 

Current regional forecasts include the following reports: 

 Forest Outlook Study for West and Central Asia (FOWECA) "People, forests and trees in West 
and Central Asia. Outlook for 2020". 

 A series of forecasts for Asia, including: 
o Asia-Pacific forests and forestry to 2020, 
o Asian Southeast forests and forestry to 2020, 
o East Asian forests and forestry 2020, 
o Pacific forests and forestry until 2020, 
o Forests and forestry in the Greater Mekong Subregion to 2020, 
o Asia-Pacific forestry to 2010 (report is updated subsequently), 
o Forest policies, legislation and institutions in Asia and the Pacific. Trends and emerging 

needs for 2020, 

 In Europe: 
o European Forest Sector Outlook Study II: 2010-2030 (2012), 
o Russian Federation Forest Sector Outlook Study to 2030 (2013), 

 For Latin America: 
o The Latin American Forestry Sector Outlook Study (LAFSOS) up to 2020, 
o Trends and prospects for the forest sector in Latin America and the Caribbean (2006 in 

Spanish). 

 For North America: 
o The North American Forest Sector Outlook Study 2006-2030 (UNECE/FAO 2012), 

 Outlook to 2060 for world forests and forest industries: a technical document supporting the 
Forest Service 2010 RPA assessment  

All regional reports are built on country reports, which are also freely available to public. Each of the 
country reports is done by the best experts of their countries. FAO oversees the entire process, provides a 
methodology and, if necessary, on-site capacity building by FAO staff. 

The result of each report is several (usually 3-4) alternative scenarios with the analysis of strengths 
and weaknesses of each. FAO is collaborating with other partner organizations to create country reviews 
and projections. In particular, all joint European forecasts, as well as the North American forecast, were 
published by the UN ECE (Economic Commission for Europe) in Geneva. 

FAO forecasts are complemented by FAO flagship products, namely: 

 Global Forest Resources Assessments, the report is updated every five years, 

 The State of the World's forests, updated every two years. 
They differ from the forecast in that they do not have a forecast component, but only describe the 

state of affairs in the industry. 
 
 

3. RESEARCH FINDINGS AND DISCUSSION  
 

Russia joined the FAO in 2006. Until 2006, insignificant information was collected by the FAO in 
Russia. Given the vast territory of land and forest land, this circumstance certainly made it difficult for the 
FAO to make any significant global conclusions and generalizations about the state and prospects of the 
world's forests. 

In 2012, by the request and with the direct participation of the FAO, a forecast was prepared for the 
development of the forest sector of Russian Federation until 2030 [2]. The document was developed on 
the basis of methodological recommendations used by UN FAO in preparing regional forecasts for 
development of the forest sector. 

The report presented an objective and independent expert assessment of the current state of the 
Russian forest sector and possible alternatives for its further development until 2030. This task was 
successfully and quickly completed by a group of 23 prominent experts under the guidance of prof. A.P. 
Petrov, rector of the All Russian Institute for Advanced Training of Leaders and Forestry Specialists 
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(VIPKLH). The Supervisory Board was headed by V.A. Chuyko (RAO Bumprom). The project manager 
from UN FAO and the editor of the report was M. Lobovikov, FAO Forestry Department Service Chief. 

The multidisciplinary team included representatives from science, education, civil society and the 
private sector. The team successfully completed the task. The study analyzed the main system forest 
related problems of the Russian Federation and proposed solutions based on the balance of supply and 
demand for forest products. 

The FAO report on the development prospects of the Russian forest industry is a multi-page 
publication with charts and tables. In the course of the research, a methodological base for forecast 
scenarios was developed. It is fundamentally different from the official approaches of the Rosleskhoz and 
Ministry of Industry and Trade and. 
The report contains 12 chapters: 
1. Russian Federation forest sector. 
2. Methodology of the outlook study. 
3. Forecast of forest resources. 
4. Demand for wood products. 
5. Forest industry sector development. 
6. Forest regeneration, conservation and protection. 
7. Forest resources and climate change. 
8. Forest certification. 
9. Illegal wood. 
10. Forest ownership. 
11. Forest policy. 
12. Education and staff, science and technology. 
Conclusions and recommendations. 
Bibliography. 

The outlook was based on a comparison of supply and demand for forest resources. This 
forecast methodology is fundamentally different from the forecast methodology implemented in the 
Strategy for the Development of the Forest Sector of the Russian Federation until 2020 and 2030 [3, 4] 
and in the draft State Program for the Development of Forestry until 2020 [5]. These forecasts are based 
only on the assessment of supply. 

The forecast for the development of the Russian timber industry (an integral part of the forecast 
for the long-term socio-economic development of the Russian Federation for the period until 2030) was 
built on supply as well and ignored demand side of the balance. This forecast was prepared by the 
Ministry of Economic Development [6]. In the FAO forecast, all its authors are known. They are 
responsible for the veracity and recommendations. On the opposite, unlike the FAO forecast, the authors 
of the Ministerial forecast are unknown. 

Forecasting the supply of raw materials in the FAO outlook study did not cause any particular 
difficulties and disagreements. The calculation was carried out according to the well-known models of 
VNIILM (Russian Research institute for Silviculture and Mechanization of Forestry) with a horizon far 
exceeding the specified parameters (until 2030). Demand modeling turned out to be much more 
complicated. It was revealed that there are no models for demand forecasting. Therefore assessment of 
demand had to be carried out by the expert evaluation method. 

Market economy is built on different principles than planned economy. In market economy, the 
main goal is not to produce goods, but to sell them. When demand and resources are in place, it is 
possible to produce the goods demanded by the market. Therefore, the basis of the FAO project is 
balance of supply and demand for forest products. This distinguishes the FAO project from the above-
mentioned government documents, which unilaterally take into account only supply side of the balance 
and ignores its demand part. 

Analysis of the dynamics of forest products in the Russian Federation for the entire post-Soviet 
period showed that the main barrier to the development of the forest sector is the low demand for forest 
products in the domestic market. Low demand is mainly due to the low purchasing power of the 
population. Demand for the domestic forest products may fall due to increased imports. Liberalization of 
tariff and customs policies in the context of the accession of the Russian Federation to the WTO increases 
import of forest products and requires a flexible approach. 
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The FAO project convincingly showed that long-term planning should be based on stimulation of 
demand for forest products in the domestic market. This method was successfully employed for the 
development of the Russian automotive industry. It is necessary to develop economic foundations for 
strategic planning of the forest sector based on the demand assessment for wood products. Scenarios for 
the development of the forest sector were built on the basis of a balance of resources and goals. However, 
there were no guarantees provided for the resources availability [7]. 

The authors of the "Russian Forest Sector Outlook Study" called for urgent modernization of the 
Russian forestry sector, increasing attractiveness for investments, and stimulating domestic demand for 
forest products. Particular attention is paid to furniture, housing construction, forest management, 
legislation, illegal logging. The study showed that for the transition to the innovative scenario, the Russian 
forest sector needs to improve management efficiency and carry out constructive reforms and 
restructuring. 
 
 

4. CONCLUSION 
 

The FAO study "Russian Federation Forest Sector Outlook Study to 2030” was the result of 
cooperation between Russia and the Food and Agriculture Organization of the United Nations (FAO). The 
main novelty of the forecast was planning with the orientation of the forest sector on the demand for forest 
products in the domestic and export markets. Demand was estimated quantitatively and qualitatively by 
expert estimates due to lack of time and resources. The project accentuated the need for mathematical 
modeling of the market demand. 

Unfortunately, the federal government bodies responsible for the development of the national 
forest sector did not learn from the lessons, that were provided by inoperative forest strategies in the 
subjects of the Russian Federation. They continue to develop forecasts based only on resource potential 
and estimated allowable cuts. At the same time, significant Russian and foreign forest investments are 
jeopardized due to the poor forest management efficiency. 

The forest sector development forecast, that was carried out with the participation of FAO, has 
received great international appreciation. Nevertheless, it did not become an official document of strategic 
planning in the Russian Federation. Its development was not ordered by the federal government. Creating 
a scientific base for the long-term strategic forest forecasting and planning requires in the first place 
development of methodology for assessing the market demand for forest products in the domestic and 
export markets. 
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OPTIMALITY GUIDELINES FOR DECISION MAKING  
IN FOREST CONSOLIDATION IN BULGARIA 

 
Neykov, N., Dobrichov, I., Antov, P., Kitchoukov, E., Halalisan, A.F. 

 
 
Abstract: Modern management of natural timber resources requires the elimination of all elements that reduce 
economic efficiency. In recent years in Bulgaria the cost of roundwood purchased by the wood working enterprises 
has been increasing mainly as a result of their scarcity. Access to the extraction terrain is becoming increasingly 
difficult. Production costs for timber harvesting and transportation are increasing. The high cost of harvested timber 
for the needs of the woodworking industry reduced the margins of woodworking enterprises. At that moment, the 
Bulgarian Forestry Agency decided to consolidate forest territories in order to improve access to forests and reduce 
costs. The purpose of this study is to formulate an initial model of optimality in this process. 
Keywords: forests, land, consolidation, optimality  

 
 

1. INTRODUCTION 
 

The main goal of forest land consolidation is often to improve the usability of the area for commercial 
forestry, but depending on the country and the location, environmental issues may also be important (Kolis 
et al., 2017). According to Kies & Peter (2017) increasing fragmentation of privately-owned forest land 
represents a main challenge for the future round wood harvesting. In this context, Vitikainen (2004) 
describes land consolidation as a comprehensive reallocation procedure of a rural area. 

To date, there is no formulated methodology for assessing the effects of forest land consolidation in 
the Bulgarian forest sector conducted since 2016 to 2019. The consolidation procedures carried out so far 
by the Bulgarian forest authorities aimed to gain greater efficiency for all the activities within forest 
management departments. The first stage in 2016 was  the first step of consolidation of forest areas. Its 
combined effect is still not clear neither for the authorities nor for the academics. In fact it is controversially 
successful. The Ministry of Agriculture, Food and Forestry decided to repeat the “experiment”. For now, 
the second stage of consolidation, for which 1000000 Euro has been allocated, is being undergone. The 
previous stage, which began in 2016, costed 350000 Euro. The absence of the scientifically sound optimal 
criteria of forest land consolidation efficiency in Bulgaria determine the need of developing such a criteria 
for prescreening ant choosing the forest properties included. The purpose of this study is to provide 
optimization criteria in forest land consolidation that allow to determine its economic efficiency and support 
the responsible departments to choose best properties to buy. The study is conducted under the 
conditions of limited information about consolidation and exploits only data, available for expert 
assessmetns of the consolidated properties. 

 
 

1.1. Objectives, benefits and costs of consolidation in forests 
 

Vitikaninen (2004) defined the objectives of forest land consolidation as division of agricultural, forest 
land and land properties in villages; infrastructure improvement, i.e. roads, piping, drainages; improvement 
of activities, i.e. their easiness and applicability. Thomas (2004) defined almost the same purposes of 
infrastructure and management improvement. The achieved objectives are the benefits gained throughout 
the consolidation. Hudecová (2015) and Endo (2010) stated and the most important benefits include the 
cadastral map with higher positional accuracy and standardized cadaster base. Vitikainen (2004) and Kies 
& Peter (2017) again complete the picture with the costs appeared before, during and after the 
consolidation. They are for procedures and implementation. For now the costs for procedures in the 
Bulgarian case are not clear except the price of the land properties, which is the greater part and 
consequently subject of optimization model development.  

The previous stage costs can be classified as direct and fixed in respect of land areas. The main 
purpose of consolidation in Bulgaria is to enlarge the state-owned land in expense to private-owned. The 
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campaigns in 2019 and in 2016 required each individual land purchased to be within the interval of 0,1-5 
ha. This requirement provides some rules for decisions and allocation of the areas. At the same time, it 
places doubts if it is necessary to make costs for activities in which not the effect, but the costs or the price 
is the most important criteria. The authorities particularly especcially created departments in each 
Bulgarian Forest Enterprise (they are six at total) prescreen the forest land properties submited by the 
private owners into the application procedures. Departmenst choose these properties whic are close to 
roads and clasify them by price. When the purchasing costs (sum of the prices of the properties) 
ammounts approximately 50000 EUR they stop and by the properties included in the classation. Again the 
properties inside are not well assessed by the efficiency, but only the costs. 

 
 

2. MATERIALS AND METHODS  
 

Distribution of benefits throughout forestry have been extensively studied (Kolev & Yovkov, 
2011), which state that the fairness is achievable if the distribution is almost 50%/50% between society 
and the forest owners. This distribution in the consolidation process would be close to equal, if in 
prescreen (classified) properties are included more features than only the price. In the current study 
economic efficiency is applied as technical efficiency (Coelli, 2005) of each property included in the 
selection procedure. The costs for consolidation are included into efficiency ratio in multiple output and 
multiple input. The analysis of technical efficiency gives the highlights of reducing the inefficient choices. 
One of the approaches for that is the Data Envelopment Analysis (DEA). It was introduced by Charnes, 
Cooper & Rhodes (1978) for the assessment of relative efficiency of similar economic units (DMU) that 
use particular inputs to produce outputs. DEA provides a measure of efficiency of each DMU allowing, in 
particular, to separate efficient from non-efficient DMU and to indicate for each inefficient DMU its ‘efficient 
peers’ (Bouyssou, 1999). Efficiency assessed by DEA for the purpose of forestry is quite spread trough 
many research(see Boosari et. al, 2015; Viitala&Hanninen, 1998).  Cooper et al. (2007) developed the 
mathematical equations and successfully used by Zadmirzaei et al. (2016), Neykov et. al. (2020), Korkmaz 
(2011), Sporcic, et al. (2009) and many others. 

The model used here is in the envelopment form (dual model with slacks) with constant returns to 
scale (Zhu, 2014): 

 

min 𝜃 ,       (1) 

Subject to: ∑ 𝜆𝑗𝑥𝑖𝑗 − 𝜃𝑥0 ≤ 0𝑛
𝑖=1     (2) 

∑ 𝜆𝑖𝑦𝑖𝑗 − 𝑦0 ≥ 0𝑛
𝑖=1 .     (3) 

max ∑ 𝑠−𝑛
𝑖=1 + ∑ 𝑠+𝑠

𝑟=1  ,   (4) 

∑ 𝜆𝑖𝑥𝑖𝑗 − 𝜃∗𝑥0 = −𝑠−𝑛
𝑖=1     (5) 

∑ 𝜆𝑖𝑦𝑖𝑗 − 𝑦0 = 𝑠+𝑛
𝑖=1  ,    (6) 

 
λj - individual coefficients of j-th forest land property 
ϴ is the so-called efficiency scores and ϴ* is the optimal efficiency 

 s+ and s- - lacks that measure shortage of benefits from the property  or surplus of resources (xij i-th type 
of resource of j-th property).  
 

Estimation of the DEA efficiency model has been made for 13 properties. They have been under 
consideration by the State Forest Enterprise of the North Western Region and currently are in 
negotiations. The outputs are forest stand site index (FSSI) used in Bulgaria ( Mihov et. al., 2009), 
plentitude of forests (PFC) or forest cover ( Petrin, 2007) and the inclusion ( Popov et.al., 2011) of the 
predominant tree species (IPTS). The FSSI varies from 1 to 4 for the properties included. It describes the 
quality of timber which consequently is the highest at value of 1 and lowest at 4. The PFC varies between 
0 and 1, but sometimes can be over 1. Inclusion (IPTS) can be in the interval between 0-1.  

Additionally in the study have been forecasted revenues per 1 EUR costs for purchasing the 
properties in order to support decision makers in the Enterprise in context of future better revenues. 
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3. RESULTS AND DISCUSSION  

 
The results for the efficiency are derived under assumption of the threshold in certain amounts. 

The Enterprises practice during the consolidation process and properties choice to put a threshold of the 
total amount of the consolidation budget. The properties inside are negotiated with their owners, the other 
fall off the procedure.  
Results in the current study are intrseting with peculiarity, that optimality exists only under budget 
constraints. So the model here can be considered as constrained optimal algoritm with DEA linear 
function. The results for the revenues are shown on Figure.1 
 
 

 
Figure 1. Revenues per 1 EUR consolidation costs (costs efficiency) 

 
 

The figure presents the convincing advantage of the DEA model. Definitely its use will contribute 
to improving the economic condition of the State Forest Enterprise and its divisions. Improvement of the 
revenues is quite visible at every threshold, besides 10000 EUR. Before it the bargains with properties for 
consolidation is in inefficient scale. The FSSI varies in different way, than the revenues (Figure 2.). Figure 
2 presents the nature of the FSSI after thresholds establishment. 
 
 

 
Figure 2. FSSI of the consolidated areas in different budget thresholds, the value of 2.85 is the highest 

quality index  
 
 

The figure shows that DEA achieves much higher quality than the minimum cost criteria practiced 
in reality. As the scale increases, the DEA results approach real data. Forest enterprises can only succeed 
with the quality of their plantations at large budgetary thresholds. 
The criteria of PFC (plentitude) and IPTS (inclusion) are additional, but not less important – Figure 3. 
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Figure 3. FSSI of the consolidated areas in different budget thresholds, the value of 2.85 is the highest 

quality index  

Plentitude and inclusion determine the extent to which consolidated properties will contribute to 
forestry productivity. PFC decreases at high budget thresholds, which means that damaged plantations 
can be included in the list of consolidated areas. The IPTS is high at the large thresholds, which is good in 
terms of the assortment structure of the wood sold and the ease of harvesting. The two indicators 
interchange each other, but the plentitude is more important one, which can de compensated only by the 
total revenues, caused mostly by the more expensive tree species. A lower budget threshold means lower 
revenues, lower quality but denser forests. The higher budget threshold the higher the revenue but higher 
risk of danaged forests. 

 
4. CONCLUSSION  
 

The use of DEA will definitely improve the choice of land consolidation areas. Forest enterprises 
with the help of this methodology will be able to make cost-effective selection of properties. Minimizing 
costs deprives companies of short-term and long-term opportunities to generate profit. Setting it over a 
super-strategic period of time puts the whole consolidation process at risk of low profitability. 
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SUSTAINABLE DEVELOPMENT AND SPATIAL LOCATION  
OF PROTECTED GREEN SPACES IN BULGARIA 

 
Marinov, P. 

 
Abstract: At present, the twenties of the XXI century are increasingly influencing the life cycle of society, influenced 
by the Biosphere with its interconnected earth's crust and ecosystems. Protected natural sites in a global or regional 
aspect appear as part of this symbiosis. Sustainable development, as a concept associated with balancing the 
natural resource potential of the planet, and in the context of scientific material, will be applicable to the presentation 
of different types of protected areas in Bulgaria - history, definitions, location, percentage, socio-economic 
development and their potential for development, according to the Law on Protected Territories of the country. 
Keywords: Sustainable development and protected areas 

 
 

1. INTRODUCTION 
 

It is obvious that the use of natural resource capital cannot be exploited at such a furious pace, 
typical of the beginning and middle of the XX century. Continuing at the same pace, the extraction of 
natural resources at the rates of the 50s and 60s of the XX century will lead to a shortage of the same or a 
global environmental catastrophe. This reveals the research philosophy of the scientific teams - the 
relationship between natural resource potential and climatic changes, making developments 
commissioned by the Club of Rome.It still has a direct impact on lifestyle, regardless of the individual's 
adaptability in which climate zone he lives. New technologies used in people's daily lives to improve the 
quality of life cannot overcome the negative effects of climate change in the long run, or in the short term. 
On the other hand, it is directly related to the Green Spaces locally or globally. In the field of sustainable 
development related to the natural resource potential and protected green areas, a number of scientists 
work with many developments (Meadows 1972, Reimers 1990, Pearce 2013, Marinov 2018, Nedeva 
2015, Bashev 2010, Todorova 2017, Mihailova 2019, Markov 2019).  

The International Union for Conservation of Nature (IUCN) has developed a common applicable 
classification for the comparability of green territories, which, according to the purpose of management, 
formulates six categories of protected areas (categories I-V were approved in 1978 and category VI was 
added in 1992). Bulgaria is part of the World Network of Green territory, the laws and regulations are 
synchronized with international norms and requirements. The Protected Areas Act  (PAA), identifies six 
categories of protected areas in line with international requirements and categories of (IUCN): reserve 
(IUCN category I), national park (IUCN category II), natural landmark (IUCN category III), maintained 
reserve (IUCN category IV) ), a nature park (IUCN category V) and a protected area (IUCN category VI). 
The specific regime of protection and management of protected areas is determined by management 
plans in accordance with the relevant category and the requirements of international treaties.  

 
 

2. MATERIALS AND METHODS 
 
During the development of the material the definition of Sustainable Development was applied, as 

well as the same for the formation of the natural resource potential. It uses the statistics from the NSI, as 
well as the LPAA, in the classification of the different typologies, protected areas. For the analysis of 
protected areas, the classification for the same of the International Union for Conservation of Nature 
(IUCN) is applied. For greater reliability and chronological consistency, historical and comparative 
methods have been applied.   
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3. PRESENTATION 
 

The idea of sustainable development was first introduced by (Mill, 1848), who introduced the term 
“steady state”. In this category, it determines the development at a level at which the typical statistical 
population is served by statistical capital. A new look at Sustainable Development gives (Daly, 1977), 
which connects it with a constant supply of population and resources, in which technical progress and the 
population are presented as an integral part of the environment. Humanity as a system is evolving within 
certain limits and must take this into account in order to avoid irreversible global consequences. The 
research of Prof. Dr. Dennis Meadows “Limits of growth” (1972)  looking for answers to the questions: 

- What will happen if the pumping of natural resources continues at an accelerated pace, their 
quantity? 

- What will be left for the next generations? 
Of course, the answer is too frightening and leads to a global apocalypse. 
In 1983, the World Commission on Environment and Development was established at the OUN. She 

was tasked with producing a report entitled “Our Common Future”, led by Mrs Gru Bruntland, then Prime 
Minister of Norway. The publication of the report took place in 1987, which marked the beginning of 
modern ideas about the interaction between human society and the way of exploitation and conservation 
of natural resources. The OUN Agenda 2030, adopted by world leaders in 2015, represents the new 
global framework for sustainable development and sets 17 goals for sustainable development. It is a 
commitment to eradicating poverty and achieving sustainable development by 2030 worldwide, ensuring 
that no one is ignored. The goals of sustainable development are balanced between the three dimensions 
of sustainable development: economic, social and environmental. They have specific dimensions for the 
next 15 years and are aimed at: 1) human dignity; 2) regional and global stability; 3) the good condition of 
the planet; 4) just and sustainable societies and 5) building prosperous economies. They help to promote 
cohesion between EU countries, within societies and with the rest of the world. In the social and economic 
literature there are different definitions and opinions for Sustainable Development. The anthropogenic 
philosopher (Pearce, 2013) expresses an opinion on sustainable development: “…every society that sets 
itself the task of sustainable development must develop economically and socially in a way that minimizes 
those activities whose costs are for at the expense of future generations and, where these activities are 
unavoidable, to provide compensation to future generations for these costs”. The natural complex of 
Bulgaria is formed by three components: natural environment, natural resources and natural conditions. 
The main elements included in their structure are: geographical location, relief, high and low carbon 
resources, climate, water, soil, vegetation and fauna. All of them take part in one way or another in the 
formation and development of economic complexes and territorial units of the country. There is a close 
connection between the three components, the development of landforms and the structure of the Earth's 
crust. The great diversity of high and low carbon natural resources in the country is determined by the long 
and very different in nature (continuing) geotectonic development of the Balkan Peninsula and in particular 
Bulgaria. There are different conceptions of natural conditions, which are reduced to the same 
interpretation, leading to a minimal distinction with the concept of natural resource.  

The natural resource potential includes all elements of the natural environment, protected areas are 
part of this “huge global and local ecosystem”. The main function of these areas is the protection of 
biological diversity, preservation of natural processes in the ecosystems of the country, protection of 
endemic and relict species or preservation of the entire natural picture of Bulgaria. On the other hand, 
natural resources can be grouped according to their use and purpose: means of labor - arable land, 
waterways (lakes, rivers, seas and oceans), irrigation water, and low-carbon energy sources, energy 
sources - hydropower, uranium and high carbon energy sources. Consumption products are drinking 
water, biological species of the World Ocean (plant and animal). Natural resources can also be considered 
from an economic point of view, as this term refers to all-natural resources that directly and indirectly 
create prerequisites or conditions for economic and social development of society.  

The Paris Climate Conference, held on 12.12.2015, with 195 countries participating, signed an 
agreement, which enters into force on 4.11.2016. This act is the first global agreement between countries 
on concrete measures against rising temperatures on the planet. The Treaty includes 31 pages with 
specific quantitative parameters, which should strengthen the implementation of the OUN Framework 
Convention on Climate Change, launched at the Earth Summit in 1992 in Rio de Janeiro. The Paris 
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Agreement includes three main objectives: 1) Limiting global warming to less than 2 °C by 2050 compared 
to the pre-industrial period. The goal is to limit warming to just 1,5 °C by the end of the 21st century. 2) 
Increasing the ability to adapt to the negative effects of climate change and promoting the resilience of 
climate change and reducing greenhouse gas emissions in a way that will not harm food production. 3) 
Promoting the flow of funds in the field of reducing greenhouse gas emissions and resilience to climate 
change. It is necessary to reduce greenhouse gas emissions and CO2 in the atmosphere from 40% to 
70% in order to reduce the rise in temperature values from anthropogenic activity.  

These changes have been a concomitant factor for humans during their evolutionary development. It 
still has a direct impact on the way of life, regardless of their adaptability in which climate zone they live. 
New technologies, such as air conditioning systems and all such varieties, make people's lives easier, but 
there is no way to overcome the negative effects of global climate change. Climate change will lead to 
changes in ecosystems (displacement and adaptation of flora and fauna to new climatic elements on a 
planetary level), modification of crops, the formation of “new patterns” of life. Stopping this process is the 
creation of Green and Smart Cities (building the necessary green spaces, as protected areas with a single 
goal - the formation of a micro climate), meeting the changes and needs of human civilization (Marinov, 
2019).  

 
 

4. RESULTS AND DISCUSSION 
 

The construction of protected areas in Bulgaria has a 70-year tradition and history. In 1928 with the 
establishment of the “Union for the Protection of Native Nature”, on 12.09.1931 in  the first protected 
territory in our country was declared, Natural Hrastovo Monument (near Devin), with an area of 300 
decares of black pine forests. One of the first activities in this direction is related to the renewal of the 
reserve “Silkosia” in Strandzha Mountain on June 29, 1933. In 1977 protected areas in Bulgaria covered 
1% of its territory, in 1991, they were 2%. As of 31.03.2002 Bulgaria has one of the most developed 
networks of protected areas in Europe, including 725 protected areas with a total area of 565618,0 ha or 
5,21% of the country's territory. After the accession of Bulgaria to the EU, certain areas are included in 
“Natura-2000” as part of the European network. Based on Directive № 92/43/EEC (Habitats Directive) of 
1992, consisting of special protection areas under the Birds Directive №79/409/EEC and special 
conservation areas under the Habitats Directive in Bulgaria “Natura-2000” covers 33,89% of the territory.  

As of 31.12.2019 according to the PAA  and a decision of the Council of Ministers on the territory of 
the Republic of Bulgaria there are: 118 protected areas for protection of wild birds, covering 22,6% of the 
state, 231 protected areas for protection of habitats, covering 30% of the same. A protected area is a 
place where there is an established natural ecosystem or culturally significant site, these areas are 
declared in accordance with the PAA. A total of 336 “Natura-2000” protected areas have been accepted in 
Bulgaria, covering 34,3% of the country. Within 27 years, there has been a slight increase in the area of 
protected areas by 0,42%. Most of these areas are located in rural areas of the country, which are 
characterized by a specific way of life and culture. Again, according to the above-mentioned law on 
protected areas, subject to certain conditions, the local population is encouraged to develop socio-
economic activities related to ecology, ecosystem protection, rural and cultural tourism (breeding of certain 
types of animals and production of typical foods). The development of a certain type of crafts characteristic 
of the certain rural area.  

Reserves comply with IUCN category I, certain areas on which natural ecosystems develop, 
characterized by the presence of endemic and relict species. They are exclusively state property. Their 
total number and occupying spaces are listed in table 1. Some of them are located in the National Parks of 
the country. The purpose of these areas is to preserve the flora and fauna in their natural state. On the 
territory of Europe there is a network of similar types of spaces. The use of the reserves may be for 
scientific purposes or to collect natural material for its restoration elsewhere in the country. From 1990 to 
2013 the total area of forest territories has increased by 407,628 ha or 10,8%, of which 2,905,586 ha or 
69,51% are state forest territories and 170,514 ha or 4,08%, are located in national parks and reserves. 
On the table 1 shows the condition of the reserves, comprising a very small part of the territory of the 
country. 
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Maintained reserves comply with IUCN category IV in which rare plant and animal species are 

stored. Their maintenance is related to the preservation of ecosystems in their natural form, all kinds of 
human activities are prohibited with the exception of scientific and educational visits. On the territory of the 
country their number is 35 from table 1, as the covered area of them is extremely small below one percent.  

National parks in the country are a total of three Rila, Pirin and Central Stara Planina, meet IUCN 
category II. Territories within which settlements do not fall are declared national parks. They include 
natural ecosystems with a great variety of plant and animal species and habitats, with characteristic and 
remarkable landscapes and sites. The following zones are distinguished in these types of parks: 1) 
reserves and maintained reserves; 2) tourist area; 3) areas of the huts; 4) the administrative centers for 
management and maintenance of the parks and the sports facilities; 5) other areas according to the 
specific conditions in the parks. From table 1 it can be seen that they have the largest area in percentage 
compared to the other protected sites. Reserves and maintained reserves, which fall within the boundaries 
of national parks, retain their regimes.  

Nature parks comply with IUCN category V, include a wide variety of different types of ecosystems, 
characteristic relics and endemics for a particular type of landscape. Within the boundaries of natural 
parks there may be settlements, settlements and resorts, as well as productions that do not pollute the 
environment. On the territory of the country their number is 11, covering a little over two percent of the 
country. 

Natural landmarks comply with IUCN category III, include sites with a characteristic relief and 
landscape profile, such as – rock formations, rock discoveries of scientific value, earth pyramids, caves, 
sinkholes, waterfalls, fossils, minerals and others. There is a ban on the territory of an activity that may 
disturb the natural character of the natural forms. In table 1 their number is 346 and occupy one 0,15% of 
the country's territory. These natural formations are characterized by their great diversity and distribution 
everywhere.   

Protected areas in accordance with IUCN category IV are declared areas with characteristic or 
remarkable landscapes, including those that are the result of harmonious coexistence of man and nature. 
Habitats of endangered, rare or vulnerable plant and animal species communities and ecosystems. There 
are opportunities for research, educational activities and environmental monitoring, providing opportunities 
for tourism and spiritual enrichment. On the table 1 their number is 492, as the largest of the protected 
species in the country, but occupy a relatively small part of the territory. 
 
 

5. CONCLUSIONS   
 
Sustainable development as a concept can be used in any variety, but if it is concretized in a certain 

direction, it acquires meaning and weight. Sustainable development of protected and green areas in 
Bulgaria can occur throughout the territory, thanks to the natural and climatic elements. Protected areas 
are part of Bulgaria and their preservation and development is directly related to the entire ecosystem of 
the continent. Area of forests and other green areas, classified by type of forests and by the possibility of 

Table 1 Protected areas according to the LPAA as of 2019  

Territory Number Area of ha km² 
% from 

BG 
Reserves  55 76979 769,79 0,69 
Maintained reserves  35 4571 45,71 0,04 
National parks  3 150362 1503,6 1,35 
Nature parks  11 256455 2564,6 2,31 
Landmarks 346 16373 163,73 0,15 
Protected areas  492 73434 734,34 0,66 
General condition  942 578484 5784,8 5,21 
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wood supply, as well as the share of forests and other wooded lands in the total area. This indicator 
provides a comprehensive picture of forest resources and is a valuable source of information on national 
forestry policies and planning. The area and especially its changes are a key element in the assessment 
of sustainable management of green spaces. EU forests account for 5% of the world's forests and have 
been growing steadily for the last 60 years. The largest share is occupied by coniferous forests 50%, 
followed by deciduous 27% and mixed 23% of the total forest area. On the territory of the country forests 
occupy 37,37% of the land area, and in the last 10 years there has been a steady trend of increasing 
areas. The natural resource potential of Bulgaria is one of the most diverse on the continent of Europe, 
thanks to the geographical location of the country. The potential for the creation and development of an 
ecological environment is great, as well as the accompanying socio-economic activities, but everything 
ultimately depends on the mentality of society, whether it is able to change its paradigm. 
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FORESTS, WOOD PRODUCTS AND BIOENERGY  
IN CLIMATE CHANGE ADAPTATION AND MITIGATION 

 
 Šupín, M., Loučanová, E., Olšiaková, M. 

 
 
Abstract: Global challenges like climate change, ecosystem degradation, limited resources coupled with a growing 
population force us to seek new ways of producing, consuming and innovating while respecting the ecological 
boundaries of our planet. This also applies to the wood processing industry. The main objective of this paper is to 
describe, analyze and forecast the development of the forests, wood products and bioenergy in climate change 
adaptation and mitigation. At the same time, it is necessary to achieve sustainability, which constitutes a strong 
incentive to modernize and innovate wood and furniture industries as well as the way of using wood as source of 
bioenergy and thus to also reinforce their position in a highly competitive global economy. They have to produce and 
consume products and materials within healthy ecosystems through a sustainable bio-economy. 
Key words: climate change, sustainability, bio-economy, bioenergy, renewable resources 

 

1.  INTRODUCTION 
 

Climate change is one of the most pressing and complex issues facing society in the 21st century. 
Human induced climate change is one of the most pressing and complex issues facing society in the 21st 
century. By 2025, the average global temperature is expected to increase by 1.5 degrees Celsius (Brack, 
D. 2018; Loučanová, E. et al. 2017).  

The current global economic model which relies on fossil raw materials is not sustainable in the long 
term. This is especially true as megatrends of demographic growth and climate change continue. This 
situation makes it necessary to explore alternative models that minimise the overall consumption of energy 
and material and maximise the share of renewable resources in the economic system. The bioeconomy is 
one such alternative model. It offers both opportunities and challenges for forest resources. (Parobek, J. et 
al. 201.; Parobek, J. et al. 2016 a; Kaputa, V.; Paluš, H.; Vlosky, R. P. 2016). 

Forests are biggest renewable natural resource in terms of material and energy supply. At the same 
time, they provide much more than only biomass. They support a rich portfolio of other ecosystem 
services that range from protective functions (e.g. preventing soil erosion) to cultural services (e.g. 
recreation) and the provision of goods such as game and mushrooms. Sustainably managed and non-
managed forests are both important carbon sinks. Their conversion to other land uses is a significant 
cause of CO2 emissions. Some forest management programmes now include carbon sequestration in their 
management objectives  (Loučanová, E., Kalamárová, M., Parobek, J. 2015; Paluš, H., Parobek, J., 
Dzian, M., Šupín, M. 2018). 

This situation offers great opportunities for a holistic forest-based bioeconomy through the intelligent 
use of biomass as well as through developing innovations relating to the entire spectrum of forest 
ecosystem services. However, an increased use of renewable biological resources needs to consider 
planetary (sustainability) boundaries, e.g. by taking care of biodiversity and climate change mitigation 
(Parobek, J., Paluš, H., Loučanová, E., Kalamárová, M., Glavonjić, B. 2016; Parobek, J. et al. 2016 b; 
Banja M., Scarlat N., Monforti-Ferrario F., Dallemand J.F., 2013). 

Therefore the aim this paper si to describe, analyze and forecast the development of the forests, 
wood products and bioenergy in climate change adaptation and mitigation. 
 
 

2. METHODOLOGY 
 

The analytic and synthetic methods were used to assess situation. Analysis of market development 
was done based on the data from EUROSTAT, FAOSTAT, statistical offices and institutes of the 
international organizations selected countries regarding productions, exports, imports, consumptions and 
the most significant countries with which renewable resources, mainly wood solid biomass are traded. 
Secondary sources of the data from reports of international organizations and associations referring to 
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climate change, biodiversity, forests, wood biomass were also used in this paper. 
 

3. RESULT AND DISCUSSION  
 

Forest natural and artificial provide many economic, social and environmental benefits. They help 
fight diversification, desertification, protect river basins and biodiversity, regulate the climate and maintain 
the social and cultural values of countries. In economically developing countries, forests help meet basic 
needs - providing food, medicine, wood, energy and feed. (FAO Forestry paper 177, 2016). 

The paper focuses on forests, wood and climate change, describing the role that forests play in the 
global carbon cycle, and the various options for mitigating climate change using forestry and wood 
products. 

When considering the management of forested lands to mitigate climate change it should be recalled 
that forests are often managed for multiple purposes, including industrial wood production, fuelwood 
production, production of non-timber forest products, protection of natural resources (e.g. water and soil), 
wildlife management, and recreation. Following international concern about climate change, carbon 
sequestration has now become an additional objective for certain forest management programmes. There 
are many forest management strategies which can reduce global CO2 emissions. For example, preventing 
deforestation and unsustainable agricultural and land-use practices is one of the most cost-effective, and 
environmentally beneficial actions that can be taken now to arrest global climate changes. 

Wood products and products from forests, both natural and planted, make an important contribution 
to many national and local economies. Just as significantly, forests provide a range of environmental 
services that are, ultimately, fundamental for the survival on our planet. For example, they play an 
important role in stabilizing soils and protecting land from erosion by wind and water, and they help to 
maintain a steady supply of clean freshwater. Trees and forest soils also lock up atmospheric carbon. 
Forests thus play an important role in reducing concentrations of one of the main greenhouse gases 
causing global warming. While in the past forests were seen primarily as a wood resource to be exploited, 
and then to use soil for agriculture activities, in recent years there has been a paradigm shift in society’s 
attitudes towards forests. It is now widely recognized that forests can provide much more than timber, 
fuelwood, and nonwood forest products. Forests are increasingly seen as part of the human and natural 
landscape, and thus in need of a more holistic approach to their management, an approach that 
recognizes the complex links between forest, environment and society.  The world’s forests hold a stock of 
carbon of over 1,200 billion tons, almost double the amount of carbon held as CO2 in the atmosphere. 

These findings we can group into five categories:  
a) - forests as a source of livelihoods and human well-being  
b) - the importance of in perpetuity ecosystem health to preserve all values from forests   
c) - the need to integrate forestry with other economic sectors 
d) - the need to share forest benefits more equally  
e) - the need to develop forest resource governance systems that enable society to reach its 

objectives. 
Forests and trees make direct contributions to the subsistence and income of well over a billion 

people. The global community is turning to forests for mitigation of climate change. 
The indirect impacts of forested lands are equally important in providing inputs and maintaining 

productivity in rural activities, especially agriculture.  
The view of forests is changing with continued population growth, urbanization, changes in values, 

demands for social and political equality, and increasing demand for environmental services, all adding to 
the demands on forests.  

The means for sustained development must be ascertained in the short, medium, and long term. 
Probably the greatest opportunity to meet the demands on forests and forest products for people and rural 
livelihoods as well as the environment is the growing ownership or clear user rights of farmers, the 
landless, local communities, and forest-dependent people over land and forest resources.  

Good governance is an essential part of the enabling environment for sustainable forest 
management to contribute towards development goals. 

Biodiversity is the variety and variability of life on Earth. Biodiversity is typically a measure of 
variation at the genetic, species, and ecosystem level. Terrestrial biodiversity is usually greater near the 
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equator, which is the result of the warm climate and high primary productivity. Biodiversity is not distributed 
evenly on Earth, and is richest in the tropics. These tropical forest ecosystems cover less than 10 percent 
of earth's surface, and contain about 90 percent of the world's species. Marine biodiversity is usually 
highest along coasts in the Western Pacific, and in the mid-latitudinal band in all oceans (Parrotta, J. A. et 
al. 2012). 

Biodiversity decline is expected  to continue if current  trends persist. A wide range of 
efforts will  be required to stop this long term downward trend and halt the further loss of 
biodiversity. The fate of biodiversity depends directly and indirectly on human production and 
consumption patterns. Biodiversity loss is mainly driven by increasing demands for food, wood, fibre,  
energy and freshwater, further exacerbated by expected climate change. 

Today, agricultural land, managed more or less intensively, makes up about one third of the global
 land area. 

The activities and pressures with bearing on biodiversity losses link closely with  human 
development in terms of volume and orientation, and are therefore inextricably linked with activities by 
economic sectors to satisfy consumption.  

The demand for these goods is of primary concern, as they are being produced on agricultural 
fields, in forests or extracted from and collected in natural and semi-natural ecosystems. Hence it drives 
land-cover and land-use changes with consequences for biodiversity and avariety of ecosystem services.   

Forests, especially those in tropical and subtropical regions, contain most of the world’s terrestrial 
biodiversity and provide a broad range of ecosystem services. These services directly benefit people both 
globally and locally, in particular the hundreds of millions of people whose livelihoods depend, at least in 
part, on forests. One of these global services - carbon sequestration - is receiving international attention 
because of forests’ important contribution to the global carbon cycle. 

Deforestation, resulting mainly from ongoing conversion of forests to agricultural land, is the major 
cause of global biodiversity loss in terrestrial ecosystems. It is also the second largest anthropogenic 
source of carbon dioxide emissions to the atmosphere after fossil fuel emissions. Forest degradation 
(changes in forest condition that affect a forest’s capacity to provide goods and services) is a major 
contributor to global anthropogenic CO2 emissions, and an important driver of biodiversity loss. 

Biodiversity is of fundamental importance to forest productivity and other critical ecosystem 
processes and services. While some forest ecosystem services, such as erosion control, are only weakly 
related to biodiversity, losses of biological diversity can adversely affect the resilience of forest 
ecosystems to ongoing human impacts, environmental change, and the long-term provision of many 
ecosystem services, including carbon storage. 

Increased use of forests and wood products, while not replacing the need to reduce greenhouse gas 
emissions at source, does make an important contribution towards tackling the problem of climate change. 
Forests are critical to mitigation, having a dual role. They function globally as a net carbon sink but are 
also responsible for about 10 to 12 percent of global emissions. Forests and wood products offer both 
developed and developing countries a wide range of options for timely and cost-effective mitigation. 
Afforestation/reforestation offers the best option because of its short timescale and ease of 
implementation. Reducing deforestation, forest management and forest restoration also offer good 
mitigation potential, especially because of the possibility for immediate action. Yet forest contributions to 
mitigation also go beyond forest activities. 

 The use of wood products can also provide broader social, economic and environmental benefits. 
However, these broader developmental benefits are not always recognised, nor do they always 
materialise in tandem with climate change mitigation initiatives. The aims should be to improve 
understanding of the benefits of, and linkages between, the use of wood products to mitigate climate 
change and the capacity to deliver broader human development. 

Biofuels can provide answers to current global energy and economic crises - both as a sustainable 
energy source and through promoting economic development, especially in rural areas of developing 
countries. Dependence on non-renewable fossil fuels as well as environmental concerns related to air 
pollution and greenhouse gas effects contributing to global warming and climate change have stimulated 
interests of policy makers and industry to promote bioenergy as part of energy security and climate 
change mitigation strategies (Souza, G. M. et al. 2015). 
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Trade-offs between biofuels and environmental resources are inevitable. The mitigation of climate 
change via reducing GHG emissions through a transition to low carbon energy systems such as selected 
biofuels offers a logical trade-off, as long as the design of expanded biofuel production avoids areas of 
special biodiversity concerns or embeds new production areas within a sustainable matrix of natural and 
transformed ecosystems. Few positive influences on biodiversity and ecosystem services result from 
biofuels development. 

Sustainable biofuels and biodiversity management requires cross-sectoral integrated planning and 
regular monitoring of selected, cost effective and policy relevant indicators.  
 
 

4. CONCLUSION 
 
The wood processing sector is similarly to the agricultural sector, both dependent on forest 

ecosystems and their goods and services and it is a major contributor to forest biodiversity    loss. While 
the direct impact of the wood production sector on deforestation and the conversion of natural forests is 
relatively limited, compared to agriculture. The demand for wood‐based products such as roundwood, 
fuelwood, pulpwood and paper is still increasing. In the future we can await that trend of the demand will 
continue to increase. Also the increase will continue in demand for wood‐based bio‐energy, driven by 
greenhouse gas emission reduction targets. In the future is awaiting that the demand will increase. The 
main ecosystems for the required resources are forests. The wood processing sector is highly dependent 
on forests and their production capacity. 

Wood products and wood energy can replace fossil-intense products in other sectors, creating a 
virtuous cycle towards low-carbon economies. The bioenergy is an essential component of GHG reduction 
technologies displaying a critical role for environmental security and climate change mitigation. 

The mitigation potential and costs of the various options differ greatly by activity, region, system 
boundaries and time horizon. Policy makers must decide on the optimal mix of options, adapted to local 
circumstances, for meeting national climate change and development goals. 

Global warming levels greater than 2°C will lead to significant adverse impacts on biodiversity, 
ecosystem services, natural ecosystems, water supply, food production and health. 

Sustainable production methods in forests will keep the harvest intensity within the forests    regrowth 
potential. Sustainably managed forest ecosystems also provide services for     agriculture, water 
management and other sectors. 
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GLOBALIZATION OF THE FOREST SECTOR:  
CAUSES AND CONSEQUENCES 

 
Pryadilina, N., Lobovikov, M. 

 

 

Abstract. The successes of the post-industrial development of the world economy largely depend on the 
globalization process. Different sectors of the economy with varying degrees of preparedness and results participate 
in the processes of globalization. The greatest success in this process was achieved so far by the global trade. 
Already in the first half of the past century, tools were developed to regulate the process of trade globalization. These 
tools streamline the spontaneous actions of individual countries with the help of a common and mandatory for all 
countries code of “traffic rules” in the global market for goods and services. The World Trade Organization (WTO) 
has emerged due to the increase in the volumes and nomenclature of the international exchange of goods and 
services, expanding international production cooperation and growing dependence of all countries on the 
international exchange of goods and services. Another sector of politics and economics that is subject to 
globalization processes is nature management and environmental protection. The United Nations Conference on 
Environment and Development in Rio de Janeiro in 1992 (UNCED) was the result of a realization of the need to 
prevent negative environmental impacts. The Conference has adopted the “Forest Principles”. They secured a global 
consensus on the management, conservation and sustainable development of all types of forests, although they 
lacked of legal force. Forest principles were the first global consensus to offer all countries a common path for the 
creation and development of their national forest policy. In accordance with the stated principles, national states have 
the sovereign and inalienable right to use their forests, manage them and conduct forestry in accordance with their 
needs and their level of socio-economic development. National forest policy must not contradict the principles of 
sustainable development and forest legislation. Forest principles have formed the framework and conceptual 
approaches to the development and implementation of the national forest policies in globalization context. Future 
planning is becoming one of the most important tools for the sustainable forest management at the national and 
regional levels in globalization era. 
Keywords: globalization, anti-globalization, forest sector, forest policy, strategic planning 
 

 

1. INTRODUCTION 
 

Globalization is a diverse and complex concept that has become firmly established in economics, 
ecology, policy and international relations in the mid-80s. However, globalization and its antipode - anti-
globalization, is not a new phenomenon that arose only at the end of the last century. The roots and 
origins of this phenomenon can be traced back to the emergence of the human race and its exodus from 
Africa to the Eurasian continent. Globalization phenomena proceeded, slowed down and again 
accelerated throughout the history of mankind long time before the term "globalization" became popular. 
Examples are the war conquests of Alexander the Great, Roman Empire and Genghis Khan, the Silk 
Road, the colonization of America, the invention of writing and printing, radio and television, etc. The 
prevalence of anti-globalist trends in China led to the closure of the Chinese market to the West, 
technological and military lag and, as a consequence, the country's total defeat in the Opium Wars in the 
mid-19th century. The example of China provides strong evidence of the danger of underestimating the 
role of globalization, especially in the rapidly changing world today. 

The origin, nature, causes and consequences of globalization is a subject of quite sharp public 
debate [1]. Opposition to globalization in the face of anti-globalists is representing various interest groups 
and is growing over time. The anti-globalism is growing, especially in the economically underdeveloped 
countries that suffer from it and thus negatively perceive globalization processes. 
 
 

2. REASONS AND CONSEQUENCES OF THE GLOBALIZATION 
 

There are many definitions of the term globalization. In general, this term implies the process of 
the world economic, environmental, political, cultural and religious integration of countries and regions and 
their growing interdependence with all the advantages and disadvantages arising from the fact. 
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Globalization of the world economy is part of the overall process of globalization of the world. The 
term “globalization” itself has firmly entered modern vocabulary thanks to the economic science. In 
particular, K. Marx used this term in his correspondence with F. Engels. However, the term gained wide 
popularity only after the publication of T. Levitt's article "Globalization of Markets" [2], which popularized it 
and put it into active circulation to describe the integration processes of the modern world. 

The main new features for the modern historical stage of globalization are the development of 
transport, travel, communications, and especially the phenomenal development of computer information 
technologies, which cannot be compared with the methods of disseminating information in the previous 
years. Thanks to the new technologies, communications and information, a "new commercial reality" has 
arisen and global markets have emerged for selling standardized consumer goods at lower prices due to 
savings by increased concentration and economic scale of production. Global companies such as Coca-
Cola, Kelloh's and McDonald's were the first to appreciate and successfully use this new reality. 
Consumers from almost all over the world buy their products as "their" own traditional products. Global 
monopolies satisfy and successfully change the tastes and needs of local markets with their uniform 
products. In the course of globalization, they are crowding out traditional trans-national monopolies from 
their traditional markets. 

In a paper devoted to marketing, T. Levitt [3] postulates the idea that goods are only a means of 
achieving the company's goal. The goal is to satisfy consumer demand. This idea has become an axiom in 
the global economy. Those companies that focus on the production of goods, rather than meeting 
consumer demand, inevitably become an anachronism and disappear in competition battles for 
consumers. 

Globalization and its consequences are ambiguous and often controversial. On the one hand, 
globalization accelerates the economic growth of the entities involved in it, increases the accessibility of 
capital markets and resources. Globalization allows to quickly compensate for the lack of natural 
resources, capital, knowledge and technology. This was clearly demonstrated by the example of 
Southeast Asia, especially China. Globalization is helping competitive industries gain greater benefits in 
international markets. An example is the successful trade of the Russian armament, space technology, 
nuclear industry, metal, oil, gas and other raw materials in the world markets. 

On the other hand, globalization repeatedly emphasizes the interdependence and economic 
stratification of economic entities, strengthens and deepens economic crises. Even the least integrated 
and developed countries are becoming victims of periodic global crises in the globalized economy. This 
was revealed by the world financial crisis of 1997-1999, which arose in Southeast Asia in 1997. In 1998, it 
hit Russia. Then, a year later in 1999, it reached Latin America and closed up the crisis loop around the 
globe. The global financial and economic crisis of 2008 developed similarly, and is often compared with 
the "great recession" of the 1930s. It began with a mortgage crisis in the United States in 2007 and soon it 
has become global. The crisis caused a widespread decline in market demand, commodity and energy 
prices, rising unemployment and social upheaval around the world. 

The processes of globalization are not in themselves negative or positive. Their influence 
depends on the country's governance, availability of scientific foresight, forecast, strategy, planning, 
flexible program and political will. With the correct approach, globalization can strengthen national 
economies. For example, increased competition in the international and domestic market can be both a 
positive and a negative factor. Competition strengthens the economy with a flexible strategy and 
competent economic management of the country. In their absence, competition leads to economic 
dependence and decline. Non-competitive sectors of the national economy of many countries are forced 
to curtail due to the influx of cheap foreign goods. An example is Russia's consumer goods industry. This 
process is accompanied by the loss of capacity, profits and jobs in the country. 

At the same time, with a strategically correct approach, competition helps to find new 
technological opportunities and specialization in competitive sectors. The forest sector of Russia, given its 
vast forest resources, has the great potential to become one of the most competitive sectors in the 
globalized world. Realization of this goal will require scientific potential, strategic forecasting, planning, 
visionary decisions and strong political will. 

Globalization is not limited by economics only. Similar globalization processes, with their pros and 
cons, are happening and are rapidly intensifying in the planetary ecology. Ecology has long ceased to be 
set of individual countries. It has become a matter of real concern for the entire Planet. The demographic 
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explosion in the recent decades, the growing population of the planet, the rise in prosperity and in poverty, 
the rapid growth of industry, agriculture, the exploitation of the earth's soil, mineral and water resources 
exacerbate environmental losses and loss of biodiversity on a global scale. Ecology of the Earth does not 
recognize political state borders. It is global in nature. The massive loss of forests, growing emissions and 
pollution in one corner of the Planet immediately affects the neighboring states and the ecology of the 
entire Earth. 

 

 

3. GLOBALIZATION IN THE FOREST SECTOR. RESEARCH FINDINGS AND DISCUSSION  
 

After the signing of the "Forest Principles" at the UN Conference in Rio de Janeiro in 1992 [4], the 
process of globalization of forest policy developed in the following main directions: 

1. Creation and development of institutions engaged in the interaction of states at the global level. 
2. Organization and implementation of international negotiation processes on sustainable forest 

management at the regional and sub-regional levels, 
3. Bringing national forest policies and forest laws in line with the "forest principles" based on 

sustainable development. 
An important event in the globalization of the forest policy was the agreement of countries at the 

level of individual regions on issues of assessing the sustainability of forest management. Increased was 
the global control over implementation of environmental, economic and social functions in the national 
states. As a result, the Pan-European (Helsinki) process for the European countries and the Montreal 
process for countries with temperate and boreal forests have both emerged. During the Montreal process, 
the following basic definitions were agreed and confirmed: 

• criterion - a category of conditions or processes as a basis for assessing state of sustainable 
forest management, 

• indicator - a measure (measurement) of a criterion. 
The forest sector is one of the fundamental and unique sectors of the global economy. It embraces 

the vital interests of the economy and the environment. At their intersection, certain contradictions and 
conflicts arise. The forest industry, as one of the components of the forest sector, reflects mainly the 
interests of the economy and market demand for consumer goods and services. Forestry reproduces the 
forest resources, natural environmental benefits, services and products. 

The causes and consequences of globalization in the forest sector as a whole are the same as in 
the other sectors of the economy. However, in the forest industry and forestry, they express and manifest 
themselves in different ways [5]. The reason for this is different economic nature of the two economic 
sectors, the imperfection and inconsistency of their economic organization, the presence of conflicting and 
often mutually exclusive economic incentives (Table 1). 

 
Table 1. General opportunities and threats to forestry and the forest industry 

 Forestry  

  Opportunities Threats 
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•  Sustainable resource provision 
•  Production of wood energy and biomaterials 
• Better business relationships, including 
business intelligence 
• Improving labor productivity by expanding the 
use of technology, including logistics 
• Breakthroughs in research and development of 
biotechnology 
• Domestic and regional outsourcing to increase 
labor productivity 
• Stable global institutions and regulatory and 
operational frameworks (such as the Kyoto 
Protocol) 
• Public support for renewable resources and 
the environmental image of wood 

• Foreign direct investment (FDI) abroad 
(exodus of the forest industry from the region) 
•  Low barriers to import industrial raw materials 
• Competition for the import of raw materials / 
Globalization of sources of natural resources 
• Loss of jobs due to the increased labor 
productivity 
• International / global component 
manufacturing outsourcing 
• Global institutions, regulatory and operational 
frameworks (such as the WTO) are increasingly 
encouraging foreign direct investment abroad 
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• Large shortage of wood raw materials leads to 
higher wood prices 
•  Wood bioenergy 
• Alternative non-productive business models, 
rules that limit the use of wood but encourage 
other viable business models for forestry 
(recreational services, carbon sequestration) 
• Growing demands on forests for environmental 
protection and recreation and the availability of 
viable business models to meet these needs 

• Increasing competition in the import of parts, 
components or finished wood products 
•  Decreased export competitiveness 
• Decrease in profitability of the forest industry. 
Politics governs more sustainable forest 
management, but does not pay enough 
attention to market development and 
experimentation. 
• Urban people more often consider forests as 
ideally untouched nature; Unprofitable forest 
management is becoming more common 
•  Changing of the climate 
•  Low public and private investment in research 

 
 

Forestry and the forest industry deal with the same resource - forest. They complement each 
other and are traditionally linked into one sector of the economy. This complementarity and 
interdependence is particularly manifested in the fact that many opportunities and threats act in one 
direction in both branches of the forest sector, both in forestry and in the forest industry. 

On the other side, the opportunities for the forest industry, which arise from globalization can 
threaten the interests of forestry. Consequently, new opportunities for forestry can adversely affect the 
forest industry development. Therefore, they are often administratively separated under different 
jurisdictions in Russia, as well as abroad. 
 

 

4. CONCLUSION 
 

It is theoretically believed that globalization in the long run will bring increasing benefits at the 
global, regional and country levels. It is expected that increased competition, free trade, democracy, 
transparency, free exchange of achievements, information, technology and know-how will ultimately 
contribute to the growth of the world's welfare by optimizing the division of labor between countries and 
regions. 

In practice, quite opposite picture is often observed. Rich countries get richer, and poor countries 
become even more poor. Outsiders often gain progress, but at a much slower pace. As a result, the gap 
between the countries is not decreasing as expected, but is widening. 

In fact, the term "globalization" often hides, as we can see, the Americanization, Europeanization 
or Sinization (in Asia) of the world. The United States, the European Union and China dominate in the 
globalization space. They define international trade policies and make the most of globalization for their 
national economies. The economic strategies of these countries are clearly defined and manifested in the 
international relations. They influence international processes and organizations, including WTO, FAO, 
UNFF, etc. In such global organizations, these countries actively promote their own national interests 
through adoption of international agreements and obligations that are beneficial to them. 

The experience of these countries and global companies shows that the benefits of globalization 
are often obtained not by the entities that have a natural or other development potential, but those who 
know how to use this potential, understand the dynamics of markets, can predict them, plan and quickly 
learn from own and others' mistakes. 

In the context of globalization, the winner is the one who looks ahead and develop strategic 
planning. It becomes not just a simple necessity, but also a vital need for the growth of wealth and the very 
survival of nations in the new era. 

Strategic forest planning is an important competition tool. It allows individual countries and groups 
of countries (for example, the European Union) to benefit from the globalization of forest policy. This is 
proven by the experience of international organizations such as the Food and Agriculture Organization of 
the United Nations (FAO UN), the World Bank, the European Forest Institute. These organizations have 
long been involved in the issues of globalization of forest policy through the development of global, 
regional and national forecasts, strategies and recommendations. 
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PROBLEMS IN AUDIT AND REPORTING IN BULGARIA'S FORESTRY 
 

Ventsislavova Georgieva, D., Bankova, D. 

 
 
Abstract: An object of analysis in the paper is the quality of the information in the audit reports of forestry in Bulgaria, 
as a basis for attracting investments, increasing the confidence in the enterprises and achieving sustainability of the 
industry in macro level. The subject of analysis are the annual financial statements of public and private forestry for 
the period 2007 - 2017. A priority objective is to analyze the auditor's opinions on the annual financial statements of 
the Bulgarian forestry. An additional objective is to analyze the overall reporting of the financial-economic status and 
development of enterprises for the period 2007 - 2017. Main research tasks are: 1) to study the financial 
development and strategy of public and private forestry, as well as to compare it with the adopted and applied 
accounting policies; 2) to examine the audited opinions of the financial statements of the target group enterprises for 
2017, as well as to analyze the quality of the audit performed and in this respect the reliability of the financial 
statements. The applied research methods are based on logical, deductive and comparative methods, as well as 
methods of analysis and synthesis. Main conclusions of the study are: violations of the control environment, lack of 
disclosed information in the financial statements of enterprises and the application of accounting policies irrelevant to 
the financial and economic status of organizations. 
Keywords: forestry, audit, fraud, disclosures, crimes 

 
 

1. INTRODUCTION 
 

Although audit, as a tool of achieving sustainability in forestry, is a subject of analysis and discussion 
in the literature (Brotto and Pettenella, 2018, p. 264; Auditing Forests: Guidance for Supreme Audit 
Institutions, 2010; Danescu et al., 2014), it is still a neglected factor for efficient and effective planning and 
management of resources, as well as for the prevention of fraud and illegal actions by Bulgarian 
enterprises. Currently, a primary document that defines the national strategic policy for achieving long-
term and sustainable forest management is the National strategy about development of the forestry sector 
in the Republic of Bulgaria for the period 2013 – 2020 (NSRGSRB 2013 - 2020). The measures proposed 
in the strategy do not cover issues related to the financial audit of forest enterprises. However, the SWOT 
analysis published in the NSRGSRB points out the following weaknesses of the sector: high intensity of 
violations in forest areas, low efficiency of the application of the penal provisions provided in the forest 
legislation, as well as the inappropriate absorption of European funds. Based on the model of the three 
lines of defence (Bankova, 2019, p. 18), audit is a form of a public interest protection and can be 
perceived as a means of minimizing the stated weaknesses. It is therefore a priority to monitor the 
transparency of the currently used, supervision and audit measures. The requirements for independent 
financial audit in Bulgarian forest enterprises are regulated in: the Forest Act, the Accounting Act (AA), the 
Independent Financial Audit Act, the International Auditing Standards and the applicable accounting 
standards. State-owned forestry are also subject to an annual financial audit by an elected from the 
Management Board certified public accountant who must be a registered auditor at the Institute of 
Certified Public Accountants in Bulgaria. He is obliged to present to the Management Board his opinion 
based on the annual financial statements of the company (Forest Act, Art. 170, para 1). Privately owned 
enterprises are subject to independent financial audit, upon reaching legally defined criteria related to the 
book value of assets, net sales revenues and average number of staff. 

Based on the agents' theory we could describe the relationship: accountant - manager - auditor, as a 
system in which each agent is imperfect and affects the others. This idea is confirmed by the research of 
Donald Cressey (Cressey, 1950), who suggests that the triangle of fraud outlines the factors that affect the 
criminal behavior of employees, namely - pressure, opportunity and rationalization. Current practice shows 
that the auditors cannot prevent the criminal behavior of the management and employees in the Bulgarian 
state-owned forestry. In addition, 118 cases related to violations of regulations in 2018 are stated (Annual 
Report of the Forest Agency, p.64). It directly affects the budget of the Forest Agency. The existence of 
vicious practices, weaknesses in the internal audit control and illegal actions helps to strengthen the 
weaknesses of the forest sector outlined by the NSRGSRB 2013 - 2020. It is therefore important to take 
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proactive and preventive measures. Specific certification of auditors by the Forest Stewardship Council 
(FSC) can be mentioned as part of the adopted measures. Often this certificate is a requirement of state-
owned forestry that have announced a public tender for the selection of an auditor. It requires auditors to 
have additional qualifications and knowledge, but at the same time it limits the persons who can perform 
an audit. In this respect, the main object of analysis in the paper is the quality of the information in the 
audit reports as fundamental for the reliability of the forestry financial statements and the disclosures to 
them. This is seen by the authors as one of the factors that attract investment and increase social trust in 
forestry, while leading to the sustainability of the industry at macro level. Subjects of analysis are 
published annual financial statements of forestry (state-owned and private-owned), incl. their annexes, 
activity reports, audit reports, accounting policies. Main purpose of the study is to analyze the audit 
opinions on the annual financial statements of Bulgarian forestry for 2017. The selection of the target 
group is based on both the reported crimes and violations in the industry, as well as the fact that forestry 
are directly related to the implementation of forestry plans and programs, afforestation and protection 
activities, timber harvesting, marking of plantations and trees. The control over such activities is 
responsibility of each agent, incl. auditors. An additional goal of the paper is to make an analysis of the 
statements, annual reports and disclosures about the economic development of the enterprises for the 
period 2007-2017. In order to fulfill the outlined goals, the following research tasks are set: (1) to study the 
financial development and applied strategy of forestry, comparing the data with the accounting policy 
adopted by them; (2) to study the expressed audit opinions of the financial statements of the enterprises 
for 2017. The adopted research methods are logical, deductive and comparative methods, as well as the 
methods of analysis and synthesis. 
 
 

2. ANALYSIS OF THE FINANCIAL STATEMENTS AND DISCLOSURES                                                                     
OF THE FORESTRY ENTERPRISES IN BULGARIA   

 
In Bulgaria, according to the public information presented on the website of the Ministry of 

Agriculture, Food and Forestry, there are 8 operating private-owned enterprises1 and 7 state-owned 
enterprises2, related to forestry. Without claims for a whole comprehensive analysis, the subject of further 
study are the annual financial statements and attached annexes (including activity reports, references, 
disclosed significant accounting policies) of forestry enterprises for the period 2007-2017. A limitation of 
the study is that for the selected period of time the financial statements of all state-owned forestry are 
analyzed starting from 2011. It is so due to the fact that in 2011 the selected state-owned forestry are 
established based on an Order of the Minister of Agriculture and Food. Exceptions are the financial 
statements of State Enterprise "Kabiyuk" and „Fish resources“. An additional limitation is that for almost 
33% of the enterprises included in the target group, no statements have been published for some of the 
years in the scope of the survey. In particular, no financial statements for 2008 are found for „Zeminvest“, 
none for „SAPI“ for 2016 and 2017, and none for „Fish resources“, North Central State Enterprise and 
State Enterprise "Kabiyuk" for 2017. The non-publication of financial statements for the last years under 
analysis could be explained by administrative delays in publishing the reports by the Registry Agency. 
However, other preconditions should be sought for the non-publication of statements as old as those in 
2008. Although the paper does not focus on the reasons for not publishing financial statements, such 
practices are common in Bulgaria. The analysis of the accounted financial result (profit or losses) of the 
enterprises under review show no significant fluctuations. In this respect, 5 of the enterprises in the target 
group report a loss in more than 60% of the years under review. Nearly 26% of the state-owned forestry 
report a loss only during the year of bankruptcy of Corporate Commercial Bank, which can be explained 
by the accrued impairment of the cash of the enterprises in the bank and the accrued financial expenses 
(for interest and exchange rate differences). In terms of published disclosures, there is another limitation. 
For the analyzed period, there are no published annexes in nearly 73% of the financial statements in 

                                                 
1 „Agrovodinvest“ SOJSC; ;„Agrolesproekt“ private LLC; „Vrana“ SOJSC; „Zeminvest“ SOJSC; „Irrigation systems“ 
SOJSC; „Fish resources“ private LLC; „SAPI“ private LLC; „Varietal seeds - Elite“ SOJSC. 
2 Northwestern State Enterprise; North Central State Enterprise; Northeastern State Enterprise; Southwestern State 
Enterprise; South Central State Enterprise; Southeastern State Enterprise; State Enterprise "Kabiyuk". 
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different years from those under study. However, compared to the accounted financial results during the 
years where there are lack of disclosed annexes, no dependencies are found. Based on a more in-depth 
analysis of the content of published annexes, the following conclusions can be drawn: (1) Nearly 53% of 
forestry apply national accounting standards (NAS) throughout the period under review as a basis for 
preparing their statements. All state-owned forestry, with the exception of State Enterprise "Kabiyuk", 
apply the national accounting standards until 2012 inclusive, after which they switch to the international 
ones (IAS). All companies applying IAS publish richer textual information. This confirms previous research 
showing that Bulgarian enterprises implementing the NAS disclose more limited data (Georgieva, 2020). 
(2) The companies (nearly 40 %) that account losses for most of the years under analysis indicate: 
deteriorating financial condition and autonomy, and liquidity indicators based mainly on asset ownership 
problems, bad debts, and low quality of the human capital. They point out the need for a recovery policy, 
which includes strategies for enterprise development related to design and construction of forest roads; 
renewal of fixed assets and improvement of material and technical base; increase of revenue collection; 
staff training; more active participation in European projects; cooperation with research and educational 
institutions. However, the stated policies and strategies by the forestry remain relatively unchanged 
through the years. (3) All companies under analysis apply a stabilization type of accounting policy, the 
elements of which presuppose the presence of economic stability, lack of frequent changes in the 
regulatory framework, lack of threats from the external and internal environment. Such conditions are 
opposite to those stated by the enterprises at their reports. A change in accounting policy as a result of 
material misstatement has been disclosed by one forestry. However, it is not related to use of defensive 
accounting policy. The previous conclusions may be perceived negatively by the financial statements' 
stakeholders and contribute to the reduction of the confidence in the company by investors and society. If 
the financial statements are audited by a certified public accountant, this is an indicator of their reliability. 
In this respect, the subject of subsequent analysis are the expressed audit opinions on the financial 
statements of the forestry under review. 

 
 

3. ANALYSIS OF AUDIT OPINIONS ON THE FINANCIAL STATEMENTS   
 

From the 15 forestry under study, the authors were able to find available annual financial statements 
for 9 of these enterprises (see Table 1). No financial audit is made for some of them, and for others, no 
published data is found in the site of Commercial Register. This poses significant risks associated with 
access to information for the society and for the public interests.The opinion in 6 audit reports is 
unmodified. In one of the audit reports there is an emphasis of matter paragraph by the lead auditor. 
Emphasis is placed on the disclosure of assets and liabilities. This problem is common in financial and 
accounting practices in Bulgaria. It should be noted that in the company “Irrigation systems” there are 13 
qualifications, 5 key audit matters and 3 emphasis of matter paragraph. Without generalizing and 
identifying the critical remarks that they are a guarantor of the quality of the performed audit, there are 
obvious serious mistakes in the activity of this forestry. Based on the analysed data there are only 2 
qualified opinions from the auditors indicating problems in the activity of the forestry. In conclusion by 
conducting a financial audit and a specialized audit, auditors cannot prevent the criminal behavior of 
human capital in forestry. 
 

 
 
 

Table 1. Audit opinions on the financial statements of forestries for 2017 

№ Company Auditor`s opinion 

1. Agrovodinvest 

Unmodified opinion, but there is a problem with disclosed 
information in section IV Other disclosures, item 2 “Contingent 
assets and liabilities”. There is a large number of objects with 
unclear technical and physical conditions. 
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2. Vrana Unmodified opinion 

3. Zeminvest 

Qualified opinion. In the auditor`s report it is pointed: 1) 
accumulated losses; 2) the equity is below the amount of the 
share capital; 3) there is significant uncertainty as to whether 
the entity is operating; 4) the real value of the tangible fixed 
assets has not been determined and sufficient and relevant 
audit evidence has not been obtained; 5) there are significant 
increases in liabilities to staff. 

4. 
Southeastern 
State Enterprise 

Unmodified opinion 

5. 
South Central 
State Enterprise 

Unmodified opinion  

6. 
Southwestern 
State Enterprise 

Unmodified opinion 

7. 
Irrigation 
systems 
 

Qualified opinion. In the auditor`s report it is pointed: 1) the 
owned properties, machines, facilities, lands, buildings are not 
used and depreciated, as their future use is very limited due to 
their poor condition; 2) the owner of part of the assets is not 
identificate; 3) there is a possibility for overestimation of the 
value of the assets; 4) there are immovable inventories, and 
there are impairments of materials and products; 5) no 
confirmations have been received from no confirmations have 
been received from external sources regarding trade 
receivables and payables; 6) there is a termination of a 
contract with a key supplier, the occurrence of a lawsuit, which 
leads to an unclear financial result; 7) court cases have been 
filed in which the company is a defendant and leads to 
limitation of the period for accrual of provisions; 8) the 
company's equity includes reserves that are formed as a 
result of revaluation of assets. About the limitations, the 
assessment and completeness of the reserve have not been 
established;  9) the activity of the company is carried out with 
morally and physically obsolete assets, as it has not been 
established whether the submitted quantities of water masses 
to the users are reported correctly and aren`t completed; 
10)difference in the prices for sale of water; 11) it is not clear 
how exactly the revenues and expenditures related to grants 
provided by the state are distributed; 12) unclearly charged 
repair costs; 13) there is significant uncertainty as to the 
company to going concern basis.  

8. 
Northwestern 
State Enterprise  

Unmodified opinion 

9. 
Northeastern 
State Enterprise 

Unmodified opinion 
 

Source: own analyses based on data extracted from https://public.brra.bg/ 
 
 
The asymmetric information in the audit reports is not a precedent. It is therefore fundamental that 

the relevant measures are taken into account by the managers of this type of enterprises. The question is 
- how can audit reports be improved to provide more valuable and reliable information to the public and 
investors? In this respect, the International Auditing and Assurance Standards Board propose how audit 
services quality can be improved (A framework for audit quality key elements that create an environment 
for audit quality, 2014). The most significant factors are: the way of receiving information, the procedures, 

https://public.brra.bg/CheckUps/Default.ra
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the results of the performed procedures, key actions for the preparation of the financial statement and 
contextual factors. Each of these factors affects the right functioning of the framework in relation to the 
appropriateness of the audit. However, it is important to pay attention to human and institutional capital: 
management, government, consumers and regulators. Even if internal policies are developed by high-level 
auditors, without legal and institutional changes it is impossible to properly, effectively and efficiently 
conduct financial audits in any sector, including forestry. A good example of institutional control is the pre-
trial proceedings initiated in 2020 at the State Forestry Company - Velingrad. It is the result of the joint 
efforts of: General Directorate for Combating Organized Crime (GDCOC) at the Ministry of Interior, the 
Prosecutor's Office and the Forestry Agency. The reason is illegal extraction and subsequent marking by 
employees and issuance of transport tickets for the wood, in order to legalize its origin 
(https://www.monitor.bg). The illegal extraction of the material serves for illegal profit by the organized 
criminal group. 
 
 
 

3. CONCLUSIONS 
 

Based on the analyzes it can be stated that often the information in the financial statements of 
Bulgarian forestry is asymmetric. Weaknesses are identified in the control environment, which should be 
tested and updated to minimize losses to companies and the state treasury. It is difficult to calculate the 
current losses from this type of crime, so it is fundamental to take proactive and preventive measures. 
These can be done through the following measures: (1) Increasement of the oversight of the forestry by 
appropriate legislative and institutional reforms related to financial reporting. (2) To carry out subordination 
and coordination between the government departments. (3) The internal audit in enterprises should be 
improved. (4) To carry out additional alternative procedures by the auditors, such as the possibility to 
monitor the process of handing over and calculating the harvested timber, tracking the way of tickets 
which are issued and etc. (5) To make a detailed review of internal and external environmental factors in 
order to update the accounting policy and link it to the strategy of the organization. (6) To improve the 
control of publicly disclosed information by forestry in order to avoid lacks and non published data. 
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ECONOMIC EFFICIENCY OF THE FOREST INDUSTRY IN THE REPUBLIC  
OF BULGARIA IN THE TIMES OF ECONOMIC CRISIS AND PERSPECTIVES  

FOR REDUCING THE NEGATIVE IMPACT 
 

Neykov, N., Popova-Terziyska, R. 
 
Abstract: The economic efficiency of the sectors in the national economy is crucial for improving the overall 
economic development of the country and the employed. Current economic conditions require the consideration of 
many factors that determine sustainable economic growth. The purpose of this study is to determine the impact of 
major factors on the overall economic efficiency of the forest industry in Bulgaria during the economic crisis. The 
reducing of possible impact of the pandemics of COVID-19 is considered like the pushing power toward innovations 
including FSC CoC certification. 
Keywords: efficiency, forest industry, crisis, impact 

 
 

1.  FOREST INDUSTRY IN BULGARIA – STATE AND PROSPECTS 
1.1. General characteristic of the Forest Industry in Bulgaria 

 
The Forest industry is characterized by unattractive working conditions and a lack of career 

development, especially for the women in the sector. But in recent years, the industry has managed to get 
closer to the peak pre-crisis levels and in the industry there is a serious development of technology, there 
are numerous trainings and events related to the opportunities for the development of the industry. 

The industry has a tradition of furniture production, raw material availability and export potential. The 
key factors affecting competitiveness in the industry are the upstream section of the value chain and the 
role of raw materials and components,  the availability of skilled labor, investment in technology, R&D, 
innovation and design, relevant policies affecting the industry. 

The industries in the forest sector are diverse and involve different processing stages. Depending on 
the purpose and consumption of the end products in the sector, the main outputs by economic activities 
according to NSI (CEA-2008) are:  

 Manufacture of wood and of products of timber and cork, including: Cutting, planning and 
impregnation of timber; Manufacture of veneer and wood panels; Manufacture of prefabricated 
parquet tiles; Manufacture of joinery and other products of timber for construction; Manufacture 
of wood packaging; Manufacture of other articles of wood. 

 Manufacture of furniture, including: Manufacture of office and shop furniture; Manufacture of 
kitchen furniture; Manufacture of mattresses; Manufacture of other furniture. 

The largest share in the production in general is the activities "Furniture manufacturing", 
"Manufacture of veneer and wood panels" and "Cutting, planning and impregnation of timber", followed by 
" Manufacture of joinery and other wood products“.  "Manufacture of wood packaging“ has a smallest 
share of total sector production, but “Manufacture of mattresses“ has increased in recent years. (BCWFI, 
2017) 

Manufacturing in the sector includes many other end products besides furniture, such as wooden 
toys, sports equipment, writing boards, coffins, household products and wood products. However, the 
production of these products is significantly lower than the products of the main production facilities 
mentioned. 

Finished wood products are used in construction (joinery, beams, etc.) such as process fuel and 
heating (wood pellets, wood briquettes, wood chips, firewood), wood packaging (pallets, crates, chests, 
crates), as well as paper and cardboard. 

 

1.2. Management challenges 

 
The efficiency of the supply chain and logistics operations, as well as reverse logistics, are key 

factors in improving the competitiveness of the sector, characterized by a variety of materials, operations 
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and finished timber products. The problems associated with reducing delivery time and logistics efficiency 
increase the requirements for information systems to provide the functionality and flexibility.  

Most often, investments in the sector are made for technological upgrades. However, experts believe 
that investments must be balanced, both in production capacity and in terms of diversification. 

The main challenges facing manufacturers are the constant pressure from traders to reduce prices or 
to market analogy of old models, but at lower prices. On the other hand, the prices of materials and wages 
in the sector are rising and, accordingly, these circumstances lead to a decrease in margins, a decrease in 
quality and the entry of more foreign products through large chains. (BCWFI, 2018) 

Therefore, the main challenges facing the management of Forest industry enterprises   and 
increasing economic efficiency are related to: 

 improvement the production and operations management - improvement of the organization and 
operational management in the enterprises; production specialization and certifications; 

 improvement the marketing management - marketing positioning and branding related to 
Marketing 4.0; entering new markets and increasing exports; 

 improvement the innovation management and cooperation - collaboration with universities and 
research centers to develop new products and technologies through EU projects and programs; 
mergers in clusters and supply chain associations;  

 improvement the human resource management -  investments in training according to changes in 
the industry (Industry 4.0). 

 
 

2.  MATERIALS AND METHODS 
 

Martic et. al. (2009) define efficiency like the goals achievement with the minimum use of available 
resources. DEA is a well-known, nonparametric approach (Charnes et al., 1978) that is widely used to 
analyze the efficiency of for example - forest districts (Diaz-Balteiro, 2008; Korkmaz, 2011; Sporcic et al., 
2009). Liu et. al. (2013) made a research that until 2009 the share of DEA-based papers about Forestry is 
only 0.86%, and about industry 4.66%, but the growth of such papers is almost exponential in the recent 
years. Forestry and ceonsequent industries are topical. Alzamora and Apiolaza (2013) estimated the 
efficiency of the usage of pine logs for grade producing, until Susaeta et al. (2016) successfully calculated 
the efficiency of an entire pine forest. Boosari (2015) directly compared alternate plans for forestry 
management. Kovalcik (2018) compared the Slovak forestry efficiency to other European countries, which 
is the only direct comparative study using the DEA approach throughout forestry of European Union 
countries. In forest-based industries, such as the wood-processing and furniture industry, the existing 
studies are related mainly to the enterprise level (see Ma, 2016; Vahid and Sowlati, 2007). In the curren 
study have been used the envelopment model by Charnes et al., (2007). If efficiency scores Θ=1 the DMU 
(Decision Making Unit – the Forest industry in Bulgaria  and other comparative industries) is optimal.  

For estimation of the models have been used data from Eurostat for the years 2006 – 2017. The 
DMUs are the years of development of Bulgarian Forest industry and same industries of the EU28 
countries, taken on total, by Eurostat. The compared indivators are:  

 Inputs: Number of enterprises; Total purchases of goods and services - million euro; Personnel 
costs - million euro. 

 Outputs: Apparent labour productivity (Gross value added per person employed) - thousand euro. 
 
 

3. RESULTS OF THE SURVEY 
 

The results for the efficiency scores are shown in Figure 1. The figure shows that there was great 
stagnation in the EU during the crisis. The collapse in sales has hit labour productivity very hard. In 
contrast, in Bulgaria the shocks are small. Productivity is ensured in a stable way, but efficiency cannot 
keep pace with European dynamics. 

Comparing the graphs, it is revealed that the dynamics of European productivity during the crisis are 
the result of fluctuations in the scale of production. The production in the EU can much more dynamically 



13th International Scientific Conference WoodEMA 2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

 

39 

 

adapt the scales to crisis than the Bulgarian one. This in this case seems to be an advantage of the 
Bulgarian economy. Bulgarian producers have managed to adapt their scale since 2008. They have higher 
efficiency than the European. This later led to an improvement in market positions since 2009 to 2011. 
The net economic efficiency of the forest industry in Bulgaria and the EU, ie. the quality of the resources 
used, without being influenced by the scale, shows that in Europe the they have functioned very well. After 
some disturbances before, during and after the crisis the resources in the EU forest industry has stable 
growth since 2011. The economy improves and is more likely to face the COVID-19 crisis with greater 
economies of scale than the Bulgarian one. EU have slowly adjusted the scale of production after 2011, 
following the positive trend and maintain the quality of resources – labour forces in the context of the 
current study. In the same time Bulgarian industry remain at the same level since 2010. The scale haven’t 
been improved and the quality of labour forces has gone to the limit, as the flat curve after the 2010 
reveals this. Better efficiency means good abilities to maintain the market positions but, to reveal the 
differences between average EU producer and Bulgarian one, have to be calculated the difference 
between their productivities. In the EU it is 2.21 to 2.9 times greater than Bulgarian. The second have 
been getting closer to that in EU in the recent years, which means that if the CCR and BCC coefficients 
remain of 1, the two productivities have to be equal in the next up to 20 years. The quick improvement can 
appear if the resources are saved in the appropriate way. Additional information is provided by the 
analysis of recommended cost savings. Bulgarian total purchases of goods and services has to be 
reduced in about 12% (14% in the EU), Personnel costs – 5% (13% in the EU) and Enterprises – 8% (16% 
in the EU). The results show that in Bulgaria the added value is too low, compared to the EU, given the 
differences in productivity. Wages in Bulgaria are too low, so the necessary savings are lower than those 
needed for the EU. The hidden key to the differences between Bulgaria and EU is the excess capacity. 
This is a phenomenon for the EU, not the Bulgarian forest industry. It proves, that the Bulgarian forest 
industry has functioning at the production line, and cannot react to economic expansion. The forest 
industry in EU had more than 8% excessive capacity to face the expansion. In Bulgarian one there is no 
reserves for that. Savings recommended by the models can be used for investments. 
 

 
Figure1. Efficiency scores in variable return to scale – CCR and constant return to  

scale – BCC 
 

4. CONCLUSIONS 
 
The study of the economic efficiency of the Forest industry enterprises in Bulgaria has shown that it 

is resilient to crises. Unlike in the EU, it manages to maintain the efficiency of its production and labour 
productivity. The problems come when opportunities arise for recovery after the bottom of the crisis has 
been achieved. The efficient production without excessive capacity hinders the rapid response and the 
occupation of market positions vacated after the crisis. That why the savings recommended by the models 
have to be invested in to innovations like new technologies, especially in the context of Industry 4.0. 
Investments in standardization like in FSC – CoC or so, could only strengthen the capabilities to maintain 
the markets, but ton to expand them. European forest industry has abilities to work inefficient due to 
excessive capacity and to become efficient in every suitable moment.  
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Forest industry in Bulgaria has to improve the abilities to increase the productivity of labour in 
appropriate market structure. The efficiency gained by low wages and salaries can only support the 
survival in the time of crisis, but afterward is the great challenge.  
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SUSTAINABLE DEVELOPMENT – INTERNATIONAL FRAMEWORK –  
OVERVIEW AND ANALYSIS IN THE CONTEXT OF FORESTS AND FOREST 

PRODUCTS – SUSTAINABLE POLICY, TRADE AND MARKETS  
WITH FINANCING OPPORTUNITIES IN THE SUSTAINABILITY 

 
Rantala, A. 

 
 
Abstract: Forests and forest products constitute an important resource in the Bioeconomy and Green Economy 
policies. Policies, strategies and investments have a remarkable significance in the sustainable development in the 
forest-based sector. The forest sector is in an important role providing many new sustainable opportunities globally. 
Sustainable policy framework with technological development has a role in the future taking into consideration the 
climate change. The goal is in economic growth with environmental and socially equitable targets. There is 
international collaboration within the green initiatives. Innovations and investments give new opportunities in striving 
for sustainable development.  
Forests and forest products provide opportunities for international trade and offer many possibilities for 
competitiveness. Quality constitutes a significant factor for the international markets. Markets with trade have an 
increasing importance nowadays. Quality includes certification. 
Global framework is significant in the sustainable development. Sustainable development is included in the policy of 
the Green Economy, the Bio-economy and the Green Growth.  
International and national policies have a significant role for the sustainable development. Forests constitute an 
important resource in the sustainable development and policy framework including forest certification. 
The forest sector is in a remarkable role providing significant new sustainable opportunities  globally. Sustainable  
policy  framework  with  technological development  has  a  role  in  the  future  taking  into  consideration  the  
climate change. Climate change  mitigation framework has a link with the CSR and Forest Law Enforcement, 
Governance and Trade, the FLEGT, sustainable trade and investments globally. Wood has an emergent role in the 
sustainable development framework from bio-based  natural  resources  and  in  the  Bio-economy  policy. The  CSR 
approach has a significant role in the sustainable development. Markets  are  linked  to  the  sustainable  
development  framework  and  green approaches  and  the  bio-based  economy. Wood  has  opportunities  as  a 
renewable material. There are opportunities in forests and forest products. The Corporate Social Responsibility, the 
CSR, covers forest certification and the FLEGT. Certification has  an  important  role  in  the  markets.  The  
Corporate  Social  Responsibility constitutes a significant framework in the sustainable development. 
This is a qualitative research based on literature. It is based on research articles and literature and organizational 
literature. Several academic sources are included, for example Proquest, Academic Search Complete (EBSCO), 
Agris, CAB Abstracts, SCOPUS (Elsevier), Web of Science (ISI) and Google Scholar and Internet sites. 
Keywords: Sustainable development, forests and forest products, financing, competitiveness, CSR. 
 
 

1. CSR GLOBALLY AND IN THE EU  
 

Forests’ biomass mitigates climate change. This biomass can be used to products acting as a carbon 
sink. (Laturi, Jani (2020)) 

Policy and strategy have an important role in the international and national sustainable development 
framework. The EU promotes Corporate Social Responsibility, the CSR, internationally in trade and 
business (European Commission (2019)).   

More than 325 million hectares of forest area are certified with the PEFC. Two-thirds of all certified 
forests globally are certified with the PEFC. More and more double certification with the FSC exist. (PEFC 
(2020)). There are more than 211 million certified hectares of forest area certified with the FSC (FSC 
2020)). In Finland, the PEFC and the FSC represent the certification schemes (Ministry of Agriculture and 
Forestry of Finland (2020)).   

Forest Law Enforcement Governance and Trade, FLEGT, for legal logging and trade with the EU 
Timber Regulation includes due diligence and Voluntary Partnership Agreements (VPAs) (European Union 
(2017)).  

The EU Action Plan for Forest Law Enforcement, Governance and Trade (FLEGT) in 2003 
introduced a process and a plan by the European Commission against the widening illegal logging and 
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related trade. COUNCIL REGULATION (EC) No 2173/2005 established the FLEGT licensing scheme for 
imports of timber into the European Community. Commission Regulation (EC) No 1024/2008 of 17 
October 2008 laying down detailed measures for the implementation of Council Regulation (EC) No 
2173/2005 on the establishment of a FLEGT licensing scheme for imports of timber into the European 
Community takes into consideration competitiveness in the international timber trade and the business.  
Regulation (EU) No 995/2010 of the European Parliament and of the Council of 20 October 2010 laying 
down the obligations of operators who place timber and timber products on the market includes the items. 

The New EU Forest Strategy in 2013 supports efforts combatting illegal logging. It highlights the 
approach towards green economy and value of forests. A new EU Forest Strategy - European Parliament 
resolution of 28 April 2015 on “A new EU Forest Strategy: for forests and the forest-based sector” (2015) 
highlights that both the utilization of timber and other harvested wood products in renewable and climate-
friendly raw materials and sustainable forest management have a significant role in achieving the 
European Union’s socio-political goals like the energy transition, climate change mitigation and adaptation, 
and the implementation of the Europe 2020 strategy targets as well as biodiversity targets (EU 2020 
targets (2020)). 

 
 

2. BIOECONOMY  
 

The contribution of the bioeconomy to a more circular economy is based on renewable resources. 
The Bioeconomy is also able to contribute to decarbonisation of  major  industries.  (REVIEW OF THE 
2012 EUROPEAN BIOECONOMY STRATEGY (2017)) Nordic Bioeconomy has the following criteria: 1. 
Sustainable use of natural resources; 2. Technological innovation; 3. Environmental benefits; 4. Societal 
benefits;  and 5. Business model innovation.  (Nordic Council of Ministers (2017)) Finnish Bioeconomy 
Strategy introduces the following goals: 1. A competitive operating environment for the bioeconomy; 2. 
New business from the bioeconomy; 3. A strong bioeconomy competence base; and 4. Accessibility and 
sustainability of biomasses (Finnish Bioeconomy Strategy (2014)). 

 

3. GREEN GROWTH STRATEGY and NORDIC GREEN GROWTH accentuate economic growth and 

development, sustainability, climate change mitigation, innovation, technology, new markets, 
competitiveness and investment (Green Growth Strategy (2011), The Nordic Council of Ministers (2017)). 

 
 

4. GREEN ECONOMY 
 
Green economy results in enhanced human well-being and social equity, significantly reducing 
environmental risks and ecological scarcities. Green economy is low carbon, resource efficient and 
socially inclusive. The concept of the Green Economy has become a strategic priority for many 
governments in over a decade. (UNEP (2010)) 
 
 

5. FINANCIAL RESOURCES 
 

Resources are tangible, e.g. financial or physical resources, intangible, e.g. knowhow, technology, 
reputation, trust and organizational culture, and human, e.g. skills, knowledge, motivation and personal 
interaction. (Nellis, G. J.; Parker, D. (2006)) Enhancing innovation is seen directing to competitiveness and 
better financial performance (Hansen, E. (2010)). 
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6. CONCLUSIONS 
 

Policy has a remarkable role in the sustainable development and climate change framework. 
Forest Law Enforcement, Governance and Trade, the FLEGT, constitutes a significant policy within the 
Corporate Social Responsibility, the CSR, with a significant stakeholder collaboration in the sustainable 
development framework. The Forest Law Enforcement, Governance and Trade, the FLEGT, takes into 
consideration the climate change framework. Policy and the CSR have significance in the climate change 
framework providing a link as to sustainable new products in the forest sector and an opportunity for the 
competitiveness. The Corporate Social Responsibility, the CSR, covers financing. It includes forest 
certification and FLEGT. Certification and FLEGT have an important role in the markets and sustainable 
development and can have an important role in the climate change mitigation.  
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THE IMPACT OF GLOBALISATION ON THE SLOVAK TIMBER TRADE  
 

Dzian, M., Paluš, H., Parobek, J. 
 
 
Abstract: Globalisation stands for the growing interdependence of world economies, brought about by cross-border 
trade, technology, and flows of investments, people, and information. The positive, as well as, negative impacts of 
globalisation on the national economy has been observed for a long time and it is also noticeable in the case of 
timber trade. The Slovak timber trade is constantly developing and traditional trade is shaped by globalisation trends. 
The Slovak economy is open and its development depends on the demand in foreign markets, namely the EU 
markets. The study is focused on the assessment of the impacts of globalisation on timber trade in the Slovak 
Republic. The results show the relationships between the globalisation index and timber trade development. In 
particular, the development of exports and imports of industrial roundwood and the KOF globalisation index is 
analysed in the period from 2000 to 2017. Based on the correlation analyses the results indicate a positive linear 
relationship between the KOF index and timber trade development in the Slovak Republic. 
Keywords: timber trade, globalisation, KOF globalisation index, 
 

1. INTRODUCTION 

 
 The future course of the world is strongly determined by the development of globalisation. 
Intriligator (2009) describes the globalisation as a powerful real aspect of the new world system and 
distinguishes different dimensions of globalisation, namely the economic, political, environmental, health, 
social, cultural and other dimensions. Globalisation is a process of integration of global economic, political 
and cultural dimensions (Hamdi, 2013; Šupín, 2014). The concept of globalisation was firstly mentioned in 
1980´s and, recently, this term is used in many different interpretations. Some authors described the 
globalisation as a force for advancing the world economy while others see it as a danger to economic 
systems (Intriligator, 2009). Globalisation is a process that brings both positive, as well as, negative 
effects. The most important issue connected with globalisation is whether it leads to the equality or to the 
inequality. Pleskovic (2002) shows that a trend of rising inequality in the latest 200 years have been 
reversed and the increased globalisation accelerated this decline.  
 The term globalisation refers to the process through which corporations, organizations and 
governments around the world interact. As stated by Zaidi (2019) every person is affected by globalisation 
in some form such as technology, employment, industrial expansion or energy consumption. As further 
stated by Zaidi (2019) the impact of globalisation in the developing economies had large impact on the 
cost of middle class, with significant political, social and stable consequences that will continue to be felt in 
the coming decades.  
 The impact of economic globalisation on forestry and related industries is inconsistent. The 
positive, as well as, negative impacts of globalisation on national economies has been observed for a long 
time and it is also noticeable in the case of the timber trade. Suchomel et al., (2012) point out that the 
consequences of globalisation for forestry are noticeable in countries with high forest area and the most 
important impact of globalisation causes an increase in log prices, which is reflected in the relocation of 
the sawmills, pulp and paper industries from the locations where they played an important role for the local 
development. The Slovak timber trade is constantly developing, and traditional trade is shaped by 
globalisation trends. Development of the Slovak economy, which is significantly open, depends on the 
development of demand at the markets of the major trading partners, namely the EU countries (National 
Forest Centre, 2018; Parobek, et al., 2014). These developments also affect the wood processing 
industry. As pointed by Pelegrinová et al. (2013) participation of countries in the process of globalisation 
should increase their productivity and also the amount of foreign trade. This increase of foreign trade is 
reflected in changes in the ratio of exports and imports. 
 This study examines the impact of globalisation on the Slovak timber trade. In particular, the 
development of exports and imports of industrial roundwood and the KOF globalisation index is analysed 
in the period from 2000 to 2017. In 2017 more than 2 million m3 of roundwood was exported from 
Slovakia, while the total supply of roundwood in 2017 was almost 9.4 million m3. Forest enterprises 
exported 341 thousand m3, or 16.9% of the total export volume, respectively. The remaining 83.1% was 
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exported by various non-forestry entities, mostly commercial trading companies. Timber was mainly 
supplied to the EU countries. On the other side, 927 thousand m3 of roundwood was imported to Slovakia 
in 2017 (National Forest Centre, 2018).  

 In the EU, there have been rapid changes in the industrial processing of roundwood and the 
production of main categories of wood products, such as pulp, paper, or sawnwood in the last decade. 
The production of industrial roundwood in the EU is still increasing. Its production has increased by almost 
10% with an increase of more than 30 mil. m3. There is also a growing trend in the EU roundwood 
consumption, which showed almost 8% increase (UNECE, 2016). 

 
 

2. MATERIAL AND METHODS 
 

This study is aimed at the examination of the impact of globalisation on the Slovak timber trade. The 
development of exports and imports of industrial roundwood and the KOF globalisation index were 
analysed in the period from 2000 to 2017. The core data for analysis were drawn from the FAOSTAT 
(2020) database and the Swiss Economic Institute database (Swiss Economic Institute, 2019). 

The KOF globalisation index measures the economic, social and political dimensions of globalisation. 
It represents the only global index that present information about the level of globalisation in individual 
countries. The current version of KOF globalisation index distinguishes between de facto and de jure 
globalisation. As Gygli et al. (2019) pointed de facto KOF globalisation index measures the actual 
international flows and activities, de jure globalisation measures the policies and conditions that, in 
principle, enable, facilitate and foster flows and activities. The KOF globalisation index includes large 
panel data incorporating 203 countries and including data from 1970 to 2017.  

The Pearson r correlation was used to analyse the relationship between the KOF globalisation index 
and development of exports and imports of coniferous and non-coniferous industrial roundwood in 
Slovakia. The following formula was used to calculate the Pearson r correlation: 

 

𝑟𝑥𝑦 =
𝑛 ∑ 𝑥𝑖𝑦𝑖 − ∑ 𝑥𝑖 ∑ 𝑦𝑖

√𝑛 ∑ 𝑥𝑖
2 − (∑ 𝑥𝑖)

2 √𝑛 ∑ 𝑦𝑖
2 − (∑ 𝑦𝑖

2)
2

 

 
Where:  
Rxy  - Pearson r correlation coefficient between x and y 
n - years from 2000 to 2017 
xi  - value of exports and imports of industrial roundwood  
yi  - value of KOF globalisation index 
 
The statistical hypothesis H0 assumes that there is no association between the KOF globalisation 

index and the Slovak timber trade, and the alternative hypothesis H1 assumes that there is an association 
between the mentioned variables. Statistical hypotheses were verified using the SPSS statistic program, 
using the level of significance α=0.05 and probability 95%.  
 
 

3. RESULT AND DISCUSSION 
 

The development of exports and imports of coniferous and non-coniferous industrial roundwood in 
Slovakia was observed from 2000 to 2017. Figure 1 shows the development of exports and imports of 
industrial roundwood in USD. The trend of exports and imports development has been increasing in the 
examined period. The dominant part of the trade is represented by the export of coniferous industrial 
roundwood. The development of import of coniferous industrial roundwood has been more less stable over 
the last 17 years. 
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Figure 1 Development of exports and imports value of industrial roundwood in Slovakia (USD) 

  
Figure 2 shows the development of KOF globalisation index in Slovakia from 2000 to 2017. In this 

case, a slightly increasing trend of the development of the KOF globalisation index can be observed. A 
significant improvement of globalisation index occurred in 2004, in the year of accession the Slovak 
Republic to the European Union. 

 

 
Figure 2 Development of KOF globalisation index in Slovakia 

  
Following the methodology, the correlation between the KOF globalisation index and 

development of exports and imports of industrial roundwood in Slovakia was examined. The basic 
statistical characteristics are shown in Table 1. 
 

Table 1 Basic statistical characteristics (Pearson Correlation Coefficient) 

 Pearson Correlation Coefficient 

Export Value (C) 0.661** 

Import Value (C) 0.417**   

Export Value (NC) 0.560** 

Import Value (NC) 0.552** 

Value represents data in USD; C - coniferous; NC - non-coniferous; * - α<0.05; ** - α<0.001 
  

The results of correlation testing indicate some statistically significant relationship between the 
KOF globalisation index and the development of exports and imports of industrial roundwood in Slovakia. 
Export of coniferous industrial roundwood represents the most affected part of the foreign roundwood 
trade in Slovakia. Results indicates that globalisation strongly affects the exports of coniferous industrial 
roundwood while there was not influence on imports. Moderate positive relationships can be observed in 
the case of non-coniferous industrial roundwood. The development of both, exports and imports of non-
coniferous industrial roundwood were strongly affected by globalisation. As it was already mentioned, the 
development of export and import volumes and values of industrial roundwood in Slovakia shows a slightly 
increasing trend. There are many factors affecting the industrial roundwood trade, one of the most 
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significant is the volume of incidental felling. As pointed by  Suchomel et al., (2009) the incidental felling 
affected the prices of industrial roundwood and others wood assortments. The volumes of exported and 
imported industrial roundwood are closely connected to domestic wood processing industry, its capacities 
and structure. Loučanová et al. (2018) mentions that there is an absence of the strategic development of 
the overall forest-based sector and the need for innovations in the wood processing industry. Results of 
the study by Pelegrinova et al. (2013) also confirm that the participation of countries in the process of 
globalisation should increase their productivity and possibility to expand into foreign markets. On the other 
hand, Kaputa et al. (2016) pointed that foreign competition is the most significant barrier for the Slovak 
exporters of wood products. 
 Several authors analysed the effects of globalisation. Globalisation brings positive as well as 
negative consequences. The exports of coniferous roundwood without any added value is the major 
problem of the Slovak forest industry as the high quality assortments are exported without further 
processing (National Forest Centre, 2018). Consequently, added value is created abroad, where inter alia, 
wood processing provides new jobs opportunities. Though, positive tendencies in exports decreasing and 
import increasing of higher quality assortments was observed in 2018 (National Forest Centre, 2019).  
 The impact of globalisation in Slovakia is highly debatable. From an economic point of view, 
globalisation brings many positive trends to Slovakia. As Pelegrinová et al. (2013) mentioned globalisation 
has a positive effect on foreign direct investment and also causes an increase in GDP. On the other hand, 
there are several negatives of globalisation that are reflected in the forest based sector in Slovakia. 
Increasing value of industrial roundwood exports causes outflow of added value from Slovakia and has 
impact on the domestic price of industrial roundwood. 
 
 

4. CONCLUSION 
 

This study analysed the impact of globalisation on timber trade in Slovakia. We examined the 
development of exports and imports of industrial roundwood from 2000 to 2017, as well as, development 
of globalisation in Slovakia. Our results pointed out the relationship between the globalisation index and 
timber trade development. There is a significant relationship between the KOF globalisation index and the 
development of exports and imports of industrial roundwood in Slovakia. It is not easy to evaluate the 
impact of globalisation on the timber trade in Slovakia. The results described the positive as well as 
negative effects of globalisation on foreign timber trade and domestic forest based industry.  
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SUSTAINABILITY OR INTEGRITY? POST-CRISIS MODEL  
OF THE WOOD MARKET DEVELOPMENT IN POLAND 

 
Wanat, L., Mikołajczak, E., Sarniak, L., Kusiak, W. 

 
Abstract: The study attempts to identify the optimal model for the development of the wood market, adequate for the 
state of long-term economic crisis. It was verified whether, in a crisis situation, entities participating in the wood 
market should use identical development models. The comparative analysis was carried out on the example of 
elemental wood processing enterprises and companies providing key forestry services for the wood market. The 
study was conducted in the first half of 2020, using the diagnostic survey method and techniques of individual in-
depth interviews (IDI), of an expert nature. The conclusion states that the market model preferred by market experts 
during the crisis is the relational model, which prefers to build cooperation networks.  
Keywords: forestry, wood-based industry, wood market, pandemic economic crisis, Poland 

 
 

1. INTRODUCTION 
 

"Sustainable development", i.e. keywords that have made a huge career at the turn of the century, 
are derived directly from forest management. They refer to the concept that was formulated by Hans Carl 
von Carlowitz [6]. It is about conducting forest management in such a way as to obtain and process only 
the amount of industrial wood that can be restored with the help of forest renewals, in particular natural 
and natural regenerations [1]. But is simple "sustainability" enough? Does such a model take into account 
the specific, often very individual development ability of each of the market participants? Yes, important 
questions are posed about the social responsibility of subsequent generations, using the resources of the 
green economy as if on credit. But how should this responsibility be implemented in practice? 

Almost at the beginning of 2020, it became clear that existing economic theories need to be revised. 
Also the Polish forest-wood sector has found itself in a completely new perspective. They asked how 
companies creating and shaping the wood market should behave. This market has been exposed to 
irregular and asymmetrical factors. Will the factors influencing the functioning of the wood-based market 
rather "balance" or "integrate" it? Will there be a new wood market or maybe even a new one? 

The Polish wood-based sector is characterized by a specific market organization. It is a more 
institutional structure than a libertarian one, based also on a natural monopoly. The wood market is 
complementary sectors of the economy. These include forestry and wood industry. These sectors are 
permeated by the market environment: institutional, business, social, demographic and cultural. Mutual 
relations of wood market participants, especially the wood raw material market (primary segment), are only 
shaped to a small extent by the market mechanism [4]. This is mainly due to the ownership structure of 
Polish forests. State ownership dominates in it. This situation results in a number of objective barriers to 
entry into the sector. A specific wood sales model is also used, in which only selected aspects are subject 
to market laws. This does not change the essential links in the forest-wood value chain. It creates a 
"sector" of the economy, from raw forestry (management of timber resources "on the trunk"), forest 
services (acquisition of wood raw material and its transport), to industrial wood processing and its reuse. 
Of course, we will be talking about the first (primary) link in the entire chain, which makes up the circular 
economy model. It is an integral model, connecting the blocks of the chain the stronger, the more they are 
oriented on man and his natural environment. 

The Polish wood market is a reflection of the state of the industry, more precisely the situation of 
forestry and the wood-based sector. This sector employs almost 350 thousand people. It creates over 2.5 
percent of Poland's GDP [9]. In addition, the wood industry is almost entirely based on domestic timber 
resources from Polish forests. Thus, the wood market cannot be programmed only "classically"[8]. 
Especially in the face of the threat of a prolonged economic crisis, a "new" wood market model is sought, 
adequate to real competitive ability, which should be determined not so much by the "institutional market" 
as by the real one, which is created by entities creating supply and demand, i.e. us. 
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2. THE RESEARCH IDEA, MATERIAL AND METHODS 
 

Similarly to the entire economy, also the wood-based sector found itself in the first quarter of 2020 in 
a threat of a prolonged crisis. This threat is not only a consequence of the pandemic state, but also the 
result of institutional and individual, market decisions resulting from this state. Therefore, effective ad-hoc 
solutions are sought, followed by effective business models and market structures. Yes, it is first about 
survival and maintaining the status quo, then at least relatively proper functioning, and finally about the 
development of all participants of the wood market. For these reasons, an attempt was made in this work 
to search for an adequate wood market model and strategy for its participants. The research was 
conducted on the example of entities from the "first line of the value chain": companies providing forestry 
services and entrepreneurs of elemental wood processing, operating in the realities of various restrictions 
resulting from the epidemic threat. 

 
 

2.1. Purpose and scope of research 
 
The aim of the study was to identify the optimal model for the development of the wood market, 

adequate for the state of long-term economic crisis. In addition, it was verified whether, in a crisis situation, 
entities participating in the wood market should use identical development models / strategies. The 
comparative analysis was carried out on the example of elemental wood processing enterprises and 
companies performing key forestry services for the timber market, i.e. logging and transport. 

The research was carried out in the first half of 2020 (time range). A strictly selected group of wood 
industry enterprises and companies providing forest services (subject scope) was selected for the study. 
The companies were selected proportionally for the location corresponding to the territorial structure of 17 
Regional Directorates of State Forests in Poland (spatial scope). The diagnostic survey method was used 
in the selection process and then in detailed tests. The technique of individual in-depth interviews (IDI) 
was used, having an expert character. Professional representatives of all entities participating in the 
research process, participating in everyday practice in making market decisions, were invited to the 
research [3]. 

 
 

2.2. Research scenario 
 
The designed research scenario, based on the concept of hierarchical analysis, was divided into four 

stages. Their diagram is shown in Figure 1. 
In the first stage, referring to individual expert analysis (IDI), five were selected from various 

strategies and business models that could be potentially used by entities participating in the sector. The 
experts assigned the highest weight to these selected "development directions". These directions were 
analyzed from the perspective of two groups of enterprises (subject scope): representing elemental wood 
processing (popular sawmills) and companies providing forestry services. Therefore, the following models 
were identified for further verification: M1 - neutral model; M2 - extensive model; M3 - intensive model; M4 
- direct investment model and M5 - cooperation network model.  

The matrix of five market development models was then included in the comparative analysis. In 
addition, a targeted selection of wood market entities was made, with representatives of whom individual 
in-depth interviews were conducted. Therefore 101 companies were included, including 52 woodworking 
companies and 49 companies providing forestry services. The location of enterprises corresponded evenly 
to the spatial distribution of each of the 17 Regional Directorates of State Forests in Poland. The share of 
wood market entities was proportional [8]. The main assumptions of the research scenario were retained 
and the study was performed. 
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Figure 1. Visualization of the author's research scenario 
Source: Own elaboration 

 
 

3. RESULTS 
 

The designed study was carried out thanks to the involvement of experts, representatives of the 
examined wood market entities, with whom (step 3) individual in-depth interviews (IDI) were conducted. It 
is worth noting that experts were not expected to indicate preferences for a specific market development 
model directly, i.e. directly. Experts, however, indicated "only" relationships between individual models that 
were selected earlier (step 1). The relationships between the examined models were determined using the 
Saaty method [2]. The answers were ordered and then a ranking of models for both examined subsectors 
was made. This design of the study allowed to preserve the specifics and separateness of the subsectors: 
wood industry enterprises and forest services companies. Then, the responses were aggregated, 
including all surveyed entities. Numerical values (weights) were assigned to individual models, depending 
on the degree of significance, then converting them into percentage points [7]. The results were 
aggregated and tabulated, following step 4 of the research scenario. Table 1 summarizes the "preferences 
for choosing the optimal model for the development of the wood industry enterprises (WIC) in the 
conditions of the economic crisis" (WIC models preferences).  
 

Table 1. Preferences for the selection of the optimal model for the development of wood industry 
companies (WIC) in the conditions of the economic crisis 

Place / WIC 
Model 

Neutral Extensive Intensive 
Direct 

Investment 
Cooperation 

Networks 

Place I 0,0% 0,0% 0,0% 0,0% 100,0% 

Place II 30,8% 0,0% 46,2% 23,1% 0,0% 

Place III 3,8% 15,4% 42,3% 38,5% 0,0% 

Place IV 11,5% 59,6% 11,5% 17,3% 0,0% 

Place V 53,8% 25,0% 0,0% 21,2% 0,0% 

Source: Own elaboration 
 

Expert in-depth interview (IDI) / identification 
of development models of wood-market 

participants  
[wood industry and forest services] 

Step   1 
(rozdział 4.2.2) 

KEY STEPS IN THE RESEARCH PROCESS  

key steps in the research process 
key steps in the research process 

Selection of enterprises / companies  
for research 

[location, business profile] 

Experts survey / individual in-depth interview 

Analysis of results and selection of the optimal 
wood-market development model 

Step   2 

Step 3 
 (rozdział 4.3.1) 

Step 4 
 (rozdział 4.3.2) 
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The preferences for the selection of the market model for forest service enterprises were set up in a 
similar way. 
 

Table 2. Preferences for the selection of the optimal development model of forest service companies 
(FSC) in the conditions of the economic crisis 

Place / FSC 
Model 

Neutral Extensive Intensive Direct Investment 
Cooperation 

Networks 

Place I 0,0% 0,0% 0,0% 0,0% 100,0% 

Place II 0,0% 0,0% 20,4% 79,6% 0,0% 

Place III 34,7% 42,9% 22,4% 0,0% 0,0% 

Place IV 6,1% 38,8% 34,7% 20,4% 0,0% 

Place V 59,2% 18,4% 22,4% 0,0% 0,0% 

Source: Own elaboration 
 
In turn, in Table 2 you can find "preferences for choosing the optimal model for the development of 

forest service enterprises (FSC) in the conditions of the economic crisis" (FSC models preferences). The 
strength of preferences is expressed in percentage points reflecting acceptance or non-acceptance for a 
specific answer (market development model). The aggregated results were verified, prioritized and 
discussed using benchmarking and descriptive analysis tools. 

It is worth returning here to the subject scope, which the experts invited to the research covered, and 
then selected five potential market models for participants of the primary wood market in this perspective. 
Therefore, five models were considered: 

M1: NEUTRAL, market model, assuming the dominant influence of market relations on the situation 
of industry participants: thus "the market will do its own, who survives the crisis, we will continue to work 
with it"; 

M2: EXTENSIVE, resource model, assuming stimulation of development and possible support for 
economic activity, based on resources, own or borrowed; it was described as follows: thus, "we will grant" 
resource "credit to our partners, we will make available resources and raw materials, materials, semi-
finished products, we will extend payment periods, especially in a situation where we do not bear other 
additional costs ourselves"; 

M3: INTENSIVE, effective model, assuming support for the entity's income activities and elimination 
of unprofitable ones; and therefore: "we only conduct activities that are active and profitable, while the 
remaining ones are frozen or eliminated, until exiting the industry"; 

M4: DIRECT INVESTMENT model, pro-investment, and therefore "an industry partner with strong 
resources makes a takeover or capital entry to a weaker entity, and the investment is permanent or 
temporary, but always intensive"; 

M5: COOPERATION NETWORK model, coopetitive or relational, and thus: "existing industry 
partners of varying sizes and potential, create cooperation networks, initiate resource clusters, mutually 
making available those resources that are necessary for maintaining and developing activities; but without 
interfering in the ownership relations of the partners”. 

Against this background, it may seem surprising that the representation of entities with diverse, 
sometimes conflicting interests, expressed in a difficult, at least ambiguous issue, a consensus position 
[5]. The market model of cooperation network in the wood-based sector was definitely recognized as an 
opportunity to overcome the threats arising from the long-lasting economic crisis. 

 
 

4. CONCLUSIONS  
 

Based on the research carried out, as well as descriptive analysis, the following conclusions and 
recommendations were formulated: 
1) The preferred market model for the time of crisis, recommended by experts representing entities 
participating in the primary wood market, is the cooperation network model, which assumes coopetition 
and building lasting relationships. 
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2) Alternative, noteworthy market models also include: the intensive model (from the perspective of the 
wood industry enterprises) and the direct investment model (from the perspective of companies providing 
forest services). 
3) It is worth noting that participants of the wood-based industry generally do not consider the choice of a 
neutral model, recognizing the need for intervention on the Polish wood market. This is probably due to 
the growing awareness of the specifics of the market being analyzed, quasi monopolistic, sensitive to 
institutional influences. 

In conclusion, it should be emphasized that the idea of "sustainability" was almost not noticed by 
market practitioners recommending the search for platforms for integration, building relationships, active, 
long-term cooperation to the best of each of the wood market participants. 

 
 

REFERENCES 
 

1. Kusiak, W., Mikołajczak, E., Wanat, L. (2018): Institutional and Industrial Symbiosis Case Study of 
Cooperation for Development in Forestry and Wood-Based Sector. [In:] Increasing the use of wood in the 
global bio-economy. Glavonjic B. (ed.), September 26th-28th, 2018, University of Belgrade, Belgrade, 
Serbia, pp. 388-399. 

2. Łuczak A. (2016). Wielokryterialne metody ilościowe w diagnozowaniu i modelowaniu rozwoju lokalnego. 
Poznań: Wydawnictwo Uniwersytetu Przyrodniczego w Poznaniu. 

3. Mikołajczak E., Wanat L., Styma-Sarniak K., Czarnecki R., Topczewska A. (2020): The Prospects to 
Applying the Best Practices Model as One of the Pillars of Business Management in the Wood Market, [in:]  
D. Jelačić (ed.) Management Aspects in Forestry and Forest Based Industries, WoodEMA ia., Zagreb, pp. 
125-136. 

4. Paluš H., Parobek J., Vlosky R.P., Motik D., Oblak L., Jošt, M., ... & Wanat L. (2018): The status of chain-
of-custody certification in the countries of Central and South Europe. European Journal of Wood and Wood 
Products 76(2): pp. 699-710, https://doi.org/10.1007/s00107-017-1261-0. 

5. Potkański, T., Wanat, L., Chudobiecki, J. (2011): Leadership in time of crisis or crisis of leadership? 
Implications for regional development. Intercathedra, 4(27). 

6. Von Carlowitz, H. C. (1713): Sylvicultura Oeconomica. Leipzig: Braun. 
7. Wanat L., Mikołajczak E., Sarniak Ł., Czarnecki R., Topczewska A. (2020):  Application of Analytic 

Hierarchy Process (AHP) Algorithm to Optimize Business Model for the Kitchen Furniture Market, [in:] D. 
Jelačić (ed.) Management Aspects in Forestry and Forest Based Industries, WoodEMA ia., Zagreb, pp. 
111-124. 

8. Wanat L., Potkański T., Chudobiecki J., Mikołajczak E., Mydlarz K. (2018): Intersectoral and Intermunicipal 
Cooperation as a Tool for Supporting Local Economic Development:       Prospects for the Forest and 
Wood-Based Sector in Poland. Forests 9 (9), 531, 1; https://doi.org/10.3390/f9090531. 

9. ***Statistical Yearbook of Forestry 2019. Central Statistical Office (GUS 2019). Warsaw. 

 
 
 
Authors address: 
Wanat, Leszek 1*; Mikołajczak, Elžbieta 2; Sarniak, Łukasz3; Kusiak Wladyslaw. 4 

1 Faculty of Computer Science and Visual Communication, Collegium Da Vinci, Poznań, Poland. 
2 Department of Management and Law in Agribusiness, Faculty of Economics and Social Sciences, 
Poznań University of Life Sciences, Poznań, Poland.  
3 Department of Finance and Accounting, Faculty of Economics and Social Sciences, Poznań University of 
Life Sciences, Poznań, Poland. 
4 Department of Engineering Mechanics and Thermal Techniques, Faculty of Wood Technology, Poznań 
University of Life Sciences, Poznań, Poland. 
* Corresponding author: leszek.wanat@up.poznan.pl 
 
  



13th International Scientific Conference WoodEMA 2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

 

56 

 

  



13th International Scientific Conference WoodEMA 2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

 

57 

 

                                                                   WOOD TRADE IN SLOVAKIA 
 

Šatanová, A., Danková, M., Sowa, B. 

 

Abstract Forests are an inseparable and indispensable part of human existence. Wood is one of the many 
advantages and benefits that forests provide us with every day. Slovakia is known for its relatively large wooded 
area, and it is therefore the aim of the present article to describe the management of wood in Slovakia, characterize 
the current situation in which the forestry-wood processing sector in the SR is, and its close connection with 
Slovakia's subsequent foreign trade with wood and related wood products. The objective of the article was also to 
evaluate the overall effectiveness of the utilization of Slovakia's potential in cross-border timber trade and to outline 
the possible direction of its further development in this area, taking into account all the relevant influences. 
Keywords: forests, wood,  commodity, timber trade, development, industry, Slovakia 
 
 

1. WOOD AS A COMMODITY IN SLOVAKIA 

 
Wood represents an important renewable resource for the Slovak economy, which we currently 

use and valuate at a much lower level than we have in the past. As a result of changes related to the 
transition to a market economy, the privatization of timber companies, the liberalization of foreign trade, 
the downturn in industries using timber products, the natural development of timber factories and the 
indebtedness of many processors to producers of raw wood, there have recently been insufficiently utilized 
capacities in the woodworking industry and an increase in the export of raw wood. 
The forest area in Slovkia is  2 006 939 ha, that is approximately 41 % of the country's total area. 
Compared to the average forest area in the EU, which is around 38 % (Statistical Office of the SR, 2016), 
Slovakia is just above the European average. Although EU forests with their 161 million ha only occupy 
about 4 % of the world's wooded area, there is no doubt about their further expansion within the European 
region. Between 1990 and 2010, their area increased by about 11 million ha (Ragonnaud, 2016). Thanks 
to this fact and constant efforts for continuous afforestation, they continue to be of social and economic 
importance. 
Wood production is one of the forest's basic production functions. Just one hectare of an average forest in 
the temperature zone is capable of producing about 8 tons of wood per year.  According to ecological and 
scientific definitions, the forest is characterized fairly accurately as „an area larger than 0.5 ha of which 
more than 10 % is covered with trees, and where the trees should be able to reach a minimum height of 5 
m." (Forest portál, 2015). The wooded area in Slovakia continues to increase year after year. In 2015 it 
reached 1 942 567 ha, and it continues to have a growing tendency (see Figure 1).  
 

 
Figure 1 Development of the wooded area 

Source:  NLC-ÚLZI Zvolen, Summary of forest conditions in the SR 1980-2016 

1.861.642

1.921.705

1.921.414

1.931.645

1.938.904

1.941.992

1.942.567

1.820.0001.840.0001.860.0001.880.0001.900.0001.920.0001.940.0001.960.000

Forest vegetation (ha)

2015 2014 2010 2005 2000 1990 1980



13th International Scientific Conference WoodEMA 2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

 

58 

 

The composition of Slovak forests is quite varied, with a significant dominance of deciduous woods 
over coniferous woods; the species with the highest representation is beech with about 33.2 %, followed 
by spruce with 23.4 % (Ragonnaud, 2016). The species composition of trees is of great importance from 
both an ecological and economic point of view. Over the past 70 years, the number of deciduous trees 
increased by almost 10%, which is highly appreciated by experts with regard to their subsequent 
processing and utilization (Čaboun, 1996). When assessing the forest production capacity, the wood 
volume is an important indicator. However, it is also important to respect the subsequent logging 
equilibrium and to take into account the preservation of the permanence of future production. The current 
wood volume in Slovakia reaches 478.12 mil. m3 (wood without bark on the trunk). Europe has 
approximately 26.8 billion m3, and it is generally a continent with one of the highest annual increases in 
wood volume and logging (MP SR, 2015). 

In terms of the long-term trend, the volume of logged wood in Slovakia has a growing tendency as 
shown in Figure 2. This is mainly associated with the current age of forests. In 2015, 9.25 mil. m3 of wood 
was logged, but the planned logging volume was not reached. However, in comparison with 1990, there 
was almost a 75 % increase in the logged volume (NCL Zvolen, 2015). 

Wood processing is one of the oldest industries in Slovakia. The capacities of the woodworking 
industry in Slovakia are currently insufficient to process the wood logged in this country. Their distribution 
and size stem primarily from the development of the economy up until 1990. 

The gross value added in the production of logs, i.e. basic raw wood, is only 16 %. In the 
woodworking industry it is more than double, namely 34 %, and in pulp and paper production it is up to 50 
% (MP SR, 2010). According to OECD statistics, more than half of Slovak demand for final products is 
directed at and satisfied by products whose added value has been created abroad. In the wood industry, 

this difference is even more striking (OECD, 2016) 
 

Figure 2 Overview of the evolution of logging with a differentiation of real logging and accidental 
logging (calamitous)  

Source: NLC-ÚLZI Zvolen, Summary of forest conditions in the SR 1991-2016 

 
One of the most powerful branches in the woodworking industry is the pulp and paper industry, 

despite the slight decline in its performance over the last five years (see Figure 3). It covers 100 % of 
paper production in Slovakia (MPRV SR, NLC, 2016). 
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Figure 3 Selected economic indicators of the woodworking industry (mil. €) 
 

- Woodworking industry 
- Pulp and paper industry 
- Furniture industry 
 
 

2. TIMBER TRADE AND THE FACTORS OF ITS SUCCESS 

 
In the area of timber trade, Slovakia specializes primarily in the sale of raw wood. Up to 80% of the 

total forestry sales consist of the sale of logs. Another interesting feature is the export of predominantly 
high-quality class 1 and 3 coniferous woods; this shows a preference of foreign buyers over domestic 
processors, i.e. export at the expense of domestic production (Figures 4, 5) (Švec, 2017). Despite the 
sufficient volume of wood, low-quality wood is paradoxically imported from abroad, accounting for almost 
70% of the volume of imports (MPRV SR, NLC, 2015). The main cause of this phenomenon is mostly the 
significant price differences in the raw wood markets in Slovakia and abroad. Slovak forest owners see a 
greater chance of higher valuation in selling high-quality wood for its secondary processing abroad than in 
Slovakia, where second-stage processing is still lagging behind.  

In 2015, 2.687 thousand m3 of raw wood was exported; the most significant buyers of wood from 
Slovakia were Poland, Austria, and the Czech Republic. Imports amounted to 549 thousand m3. By 
comparison, in the same period the exports of raw wood by the largest exporter, i.e. Russia, reached 
19.437 thousand m3.   

The development of export and import volumes of raw wood in Slovakia is shown in Table 1. 
On the other hand, the volume of timber products traded by Slovakia is negligible from the perspective 

of world markets. The flow of exported furniture last year accounted for 0.3 % of the world's trades 
(UNECE/FAO, 2016). From a national perspective, in 2015 the value of exported wood products (including 
paper, etc. but excluding raw wood) was about 2.2 % of the total value of Slovak exports (Statistical Office 
of the SR, 2017). In comparison, Slovenia, with half the amount of logged wood, exports roughly three 
times as much furniture as Slovakia. By processing just 1m3 of wood, it is possible to achieve a revenue of 
about 464 €/m3, while only a revenue of 60 €/m3 can be achieved by the direct export of raw wood. 
Moreover, about every 270 m3 of raw wood requires an average of 1 job, thus supporting employment in 
the woodworking industry (MPRV SR, 2013). 
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Figure 4 Export of raw wood assortments 
Figure 5 Import of raw wood assortments from abroad in 2015 

 
- Class 1-3 coniferous wood 
- Class 4 and 5 coniferous wood 
- Class 1-3 deciduous wood 
- Class 4 and 5 deciduous wood 
- Fuel wood 

 
 
 

Table 1: Export and import of raw wood in the SR (in thousands of m3) 

 

 

Another factor that affects the timber trade are the prices in the timber market based on supply and 
demand. The European market is characterized by a demand for raw wood that exceeds its production; its 
increased consumption is linked to the economic growth and prosperity of Western European countries in 
particular. The development of prices of wood substitutes such as plastic or iron also has a major 
influence on the formation of raw wood prices, with fuel wood competing against crude oil, for example. 
Again, nature is an unavoidable factor. Strong calamities lead to the urgent logging of wood, its 
subsequent surplus on the market, and an overall decline in wood prices as well as its products on local 
and global markets (Greppel, Paluš a kol, 2007). Figure 6 shows the development of world wood prices 
since the 1990s. 

 2015 2014 2010 2009 2005 2004 2000 1995 

Export 2 687 3 408 2 564 2 686 1 815 1 210 1 612 919 

Import 549 1 020 650 565 105 246 129 138 

Source: UNECE/FAO, Timber database, 2015, MVPSR 2006 - 2015 
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Figure 6 The development of raw wood prices in world markets and in Slovakia (in USD) 

-World price – Price in the SR 
 

Price developments on the Slovak market are roughly copying world trends. In 2004 Slovakia was hit 
by a wind disaster, which was also reflected in the prices of raw wood in the country. In comparison with 
the surrounding countries, i.e. Austria, the Czech Republic and Germany, wood prices in Slovakia were 
about 10% lower (MP SR, 2010).  There are currently efforts to gradually reduce this gap. In 2015, more 
than 80% of Slovak forestry yields from timber sales came from domestic transactions, but at an average 
monetization of only 47 €/m3 (MPRV SR, NLC, 2016). 
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THE INFLUENCE OF COLOUR SHADES OF SOLID BIRCH WOOD  
ON THE POTENTIAL CUSTOMERS´ DECISION-MAKING  

 
Dudík, R., Borůvka, V., Zeidler, A., Palátová, P. 

 
 
Abstract: The article focuses on the possibilities of utilization of birch (Betula pendula, Roth) wood in products with 
higher value added, mostly in furniture making. Marketing analysis of colour parameters preferences of birch wood 
was carried out by a questionnaire survey on a sample of customers. Results showed an unambiguous customers´ 
preferences of colours of heat treated birch wood. Only ca. 10 % of responses of potential customers preferred the 
reference sample of wood without the heat treatment. The differences in colour of solid birch wood were results of 
different levels of heat treatment of birch wood samples. On top of that, heat treatment has a positive impact on the 
quality of birch wood. 
Keywords: birch, customer preference, questionnaire survey 

 
 

1. INTRODUCTION 
 

In recent years, Czech forestry has been solving the problem of declining of spruce stands in lower 
and middle locations, especially in the area of northern Moravia. The result is an increased volume of 
salvage fellings. Areas heavily infested by bark beetle appeared quickly and are now naturally seeded by 
pioneer species, very often birch. It is therefore possible to use the "creative forces of nature" in these 
cases and to direct the development of the birch until the felling age. In the case of the cost side of birch 
management, lower average costs than for the main commercial species in the Czech Republic (spruce, 
beech, oak, pine) can be expected. In the case of the revenue side of management, it is necessary to take 
into account the shorter time of rotation of birch and thus faster yields. In addition to the use of birch wood 
for energy purposes, where lower monetization can be expected, it is possible to use birch round 
assortments, especially for furniture purposes etc. (Dudík et al. 2018a, Dudík et al. 2018b). 

There is not much literature on heat-treated birch wood. This topic is, for example, in works of 
Anderson et al. (2019), Irbe et al. (2017) and Sundqvist (2002). 

There are works showing that the heat treatment of wood gives it, among other things, an attractive 
colour (Dos Santos et al. 2014). Wood colour is an important parameter for the identification, use and 
determination of its market value with regard to aesthetic factors (Rosu et al. 2010). Therefore, dark colour 
can be an important benefit of heat treatment, which gives wood a more valuable aspect in some 
countries. As a result, the modification of wood by heat treatment increases the acceptance of such wood 
on the market in Europe (Jirouš-Rajković, Miklečić, 2019). The use of new technologies, also related to the 
heat treatment of wood, is closely connected to innovations in the wood processing industry. And 
innovations are the basic premise of commercial success in the market (Loučanová et al. 2017), while 
from a macroeconomic point of view consumption is a key driver of an economy (Parobek, Paluš, 2008). 
In connection with the topic of this article, consumption is closely related to the preferences of decision-
making factors of customers influencing the purchase of furniture. The most relevant purchase decision 
factors are quality, price and design of furniture (Kaputa, Šupín, 2010). And it is the design that is related 
to the perception of furniture colours by customers. 

The aim of this article is to evaluate the potential of heat-treated solid birch wood for the prospective 
use in the furniture industry. In fact, this is the initial finding of whether it makes sense from the customers' 
point of view to consider the importance of colour changes in birch wood. Most decisions to introduce new 
products to the market are made after marketing research, as reported by Bhuiyan (2011). The opinion of 
customers was discovered by a questionnaire survey. 
 
 

2. METHODS 
 

The starting point for the analysis of the influence of the colour shade of solid birch wood on the 
decisions of potential customers is a questionnaire survey on a random sample of 102 people from the 
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population of the Czech Republic. The attractiveness of the colour appearance of selected real samples of 
solid birch wood (1 reference sample and 5 samples with different degrees of thermal treatment) was 
determined and evaluated. For solid wood samples, the Roman numerals I to VI were used, while the 
reference sample was marked I. The methodology of production of solid birch wood samples is published 
in the article by Borůvka et al. (2019), which also shows a colour representation of the samples. 
Designation and nature of samples: 

I. Solid wood - untreated (BR-SW-REF) – the lightest colour shade  
II. Solid wood - treated at 160 °C / 3 h (BR-SW-160-3). 
III. Solid wood - treated at 170 °C / 3 h (BR-SW-170-3). 
IV. Solid wood - treated at 180 °C / 3 h (BR-SW-180-3). 
V. Solid wood - treated at 190 °C / 3 h (BR-SW-190-3). 
VI. Solid wood - treated at 200 °C / 3 h (BR-SW-200-3) – the darkest colour shade. 
The attractiveness of the colour appearance was determined in two basic variants. In the first variant, 

the attractiveness of colour samples was determined in principle in the case of the first furnishing of a new 
house / flat with furniture (e.g. living room). In the second variant, it was a purchase of a piece of furniture 
(e.g. into the living room) to the already existing equipment of the house / flat. Another important 
information obtained was the level of attractiveness of each individual sample of solid birch wood, which 
was evaluated according to the selected point scale (1 point – least preferred; 5 points – most preferred). 
In this case, the emotional level of attractiveness of individual samples was determined. In addition, each 
respondent was asked to answer questions of gender, age, level of education and whether the respondent 
has a forestry/timber related education. The last optional question was about the opinion on which tree 
species the individual samples are made of. The full text of the questionnaire is published in the article by 
Dudík et al. (2020). The data obtained by the questionnaire survey were processed in the basic phase by 
graphical methods of descriptive statistics. 

 
 

3. RESULTS AND DISCUSSION  
 

In the area of sample preference in the case of purchasing an accessory and a new apartment, we 
see a greater preference for darker shades when renovating a flat or house. When purchasing 
accessories for existing equipment, people tend to avoid the darkest shade (see Fig. 1). Furthermore, a 
low level of preference for samples of solid birch wood without heat treatment is evident, at the level of 
about 9 % in the case of new apartment equipment and about 11 % in the case of acquiring a supplement 
(Dudík et al. 2020). 

The level of attractiveness of each individual sample of solid wood follows from Figure 2. The 
maximum number of all possible answers shown in Figure 2 is 612, ie. 6 answers of one respondent (one 
answer for each sample of solid wood) times 102 respondents. Figure 2 shows that for solid wood, the 
degree of preference 4 (significant preference - the sample likes significantly) was used most often, in 176 
cases of responses. The least used preference was 1 (insignificant preference - the sample likes the 
least), in a total of 65 cases. Sample IV, BR-SW-180-3, had the highest absolute value of the number of 
responses in case of preference 4, a total of 45 answers. At the same time, this sample had the lowest 
absolute value of the number of responses, a total of 2 responses in the case of preference 1. It is also 
interesting to note that in the case of preference 1, the largest number of responses was in the reference 
sample without heat treatment (I. BR-SW- REF), namely 26 - this means that the lowest level of 
preference (1 - the sample liked the least) was the most used of all samples for the sample without heat 
treatment. 

Another view on the distribution of preferences in solid wood samples is published in the article by 
Dudík et al. (2020). In this article, the attention is paid to each specific sample of solid birch wood and the 
related share of respondents' preferences related to the sample. In this respect, the distribution of 
preferences for the darkest shade (sample VI. BR-SW-200-3) is interesting, where there is a significant 
proportion of high preferences (47 responses for preferences 4 and 5) and at the same time a significant 
proportion of low preferences (42 responses for preferences 1 and 2). 
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Figure 1. The preference in the samples in the case of purchasing accessories and new furnishings –  

solid birch wood 
 

 

Figure 2. The colour distribution of the samples depending on the preference level - solid birch wood 
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4. CONCLUSION 
 

The graphically processed results of the questionnaire survey clearly show the predominant 
preferences of heat-treated samples of solid birch wood, while the preference of darker shades over light 
ones predominates. The analysis of data obtained from the questionnaire survey thus confirmed the 
assumptions of other authors (e.g. Rosu et al. 2010) about the higher attractiveness of heat-treated wood 
compared to reference samples without heat treatment. We can say that customers' decisions when 
buying a wood product are influenced by the colour shade of the wood, and in interviews with respondents 
that took place after completing the questionnaire, this was confirmed. 

The results of the survey also indicate a possible change in the sentiment of potential customers in 
the preference of colour shades towards darker colours (Dudík et al. 2020). However, further investigation 
would be appropriate to confirm this hypothesis.  

The differences in colour scale acquirable after various particular heat treatment of birch wood 
enables its use for furniture supplements in already-made furnishings that were made also from different 
type of wood. Results of this survey can be used also in other countries. Many European countries 
currently face the impacts of ongoing calamities resulting in above-average amounts of salvage fellings. 
Because of that, replacing monocultures and promoting diversity of tree species is supported. Utilization of 
other than current commercial species (in this case birch with short rotation) including changes in 
customer preferences provide another incentives for decision-making processes regarding possible forest 
management changes in Czech forests.  
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IMPACTS OF GLOBALISATION ON THE FOREST INDUSTRY: 
APPLICATION OF COMPARATIVENESS ANALYSES 

 
Parobek, J., Slašťanová, K. 

 
 
Abstract: Economic globalisation in general has effects on the sustainable development and natural environment 
with regard to the forest base industry. The paper deals with the analysis of the forest based industry 
competitiveness with a focus on mechanical wood processing. The study analyses the development of the timber 
and wood base panels materials. According to the foreign trade of the selected countries the results describe 
competitiveness of the selected sectors in the period 2003-2018. The Slovak position is characterised by the Trade 
Specialisation Index and Export/Import Ratio. The selected indicators of competitiveness described development of 
Slovak position on the EU timber and wood base panels markets. Result find out that Slovakia has revealed 
comparative advantage in the products with lower added value like coniferous and, non-coniferous sawnwood and 
wood based panels. 
Keywords: globalisation, forest, timber, wood base panels, comparativeness analyses 

 
 

1. INTRODUCTION 
 

All sectors, as well as, countries try to improve their position on the market. Companies management 
could set up the strategy established on consumer’s demand by permanent researching of markets 
(Kaputa, Šupín, 2010). In general, competitiveness represents driving force of the whole economy. The 
global market is driven by increasingly demanding customer requirements, that is why, companies 
produce higher value-added products and to streamline use of resources to improve the efficiency of the 
overall production process.  At the national level, competitiveness forces development of foreign trade 
mainly exports and expand the profits over the longer term. Competitiveness is a measure of a country's 
advantage or disadvantage in selling its products in international markets. Competitiveness of countries is 
directly linked to ability of selling products on the world markets. From this point of view, we can try to 
define competitiveness from two different point of views (at the company level and at the country level). 
According to the OECD (2011) both of these levels have different objectives and therefore require a 
different approach to research. Company competitiveness is strictly linked to profitability. It describes how 
the firm can penetrate in the market in an effort to sell products and finally rich a profit.  A competitive 
forest industry brings many benefits to society and the national economy. The sector is affected by several 
other factors and policies, such as environmental protection, energy efficiency and public procurement. 
The aim of the future strategy is to stimulate a positive framework to improve competitiveness and support 
sustainable growth in the forest. 

Many researches has been done for forest industry sector. For instance, Vu et al. (2019) applied in 
his research new indicators measuring industrial international competitiveness. They constructed a 
comprehensive international competitiveness index by combining the variation coefficient and the entropy 
method. In their study, they compare and evaluate the international competitiveness of the wood 
processing industry in Vietnam using a comprehensive international competitiveness index. Their results 
found that it is more accurate to use the combined variation coefficient and the entropy method to evaluate 
the international competitiveness of the wood processing industry, compared to the single index. 

The Slovak wood processing industry has been traditionally built on the domestic forest resources 
and its production capacities adapted to the volume and structure of wood supply (Loucanova et al., 
2017). A few years ago, research focused on competitiveness of wood processing industry in Slovakia 
was done (Parobek et al., 2014, Palus et al., 2014, Parobek et al., 2016). The competitiveness indicators 
showed that Slovakia had a comparative advantage in the trade of low added value wood base products 
(as sawnwood, paper and paperboard products), while there was a comparative disadvantage in trade 
with wood based panels. Palus et al. (2014) calculated RCA indicator revealed a low comparative 
advantage also in wood based panels trade of Slovakia. In this research, the Slovak Republic is the 
country which has comparative advantage in most of the analysed products. In case of certain products 
trade (e.g. non-coniferous sawnwood) the revealed comparative advantages pointed out connection to 



13th International Scientific Conference WoodEMA 2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

 

72 

 

countries’ resource endowments. On the other hand, the values of competitiveness indicators and thus 
intensity of comparative advantages in the trade of some wood products followed the economic 
development of countries. This approach is essential in a changing business environment. However, 
competitiveness indicators in the trade of certain wood products followed the general economic 
development of countries. The performance indicators of trade in the forest industry show that Slovakia 
has a comparative advantage in trade in wood-based products with higher added value. Indicators of 
comparative advantage, despite their limitations, provide useful evidence for confirming the basic 
comparative advantage and offer a new perspective on the use of wood raw material resources in the field 
of paper and board production. (Parobek et al, 2014). 
 
 

2. METHODOLOGY 
 

The study adopts the widely accepted trade and competitiveness indicators. Trade performance and 
competitiveness of the Slovak forest industry is examined based on forest products trade data for the 
years 2003-2018. The FAO classification of forest products (FAOSTAT, 2020) was applied to set up main 
category groups of products according to the added value. Particular products and product groups 
included in the analyses were coniferous sawnwood, non-coniferous sawnwood and wood based panels. 
Production of wood base panels include huge group of the wood products, namely veneers, plywood, 
particleboards and fibreboards. According to methodology of Paluš et al. (2014), we applied Trade 
Specialisation Index –TSI and Export/Import Ratio index. The analyses of competitiveness data will obtain 
an overview of the development of the competitiveness of the sawmill industry and wood base panels 
industry in the period from 2003 to 2018. 
 
Trade Specialisation Index 

The trade advantage in a particular economy sector is be obtained by calculating the Trade 
Specialisation Index as a ratio of net trade to the total trade in the category of commodity (Balassa, 1966). 
According to Prasad (2004) the index is often considering as the Net Trade Revealed Comparative 
Advantage Index and can be calculated as: 
 

TSIj
A =

Xj
A−Mj

A

Xj
A+Mj

A  (1) 

where: 

𝑋𝑗
𝐴 - country A’s export of product j (sawnwood, wood base panels) 

𝑀𝑗
𝐴 - country A’s import of product j (sawnwood, wood base panels) 

 

The value can range from -1 – without export of product j (𝑋𝑗
𝐴 = 0) to +1 – without import of 

product j (𝑀𝑗
𝐴 = 0). The values indicate comparative disadvantage when it is between –1 and 0 and 

comparative advantage when the value is between 0 and +1 (Paluš, et al. 2014). However, if it is equal to 
0, it indicates that exports and imports of a particular product are equal. More specifically, this index 
measures the degree of specialisation of a country in exporting a particular product (Prasad 2004). 

 
Export/Import Ratio 

The export/ import ratio is calculated as: 
 

EIRj
A =

Xj
A

Mj
A ∗ 100  (2) 

 
 
The higher the value of the ratio, the more a country has international trade competitiveness in a 

particular industry. A positive value of this index indicates international trade competitiveness of a country 
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for a particular product, and a negative value of the index implies that there is no international trade 
competitiveness. 
 
 

3. RESULTS 
 

According to FAOSTAT (2020) data we analysed the Slovak foreign trade of sawnwood and wood 
base panels.  

The balance of the foreign trade of non-coniferous and coniferous sawnwood and wood base panels 
is described in Table 1. The fluctuating development of values was caused by several factors. For instant; 
forest calamity like wind disasters in 2004, 2006, 2007, 2010; the global financial and economic crisis in 
2008; problems with bark beetles after wind calamity in huge areas of forests in Slovakia. These causes 
had an impact on accidental felling and on the wood processing industries. Table 1 shows significant 
differences during last decades. In 2018, data describes the higher level of coniferous sawnwood and 
wood based panels export. On the other side, import also represents one of the highest values in 2008 
and 2018.  

 
 

Table 1. Development of the foreign trade in thousand USD of the selected commodities 

Slovakia 
sawnwood C sawnwood NC wood based panels 

E I E I E I 

2003 90 173 7 938 61 255 5 728 92 150 115 013 

2004 71 500 8 199 56 362 6 407 121 191 121 837 

2005 121 812 13 074 63 646 9 858 166 105 166 214 

2006 151 142 23 938 69 234 10 191 177 933 219 016 

2007 184 091 59 636 79 565 14 741 251 208 309 287 

2008 192 258 39 936 87 434 14 617 300 012 279 663 

2009 119 371 24 607 58 162 26 127 140 872 205 040 

2010 170 488 86 525 81 582 18 009 184 353 246 190 

2011 196 295 58 934 48 819 21 821 149 654 232 250 

2012 151 149 57 068 123 370 71 985 146 845 240 652 

2013 162 483 68 300 71 280 42 740 129 427 183 345 

2014 178 113 75 639 52 201 25 000 171 796 229 600 

2015 128 384 71 927 59 563 10 378 183 088 195 324 

2016 144 870 64 612 70 762 11 907 205 804 209 203 

2017 153 340 73 488 57 686 11 902 237 570 211 363 

2018 196 480 85 990 69 036 13 321 269 517 228 815 

Source: FAOSTAT (2020) 
 
In 2018 the share of coniferous sawnwood import reached approximately 43.8 % of the total value of 

exports. It represents the highest value of differences between exports and import during analysed period. 
The largest year-on-year decline in coniferous sawnwood exports was achieved in 2009. In contrast, the 
highest increase in imports was achieved in 2010. The year 2012 was significant for the wood products 
trade namely; non-coniferous sawnwood due to the highest values of foreign trade during the observed 
period, as well as, the highest values of the year-on-year increase in exports and imports. 

In 2018 the export of wood based panels reached almost 90 % compare with year 2008. In this year, 
the highest value was reached. Particle boards (about $ 121,6 thousand) and plywood ($ 116 thousand) 
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had the most significant share in this commodity group. The largest year - on - year increase in exports of 
wood base panels is recorded in 2007 and the most significant year - on - year decrease in 2009. 

The main importer of sawnwood to the Slovak Republic was the Czech Republic (38% of the total 
value of imports) into the Slovakia. Austria (16.2%) and Poland (14.4%) also contributed significantly to 
imports in 2018. On the other side, in 2003 we imported most sawnwood from the Czech Republic (only 
26.5%), Ukraine (10.5%) and Indonesia (9.1%). 

In 2018, sawnwood export was mostly realized to Hungary, Italy, the Czech Republic and Austria. 
These countries represent 64% of the total value of the sawnwood export. In this year, sawnwood from the 
Slovak Republic was also exported in Korea (1.45%) and China (0.76%). In 2003, the largest share of 
sawnwood export was made to Hungary, Italy, the Czech Republic and Germany (66% from the total 
export of sawnwood). 

In 2018, the Slovak foreign trade with wood base panels focused on EU countries (Czech Republic, 
Austria, Germany, Hungary, Poland, Romania, Italy). However, trade between non-EU countries also took 
significant place. More than 18% of the total value of veneer was imported from Ukraine. The Russian 
Federation, as one of the most important business partners, exported plywood to the Slovak Republic. The 
amount of plywood from Russia represent almost 15.8% of the total value of plywood imports. On the 
other side, we exported plywood to Switzerland. The share of Switzerland export was more than 14% of 
the total value of plywood export in 2018. 

Following the value of foreign trade, the index of trade specialization was accounted. During the 
analysed period, the index of trade specialization of the sawnwood production reached positive values 
from 0.25 till 0.84. This determines the predominance of exports of sawnwood over their imports. The 
course of the indicator was fluctuating throughout the analysed period (Table 2). 

The highest value 0.84 of the index of trade specialization of coniferous sawnwood was recorded in 
2003, which indicates the predominance of the export over its import. In 2013, the lowest level of the 
competitiveness indicator of non-coniferous sawnwood was recorded. The value of TSI was 0.21. The 
very low value of the index is due to a significant value of non-coniferous sawnwood imports. This fact 
represents a comparative disadvantage of the Slovak Republic for an analysed commodity. 

The analyses show a declining trend in the degree of specialization of coniferous sawnwood 
comparing the values of the trade specialization index from 2003 to 2018. The value of TSI reached only 
46% in 2018 compared to the value 0.83 in 2003. In contrast, for non-coniferous sawnwood TSI value 
have increased compared to previous decennium. This affirm a predominance of exports of this 
commodity over its imports. 

 
Table 2. Development of TSI and EIR of the selected commodities in the period from 2003 to 2018 

 Year   2003 2004 2005 2006 2007 2008 2009 2010 

Sawnwood (C) 
TSI 0.84 0.79 0.81 0.73 0.51 0.66 0.66 0.33 
EIR 1 135.97 872.06 931.71 631.39 308.69 481.78 485.11 197.04 

Sawnwood (NC) 
TSI 0.83 0.80 0.73 0.74 0.69 0.71 0.38 0.64 
EIR 1 069.40 879.69 645.63 679.36 539.75 598.17 222.61 453.01 

Wood-Based Panels  
TSI -0.11 0.00 0.00 -0.10 -0.10 0.04 -0.19 -0.14 
EIR 80.12 99.47 99.93 81.24 81.22 107.28 68.70 74.88 

 Year   2011 2012 2013 2014 2015 2016 2017 2018 

Sawnwood (C) 
TSI 0.54 0.45 0.41 0.40 0.28 0.38 0.35 0.39 
EIR 333.08 264.86 237.90 235.48 178.49 224.22 208.66 228.49 

Sawnwood (NC) 
TSI 0.38 0.26 0.25 0.35 0.70 0.71 0.66 0.68 
EIR 223.72 171.38 166.78 208.80 573.94 594.29 484.67 518.25 

Wood-Based Panels  
TSI -0.22 -0.15 -0.17 -0.14 -0.03 -0.01 0.06 0.08 
EIR 64.44 61.02 70.59 74.82 93.74 98.38 112.40 117.79 
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In the analysed period the trade specialisation index of wood base panels acquired significant 
differences of values (positive, negative and zero). Negative values of this index has been achieved in 
most of the analysed years. It means a higher volume of imports of a wood base panels compare with 
exports. However, data shows a growing trend of Slovak foreign trade in wood base panels. Although, 
index balanced around zero between competitive advantage and disadvantage. Last years, the TSI has 
positive trend and in 2018 it reaches the highest value for the entire analysed period (Graph 1). 

 
 

  
Graph 1 Values of the EIR and TSI indexes in the period from 2003 to 2018 

 
 

4. CONCLUSION 
 
The paper deals with analysis of the competitiveness of the Slovak Republic in the sawmill sector 

and wood base panels production. TSI and EIR indexes were calculated from the obtained data to 
describe the development of competitiveness in both sectors in the period from 2003 to 2018. 

Positive values of trade performance indicators for the Slovak Republic mean the predominance of 
exports over imports of analysed commodities (comparative advantage). We observe these for groups of 
commodities, as well as, in foreign trade of particular commodities (e. g. sawnwood, plywood and 
chipboard). However, veneers (mostly from non-coniferous), OSB and fibreboards represent a 
comparative disadvantage for the Slovak Republic, as the indexes reach negative values. Nowadays, the 
foreign market and production of commodities from primary wood processing have rising trends. 

The higher share of sawnwood exports over imports represents a comparative advantage. From the 
terms of sustainable development and support of the national economy we cannot consider it as a positive 
effect. The priority of the national economy is to use domestic resources as roundwood in a way with the 
highest possible degree of efficiency. 

We will achieve positive forest industry contribution for the development of the national economy of 
the Slovak Republic through the effective collaboration between other industrial sectors in an effort to 
maximize added value. The current level of good competitiveness of sawnwood is due to the high export 
and finalisation of production through subcontracting to foreign companies. Therefore, in the Slovak 
Republic it is necessary to increase the production of products with higher added value even at the cost of 
a comparative disadvantage. Wood base buildings is one of the most important sector for forest industry 
from the increasing efficiency point of view. Sedlak et al. (2019) focused on innovative approaches in the 
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development of the low-cost system in wood base buildings. Their conclusions have a great potential to 
influence the competitiveness of the wooden building sector on the market.  

By increasing the degree of finalization of the processing of the resources and increasing the 
capacity of the forest industry, we will achieve an increase in the production of high-quality large-area 
commodities and a subsequent growth the foreign trade of these commodities. 
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THE STRATEGIC ANALYSIS OF THE IMPLEMENTATION  
OF GREEN PURCHASING IN THE FOREST-BASED SECTOR 

 
Slašťanová, N., Paluš, H., Šulek, R., Čorejová, T. 

 
 
Abstract: Green purchasing is an important tool for achieving environmental policy objectives for the use of 
resources and sustainable consumption and products, especially given the importance of spending on goods and 
services in businesses. Green purchasing can be applied to exclusion and selection contracts, while ensuring a 
minimum level of compliance with environmental criteria for suppliers and subcontractors. The forest-based sector is 
one of the most important, dynamically developing EU industrial sectors, accounting for around 10% of the entire EU 
manufacturing industry. Because the forest-based sector includes multiple sectors, each has a significant impact on 
the performance of others. Environmental policy strategies lead the sector companies to meet customers' needs with 
minimal environmental impact. Through the analysis of external and internal environment this paper uses the SWOT 
analysis to evaluate the opportunities and challenges for applying green purchasing in the forest-based sector 
companies. At the same time it aims to outline the possible alternatives for future development of green purchasing 
as well as conditions and solutions for its implementation. 
Keywords: green purchasing, forest-base sector, SWOT analysis 

 
 

1. INTRODUCTION 
 

Nowadays, the use of wood shall be considered to be environmentally friendly due to its renewable 
nature. The forest-based sector manages technological activities during which the raw wood material is 
changed to different wood products, such as sawn wood, particle boards, plywood, fuel wood, pulp, paper, 
furniture, etc. The environmental production policy is marked by the generous tendencies to broaden the 
range of indirect sustainable management tools, one of them being green purchasing, based on both the 
voluntary activities of producers as well as the growing environmental awareness of consumers. The 
systems of environmental labelling are being widely applied, declaring the products dispose of 
characteristics that neglect or even exclude adverse environmental effects [1]. Consumers prefer 
ecolabels with detailed information about the environmental benefits associated with eco-labelled products 
[2]. Moreover, brands have become a very effective tool of communication. By these, consumers inform 
other members of their social group who they are and if they really belong to a specific social group [3]. 
Recently, one of the modern trends has been to assess the product life cycle as a whole, i.e. from 
obtaining the raw material through its processing, product use to its recycling. Environmental labelling 
shall effectively enhance introduction of the environmental policy principles in practice – it improves the 
business environment and environmental situation within industrial as well as non-industrial spheres, it 
helps to preserve cultural specifics, it saves natural resources and, finally, it increases the product 
traceability [4]. Hence, it is necessary to point out the advantages and opportunities of green purchasing 
for the forest-based sector. On the other hand, there is a number of disadvantages and threats that might 
affect the implementation of green purchasing within the forest-based sector [2]. 

 
 

2. THEORETICAL FRAMEWORK 
 

Every year, more than 13 mil. hectares of forests disappear over the world, vast majority of it contrary 
to the legal requirements. Also because of that, the numerous environmental activities contributing to the 
sustainable management of forest resources appeared in Europe already in 1980s, one of them being the 
introduction of so-called environmentally friendly recyclable and biodegradable products [5]. In order to 
generate such products, manufacturers may also introduce the principles of environmentally preferable 
purchasing or green purchasing that stands for a purchasing of goods and services by public as well as 
private institutions with a minimal negative impact on the environment [6]. The objective of such 
purchasing is to obtain the most environmentally friendly goods and services that are necessary for 
manufacturing processes – the environmental friendliness origins mainly from the modest material and 
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energy consumption, recyclability, health safety, biodegradability, short distance from producers to 
consumers [5]. 

In order to help the forest-based sector companies to prevent the use of raw wood from controversial 
sources (illegal logging), the governments together with the various interest groups introduced a range of 
certification schemes with the technical requirements and specifications aimed at the principles of 
sustainable forest management [7]. The criteria of different aspects of sustainable management of forest 
resources create an important part of the forest certification schemes, such as FSC or PEFC schemes [8, 
9]. Recently, more and more consumers demand warranties of use of environmentally friendly processes 
within the manufacturing and business practices, although consumer’s purchase behaviour is still not clear 
enough for marketers [10]. In the case of the forest-based sector, the chain of custody certification serves 
as a mechanism for monitoring of raw wood material origin from the forest stand to the final product, 
therefore ensuring the traceable connection between the certified forests and final products.  

Likewise, environmental labelling serves as a voluntary environmental protection tool. 
Environmentally friendly products shall meet the strict environmental and health safety criteria, thus they 
shall create less negative impact on the environment in comparison to another products with the same 
functional and utility properties, not only during their manufacturing, but also during their use and disposal 
[5]. Finally, due to their environmental value added, the competitiveness of such goods and services on 
the green market is much higher [11].  

 
 

3. METHODOLOGY  
 

The objective of this paper is to assess the possibility of implementation green purchasing in the 
forest-based sector using the technique of the SWOT analysis. 

SWOT analysis serves as a basic tool for assessing the present state and conditions of different 
objects or processes. Its main task is to identify various factors – strengths, weaknesses, opportunities 
and threats – that shall have an eminent impact on the further achieving of the business unit objectives 
[12]. SWOT analysis is generally considered to be the starting point for the development of optimal 
relations between the internal abilities of the enterprise and its external environment [13]. It is based on 
the assumption that the effective strategy maximises strengths and opportunities and, in contrary, 
minimises weaknesses and threats. Moreover, it proposes possible alternatives for future development of 
the business activities [11]. 

The objective of the SWOT analysis in this case is to assess both the internal possibilities (strengths 
and weaknesses) as well as external market conditions (opportunities and threats) of implementing green 
purchasing in the forest-based sector [12]. The strengths are viewed as the internal competencies that 
help to implement green purchasing, while the weaknesses are considered to be such inabilities. The 
opportunities are viewed as the external advantage that help to implement green purchasing, while the 
threats are considered to be such disadvantages. The methodological approach was as follows: 
- The four groups of different factors – strengths and weaknesses as well as opportunities and threats – 

were identified, five factors within each group. 
- Using an expert estimation, the individual score ranging from 1 to 3 points was assigned to each 

factor. This score expresses absolute importance of identified factors in the case the green 
purchasing is implemented. 

- Using Fuller’s triangle [13], the different weights were assigned to each factor so that the sum of 
weights within each group of factors is equal to 1. The weights express relative importance of each 
identified factor within the respective group of factors. 

- The final score for each group – strengths and weaknesses as well as opportunities and threats – was 
calculated as the sum of products of individual scores and respective weight within the respective 
group of factors. The final score of strengths and opportunities is expressed in a “plus” way, while the 
final score of weaknesses and threats is expresses in a “minus” way – then, it is possible to state 
whether strengths dominate over weaknesses or vice versa and whether opportunities dominate over 
threats or vice versa. 

- Finally, one of the following strategies was proposed according to the ultimate final score: 
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1. S/O strategy – the prevailing strengths and opportunities shall favour the implementation of green 
purchasing in forest- based sector,  

2. W/O strategy – the prevailing weaknesses shall be eliminated so that the prevailing opportunities 
may be used to implement green purchasing, 

3. S/T strategy – the prevailing strengths shall be used to overcome the prevailing threats and 
4. W/T strategy – the prevailing weaknesses and threats do not favour the implementation of green 

purchasing in forest- based sector [14]. 
 
 

4. RESULTS 
 

The main objective of the SWOT analysis is to describe the present condition of the analysed object 
or process – in this case, in connection to the possibilities of implementation of green purchasing in the 
forest-based sector. Based on the SWOT analysis results, it is possible to identify the strengths and 
opportunities that support the implementation of green purchasing. Moreover, the results also help to 
identify the weaknesses and threats that need to be improved, eliminated or taken in account when the 
implementation of green purchasing is considered. Hence, the SWOT analysis is used to decide whether 
or not to implement green purchasing in the forest-based sector, taking into account the real situation, 
including possible risk factors. 
 
 

Table 1. Assessment of strengths of green purchasing implementation in the forest-based sector 

Strengths Score Weight Total 

Implementation of environmental management system 2 0.10 0.20 

Certification of suppliers  3 0.18 0.54 

Existence of general agreements with suppliers 3 0.40 1.20 

In-time supplies  2 0.27 0.54 

Support of sustainable management principles 2 0.05 0.10 

In total  12 1 + 2,58 

 
Table 2. Assessment of weaknesses of green purchasing implementation in the forest-based sector 

Weaknesses Score Weight Total 

Inter-departmental cooperation  2 0.10 0.20 

Existence of technical equipment to protect environment  2 0.10 0.20 

Special provisions on sub-contractors 2 0.10 0.20 

Increased product prices 3 0.30 0.90 

Reporting duty in the case of certification failures 3 0.40 1.20 

In total 12 1 - 2,70 

 
Table 3. Assessment of opportunities of green purchasing implementation in the forest-based sector 

Opportunities Score Weight Total 

Support of environmental technologies 2 0.10 0.20 

Possible saving of financial means 3 0.25 0.75 

Extension of product life cycle  2 0.20 0.40 

Accurate disposal of used products and their packaging 2 0.05 0.10 

Increased competitiveness  3 0.40 1.20 

In total 12 1 + 2,65 
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Table 4. Assessment of threats of green purchasing implementation in the forest-based sector 

Threats Score Weight Total 

Need to follow special rules (e.g. FLEGT requirements) 1 0.10 0.10 

Suppliers do not meet technical specifications 2 0.20 0.40 

Low awareness of green purchasing 2 0.10 0.20 

Customers insolvency 3 0.40 1.20 

Problematic disposal of used products and their packaging 2 0.20 0.40 

In total 10 1 - 2,30 

 
When assessing the strengths, the great emphasis is placed on the existence of general agreements 

with suppliers. On the other hand, the most serious weakness is in the area of reporting duty in the case of 
certification failures. Considering the external environment, possible saving of the financial means is one 
of the most important opportunities. In contrary, the customers insolvency is perceived as one of the most 
serious threats. 

Based on the ultimate final score of the analysis, it is obvious that the weaknesses slightly prevail 
over the strengths while the opportunities more considerably prevail over the threats. Thus, when 
considering the implementation of green purchasing in the forest-based sector, the W/O strategy shall be 
applied. 
 
 

5. CONCLUSION 
 

The results of the SWOT analysis show that there are serious opportunities that may be used to help 
to implement green purchasing in the forest-based sector. However, it is necessary to be prepared for 
such implementation as there are still slightly prevailing weaknesses, even if they might be eliminated by 
the clever exploitation of the market opportunities. One shall also be aware that the differences between 
the strengths and weaknesses, on one hand, and between the opportunities and threats, on the other, are 
not that significant. 

In general, the implementation of green purchasing in the forest-based sector shall be 
recommended. The enterprises within this sector shall use external market opportunities for such 
implementation and, moreover, they need to invest in their strengths in order to improve their 
competitiveness. Especially, the long-term general agreements with the suppliers shall be promoted 
together with the introduction of general environmental management systems. 

Another set of measures, which would promote the implementation of green purchasing in the forest-
based sector, shall include following actions: (i) implementation of innovative approaches in supplier-
customer relations, (ii) financial support of implementation of environmentally friendly manufacturing 
technologies and equipment to combat environmental pollution, (iii) use of new innovative materials for 
product manufacturing and packaging, (iv) optimization of deliveries in terms of time and space, and (v) 
general support of circular economy. 
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MARKETING COMMUNICATION TOOLS AND CHANNELS  
FOR THE FUTURE INDUSTRY 

 

Stasiak – Betlejewska, R. 

 
Abstract: One of the most noticeable trends in the industry 4.0 is the digitization of relationships between key market 
players (in B2B and B2C). The direction of changes is determined by e-commerce and the ever-growing expectations 
of a growing group of so-called digital customers that companies must meet, not to create a competitive advantage, 
but to survive on the market. The furniture industry is one of the key and dynamically developing sectors, which 
actively uses digital and mobile channels, which have become an integral part of the purchasing process. 
Manufacturers and distributors of home furnishings mostly see the benefits of using marketing communication tools 
and channels using internet technology. The article analyses both the tools and marketing communication channels 
used by the furniture industry and the formulas of brand images created by Polish furniture companies on the 
Internet. The analysis showed both advantages and sources of inspiration for furniture companies using social 
media. 
Keywords: marketing communication, social media, content marketing 
 

1. INTRODUCTION 
 

Poland is ranked eighth among developed countries in terms of the value of creative industry 
exports, the United Nations Conference on Trade and Development (UNCTAD) said in a recent report. 
According to UNCTAD, the value of Polish creative sector exports amounted to USD 7.43 billion (PLN 27.9 
billion) in 2015. The creative sector is a part of the market created by entities conducting business 
activities related to culture and technology. It includes, among others, industries such as advertising, 
architecture, design, fashion, film, video games, music, advertising and the publishing market. Design is 
by far the most profitable part of the Polish creative industry - the export value of this industry amounted to 
USD 4.2 billion, (PLN 15.8 billion) in 2014.The UNCTAD report, which covers the years 2002-2014 / 2015, 
also shows that Polish exports of the entire creative industry doubled during this period. The top ten 
largest exporters of the creative sector of developed countries include the United States, France, Italy, 
Great Britain, Germany, Switzerland, the Netherlands, Poland, Belgium and Japan. Such a good result of 
the Polish creative industry and design is, among others, a derivative of the success of the Polish furniture 
industry [Rząsa 2019]. 

According to the data of the Polish Development Fund, among the manufacturing industries, furniture 
industry is the second industry in terms of net export value and forms a significant part of the Polish 
economy. Sales of medium and large furniture producers, i.e. those employing over 49 employees, have 
been maintaining a level of about 2% of GDP for many years. 

The article presents interpretation of the results of research on marketing communication used by 
selected manufacturers of the interior design industry, which includes furniture manufacturers. The study 
was carried out in 2019-2020 using CATI, CAWI and PAPI methods. 
 

2. THE IMPORTANCE OF MARKETING COMMUNICATION FOR ENTERPRISES 
 

In a dynamically developing digital economy, enterprises compete not only in the product or services 
quality, but also in the field of communication with both internal and external environment. Organizational 
communication is a complex process that has many functions and contributes to the definition and 
achievement of various tasks. There are three types of the communication in the enterprise: managerial, 
marketing and organizational [Van Riel 1995]. 

Integrated marketing communication (IMC) emerged during the late twentieth century and its 
importance has been growing ever since [Grove, Carlson, and Dorsch, 2002]. Owing to the impact of 
information technology, changes came about in the domains of marketing and marketing communications 
which led to the emergence of IMC [Kitchen et al ., 2004]. The multiplication of media, demassification of 
consumer markets, and the value of the Internet in today's society are just three of the areas in which 
technological innovation has impacted [Pilotta et al ., 2004; Peltier, Schibrowsky, and Schultz, 2003]. 
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In the first decade of the new millennium, the technological development of the Internet has 
fundamentally changed the behaviour of its users in the production and acquisition of information. The 
technical changes taking place in the Internet cause a lot of psychological changes for users, also 
affecting the process of communication between the company and consumers. The place and role of 
these enterprises in the marketing communication process have also changed. 

Communication channels are constantly widened; more possibilities to communicate with target 
groups are discovered. Marketing communication mix consists of eight major modes of communication: 
advertising, sales promotion, events and experiences, public relations and publicity, direct marketing, 
interactive marketing, word-of-mouth marketing, personal selling [Kotler and Keller 2012]. 

Marketing communication plays an important role in business strategies and therefore must be 
managed with due care. This need is even more important in connection with the development of digital 
technology which affects both the economic environment and client segments.  

Therefore, business organizations should analyse selected marketing communication tools and look 
at the impact they have on a specific target group to be able to submit innovative proposals for 
optimization of company's marketing strategies. 

Social media are currently a modern marketing communication channel. Social media is defined as 
digital media and technologies (social software) that enable their users to create and exchange media 
content between themselves in two and many directions. Social media includes all media (platforms) that, 
through digital channels, allow users to communicate with each other and interactively exchange 
information. 

A. Kaplan and M. Haenlein (2010), presenting the essence of social media, state that they constitute 
a group of applications enabling the creation and exchange of user-generated content that is based on the 
ideological and technological foundations of Web 2.0. The term Web 2.0 is used in the literature to refer to 
the next stage of Internet development that took place at the beginning of the 21st century. Web 2.0 
should be understood as a number of technological solutions and their applications on the Internet that 
allow for interaction between its users. At the same time, attention is paid to changes in the behaviour of 
Internet users. 

Social media is referred to as [Bonek and Smaga 2001]: websites whose users create profiles and 
use them mainly for social and entertainment purposes (eg Facebook, Google+, NK); microblogs that are 
used to exchange short information (e.g. Twitter); industry communities or professionals (e.g. LinkeId, 
Goldenline); portals whose content is created by users (e.g. Wikipedia, YouTube, Pinterest, 
Demotivators); citizen journalism services; blogs and discussion forums; opinion and recommendation 
services; e-commerce websites using social mechanisms such as auctions or exchanges. 

Activity in social media is a very important point in business strategy. It is also one of the key 
elements of internet marketing, because it gives the opportunity to create an effective platform for direct 
contact with the customer. Almost all companies (96% of respondents) have a Facebook profile and treat 
it as the basic area of communication with fans (Fig. 1). In marketing activities, most of the surveyed 
companies also communicate on Instagram. YouTube ranks third among the most popular social 
networks. Even fewer respondents also indicate Pinterest as a medium in which constant brand 
communication is carried out [Brzęczek 2020]. 

 
Figure 1. Ranking of social media channels in 2019. 

 
According to respondents’ opinion, Instagram will see the largest increase in marketing 

communication, where maintaining a constant dialogue with target groups may prove to be the most 
important among all social media. At the same time, representatives of the surveyed companies mostly 
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indicate that the importance of Facebook is decreasing, while almost as many respondents indicate that its 
importance will remain unchanged. The owner of both portals constantly introduce changes that are aimed 
at distinguishing their functions and development. However, Instagram is constantly recording increases in 
the number of users involved, unlike Facebook. Over 3/4 of respondents indicate that they devote a 
certain amount of funds to paid campaigns on social media channels. Due to dynamic changes in the 
algorithms of portals such as Facebook or Instagram, allocating part of the marketing budget to achieve a 
specific goal becomes a necessity.  

Advertising on social media can bring measurable business benefits, is easily available and can be 
generated in a dozen or so minutes. However, effective campaign execution requires professional 
knowledge and experience. Targeting is the key of the communication. Among the most important social 
media channels, respondents indicated that they most often carry out advertising activities on Facebook - 
90% of companies participating in the study use this option in this channel. Instagram is the second choice 
for a paid social media campaign. This is probably due to the cooperation of both portals - administrators 
often run the same advertisement on Facebook and Instagram simultaneously. Only 2.5% of respondents 
use the option of paid promotion on Linkedin, and 2% on YouTube. The majority of respondents (63%) 
indicated that the most frequently chosen goal of their paid social media campaign is to increase product 
sales. Less than half the main goal of sponsored posts is to get more fans of your brand's profile. This may 
indicate that marketing managers of interior design companies treat social media mainly as a tool to 
support online sales - by redirecting customers to online stores, taking advantage of special offers, new 
promotions or remarketing activities. 
 

3. CONTENT MARKETING AS THE INNOVATIVE MARKETING COMMUNICATION TOOL 
 

Among the seven most important goals of conducting communication activities, nearly 70% of the 
representatives of companies from the interior design industry indicated as increasing the brand 
awareness among the recipients. Almost equal to knowing the brand is trust placed in it. When designing 
the strategy of communication activities, marketing specialists to a large extent are also guided by 
generating better sales results in the perspective of time. Significant incentives should also include the 
desire to effectively communicate product knowledge and supporting the introduction of new products on 
the market. Designing marketing activities in 2020, according to interior design companies, will be based 
on four key pillars. In addition to the very important role that communication through social media will play 
(also with the support of influencers), 66% plan to create content dedicated to more immediate 
stakeholders - architects and interior designers. Content marketing and content management about the 
brand are the third of the most frequently indicated areas of communication activities in 2020 [Brzęczek et 
al. 2020].  

Research shows that the vast majority of companies dealing with the production of interior design 
elements carry out intensive content marketing activities. 90% of respondents declared that they willingly 
use content marketing. Photos and video are the most popular tools for promoting products for the home. 
In the opinion of 92.1% of those conducting communication via social media, Instagram turned out to be 
the most effective social media channel. 

Manufacturers and distributors of home furnishings mostly see the benefits of using content 
marketing tools. Interesting content that companies share via the Internet is a less intrusive form of 
promotion than advertising, and also allows you to create a brand image and communicate with recipients. 
In the face of widespread use of content marketing tools, the challenge for marketers will be to effectively 
reach a specific target, distinguish messages from similar companies, as well as engage recipients in 
dialogue with the brand. Content allows you to stand out, which is especially valuable in the extremely 
colourful interior design industry. 

Content marketing is known to be based on content. Tracking friendly and helpful tools in publishing 
content, transferring them quickly and efficiently to the right places on the web that we care about, is a 
challenge for every marketer. Companies from the interior design industry are most likely to share visual 
content with their recipients. Respondents' responses also indicate the trend of sharing expert knowledge, 
transmitted in short forms - articles on the Internet are created by over 70% of surveyed companies, while 
longer documents, such as industry reports. Companies in the interior design industry share content 
marketing content mainly through social networks - Facebook and Instagram. Interestingly, 1/3 of 
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respondents publish posts on LinkedIn, and over 15% on Twitter. This shows that marketers treat content 
marketing not only as a way to reach end customers, but also to build or maintain business relationships. 

Over 92% of respondents citing Instagram as a source of inspiration for clients are convinced that it 
is this channel that will be the leader in providing interesting content. This may be associated with the 
more frequent publication of videos by Internet users not only via YouTube, but also Instagram and 
Facebook. 

Influencers are also one of the marketing communication tools. In 2019, nearly 2/3 of companies will 
decide to promote their products through popular Instagram profiles or read blogs. Compared to last year, 
the number of companies interested in working with influencers increased by 16%. The most desirable 
subject of the publication will be metamorphoses in influencer flats. 

 

4. CONCLUSION 
 
The basic advantage of social media is that they can be used on any scale, because they bring 

together groups of people with many interests. Thus, providing the enterprise with the possibility of 
creating and disseminating information in a most often free-of-charge way. Social media creates the 
conditions for repeated duplication and forwarded to subsequent recipients of published information, 
thanks to which it spreads virally. In addition, it allows you to precisely identify the group of potential 
buyers of the company's products, which makes it possible to carry out both mass campaigns and those 
targeted at a narrow group. 
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DIGITAL MARKETING IN DEVELOPING INTERACTIVE  
BUSINESS -TO-BUSINESS AND BUSINESS-TO-CONSUMER RELATIONSHIP  

WITHIN WOOD PRODUCTS MARKET 
 

Pirc Barčić, A., Lovrić, I., Motik, D. 

 
 
Abstract: The key to quality marketing is attention - being where consumers are. Today, all consumer attention is 
focused on digital media. The goal of any successful business relationship is to create value with his product and/or 
service for the customer. According to previous research on consumer habits and desires, the decision-making 
process can be influenced at any time. The paper describes the motivation, behavior, and perception of consumers, 
and how to create and change consumer attitudes in certain social and cultural environments. The purchasing 
decision-making process gives space and time to bidders to better present themselves through digital activities with 
their ideas, it is only necessary to first research what the target consumer group expects. One of the ideas of digital 
marketing, to facilitate buying from the comfort of your own home is 3D space modeling that has various capabilities. 
It is shown how the interactive consumption affects the buyer and manufacturer, answering the question is it an 
easier way to buy and how the customers feel when they have the “control” over space they want to edit. 
Keywords: digital marketing, consumer behaviour, purchase decision process, interactive relationship, 3D modelling 

 
 

1. INTRODUCTION 
 

The global market is a celebration of diversity. Diversity exists not only among consumers, but also 
among providers; not only among manufacturers but also among sellers. Consumers differ not only in the 
usual ways - by age and gender, education and occupation, but also by their activities, interests, and 
preferences. And the job of the provider is to understand, attract and satisfy the needs and desires of 
consumers, whatever those consumers are, whatever they want, wherever they live (Sontag and Dugger, 
1998). 

Segment of consumer research has evolved as an extension of the field of marketing research 
focusing almost exclusively on consumer behavior rather than other aspects of the marketing process. 
Just as the results of marketing research were used to help make managerial decisions, so were the 
results obtained from consumer research. The initial reason for studying consumers was to enable bidders 
to predict consumer reactions to promotional messages and to understand the reasons why consumers 
make exactly the decisions they make when buying. Bidders assumed that, if they learned all the 
necessary information related to the consumer's decision-making process, they could develop marketing 
strategies and promotional messages that would influence the consumer in the desired way (that is, to buy 
a particular product or service) (Schiffman and Lazar Kanuk, 2004). Over the last decade, the Croatian 
furniture industry market has undergone changes that have made markets more interesting for domestic 
and foreign investors. Furniture manufacturers and retailers continue to try to identify the best ways to 
adapt to customer needs, and an understanding of furniture buyers provides useful information to the 
furniture industry. Some of the research showed differences in consumer preferences for materials and 
styles when buying furniture, so in a 2016 study it was found that wood is widely preferred among 
respondents as a furniture material (Kaputa et al., 2018). A house or apartment is not just a set of rooms 
but a home, in which people spend their time. Spaces should be organized so as to affect the positive 
mood, and here the furniture plays a very important role. The choice of individual elements, furniture for all 
spaces in which time is spent, significantly affects the quality of life. Companies, furniture manufacturers 
are experiencing strong global exchanges in the market (Pirc et al. 2010), and are therefore forced to 
always look for new ideas to convince consumers to buy their products, while furniture consumers qalways 
have differenet wants, needs and preferences (Pirb Barčić et al. 2016). 

In addition to the goals that companies must set for themselves in business, they must also prepare 
a successful marketing strategy. This is achieved by taking into account the most important factors in the 
process of buying furniture. A survey conducted in 2017 (Oblak et al., 2017) showed that three factors are 
more important than the others when making a purchase decision, namely quality, price, and additional 
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services. There are not many wood products that customers would buy impulsively, without additional 
encouragement and thought. The decision of a potential buyer regarding the type of product usually goes 
through a review process in such a way that for a more expensive product the consideration is more 
detailed. The process of making a decision to buy a product has five stages: identifying the need, 
searching for information, evaluating alternatives, making a purchase decision, and behaving after the 
purchase. The company must identify what is important to its potential customers at every stage of the 
purchasing decision-making process. Based on this, the company must determine the measures that will 
affect the consumer at certain stages of the review process (Oblak et al., 2017; Oblak et al. 2019). With 
more modern times come more modern technologies. Main marketing is now in a different form - digital. 
Businesses need to recognize the importance and impact of being where potential consumers are and that 
is the Internet. The company's digital activity can be achieved in many ways, and previous research has 
shown that we still do not pay enough attention to them. Potential consumers are not familiar with the 
diverse offer, ie. it is not visible to them in the places where they spend the most time. Therefore, this 
paper will also show an example of one of the possibilities of how to create a diverse offer for consumers 
and how they can make a purchase according to their needs and desires from the comfort of their own 
armchair. 

The aim of this paper was to determine how the interactive consumption affects the consumer and 
how the producer. Is it an easier way to shop and how do customers feel when they have "control" over 
the space they want to arrange. Can this influence the decision when making a purchase and how much 
potential consumers accept the way of shopping through digital media. 

 
 

2. MATERIALS AND METHODS 
2.1 Modeling and animation tools 
 

In this paper, a 3D modeling program - 3ds Max - was used as an example how to apply digital 
marketing to the furniture shops/producers/manufacturers. It is a professional computer graphics program 
for creating 3D animations, models, games and images. It is developed and produced by Autodesk Media 
and Entertainment. They are often used by video game developers, as well in many television commercial 
studios, and architectural visualization studios. 

In this research, an interactive room was created for the idea of modeling in this program. In that 
room, upholstered furniture was modeled - a sofa, armchair and floor covering. In programs that are 
modeled, one of the essential features is the careful selection of textures and materials. It is very important 
to know how to choose materials and their settings that will make a certain object realistic at the very end 
and present it as such to the rest of the space in which it is located (Lovrić, 2018). In addition to textures 
and materials, the rendering system is important, in this case V-Ray was used. 

V-Ray is a commercial add-on for 3D computer graphics. They are used for visualizations and 
computer graphics such as media, entertainment, film and video game production, industrial design, 
product design and architecture (web 4). That rendering system actually deserves to make the final picture 
look very realistic. There are a lot of settings in this system that affect the end result of the work. Some of 
the essential ones are the V-Ray Camera, V-Ray Light and the V-Ray Sun, which imitate and give a real 
picture of nature. The better the settings are selected, the better the picture, the better the quality of the 
picture. It is difficult to tell whether it is modeled or photographed. The quality and settings of the rendering 
system also depend on the performance of the computer (Lovrić, 2018). 
 
 

2.2. Questionnaire development and data collection 
 

In the website prototype included a survey questionnaire was included with aim to get as much as 
possible information about digital marketing activities from wood furniture consumer as well as from 
furniture sellers/manufacturers/producers. 

Based on research objectives, a questionnaire was developed and pre-tested with a sub-sample 
of selected respondents. Questions were formed based on the available literature. On-line surveys by 
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using "Google Forms" tool were conducted. The questionnaire, as an appropriate method of data 
collection, was chosen because the costs of this method of data collection are financially acceptable 
(Dillman, 2000) and also allows the collection of data from a wide geographical area (Zahs and Baker, 
2007). 

In addition to general information about the furniture company (furniture selling company/furniture 
producer), a developed questionnaire was a part of the web page. The first step for the users was to link to 
the web page and the second one was to go into "create your space", see how it works and answer the 
questions from the survey based on that. At the very beginning of the survey, the user chose which 
questions to answer. The questions were different depending on whether the respondent is a potential 
consumer (buyer) or a bidder (manufacturer, company). The selection opened a special set of questions 
for everyone. 

In the survey that was assigned to customer, in first part of the questionnaire questions were 
focused to personal information in order to create a specific profile of potential consumers. Users were 
asked to indicate what gender they were, how old they were, completed their education, how often they 
used the Internet, and whether they had so far purchased any type of furniture online. 

Certain statements in the questionnaire were measured using the Five-point Likert scale, so that 
ranges from 1 to 5 were given to individual statements of individual variables, where 1 stands for 
'extremely disagree' or 'irrelevant', and 5 denotes ‘extremely agree’ or ‘very important’, i.e. respondents 
determined the degree of satisfaction or meaning they attach to individual statements. Furthermore, some 
of the questions are defined by multiple statements, as it has been determined that a particular variable / 
element will be better described by applying multiple statements rather than just a single one (Thorndike, 
1967; Churchill, 1979; Lewis-Beck et al., 2004). 

The respondents were asked to evaluate the answers to the questions: how important is the visibility 
of the website when researching the company, their activity on social networks, the way of contacting and 
feedback, experiences from others. Then the questions were related to the prototype website. Would such 
a way of creating help them make a final decision on the purchase of interior design products, and do they 
consider such an interactive relationship an easier way to buy in the future. In the end, the questions were 
related to the user's shopping experience and in the same way with the scale of importance they 
answered the questions: how important would be the feeling of comfort creating space from their own 
armchair, how important is the way of shopping 0-24 and the most important today how important time 
savings are.  

The snowball method was used to sample the subjects. Sampling with this method starts from a 
certain number of respondents in the target population who meet the criteria to enter the sample, and in 
this case it is the age that must be greater than or equal to 18 years. Sharing the survey questionnaire 
with acquaintances and friends who meet the criteria increases the number of samples and this chain is 
repeated until the required number of samples is collected (Baćak, 2006; Goodman, 1961). 

On the other hand, website link was sent to furniture companies (sellers/manufactures)  -bidders, 
also via e-mail. The database of companies engaged to furniture processing and production was created 
using the Bisnode database, taking into account companies that their main activity is focused to the wood 
processing and furniture manufacturing  (according to the National Classification of Activities (NKD 2007) 
belong to areas C16 - wood processing and C31 - furniture production). By selecting a set of questions for 
companies in the survey, the questions followed in a similar order as for furniture consumers. In the first 
part of the questionnaire, the general information about furniture companies were asked, such as: which 
county they are from, when the company was founded, how many employees they have, and an estimate 
of total revenue from last year. In this survey, the important questions were how they view digital 
marketing and therefore the questions were, how much do they invest, do they have a special person / 
department to deal with it, how do they advertise online and did they notice a larger purchase than when 
they digitally active. This was followed by questions related to the prototype website. They answered 
questions: do they think that such an interactive relationship of creating their own space would help their 
potential customers in selling their products, when should they change something on their site if they have 
it, would they add such a configurator a configurator, and finally do they think about improving digital 
marketing activities in their company. Data were collected during a COVID-19 pandemic in the time of 
‘lock-down’ in Croatia (April, 2020 – May, 2020). Data from the survey questionnaires were uploaded into 
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a Microsoft Excel spreadsheet (database). Statistical analysis was performed using the statistical program 
SPSS Statistics 17.0. 
 
 

3. RESULTS 
3.1. Website prototype creation 
 

The idea of “Create your own space” feature arose as an interactive configurator in which consumers 
align the space with offered products. This prototype had three types of products, each of which had three 
different colours or, in the case of floor coverings, a stacking method. Interactivity between the potential 
bidder and the consumer is achieved on the website by the detailed realization in a 3D program. Each 
product is first created for itself, along with its shadows in a specific place in the room. The resulting image 
had to be transparent so that it could later be combined with other products. These three offered products, 
with three colour changes, achieved 27 space layout combinations, with only 9 renders. The number of 
renders is growing linearly due to the separate display of each product separately, although the number of 
combinations has increased exponentially. Figure 1 is an example of creating space combinations. Adding 
a new product with three colours would increase the number of combinations to 81, and the number of 
renders would increase by only three, or a total of 12. Building complex scenes is only possible with this 
approach to rendering. That have a large number of possibilities and combinations, given that a render 
can take several hours on a modern computer. Thanks to this method, every potential consumer can 
choose a certain product and colour for himself. In this way, a potential consumer can likely be influenced 
by offering him as many products and colours as possible, striving to fulfill his wishes. 

 

 
Figure 1. Ways to create furniture combination 

This prototype website shows what a website should contain. It needs to have a certain space with 
the offered products, a gallery of pictures where those products are already placed somewhere, how they 
look realistic in the space, how in the salon where they are exhibited for sale. It is always necessary to 
write about the design of the product, how it was created, what its purpose is. Find the target group of your 
consumers with certain qualities that adorn the product. Each product should have its origin, if it is a 
domestic product it should be highlighted, also emphasized if it is an eco-product and natural materials. 
This affects the consumer, if it is emphasized enough that its presented product does good for the 
environment, the environment in which it is located, and thus for its future. In addition to the various 
certificates that a company can use to promote itself, it is also important which information the product 
contains. Consumers certainly love the multitude of images, but also, of course as much information as 
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possible that can influence any part of the purchase decision process. Each product can contain a 
description of the product with a few sentences, dimensions, price, technical data, declaration, product 
documentation. In addition to all the various information that is important for the purchase decision, it is 
also important what is the product warranty, delivery time, availability, delivery price, i.e. what are all the 
additional services offered at the time of purchase. Today, feedback and experiences of others are very 
important to consumers, so it is desirable to highlight such experiences. Different providers companies 
have researched according to which they should present themselves to their target group of consumers, 
therefore they should show themselves exactly as they require. 

Very important, what each website should contain is the way of contacting. How and in what way 
potential consumers can contact the manufacturer for various inquiries and doubts that are an obstacle in 
a possible final decision. Simple ways of contacting the consumer give the impression of openness and a 
friendly relationship with the provider. Everyone will be able to inquire about the desired product without 
any pressure. In addition to the method of contact, there are also social networks through which 
consumers can connect with a particular provider and monitor further work. They can be used to maintain 
regular contact with a specific target group, announce a new product, use a video to show the working 
atmosphere or the creation of a product. Here you can write and read various feedback, experiences of 
others, announce fairs in which to participate, and organize prize games that are popular for gathering as 
many "followers" who will stay and follow the upcoming work. 

From previous research in the wood industry, one can find very good websites that leave a good 
impression, thus encouraging a return to the site in order to make a purchase. This prototype site had the 
role of how to reach consumers even more, how in addition to product images and information, to retain 
consumers, offer them more opportunities and create their experience. The idea is for potential consumers 
to create their own space, to help them when designing a space or any purchase. 

This prototype had an easy-to-use drop-down menu with products. Each product had a choice of 
colour that the consumer chooses by clicking on it. With the way the images are made, on the website 
they are stacked on top of each other so that with a certain click on the colour, you can change and create 
an individual experience for a particular combination. 
 
 

3.2 Potential consumer profile who would use “Create your own space” 
 
Using the previously mentioned snowball method, 146 potential consumers, i.e. users, were collected. 

60.3% were women and 39.7% were men. Regarding age groups, 23.3% of respondents were aged 18-
24, 56.2% aged 25-34, 19.9% aged 35-64 and 0.7% aged 64 or more. Of the completed level of 
education, 40.4% had completed high school, 51.4% had a university degree and 8.2% had an Mr./Dr. 
degree. 

 
Table 1. General data of potential consumers 

Age % education degree % use of the internet % 

18-24 23,3 Elementary School 0,0 
don't use every 

day 
1,4 

25-34 56,2 High school 40,4 less than 2 hours 4,1 

35-64 19,9 
Higher 

education/university 
51,4 from 2-5 hours 24,0 

64 or 
more 

0,7 MSc/PhD 8,2 from 5-8 hours 30,1 

    
more than 8 hours 40,4 

 
When using the Internet, there were 1.4% of those who do not use it every day, 4.1% use less than 2 

hours, from 2-5 hours it was 24%, from 5-8 hours 30.1%, and more than 8 hours are used by 40.4% of 
respondents. The survey stated that 42.5% have bought any type of furniture online so far, while the rest, 
i.e. 57.5%, have not bought it. 
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Using a 5-point Likert scale, respondents rated: 1-unimportant and 5-extremely important. When 
asked how important website visibility is to them when researching a company, 74% of them indicated that 
it is extremely important to them. Compared to the website, their activities on social networks (Facebook, 
Instagram, LinkedIn, YouTube, Twitter…) show diverse results: 9.6% think they are irrelevant and while 
only 16.4% think they are extremely important, the most there are them in the middle who are neutral, i.e. 
they indicated them with a grade of 3, 30.8% of them. 48.6% of respondents expressed importance of 
ways of contact. Potential consumers very often like to hear feedback or the experiences of others. The 
consumer creates an image of the manufacturer and thus influences the consumer’s decision from the 
final purchase decision. There is 40.4% in the survey, and they stated that the feedback and experiences 
of others are extremely important. 

After visiting the site and trying out the prototype configurator "Create your own space", they 
answered questions about whether such a way on the site would help them make a final purchase 
decision, and do they agree this is an easier way for purchasing in the future. 

 
 

 
Figure 2. Would “creating your own space” help you make final decisions (left) and do they agree this is an 

easier way for purchasing in the future (right) 

The configurator was followed by questions about how important it is for them to feel comfortable 
creating space from their armchair, where 40.4% of respondents indicated a grade of 5 as extremely 
important, and a grade of 4 as important 45.9%. Which together makes up 86.3% of respondents.  

The possibility of shopping from 0-24h is related to the webshop, the advantage of the online 
platform for stores, shopping outside their working hours in the store. Respondents showed in the survey 
that this is not even that important to them, although it can be seen from the previous diagram that most 
have not bought any type of furniture online so far. Regarding purchasing availability 0-24h, 41.8% of 
respondents declared themselves neutral, that it is not important to them. 17.1% or 19.9% of respondents 
are extremely important or important. 

Precious time has proven to be in this survey as an extremely important thing in an individual’s life. In 
addition to various obligations, work, family, entertainment, vacation, respondents choose how time 
savings are extremely important or important, they mark it with 52.7% and 30.1%, respectively, which 
together makes up 82.8% of respondents. 
 
 

3.2 Potential wood-furniture manufacturers who would use “Create your own space” 
 

The companies and bidders were sent a website and a survey questionnaire via e-mail, which was 
found on their website or in the media through which they advertise. Note that some companies from the 
database did not have a website or any way of contacting the Internet to reach them. 96 emails were sent, 
of which 18 companies or 18.75% solved the survey. Most of the companies responded are from 
Zagrebačka and Vukovarsko-srijemska counties. Most of them were small (those with up to 50 employees) 
and micro-companies (up to 10 employees). Together they make 66.6% of respondents. Furhter more, 
72.2% stated that they had an income of more than 1 000 000HRK in the last year (2019). 
How much they invest in digital marketing had to be judged by themselves. There are 16.7% of them who 
do not invest at all, 38.9% invest very little, same number of companies invest enough, and 5.6% invest a 
lot. Besides, they also stated that 55.6% of them do not have a person or department that deals with 
digital marketing, and  44.4% have. 
 

95,9%

4,1%

yes no
96,6%

3,4%

yes no
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Figure 3. How much do they invest in digital marketing and do they have a digital marketing 

department/person 

Sixteen companies or 88.9% of respondents have a website, while 2 do not, and these two do not 
have any of the listed marketing activities on the Internet. Depending on their online activity, they had to 
assess whether the purchase of their products increased, decreased, or remained the same. 55.6% said 
that the purchase had increased, and 16.7% confirmed that it was the same as before. 

After they tried on the "Create your own space" page, 77.8% of them indicated that such an 
interactive way of creating space would help their customers when making a purchase decision, and 
22.2% said no because it depends on the type their product or service, and what their target consumer 
group is. When they should add something to their website, the question was whether one of the ways 
would be this prototype "Create your own space". 72.2% found it interesting and would use it this way, 
16.7% would not use it this way, 5.6% already have something similar on their site and 5.6% they don’t 
think they have to change anything on their site. The last question of this questionnaire was whether they 
are thinking about improving digital marketing activities, 33% believe that they have investing enough and 
that nothing needs to be changed, 28% were not active at all, but will now consider this option, and 39% 
invest constantly, follow trends, but feel that there is always room for improvement. 

 
 

 
Figure 4. When should you add something to your site, would one of the ways be this prototype, and are 

you thinking about improving your digital marketing activities? 

 
 

4. CONCLUSIONS 
 

The importance of digital marketing in creating an interactive relationship between supply and 
demand in the wood products market is shown by the research in the paper. Whatever can be desired can 
be achieved with the help of digital media. The results of the research show that potential consumers are 
interested in an interactive relationship, they want as many opportunities as possible, information via the 
Internet. It is necessary to reach the consumer as much as possible, to see what his needs and desires 
are, and in that way to provide him with what he is currently looking for. An interactive relationship 
between the consumer and the provider would establish simple communication, where individual would be 
approached in a way that the producer is open to suggestions, advice, concerns, and problems. The 
consumer would feel satisfied and the manufacturer could influence his final purchase decision at any 
time. The prototype of the website together with the research is proof that the market needs as many such 
or similar types of interactive relationship offers. It is important to have as accessible communication as 
possible, the visibility of the website, various activities on social networks. Consumers care about 

16,7%

38,9%38,9%

5,6%

they don't invest

very little, just basic

they invest enough

they invest a lot

44,4%55,6%

yes no

5,6%

16,7%

72,2%

5,6% we don’t think we have to 
change anything

we would not use such a
method

it looks interesting, we
would use that method

we already have something
similar on our site

28%

33%

39%

we have not been active on the
internet at all, but we will now
consider that option as well
we invest enough, we would not
change anything

we invest constantly and follow
trends, but there is always room
for more
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feedback, experiences from others, such messages of promotion need to be emphasized, highlighted, as 
well as any other qualities related to the product. In today's time where the fast-paced lifestyle has become 
normal, an interactive website with as much information as possible would save every consumer time and 
money. Wood product manufacturers still don’t see the big role of digital marketing because they are 
uninformed and think that it is still something expensive and they have to set aside a lot of time. In addition 
to educating companies, research is needed to see how great the possibilities are, what is the wide range 
of ideas under which an individual consumer can be acted upon. Therefore, this survey was also sent to 
companies with the hope that they will investigate, look at what surrounds them, what the requirements 
are, how they can contribute to their development in the future. Although a small number of companies 
responded to this research, it is still a great success that some have decided that they might use this 
method on their website. Besides, even greater success is that some companies have not been digitally 
active at all, and after this survey, they will consider these options on how to enter the market via the 
Internet and how to reach their potential consumers. This was just one small survey with a big message 
that companies should and should embark on this way of advertising, opportunities, and tools that are 
easily available. The success of marketing is based on the company's ability to adapt to target group of 
potential consumers at all times. Every company needs to understand that quality marketing starts and 
ends with the customer. 
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ANALYSIS OF THE INFORMATION SECURITY SYSTEM WHEN ORDERING 
FURNITURE ONLINE 

 
Żywiołek, J., Nedeliaková, E. 

 
 

Abstract: Data, information and knowledge are processed by enterprises for conducting basic and auxiliary 
processes. Thanks to processing, the production process takes place, but also the products offered by the audited 
company are sold. The surveyed company deals in the production of furniture, for 5 years also sells it in an online 
store. Sales allows you to configure modules prepared by the manufacturer or design your own solutions. The most 
common problems are errors in the interpretation of ideas or making wrong measurements. The article presents 
solutions that would solve problems with analyzing data and information during the order processing process from 
order to post-warranty service. The article also presents a risk analysis for the security of this information. 
Keywords: phasellus, vestibulum, tempor convallis 

 
 
 

1. INTRODUCTION 
 

It cannot be denied that the areas in which entrepreneurs can compete with each other today are 
drastically diminishing, giving the choice of competing in quality or price. Especially when we think about 
our own business in terms of the future. Price competition in the long term does not allow development, 
and even this development inhibits. To compete on the market, the products and services offered by 
enterprises must be at the highest possible level [Krawiec Ożarek, 2014]. Low-quality products and 
services are eliminated from the market - the customer values quality and, above all, uniqueness. In the 
era of digital services, online shopping, compulsory purchasing services, "something more" is something 
that was once in the world of "analog" economy - standard, we are talking about customer privacy. Many 
employers are unaware of their obligation to protect the personal data of their clients and contractors and 
thus commit many deficiencies in this respect. This employer is even common among employers who 
have decided to run their business on the Internet. 
 
 

2. DATA PROTECTION 
 

The functioning of the state and the economy in the information sphere requires an appropriate 
approach to information management as well her safety. The development of information technologies is 
one of the important factors dynamizing the development process of the global information society, while 
influencing the perception of information that is gaining more and more value in strategic and economic 
terms [Oleksiewicz, 2017]. 

In view of the significant increase in the importance of data, information and knowledge in 
organizations, which plays a key role in increasingly complex economic processes, an appropriate 
approach to managing these assets is required [Dziekański, 2012]. This is evidenced, for example, by the 
fact of identifying information management as a separate field of management sciences [Cisek, 2002], the 
creation of ISO 27000, training in information security and cyberterrorism. 

Losses that may result from a breach of information security, such as breach of business 
continuity, loss of trust of customers, suppliers in the field of entrusted data, incurring costs due to the 
removal of damage arising as a result of a security incident, impact on the future activities of the 
organization and the like, can be significant [Żywiołek, 2018]. 

Ensuring an appropriate level of security in terms of data, information or knowledge in an 
enterprise is a challenge, and assessing the risk of information security breach and the impact on 
relationships between business partners forces the creation of an appropriate business ecosystem 
[Axelrod, Bayuk, Schutzer, 2009]. 
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3. INFORMATION SECURITY MANAGEMENT AND RISK ANALYSIS 
 

Information security management in an organization is based on risk assessment, as well as levels of its 
acceptance, formulated in such a way as to effectively deal with it, manage and mitigate. According to J. 
Pera, a correctly performed risk analysis is one that results in the minimized risk being as low as possible 
or completely suppressed, and its impact on the functioning of the enterprise is minimal [Pera, 2012]. 
Risk analysis of requirements for information protection and the use of appropriate safeguards and 

principles contained in normative acts contribute to the successful implementation of the Information 
Security Management System [Ożarek, 2013]. Processes occurring in the management system 
[Szlachcic, 2014], i.e. development, establishment, monitoring and maintenance, take place on the basis 
of the Deming cycle, presented in Figure 1, which is the basis of all acts normative in the field of 
information security. 
 

 

 
 

Figure 1. Implementation of the Deming cycle into the Management System Information Security 

 
Awareness of losses caused by negligence related to the loss of data or trust among customers 

has kind of forced entrepreneurs to carry out risk analysis in their companies in this regard. Table 1 
presents a list of threats prepared for the examined company with an indication of the probability of 
occurrence. 
 

Table 1. Analysis of threats occurring in the examined enterprise 

threat 
category 

type of threat 

physical 
hazards 

1 random threats - natural disasters, catastrophes, accidents that 
affect the information security status of the organization (e.g. fire in a building in which 
information media are stored) 

2 industrial espionage 

3 documentation theft 

4 providing information to unauthorized entities / persons 

IT 
threats 

5 hacking 

6 intentional or accidental action by third parties in relation to the network or system 

7 fraud / phishing 

• reviews and 
assessments of the 
effectiveness of 
actions

• maintaining and 
improving security

• implementing 
security measures 
and using them in the 
functioning of the 
enterprise

• planning activities for 
the security policy

plan do

checkact
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The next step is to determine the likelihood and amount of the potential risk (table 2). risk is 
estimated based on probability and threats. These are estimated values based on past and possible 
opinions. The probability is set on a scale of 1 to 10, where it is almost absent and 10 it sleeps frequently. 
 

Threat  Threat weight Probability (1-10) Risk of occurrence 

1 6 6 36 

2 8 3 24 

3 5 5 25 

4 7 7 49 

5 7 4 28 

6 5 6 30 

7 6 5 30 

 
 

On the basis of calculated data on risk, a limit level is determined at which risk requires additional 
leveling actions on the part of the enterprise (Fig. 2). 
 

 
Figure 2. Size of risk 

 
 

The line established at around 25 states that the risk specified above requires corrective and 
corrective actions and may threaten the enterprise. 

The next stage is to present problems and solutions for online furniture sales orders in the 
examined company. The risk analysis carried out somehow introduces the problem of online orders, 
information security problems are the result of handling online orders. There are extremely rare cases of 
problems with information security outside this sphere of business activity (Fig. 3.) 

Figure 3 shows how much information about servicing internet orders are, it is also necessary to 
illustrate the problems that arise when handling them (Fig. 4). 

The service of internet orders caused many difficulties, after analyzing these problems, the 
company decided to prepare instructional videos on how to order, as a remote control showing individual 
actions in single steps, the importance of furniture sizing was added by adding standard dimensions as a 
pattern, which accelerated the module service. The system also does not provide the option of passing 
without providing the data necessary to process the order, and informs customers that the order 
processing process will not be carried out if no advance payment / payment is received depending on the 
system's calculations. 
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Figure 3. Types of information about problems in the enterprise 

 
 

 

 
Figure 4. Problems encountered with online store service 

 
 
 
 
 
 

7%
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15%

62%

accounting information administrative information

production information information on handling online orders

registering in the 
store

•incorrect data

•intentionally providing imaginary data or use free furniture 
configuration software

configuring 
furniture modules

•incorrectly entered dimensions

•adding comments that are impossible to implement in a given 
model, e.g. chamfering

designing own 
solutions

•attaching illegible drawings

•incorrect marking of dimensions / holes

execution of the 
contract

•no customer contact details

•no choice of delivery date
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post-warranty 
service

•ordering furniture elements, e.g. drip caps, which deteriorate faster

•ordering parts e.g. handles



13th International Scientific Conference WoodEMA 2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

 

99 

 

 

4. SUMMARY 
 

The purpose of the article was to analyze the current state in the surveyed enterprise dealing with the 
production of furniture and service of online orders related to the sale of own products. The performed risk 
analysis and activities for the analysis of enterprise activities allowed the identification of problems and 
their initial elimination. The study was a preliminary study, the next step will be the analysis of qualitative 
and qualitative factors talking about relationships in the form of Pearson's C coefficient, which will allow to 
determine between which factors there are strong relationships. 
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ONLINE DISTRIBUTION CHANNELS OF BULGARIAN WOOD CRAFTS  
AND ARTWORK MICRO ENTERPRISES 
 

Ivanova, M., Slavova, G. 

 
 
Abstract: Nowadays the global information systems have proliferated in almost all businesses and industries, 
offering new opportunities for connection, communication and distribution. Forestry and wood-related sectors also 
align with this worldwide trend. However, micro-enterprises, dealing with wood crafts and production of wooden 
artwork might find it difficult to distribute their products and to reach the potential customers. Which online channels 
are the most popular for those products? Which online channels are the most efficient to reach the relevant target 
customers? Are there any particular online platforms specialized in specific products of wood crafts and artwork? The 
answers of the above questions would significantly assist the micro-producers of wooden toys, woodcarving, 
jewellery, souvenirs, wooden frames and any other wooden pieces of art, to improve their distribution strategy.  
This paper aims to explore the variety of online distribution channels used by the Bulgarian micro enterprises (MEs) 
specialized in wooden crafts and artwork. The research steps on secondary data, collected from the Bulgarian MEs 
digital presence and summarized in a comparison table. The analysis sheds light to what extent Bulgarian MEs utilize 
the distribution opportunities of their own websites, of any specialized online platforms and regular online retailer 
shops. In addition, the study provides further insights for the emerging challenges and ideas, and finally sets 
recommendations for improvement. 
Keywords: micro enterprise, wood art, wood products, Bulgaria, online distribution 

 
 

1. INTRODUCTION 
 
Internet and online platforms have dramatically changed the supply chain relations in all industry 

sectors. The opportunity to connect directly to the final customer, skipping the intermediaries has provided 
a tremendous chance for the companies to save significant distribution costs and reach easier their target 
group. Forestry and wood-related sectors also align with this worldwide trend. Along with the major scaled 
enterprises, dealing in the timber industry and furniture, the numerous small and micro companies have 
their important stake for the development of the sector and their own region. However, micro enterprises 
(MEs), dealing with wood crafts and production of wooden artwork might find it difficult to distribute their 
products and to reach the potential customers.  

The aim of this paper is to explore the variety of online distribution channels used by the Bulgarian 
MEs specialized in wooden crafts and artwork. The study explores the specific products of MEs in the 
wooden industry, their traditional distribution strategies, and then reviews the enormous opportunities 
provided by online distribution channels – in general and in particular for the MEs in the wooden industry. 
Finally, the research of Bulgarian MEs, producing wooden products reveals what distribution channels 
they use and analyses them. 

 
 

2. LITERATURE REVIEW 
 

2.1. Micro enterprises in wooden industry 
 
Small and medium enterprises are considered as the driving force of economy (Dušak et al., 2017), 

because of their significant contribution to the job creation, introduction of new products, flexibility and 
impact on the regional and local development. The micro-enterprises are determined as companies that 
employ less than 10 employees and have income less than 2 million EUR (EUR-Lex, 2003). They are very 
typical for the wood-processing industries, mainly represented by craftsmen or little boutique companies, 
creating small art items, souvenirs, wood-carvings, frames, and/or any traditional indigenous stuff. In many 
countries, those MEs have special status – e.g. craftsmen, subject to special licensing, or freelancers, or 
art people, whose work is at the edge of a piece of art or has a direct practical application (Dobreva, 
2017a). Many of the woodworkers operate either as single entrepreneurs, or craftsmen and/or as a micro 
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company. Often, those MEs are situated in rural regions and are also considered as valuable for the local 
communities (Sana, 2016), because they pass the traditions to the next generations, or popularize the 
indigenous culture abroad (Ivanova, Ivanov and Yanev, 2015). Therefore, the target market of wood 
industry MEs is often too dispersed assuming a lot of efforts to elaborate well focused marketing and 
distribution strategies.  

Wooden products are very diverse (i.e. trees are broken down into many products, D’Amours et al., 
2017), which results in numerous supply chains for each of them. Wood material comes from the forest, 
but it undergoes so many transformations and flows through many channels of wholesalers and retailers 
before reaching the end customer (D’Amours et al., 2017). Besides, each actor along the supply chain 
follows his own strategy and develops his own target market audience. Big companies usually develop a 
network of suppliers and distributors around them but the small and micro enterprises experience huge 
challenges in the path to meet their demand (Larsson, Stendahl and Roos, 2016). Therefore, many of the 
wood industry micro-enterprises are niche players who rely mostly on limited public and produce boutique 
or small scale production, that is easier to realize on the market.  

 
 

2.2. Online channels for distribution  
 
E-commerce and internet-based distribution channels have long established new game rules in supply 

chain management and distribution strategies. Online Platforms have proliferated both personal and 
business lives (Parker et al., 2016). With the numerous business models and entangled economic and/or 
social relationships among the diverse actors, platforms provide infinite opportunities for higher efficiency 
and faster processes in the supply chain, thus reconfiguring the traditional value generation within it 
(Ivanova, 2020). For the micro-, small- and medium-sized enterprises online platforms present a very 
prospective alternative to the way they distribute their products (Andreopolou et al., 2009). Starting with 
the establishment of their own website with an e-shop, companies can utilize the “billboard” effect of the 
various online intermediaries (Ivanova et al., 2015) that would bring them higher customer awareness and 
access to new markets. Many of the conventional wholesalers and retailers nowadays are converted to 
huge online marketplaces where suppliers and customers can implement transactions and payments 
without the need to store and move inventories or sign preliminary written agreements (Parker et al., 
2016).  

There are different models and configurations in the distribution, combined with a lot of revenue 
mechanisms (Ivanova, 2020). B2C (business-to-customer) is among the most popular business model, 
connecting the consumers to the business, while B2B (business-to-business) represents relations within 
the internal levels of the supply chain, i.e. between business/companies. Since many of the craftsmen do 
not represent a company, they can also easily utilize the P2P (peer-to-peer) platforms, dedicated to 
physical persons, not companies.  

 
 

2.3. Online distribution channels for micro-enterprises in the wooden industry 
 
In the ocean of diverse online platforms, we searched for specialized e-shops, dedicated entirely to 

products from the wooden industry, typical for the MEs – i.e. souvenirs, artwork, toys, crafts and any other 
wooden handmade items. Table 1 summarizes our findings. It turns out that there are very few online 
platforms worldwide that deal exclusively with wood or wood-processed products. Because of the small 
scale or lower prices, wooden items are classified as sub-section of gifts, souvenirs, jewellery, decoration, 
artwork and crafts within the general retail platforms (e.g. eBay, Storenvy). The focus is mostly on e-shops 
of handmade production (Aftcra, ArtFire, etc.), which again implies small scale and lack of economic 
efficiency, with weak emphasis on the wood as a special ingredient. The multisided marketplaces (e.g. 
Etsy, Folksy, etc.), that operate on P2P basis also appear as a popular distribution channel for the wood 
MEs. 
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Table 1. Online distribution channels for wooden products 

Name Web site Type 

Aftcra https://www.aftcra.com Retail for crafts and art 
Amazon 
Handmade 

https://www.amazon.com/ 
Handmade/b?ie=UTF8&node=11260432011 

Retail for crafts and art 

ArtFire https://www.artfire.com Retail for crafts and artwork 
Be Timber https://www.betimber.com Wholesale and retail 

platform for wood products 
Bonanza https://www.bonanza.com General retail, with wood 

products section 
Craft Gate http://www.craftgate.com/Wood-Art Register of products 
Craft is Art https://www.craftisart.com Retail for crafts and art 
Crafts Fair 
Online 

http://www.craftsfaironline.com Register of companies and 
entrepreneurs 

eBay https://www.ebay.com General retail 
eCrater https://www.ecrater.co.uk General retail 
Etsy https://www.etsy.com Retail for crafts and art 
Folksy https://folksy.com Retail for crafts and artwork 
Handmade 
Artists  

https://handmadeartists.com Retail for crafts and artwork 

iCraft Gifts https://icraftgifts.com Retail for crafts and artwork 
Storenvy https://www.storenvy.com General retail 
Wood Barter https://woodbarter.com Specialized forum/social 

network for woodworkers 
Zibbet https://www.zibbet.com Retail for crafts and artwork 

 
 

3. METHODOLOGY 
 
In Bulgaria there are numerous MEs, dealing with wooden products – furniture, souvenirs, toys, 

frames, artwork, etc. However, most of them are not registered as companies. Rather, they operate as 
craftsmen or freelancers. Bulgarian traditional crafts are closely related to wood processing – there are 
wood items, used in everyday life, but also as gifts, souvenirs and decoration. Nowadays most of those 
crafts (like wood carving) are no more utilized for real life, but rather are implemented in museums, craft 
streets and art stores, and are considered as part of the historical and cultural heritage of the country 
(Sana, 2016). They are especially popular for tourism because craftsmen organize demonstrations of their 
work and tourists like to buy wooden products as traditional Bulgarian souvenirs.  

Many of those woodworkers actually perform as artists, and their production is considered as an 
artwork, or applied arts (Dobreva, 2017a). But still, they hardly maintain a commercial enterprise and 
prefer to perform as physical persons. Therefore, it is impossible to identify the real number of all 
woodworkers in Bulgaria – there is not any such register or database. Hence, we based our research 
mostly on the internet registered companies and woodworkers. We searched with keywords in browsers to 
identify Bulgarian MEs offering their wood products online. Afterwards, we classified the findings in a table, 
inserting the platform’s name, web link, type and other general comments. Since the target population is 
only Bulgarian, we used only Cyrillic written keywords in the search. Also, in the findings are included 
online channels of crafts and artwork, because most of the wooden products are considered as part of 
crafts and art pieces. The following findings are only a representative sample from all results. 
 
 

4. RESULTS AND DISCUSSION 
 
The secondary research produced a lot of results, but only a few of them relevant, hence valid. Table 

2 represents a summary of our findings. 
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The found Bulgarian online platforms might be classified into several groups, according to their 
organization as distribution channels, and also as a payment/transaction model. The simplest online 
distribution channel is its own online selling website. It is typical for producers with a wider range of 
products, who can afford to build and maintain their own e-shop. The majority of Bulgarian MEs use 
exactly this model (e.g. Byklica, ShahTabla, KrokiToys). It is very good for the launch of their own products 
and skipping the commission of the intermediaries, but at one point serves only the local market and it is 
difficult to find it from abroad. Moreover, most of these e-shops are in Bulgarian language only.  

Another popular form among Bulgarian MEs dealing with wood products is the private retail. In 
contrast to the global platforms, Bulgarian ones prefer to keep full control on the inventory, to maintain 
own warehouse and to have internal/offline contracts with the suppliers, thus performing as regular stores 
with an online presence. The P2P model is very weakly used – we have found only one – NaMaistora, 
where each craftsman registers as a physical person, presenting his products.  

The last form of online distribution is the general retail platforms, which are horizontal stores, i.e. 
offering numerous products from various industries, thus serving as “one-stop-shop” for the customers 
(e.g. VisVitalis, SteMaGo). Some of them have a special section, dedicated to wooden products, gifts, 
souvenirs, but usually, the products are filtered not by their ingredients (in our case wood), but by their 
functional characteristics.  

The findings have shed light on several implications. First, Bulgarian woodworkers and MEs still rely 
only on their local market and in general do not consider the numerous opportunities found abroad. They 
need to open their business on a global scale, to enlarge their vision because in this way they would 
enhance their business. One of the reasons for the weak online presence of Bulgarian wood MEs might be 
the lack of digital skills and knowledge about the online distribution channels. Moreover, most of the 
craftsmen are older and they tend to be more conservative and suspicious towards novel ideas and 
technologies. However, the numerous cases of cyber frauds additionally prevent people from trusting 
unknown peers and using only online channels for communication and distribution. 

Second, the majority of Bulgarian companies prefer to avoid any type of intermediaries, in order to 
save on the commissions and any additional distribution costs. In general, this is a good strategy for well-
developed and popular brands, but for the MEs the online intermediaries would enhance the “billboard” 
effect, thus pushing their overall brand awareness and performance. Another reason for such avoidance 
could be the comparatively low final prices of the products that do not allow a higher margin to ensure 
enough profit both for the intermediaries and the producers. Small scale production, assuming higher 
production costs additionally contributes to this negative effect. 

Third, the P2P models (like Etsy or Amazon Handmade) are still in the infant age of development for 
the entire Bulgarian economy, including MEs and wood industry. Since most of the Bulgarian craftsmen 
are also considered applied artists, and their production – an artwork with cultural significance, they are 
subject to additional state funding and are encouraged to act as cultural entrepreneurs (Dobreva, 2017b). 
 

Table 2. Bulgarian online platforms 

Name Web site Type 

Art Zamaka https://www.art.zamakabg.com Retail for crafts and artwork 
Artex studio https://www.artex-studio.com Private retail for crafts and 

artwork 
Bellamie https://bellamiestore.com Private retail for wooden toys 

only 
BG Hlapeta (BG 
kids) 

https://bghlapeta.com General retail 

Bg Souvenirs and 
gifts 

https://www.gifts-bg.com Private retail for crafts and 
artwork 

BGSuveniri http://www.bgsuveniri.net Private retail for crafts and 
artwork 

Byklica https://www.byklica.com  Producer and e-shop 
Eco toys http://www.ecotoys.bg Private retail for wooden toys 

only 
Irely http://www.irely.eu Producer and e-shop for 
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wooden toys 
Krokitoys https://www.krokitoys.com Producer and e-shop for 

wooden toys 
Lazer graving https://lazernogravirane.com Producer and e-shop 
Mouse Toys https://mousetoys.eu Private retail for wooden toys 

only 
Na Maistora namaistora.com Retail for crafts and artwork 
Nicey Toys http://nisatoys.eu  Producer and e-shop for 

wooden toys 
ShahTabla https://shahtabla.com Producer and e-shop 
SteMaGo https://stemago.com General retail with wood toys 

section 
SuvenircheBG https://bg-souvenirs.com Producer and e-shop 
Tonkov https://tonkov.eu Producer and e-shop 
Top Gifts https://www.topgifts.bg Private retail for crafts and 

artwork 
ViK Stroy http://woodentoysm.com Producer and e-shop for 

wooden toys 
VisVitalis https://visvitalisbg.com General retail 

 
 

5. CONCLUSION 
 
The current paper explored the online distribution channels used by MEs from the wood industry 

worldwide and in the context of Bulgaria. The findings revealed that Bulgarian woodworkers have a certain 
path to go, in order to catch up with the global trends. The reasons for their lower use of online channels 
are diverse, but economic and cultural perceptions stand out among the rest. Woodcraft and artwork MEs 
are generally one of the most vulnerable market players, because of the smaller scale production and 
high-cost basis. Hence their behaviour of risk aversion is completely understandable.  
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PRODUCT FLYER AS A BASIC TOOL  
OF MARKETING COMMUNICATION IN FURNITURE RETAIL 

 
Kollárová, D., Ungerová, M. 

 
 
Abstract: One of the fundamental techniques of marketing communication in retail trade is a product leaflet. In print, 
or in an electronic version it informs customers about advantages of the purchase, usually about favourable prices at 
a specific retail shop. The purpose is to address consumers with an appealing offer of goods and make them come to 
the store. Theoretical basis findings are paid to a product circular and its position in marketing communication of 
small traders. The object of our empirical investigation are product flyers in a retail chain with furniture, lamps and 
other household utensils in specialized shops - Jysk in Slovakia. We focus on, e.g., examining their periodicity, 
content (ratio between casual and seasonal goods), average number of pages, number of products depicted at a 
page, coloured layout, applied types of price tags, presenting people or animals, or declared discounts.  
Keywords: retail, marketing communication, product leaflet  

 
 

1. RETAIL TRADE WITH FURNITURE  
 
Fašiang, Kusá and Grešková define retail trade as „trade in small, which is typical of activities related 

to the preparation and sale of goods to the end user.“ We understand as an end user individuals or 
households, who usually buy for personal use in small amounts. Retail sale takes place in or out of a chain 
of shops. As regards retail outside the sales network, this retail covers mail order sales, catalogue sales, 
telemarketing, e-commerce, mobile sales applications, vending machines, door-to-door sales, and 
ambulatory sales. The basic assumption for the implementation of retail in the network of stores is the 
existence of the outlet. The main types of units of a permanent stationary retail network in European 
conditions are generally considered to be the following: „specialized and narrowly specialized shops, 
stores with miscellaneous goods, self-service grocery shops, supermarkets, discount grocery shops, 
hypermarkets, specialized (professional) wholesale stores, shopping malls, and specialized department 
stores.“  

Assortment specialization leads to the emergence of specialized stores, such as shops with furniture, 
lamps, and other household commodities. The furniture completes the atmosphere of a house, workplace, 
school, or medical facility. In general, we divide it according to: the used material (into wooden, metal, 
plastic, upholstered, wicker); the place of use (into residential, office, school, medical, restaurant, garden, 
etc.); the design (into straight, shaped, laminated, pressed, etc.); the surface treatment (into furniture in 
natural design, with surface treatment, and so on) and the degree of gloss (into furniture with high gloss, 
semi-gloss, semi-matt and matt). According to the type and purpose of utilisation, we separate furniture 
into: cabinet, bed, table, seating and accessory.  
 
 

1.1. Marketing communication and product circulars  
 
In our works, we have long been inclined to explain marketing communication, which takes into 

account the initiative of the company (to inform, make acquainted with the products, explain their 
properties, highlight their utilities, qualities, values, usefulness, and use), as well as its ability to listen, 
receive suggestions and requirements from consumers and respond to them. The essence of marketing 
communication is to influence the consumer purchasing behaviour in order to sell company´s products. To 
influence them, external (advertising, public relations, direct marketing) and internal (personal selling, 
sales promotion) tools of marketing communication are applied in retail. Among the communication mix 
techniques, merchandising, POP and POS materials and product flyers have the most important position.  

One of the basic marketing communication techniques for retailers is a product leaflet. In printed or 
electronic form, it informs customers about the benefits of purchasing, usually a bargain price, at 
a particular retail outlet. The intention is to address consumers with an attractive range of products and get 
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them to attend the shop. It is assumed that even if the customer is brought to the point of sale by an offer 
from a flyer, due to an impulsive decision-making they will eventually buy also other goods. Its continued 
use in the communication mix of retailers is influenced by several factors, the most important of which 
include the structure of the retail chain, the degree of competition among retailers, and, last but not least, 
the development of the segment of private brands (also referred to as private labels or store brands).3 
Companies carrying out distribution of circulars guarantee their delivery to 1, 940, 000 Slovak households 
in case of interest. According to available statistics, special offer goods account for more than half of the 
sales of retail chains in Slovakia in 2018. These were commodities from product booklets, products 
discounted  just before the expiry of the minimum shelf life, or goods included in the sales promotion. At 
the same time, items form product leaflets accounted for a third of purchases of Slovaks in the second 
quarter of 2018, while households of older couples, or individuals aged 50 to 64 without children used 
circulars to a much higher extent.  

Compiling a product flyer is a long-term systematic process. A product leaflet should reflect the full 
assortment of the retailer, taking into account seasonal goods. Jesenský claims that this type of a circular 
has approximately 24 to 32 pages, while one page displaying approximately 10 products at a weekly 
periodicity. Zamazalová adds that the quality of the selected paper, the colour of the booklet, the location 
and quality of the products, or the types of price tags used should not be underestimated. The Czech 
distribution company researched the creative design of leaflets and the depiction of people in them. The 
results showed that if there are people portrayed in the product, or promotional flyers, these are mainly 
women without any company (61%) with long hair (98%). Couples appear in the promotion of food and 
household equipment; families and groups are portrayed at sports equipment and toys.  From the 
perspective of declared discounts, products with a discount up to 25% were promoted most often in the 
category of clothing and food; goods with a reduction of 25 to 40% were advertised most often in the 
category of furniture, cosmetics, drugstore and hygiene. In the case of higher discounts, people promoted 
most commonly items in the category of furniture.  

Product booklets spread to consumers are most often distributed as non-addresses items to postal 
letter boxes in the catchment area of retailers, if in an electronic form they are posted on retailer´s 
websites, or at the point of sale at the entrance to the sales area displayed in leaflet stands. To a lesser 
extent, however still happening, retailers order the insertion of flyers in newspapers and magazines.  

 
 

2. METHODOLOGY  
 
The main purpose is to define product circulars as a basic tool of marketing communication in 

furniture retail trade. The partial aims are, as follows: to identify terms, such as, retail, furniture, marketing 
communication, product leaflet and to carry out a content analysis of the product flyers of the company 
Jysk. University textbooks, proceedings of scientific works, as well as the website of the company Jysk 
and 53 of its product leaflets issued in 2019 served as information sources for our research.  When 
processing the materials, we applied standard scientific methods, including research, description, analysis, 
deduction, and content analysis.  
Content analysis as a research method is a procedure for an objective, systematic and quantitative 
description of the obvious content of communication. Content analysis of text documents is used mainly in 
gathering theoretical and practical basis for further development of a particular field of science. 
Quantitative description is a purposeful and continuous procedure in the analysis of the text content on the 
basis of numerical expression of the frequency of occurrence of the analysis elements or the degree of 
attitude intensity, or another quantification procedure. When performing content analysis, the following 
quantification procedures are usually applied: determining the frequency of the analysed category 
occurrence, measuring the time devoted to a particular problem, measuring the area dedicated to 
a specific content in a written or printed text, quantification according to the system of categories with 

                                                 
3GfK Consumer Reporter, Vo. 03/2018. [online]. Available at: 

<https://www.gfk.com/fileadmin/user_upload/country_one_pager/SK/documents/2018/181101_GfK_Ne

wsletter_ConsumerPanel_03-2018_skfin.pdf.pdf.> [2019-01-04].   
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equal intervals and absolute zero point, in order to fully capture the time variable, spatial variable, or other 
indicators.  

With the carried out content analysis, we focused on the examination of the product leaflets of the 
company Jysk in the following quantification procedures: periodicity, number of pages, number of products 
displayed at a page, colour version, used price (discounts) marking, depiction of persons or animals, main 
topic of the front and last pages. We chose the front and last pages of the circulars, because the most 
important themes are usually placed on these pages of the periodical, as this is the most visible space of 
the booklets.  
 
 

2.1. Research object - Jysk Slovakia  
 
Our object of research is the company Jysk, a multinational retail network with 2, 900 outlets in 51 

countries in the world, offering furniture, lamps and other household utensils in specialized shops. Jysk 
opened its first store in Slovakia in 2006. Currently, it operates 47 physical shops and an online shop, in 
which the company´s employees served 2.7 million customers in the 2018/2019 financial year. The 
company´s product mix consists of product lines, as follows: furniture, lighting, mattresses, textiles, and 
accessories for the bedrooms, study rooms, living rooms, dining rooms, storage spaces, windows, 
gardens, and households. In terms of quality and price level, a large part of the assortment of Jysk is 
divided into the categories Basic (good products at a low price); Plus (products of good quality at 
a reasonable price); and Gold (products of exclusive quality at an affordable price). In addition, Jysk offers 
a range of products that guarantee the same low price every day.  
The takings of Jysk in Slovakia have been continuously growing every year. In the financial year 
2018/2019 (September 1, 2018 – August 31, 2019) the company achieved a record turnover of € 72.7 
million. In the past financial year, Jysk in Slovakia sold goods with a trade margin of more than 50 %. After 
taking into account other costs and taxes, its net profit reached € 10.2 million. 
 
 

3. PRODUCT LEAFLETS OF JYSK SLOVAKIA 
 
For the needs of compiling a product catalogue, Jysk has a detailed design manual, it which it is  

regulated, for example, the use of logotype on the front page, colour, layout of images, types of product 
photos used, location of the description to the depicted products, customer reviews, or graphic display of 
prices in the flyer. By a product photography, we mean the photographic genre that captures the visual 
properties of the promoted product: its design, construction, and significant parts. The company Jysk uses 
several types of product photos in its circulars: product photos taken on a white background for a simple 
and accurate display of the item; photographs taken indoors or outdoors, representing products in an 
environment that imitates a real house; secluded places, in which the photographer arranges and 
intervenes in the composition of the products, while it is noticeable that the scene was set in a planned 
way, and so on. No people or animals are shown at the images of the company Jysk.  

 
 

3.1. Size of product circulars  
 
The calendar year 2019 consisted of 52 weeks, and Jysk published 53 product leaflets during this 

period. The basic layout of the pages of the product flyer corresponds to the layout of the newspaper grid. 
In one edition of the leaflet, the two-column and four-column grids are usually alternated. The layout of the 
content of the pages according to the invisible grid makes it easier for readers to orientate themselves in 
the viewed content. On average, one product leaflet was valid for 13 days, with 2 to 3 product flyers 
coming into force within one month. The size of issued leaflets was from 8 to 32 pages, so on average the 
flyer had a range of 20 pages.  
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As the number of pages increased, so did the number of products displayed on one page, as well as the 
number of items promoted in flyers. Using a product leaflet, Jysk advertised and supported the sale of at 
least 806 products in 2019 (see Table 1).  
 

Table 1 Number of pages of the product leaflet Jysk Slovakia 

number of 
pages 

leaflets issued 
in 2019 

average number of promoted 
products in the whole flyer 

average number of promoted 
products on one page of a 
leaflet 

8  7 98 12 

16 28 178 11 

24 15 220 9 

32  3 310 10 

Source: own processing, 2020 
 
 

3.2. Price display  
 
In 2016, Slovaks spent 6 % of their total consumption expenditures on furnishing, equipment and 

routine household maintenance. These expenses grew before Christmas, but the interest of Slovaks in, for 
instance, sofas and custom furniture was highest in January and February. This reflected the period of 
winter clearance sale in the company Jysk (December 25, – February 13, 2019, lasting 50 calendar days). 
Consumers look for home accessories, lamps, carpets, or furniture handles, regardless of the season. 
However, the offer of certain assortment is seasonal, e.g., garden furniture, or air mattresses. The 
clearance sale of seasonal furniture and exhibited pieces of furniture during the summer sale in the 
company Jysk took 63 calendar days (June 13, – August 14, 2019). Most retailers use yellow and red 
colours to communicate discounts, since red encourages action and yellow activates optimism. In addition, 
these are contrasting colours that have a greater opportunity to attract the consumer´s attention. Prices of 
the company Jysk are shown only in white colour with black framing, which is rounded in the corners. 
Reductions are given in percentages, for example, 49 % discount. The bargain offer is highlighted.  

 
 

3.3.Lead photograph and lead topic of the leaflet 
 

Out of the 53 front pages of the Jysk´s product leaflets, the lead photos showed furniture 41 
times. Most often, it was garden, bedroom, and dining room furniture. Other front pages covered topics of 
mattresses and household textiles. On the last pages, there dominated themes related to the provision of 
additional or time-limited discounts on selected products. They were either tied to household textiles or to 
the whole purchase, including furniture, e.g.,  Extra discount of 15 % on everything that fits in a blue bag of 
Jysk (a bag measuring 18 x 70 x 60 cm can take unassembled furniture of smaller dimensions), Extra 
discount of 10 % on the entire purchase, Extra discount of 20 % on one product.  

The smallest page size (8) had a product leaflet just after the Christmas holidays, after the winter 
and summer clearance sales. The Christmas season is the most successful time of the year for traders 
and low or advantageous prices, whether in the form of bargain offers or seasonal sales, are an important 
factor in Slovak consumer decision-making, so it is understandable that Jysk offered the smallest number 
of products during or shortly after these periods.  

The 24-page circulars focused mainly on the Christmas offer (4), the seasonal sales (3) and the 
celebration of the anniversary of Jysk´s presence on the international market. The most extensive product 
leaflets, containing 32 pages, involved special offers related to the Christmas holidays at home (2) and the 
celebration of the anniversary of the company´s operation on the Slovak market. Other editions of product 
flyers consisted of a relatively common universal offer.  
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CONCLUSIONS  
 

In the course of investigation, we found out that we had set a very ambitious goal. The selected 
categories represent a lot of data. A much larger number of categories can be examined and evaluated. If 
we had responded more quickly, we could have examined Jysk´s communication during the pandemic. 
Our main findings are, as follows: The company Jysk has complied a design manual to set up a product 
leaflet. The basic layout of the pages of the circular corresponds to the layout of the newspaper grid. On 
average, the leaflet in 2019 included 20 pages.  
In its circulars, Jysk uses several types of product photographs. It works with pricing tactics in an intensive 
way. Every new flyer contains a different mix of products that are currently discounted. 
Out of the 53 front pages of Jysk´s product circulars, the lead photographs depicted furniture 41 times. 
The most commonly shown was furniture of gardens, bedrooms and dining rooms. The smallest size of 
pages had a product flyer just after the Christmas holiday, atter the winter and summer seasonal sales. 
The most extensive product leaflets, containing 32 pages, included special offers also connected with the 
Christmas holiday at home and the celebration of the anniversary of the company´s operation on the 
Slovak market. The seasonality was manifested mainly in the inclusion of garden furniture in the 
company’s offer, in the period from March to August 2019.  
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THE EUROPEAN FURNITURE INDUSTRY: MARKET, DESIGN AND TRENDS 

 
Oblak, L., Ayrilmis, N., Kitek Kuzman, M. 

 

 
Abstract: The European furniture sector is the second biggest market and production center after Asia. It has 
upgraded its policy to export-oriented structure and has focused on innovative use of materials, quality, and design in 
last decade. These changes include restructuring, technological advances, and business model innovations.. 
Although Asian furniture market is the leader of the global furniture industry, the European furniture industry is the 
pioneer of the new designs, environmental approach, use of sustainable natural material, high value-added furniture 
production and high-technology.  Europe furniture industry produce about the quarter of global furniture production. 
The competitive strategies of the European furniture companies are innovation, environmental approach, reduced 
lead times, export into emerging markets, and communication strategy. In this study, EU furniture market outlook, the 
most common problems of the European furniture industry, design studies, and recent trends were reviewed. 
Keywords: furniture, market, design, trends, wood 
 
 

1. INTRODUCTION 
 

The total value of global furniture trade in 2018 was around US$149 billion, 4% up on the previous 
year and building on a 6% increase in 2017. CSIL expect the world furniture trade to continue to grow by 
4% in 2019. The Centre for Industrial Studies (CSIL) reported that Asian countries became more dominant 
in the global furniture market, followed by the European market on the world. The European furniture 
market has 44% of global furniture import and 41% of global furniture export. According to the CSIL report, 
the EU furniture industry employs about one million workers (most of them are skilled workers), in 121.500 
production companies, mostly consist of small and micro level companies. Similarly, the global furniture 
sector comprised of low and middle level income countries, which meet 55% of the global furniture 
production. In a recent market report of the CSIL, global furniture consumption was increased by 3.2% in 
2019. In particular, the fastest growing in the global furniture production has been observed in Asia and 
Pacific counties. The biggest global furniture producer is China, and it has 39% of total furniture 
production. The major furniture exporting and importing countries are shown in Figure 1. Between 2009 
and 2018 years, the amount of the furniture production in Asia and Pacific increased more than twice while 
the changes in other regions were comparatively minor.  

 
 
 

 
A.                                                                        B. 

Figure 1. A: Major furniture exporting countries. B: Major furniture importing countries (CSIL 2019). 
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The production cost is one of the most important considerations in the furniture production in the 
Western Europe. The cost-pressure on the furniture production in Western Europe is one of the reasons of 
some MDF plants that moved to Eastern Europe to take advantages of lower labour cost, expertise, and 
infrastructure in furniture production in Eastern Europe. The relatively low labour cost in Eastern Europe 
enhanced with the advanced manufacturing technology ensures a great competitive situation for suppliers 
of value-added wood products to the European furniture industry. 

 
 

1.1. Problems 
 

The most common problems faced by European furniture industries are as follows:  
- Market globalization negatively affects the European furniture sector. Especially, Asian countries such as 

Vietnam, China are competitive markets due to very low labor cost- low raw material prices 
- Furniture industry mainly comprised of medium and small scale factories, and they are managed by their 

owners. The corporate management system should be encouraged. The factories should employ forest 
industry engineers. The companies should update their management system based on the governance 
and reporting models  

- Many furniture sub-sectors are adversely affected by investment stagnation 
- Diffuculties for loans and credits for financial support of required investments 
- Unsatisfactory marketing strategy and unsufficient commercial structure to deal with global market 
- Disruption of retail distribution system which negatively affect the value chain efficiency. This results in 

higher product prices for customers 
- The goverments should protect intellectual property rights  
- Increasing raw material prices such as wood, leather, plastics, etc. 
 
 

1.2. Strategies 
 

Major competitive strategies of European Union for furniture production; 
- Innovation: Innovative furnitre design, 3D-modeling apparatus, efficiently using of internet and e-

business market to obtain new market segments, environmentally friend materials used in furniture 
production suh as recycled materials, sustainable materials 

- Environmental (green) approach for competitive advantage: Life Cycle Assessment (LCA) for 
furniture products; Ecolabel as differentiator 

- Reduced lead times: Information and communication technology, e-business tools, such as Supply 
Chain Management systems 

- Entering into emerging markets and developing countries: especially in South America, Russia, 
Brazil, China and India, where the number of luxury buyers is increasing) 

- Communication strategy beyond advertising: the sponsorship of activities, conferences and 
campaigns, undertaken by local professional bodies. Trade fairs, web-site advertising, magazines, 
newsletters and TV programme. 

The essential values guiding to the European Furniture Group (EFG) for their Works (EFG 2013); 
Flexibility – Each customer is unique and interior design is based on the individiual requirements of 

customers 
Inspiring – The furniture companies are inspired by new innovations and innovative use of materials. 

They follow the latest market trends for interior solutions. 
Sustainability – Use of environmentally friendly matertialsi sustainable materials, recycled materials 

and responsibility in socio-cultural, and economic issues.  
Curious – The furniture companies continuously looking for solutions to their customers in wonder 
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1.3. Key factors 
 
Nowadays, interior design is considered by furniture companies to maintain healthy office 

maintaining a healthy office environment. Four important key factors affecting interior design are given 
below (EFG 2013); 
Efficiency of space. The room space enables more people without crowding the room and 
Productivity. Many activies can be carried out in the office, with less effort by adapting the interior design 
to fit specific tasks and activities. 
Motivation. An office with a modern way of working is attractive to both current and future employees. 
Image. The interior design of a workplace tells the story of the company and its brand and is a direct 
reflection of the company culture. 

 
European furnitre companies compete with many emerging countries having significant advantages 

such as lower labour costs, known and accessible technologies, and import facilitating factors. European 
companies have revised their  business model into a new one based on the added value created for the 
consumer. Customer behaviors such as preferences and life style has been shifted to the busines model 
of furniture producers Tradition business model versus to business model based on value generation is 
given in Table 1. 

 
 
Table 1. Tradition business model versus to business model based on value generation (UEA 2013) 

 

 
 
 
 

1.4. Recent furniture design trends in Europe 
 

The demand for the organic shaped furnitures in European countries has increased in last decade. 
The organic shapes, slim and thin furniture designs, innovative use of materials, can be observed in many 
home and office furniture. In particular, the sector is restructuring and moving towards more efficient, 
sustainable, and innovative production. Recently, environmentally friendly bio-based materials and the 
innovative design are combined, which has been attractive to the customers. Many people changed their 
work life due to coronavirus pandemic. Home-office trend has rapidly increased in Europe and this 
significantly affects the furniture desing.  

The number of senior citizens is rapidly increasing, which consequently signifies an increase in the 
number of people having difficulties to process information. Elderly persons experience a greater degree 
of risk whilst performing daily tasks in their living ambients. Manufacturers should design furniture systems 
that would allow for implementation adapted for special needs and should inform buyers more about the 
significance of an adequately furnished ambients, heeding the needs of advanced age. In spite of the 
initial high costs for technology, in the long run investment will reduce public expenditures for the social 
and medical care of elderly.  
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Anotherrecent trend in European countries is the change in the design of kitchen furniture. Families 
have spent more time in the kitchen and this affects the customer behavior. Kitchen has become one of 
the most important rooms for social life at home. 

Thanks to increasing digitalisation, more and more smart devices are available for both domestic 
settings and offices; intelligent speakers and a table, sofa and wardrobe with smart functions, 
etc. Developing concepts of smart high-tech furniture for the home that is operated via apps or voice 
control is relatively new and gives us commplitly new opportunities for designing innovative ambients.  

 
 

2. CONCLUSIONS 
 

The furniture industry in EU is a labour-intensive and very dynamic sector dominated by small and 
medium-sized enterprises and especially by micro firms. EU furniture manufacturers have a very good 
reputation worldwide thanks to their capacity for new designs and responsiveness to new demands. The 
furniture industry is able to combine new technologies and innovation with cultural heritage and style, and 
provides jobs for highly skilled workers, which is very important nowadays. 

European furniture industry is the heart of the design and innovative materials used in the production 
of the furniture on the World. Especially, Italy is the frontier of the innovative design in Europe. Although 
European furniture industry has major competitive strategies such as innovation, environmental approach, 
reduced lead times, the industry is still faced some common problems such as market globalization and 
Unsatisfactory marketing strategy. When the tradition business model is changed to business model 
based on value generation, the European furniture industry will develope in near future. 
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THE COMPETITIVENESS OF THE WOOD-BASED SECTOR  
IN POLAND IN THE ECONOMIC CRISIS CONDITIONS 

 
Wanat, L., Sarniak, L., Mikołajczak, E. 

 
Abstract: The study attempts to identify the main factors of competitiveness of the Polish wood-based sector, based 
on the example of wood industry companies (primary wood processing) and companies providing forestry services 
(in terms of obtaining wood raw material and its logistics). Competitiveness factors and their impact on the industry 
were examined in the conditions of the economic crisis resulting from the global pandemic. The study was conducted 
in the first quarter of 2020, using individual in-depth interviews (IDI), of an expert nature. They were made on a 
purposely selected group of enterprises selected proportionally for locations corresponding to the structure of the 
Regional Directorates of State Forests in Poland. As a consequence, it was noticed that the structure of factors 
shaping the potential and competitive position is changing, the role of resource criteria is weakening, the importance 
of qualitative criteria is growing, including in particular coopetition, building relationships and industry cooperation 
networks. 
Keywords: forestry, wood-based industry, competitiveness factors, pandemic economic crisis, Poland 

 
 

1. INTRODUCTION 
 

In 2020, we have found ourselves in an emergency, our current world has stopped. Paradoxically, we 
have just rediscovered in quarantine that forests perform in the culture and economy of many countries 
the necessary functions that are integrally connected with each other. There are at least three of them: 
natural (also called conservational or ecological), social (including cultural) and productive (economic). It is 
only from this observation that the real situation of each economic activity in forestry is real, especially in 
conditions of permanent threat of a pandemic. The forester and entrepreneur in the wood industry cannot 
ignore the symbiosis of economic, ecological, industrial conditions, as well as increasingly significant 
social and behavioral conditions. Hans Carl von Carlowitz [10] believed that rational economic activity in 
forestry should be based on obtaining only the amount of industrial wood that can be restored through 
adequate forest renewal. In this way, the idea of "Sustained Yield Forestry" paved the way for a career in 
sustainable development theory [1]. Or maybe you need something more than just mathematical and even 
mythical "balance" in economics? Is there a compromise that would allow the coexistence of many 
different market participants, taking into account the specific, individual development ability, the starting 
point of which was the "resource" competitive potential? In the first half of 2020, the Polish forest and 
wood sector found itself in a completely new perspective. They asked how companies from traditional 
forestry to advanced wood processing should behave in the face of the threat of complete freezing and 
then a widespread crisis [9]. How will the sector market change if it is exposed to irregular and 
asymmetrical factors? What will be the "new" wood market, and therefore what "new" competitiveness? 

The starting point for the designed research is the current state of forestry and wood-based sector in 
Poland. In Poland, over 45 million cubic meters of wood are obtained annually. Only the wood sector 
employs almost 350 thousand people, and therefore roughly 3% of the total employed in the economy. 
The wood-based industry produces over 2.5 percent Poland's GDP, and also 11% of value added in 
manufacturing [3]. It is worth emphasizing that the majority of timber harvesting companies (forest 
services), followed by elemental wood processing companies (sawmills) and furniture manufacturers 
belong to the group of micro, small and medium enterprises. Finally, the Polish wood industry is almost 
entirely based on domestic wood resources harvested from Polish forests. In addition, the Polish forestry 
and wood sector is characterized by atypical market organization [8]. It is an institutional structure based 
on the natural monopoly of the State Forests (the dominant state property of wood resources). Thus, the 
domestic wood market cannot be programmed "classically" by the dominance of market competitiveness 
[2, 5]. Here, the space for "new" competitiveness and development factors opens up [7]. These factors 
should be sought by science and practice, especially in the face of the threat of a prolonged economic 
crisis. 
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2. PURPOSE OF THE RESEARCH, MATERIAL AND METHODS 
 

In the study of key competitiveness factors in the qualitative dimension, referring to aspects including 
the potential, position and competitive strategy of enterprises, the need to reduce uncertainty was also 
taken into account. At the same time, risk reduction allows you to identify those competitiveness factors 
that can determine not only the development of the sector in question, but even its existence. Forest- and 
wood-based sector in Poland found itself in a situation of necessity to choose adequate anti-crisis 
strategies. No one underestimates the serious long-term threat of a global pandemic. 

 
 

2.1. Purpose and scope of research 
 
The aim of the study was to identify the most important factors shaping the competitiveness of 

selected entities of the Polish sector based on wood, on the example of elemental wood processing 
companies (commonly known as sawmills) and forest services companies (directly responsible for 
obtaining wood raw material and its logistics) [11]. Therefore, an attempt was made to determine 
competitiveness factors and indicate their impact on the industry in the conditions of the economic crisis 
(scope of research). The degree of similarity of the previously selected factors for both subsectors was 
verified: elemental wood processing and forest services. In addition, attempts were made to indicate the 
answer to the question of how the factors identified affect the competitiveness of the entities surveyed, 
depending on their size. 

The research was conducted in the first quarter of 2020 (time range), using the method of individual 
in-depth interviews (IDI), having an expert character [12], on a purposely selected group of wood industry 
enterprises and companies providing forest services (subject scope), selected proportionally for locations 
corresponding to the structure of 17 Regional Directorates State Forests in Poland (spatial scope) [15]. 

 
 

2.2. Research scenario 
 
The designed research scenario was divided into four stages, referring to the hierarchical analysis 

model. In the first stage, already at the time referring to expert analysis, among many factors of the 
industry's competitiveness, a targeted selection of eight key factors was made, to which experts from the 
wood-based sector gave the highest weight. The scheme of the next steps of the research process is 
illustrated in Figure 1. 

In the selection of factors, the (subjective scope) of the wood industry enterprises and forest services 
companies were taken into account. The following factors were distinguished: (1) location of the 
enterprise; (2) company size; (3) production profile; (4) history of cooperation in the forest-wood value 
chain (supplier of raw material - forest services - wood processing); (5) flexibility of production profile and 
ability to change; (6) investment potential; (7) financial result and (8) diversifying the sales market. The set 
of eight factors was further considered consistently in the course of comparative analysis. 

Then, a deliberate selection was made of a group of business entities, with representatives of whom 
were subsequently conducted in-depth interviews. Therefore, the subjective scope of the study covered 
101 enterprises, including 52 wood industry enterprises and 49 companies providing forestry services. The 
examined entities were diversified in terms of size: 21 micro enterprises (up to 9 employees);47 small 
enterprises (from 10 to 49 employees); 21 medium-sized enterprises (from 50 to 249 employees) and 12 
large enterprises (over 250 employees). The location of enterprises was varied, almost full proportional 
share was obtained for each of the 17 Regional Directorates of State Forests in Poland, in which two 
enterprises of the wood and forest services subsector had their headquarters (the participation of 6 entities 
/ thus 3 for the subsector / from each region). The only exception was the regional management in Łódź, 
where one of the invited entities refused to participate in the study due to epidemic conditions. The other 
assumptions of the research scenario were met, and therefore the study was carried out. 
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Figure 1. Visualization of the author's research scenario 
Source: Own elaboration 

 
 

3. COMPLETION OF RESEARCH AND RESULTS  
 

The designed study was carried out based on the diagnostic survey method. Individual in-depth 
interviews (IDI) were conducted with professional representatives of the surveyed enterprises. Experts 
pointed out the relationships between individual pairs of factors whose impact on the competitiveness of 
enterprises was identified earlier (level I). The relationships between the examined factors were 
determined using the Saaty method [4, 6]. The answers were ordered and then a ranking of factors was 
prepared for each of the subsectors surveyed [14]. Then, the results were aggregated including all 
surveyed entities (level IV). Table 1 shows the "ranking of competitiveness factors significance of wood 
industry companies" (WIC ranking). 

 
 

Table 1. Ranking of significance of selected competitiveness factors of wood industry area 

Competitiveness factors 
Wood industry companies (WIC) 

Micro Small Medium Large All 

Company / business location 6 8 8 8 8 

Company size 8 7 6 7 7 

Production / business profile 7 6 7 6 6 

History of cooperation in the value chain 3 1 1 1 1 

Production / business profile flexibility and 
ability to change 

4 5 2 3 5 

Investment potential 1 2 3 2 2 

Financial result 5 4 4 4 3-4 

Diversification of the sales market 2 3 5 5 3-4 

Source: Own elaboration 

 

Expert in-depth interview (IDI) / identification 
and selection of the main competitive factors  

[wood industry and forest services] 

Level   I 
(rozdział 4.2.2) 

HIERARCHY OF RESEARCH LEVELS 

Selection of enterprises / companies  
for research 

[size, location, business profile] 

Survey / individual in-depth interview 

Analysis of results  
[verification of the significance of factors] 

Level   II 

Level   III 
 (rozdział 4.3.1) 

Level   IV 
 (rozdział 4.3.2) 
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In the same way a ranking of factors for forest services enterprises was built. In turn, in table 2 you 
can find "ranking of significance of selected competitiveness factors of forest services companies" (FSC 
ranking). 

The study was conducted taking into account the specifics and separateness of subsectors: wood 
industry enterprises and forestry services companies. Micro, small, medium and large enterprises were 
identified in each of the above groups. Based on the obtained expert responses (as part of individual in-
depth interviews), a ranking of the significance of factors affecting the competitiveness of the surveyed 
enterprises was constructed. Numeric values were assigned to individual factors, from 1 to 8, respectively, 
depending on the level of significance. The lower the value of the indicator, the greater its impact on the 
competitiveness of the surveyed enterprise. On the other hand, high values of the indicator inform about 
the opposite situation, i.e. about the correspondingly smaller significance of the examined factors. 

 
Table 2. Ranking of significance of selected competitiveness factors of forest services area 

Competitiveness factors 
Forest services companies (FSC) 

Micro Small Medium Large All 

Company / business location 7 8 7 7 8 

Company size 8 7 8 8 7 

Production / business profile 5 5 6 5 5 

History of cooperation in the value chain 1 1 1 1 1 

Production / business profile flexibility and 
ability to change 

3 3 2 3 4 

Investment potential 4 2 3 2 3 

Financial result 2 4 4 4 2 

Diversification of the sales market 6 6 5 6 6 

Source: Own elaboration 
 
 
The aggregated results were logically verified, mathematically ranked and discussed using 

comparative and descriptive analysis tools. 
 
 

4. CONCLUSIONS  
 

The collected opinions of experts - real market actors, coded within hierarchical scales, allow the 
following conclusions to be drawn: 
1) The leading factor that can determine the competitiveness of the wood industry enterprises (WIC) and 
forest service companies (FSC), turns out to be the history of cooperation in the forest-wood value chain 
(supply of wood raw material - forest services - woodworking). the location of the enterprise and its size 
are the least important factors. 
2) Diversification of the sales market is much more important for wood industry enterprises than for forest 
service companies whose recipient market is relatively stabilized, limited by barriers to entry into the 
industry. 
3) An important, very interesting observation confirms that the size of the enterprise does not have a 
strong impact on the significance of factors, and therefore also does not prejudge the competitive position 
of enterprises in crisis conditions. 

Is a new industry competitiveness model being shaped under crisis conditions? It cannot be ruled out 
that it may be based on: the ability to plan development in the territorial dimension, on integration and 
building cooperation in the process of supplying raw materials, services and products [13], and as a 
consequence on the pursuit of economic efficiency not only and not so much through resources, but 
through building long-term, multidirectional relationships. 
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DIRECTIONS OF DEVELOPMENT OF THE FURNITURE INDUSTRY  
IN POLAND BASED ON TREND ANALYSIS AND MARKET TRENDS 

 
Stasiak - Betlejewska, R., Grzegorzewska, E. 

 
 
Abstract: Furniture industry contributed to the success of Polish exports. Furniture industry is the second industry 
among industrial processing industries in terms of net export value that constitutes a significant part of the Polish 
economy. The furniture sector is also one of the largest employers in Poland. A key element in creating a 
development strategy for the furniture industry is the analysis of the market environment in relation to the analysis of 
the resources and capabilities of enterprises. The article analyses trends in consumer behaviour, global 
macroeconomic trends affecting the furniture market, as well as analyses the value of consumption on the global 
furniture market. The analysis results in recommendations for furniture industry companies.  
Keywords: furniture industry, development, export, import 

 
 

1. INTRODUCTION 
 

Furniture imports in 2017 amounted to EUR 206.5 billion. China is the world leader in terms of 
furniture exports, which in 2017 had a market share of 37%, in 2017 exporting furniture worth nearly EUR 
78.8 billion. The United States is a world leader with a market share of 28.8%. In 2017, they purchased 
furniture worth nearly EUR 59.5 billion. The value of global furniture demand in 2018 amounted to USD 
458 billion (EUR 402.6 billion *), which accounted for over 97% of global production and increased from 
USD 455 billion in 2015. The value of furniture produced in the EU was over 106.7 EUR billion in 2017 
[Polski Fundusz Rozwoju 2017] 

The largest furniture manufacturers in the EU are Italy and Germany, which together generated over 
43% of production. Almost 126.5 thousand are involved in the production of furniture. companies 
(according to Eurostat data for 2017). Most furniture manufacturers are located in Italy and Poland. The 
value of EU furniture exports was EUR 80.8 billion in 2017. The share of% of all EU countries in global 
exports was 38.0%. The value of furniture imported by EU countries was EUR 78.2 billion in 2017. The 
share of% of all EU countries in global imports amounted to 37.9%. The value of furniture demand in the 
EU was over EUR 101.3 billion in 2017. Germany, France, the UK Britain and Italy consume over 68% of 
furniture sold in the EU. 

Poland is a significant furniture manufacturer, in 2017 it produced furniture worth over EUR 10.1 
billion. Poland has a 9.5% share in furniture production in the EU, which made it possible to reach the 3rd 
position in terms of the value of furniture produced in the EU in 2017. In 2013-2017, furniture exports from 
Poland increased by over 43.5% from 7.9 EUR billion to EUR 11.4 billion. In the years 2013–2017, 
furniture imports from Poland increased by over 81.2% from EUR 1.6 billion to EUR 2.8 billion. Poland is 
18th among the largest furniture importers in the world with a share of 1.2%. The value of furniture 
demand in Poland amounted to EUR 1.6 billion in 2017. Poland consumes over 1.6% of furniture sold in 
the EU. The value of furniture produced in the world in 2018 amounted to USD 469 billion (EUR 412.24 
billion *) according to the Centre for Industrial Studies (CSIL) report. World furniture production is 
concentrated in the Asia-Pacific region, which accounts for over 54% of production [PKO B 2019] 

In the years 2003–2012 a dynamic increase in furniture production in the world was observed, when 
an average annual increase of 5.5% was recorded. The main driving force behind the increase in furniture 
production in the world over recent years has been the increase in furniture consumption in the USA. After 
2012, the production dynamics slowed down, the average annual growth in the years 2012 - 2018 
amounted to 2.2%. 

At the beginning of the 21st century, China emerged as the world leader in furniture production. 
During this period, their share in world production increased from 10% (2 producer in 2003) to 39% (1 
position in 2018). The strengthening of China's position is mainly due to relocation by Western companies 
from Taiwan, Hong Kong and Singapore of production to China, where qualified and cheap labour is 
available. In addition, the Chinese government has carried out a number of measures to stimulate the 
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export of furniture, such as: lowering customs duties and taxes on the import of raw materials for furniture 
production, and granting VAT rebates for furniture exports. 

Furniture production in EU countries is characterized by a high level of concentration - the 10 largest 
producer countries account for over 83.1% of EU production, and the two leaders - Germany and Italy 
jointly generate 42.8% of production. Poland is a significant furniture manufacturer. In 2017, it produced 
furniture worth over EUR 10.1 billion, which allowed it to reach the third position and market share of 9.5% 
[PKO BP 2019]. 

As of 2017, 126,507 furniture companies were registered in the EU. Over 109,000 are registered in 
the 10 largest producer countries. companies, 78.6% of furniture manufacturing companies in the EU. 
Poland is the largest employer in the EU in terms of the number of people employed in the furniture 
manufacturing industry - giving a job to 189.1 thousand employees. The 24.9% increase in furniture 
demand in 2013–2017 is mainly due to the increase in demand in Germany, Great Britain and Italy. 
Germany is the largest furniture consumer in the EU - with a share of around 26%. In the largest markets 
of Western Europe, where wealthy societies operate, the frequency of buying new furniture is much higher 
than in countries with less wealth (CEE countries). 

According to Eurostat data, in the years 2008–2017 the increase in household expenditure on 
furniture, equipment, rugs and other floor coverings in the EU amounted to 9.4%. 

China is the world leader in furniture exports, which in 2017 exported furniture worth almost EUR 
78.8 billion, reaching a market share of 37.1%. The top 10 industry exporters accounted for 73.7% of 
global exports in 2017. Poland's share in global exports increased in the years 2013 - 2017 from 4.6% to 
5.4%. 

In the years 2013 - 2017, global imports of the furniture industry recorded a 33.6% increase from 
EUR 154.6 billion to EUR 206.5 billion. The world leader in furniture import is the United States, which in 
2017 purchased furniture worth over EUR 59.5 billion, achieving a market share of 28.8%. The 10 largest 
importers in the industry accounted for 64.6% of global imports in 2017. Poland's share in global imports 
increased in the years 2013 - 2017 from 1.0% to 1.4%. 

 
 

2. POLISH FURNITURE INDUSTRY MARKET  
 

The value of furniture produced in Poland sold in 2016 amounted to PLN 42 billion. Poland is the 
fourth largest furniture exporter in the world, only China, Germany and Italy are ahead of us. It is important 
that companies with native capital are primarily responsible for the furniture industry in our country. 
According to Eurostat, the value of furniture industry production in Poland in 2017 amounted to EUR 10.1 
billion and has recorded a growth of 38.5% since 2013, which is mainly driven by production for export. 
The Polish furniture market has been steadily growing for many years, which allowed it to reach the sixth 
position in the world among the largest furniture manufacturers. 

 

  

Figure 2. Value of furniture industry 
production in Poland (EUR billion). 

Figure 3. Number of companies in the 
furniture industry in Poland 2013 - 2017. 

 
 

In 1937, there were 36 bent furniture factories in Poland, employing approximately 122 people on 
average. Generally, however, then craft enterprises, and therefore small-scale production, dominated. 
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After the war, in 1952, following a wave of tendencies to centralize all branches of the economy, an 
organization was created to bring together entities from the furniture industry - the Central Board of the 
Furniture Industry with headquarters in Poznań. During the establishment of CZPM, it was associated 43 
furniture companies. In 1960, its name was changed to the Furniture Industry Union, and in 1981 to the 
"MEBLE" Association. 

In the years 1991–1999 an economic transformation took place in the Polish furniture industry. 
Foreign investors have entered the market and have purchased a significant part of state-owned 
enterprises from the industry (German companies SCHIEDER, STEINHOFF and KLOSE, HARTMANN, 
PAJDI). We also invested with us from the US fund - SCHOONER CAPITAL CORP. However, it is 
important that some of the plants were taken over by Polish entrepreneurs - for example, FORTE bought 
the plants in Ostrów Mazowiecka and Suwałki at that time. In total, at the beginning of the 90s a number of 
Polish furniture companies were established: FORTE (1992), Nowy Styl (1992), Black Red White (1991), 
VOX (1990). We can observe signs that Poland is becoming a powerhouse of the furniture industry on a 
global scale for several years. If Poles made $ 147 million in furniture exports in 1989, it was as much as $ 
9 billion in 2011. In 2015, Poland was already the 4th largest furniture exporter in the world, second only to 
Italy, Germany and the Chinese. The main recipient of our furniture is Germany (about 36% of exports) 
[Stankiewicz 2016]. 

Furniture industry contributed to the success of Polish exports. Furniture manufacturers have 
achieved the second position among the branches of industry in terms of net exports, just after the 
producers of parts and accessories for motor vehicles. The favourable balance of furniture making in 
foreign trade consists of a high level of export combined with low import intensity. In terms of gross 
exports, i.e. the value of exports not reduced by the value of imports carried out by a given industry, Polish 
furniture ranks fifth among Polish industries. 

Exports of the furniture industry from Poland in 2013 - 2017 increased by 43.5% from EUR 7.9 billion 
to EUR 11.4 billion, and imports by 81.2% from EUR 1.6 billion to EUR 2.8 billion . The main export 
directions for Polish producers are EU countries. Germany has been the largest recipient for many years, 
to which nearly 34.1% of Polish furniture industry exports went to 2017. The next three recipients are the 
Czech Republic, Great Britain and France, which purchased a total of 20.0% of products exported by 
Poland. 

Sales of medium and large furniture manufacturers employing over 49 employees, give about 1.5 to 
2% of GDP annually. The furniture industry recorded a slowdown in the years 2009 - 2012, but from 2013 
a positive sales dynamics has been observed, which is a derivative of the improvement in the economic 
situation on foreign markets and the replacement of the Russian market with other export directions. 
According to Eurostat data, there were a total of over 16,000 registered in Poland at the end of 2015. 
furniture manufacturing companies, which was the second largest number in the entire European Union 
[PAP 2018]. 

The average work efficiency in the Polish furniture industry without taking into account labour costs is 
lower than the EU average, but after taking into account labour costs places Polish furniture in third place 
behind Bulgaria and Great Britain. Maintaining a high position and increase productivity Polish furniture 
companies with rising wage costs and shrinking resources of human capital will require the implementation 
of new business models and increased investment. 

The drivers of the furniture industry development [Polski Fundusz Rozwoju 2017]: 
1. Automation and robotization of production. This development model is a response to the globalization 

of distribution and limited resources of human capital. It assumes gaining competitive advantages due 
to the effect of scale, but requires investment in modern solutions for automatic inter-operational 
transport, implementation of lean production solutions, the use of autonomous and collaborative 
robots, and IT coupling of all stages of production. 

2. Consolidation, mergers and acquisitions. Fragmentation of the furniture industry weakens the 
negotiating position both in relation to suppliers and recipients of furniture who form strong 
organizations. Vertical consolidation on both sides of the production process will result in process 
optimization, which with shrinking margins is an opportunity to remain competitive. The activity on the 
market of mergers and acquisitions of foreign entities - producers and distributors - is beneficial for 
enterprises due to the expansion of the customer base and strengthening of own brands. Similarly, 
integration into materials and production accessories can be beneficial. 
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3. Material, functional and design innovations. Achieving higher profitability requires intensive producers 
to stand out in a highly competitive global market. This can be achieved through material innovations 
(e.g. in the field of lighter plate materials, cheaper decorative materials, etc.), development of 
functional innovations (e.g. relaxers, integration with the Internet and digital systems, etc.) or through 
the development of design innovations. In this development model, it is necessary to increase 
expenditure on R&D and cooperation with interdisciplinary project teams. 

4. Services for individual customers. Services such as personalization (dimensions, functional layout, 
colour selection) and delivery directly to home using e-commerce is more valuable to customers than 
buying a product from a store shelf. Taking into account the additional costs associated with traditional 
trade, the field for generating higher margins is opening up. In this case, new competences should be 
implemented in companies related to the operation of e-commerce platforms, selection of offers for 
online sales and related optimization of logistics processes, as well as IT integration of supply, 
production and trade. 

 
 

3. TRENDS IN THE CONSUMPTION OF THE MAIN FURNITURE SEGMENTS  
    IN THE WORLD 
 

The value of consumption on the global furniture market in 2017 amounted to more than 370 billion 
dollars. It is expected that in the next 5 years its value will increase by 12%. Furniture used at home 
constitutes as much as 96% of the entire furniture market, garden furniture is only 4%. 32% of all 
consumer spending on furniture is spent on bedroom furniture, 21% on seating furniture, 15% on kitchen 
furniture and 11% on living room furniture. Home furnishings stores are the most important furniture sales 
channel. However, the most dynamically developing channel is the Internet. Home furnishings stores have 
a 57% share in the value of all furniture sold in the world. The next channel in terms of the value of 
furniture sales are DIY and DIY stores, having almost 10%, this channel has recorded negative growth 
dynamics over the past 5 years. Internet sales had an 8% share in the total value of furniture sales in 
2017. For over 10 years, this channel has been growing dynamically, in the period from 2006 to 2017 the 
value of furniture sales on the Internet increased by over 300% [PARP 2019]. 

Western Europe is still the largest furniture market in the world, but over the past 10 years its value 
has dropped by 15% from 139 to almost USD 120 billion. The largest decreases in furniture consumption 
were recorded in 2009, 2012 and 2015. The year 2017 brought a slight 1.5% increase, whose dynamics, 
according to forecasts, will continue until 2022. North America is the second market in furniture 
consumption in the world, recording from 2009 a continuous annual increase on level 1%. Forecasts 
indicate that its dynamics will increase to almost 2% annually in the coming years. 

Home furnishings stores have almost 70% share in furniture sales in Western Europe. The exception 
is the British market, in which the share of this channel is only 42%. This is due to the highest share of 
online sales in Western Europe (14%) and the share of non-food specialized stores (20%). The fastest 
growing sales channel in Western Europe is the internet (+ 300% compared to 2006, whose average 
share in this region in 2017 is 7%). 

Home furnishings stores have a 63% share in furniture sales in Eastern Europe, of which the largest 
in Poland is 85%. The exception is the Ukrainian market, in which the share of this channel is only 43%. 
This is due to the highest share in DIY store furniture sales in Eastern Europe reaching as much as 32%. 
The share in online furniture sales is the highest in Russia, in 2017 it was 9%. 

Over the years, Germany has been the undisputed leader and key partner for Polish furniture 
manufacturers, despite the fact that their share in the total value of Polish furniture exports decreased in 
2017 to 35.5%.  

The countries to which the export of Polish furniture is significant and to which it has grown 
dynamically over the past 10 years are: the Czech Republic, the Netherlands and the USA. China is the 
most dynamically developing export market for Polish furniture. The value of exports in 2017 compared to 
2006 increased practically from 4 to 140 million euros. Other dynamically growing markets with a 
significant export value include Romania, Finland, Portugal, the Czech Republic, Hungary and the 
Netherlands [Rogala, 2020]. 
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4. CONCLUSION 
 

Consumers in the coming years will increasingly look for personalized furniture suited to small 
apartment areas. They will also require producers to have an ethical and transparent product development 
and delivery process, as well as social and environmental responsibility. 

One of the additional factors of the dynamic growth of Polish furniture exports in the years after the 
crisis in 2008 is probably the fact that many consumers in developed countries, including Germany, began 
to look for products of good quality and at the same time more economical. A threat to the Polish furniture 
industry, which perfectly responded to the above needs, is that with the reversal of the downward trend in 
furniture consumption in 2017, more and more consumers are starting to look for brand products, higher 
quality and in more expensive price segments than those offered by Polish manufacturers. 

The Polish furniture industry in the area of export faces two key challenges: maintaining the current 
level and dynamics of furniture sales to Western European countries based on orders of purchase groups 
and the development of furniture sales according to own design and under the own brands of the 
manufacturer, which requires more control in the area distribution of products to the end customer and a 
much greater involvement in marketing activities on foreign markets. 

It is also important to place greater emphasis on the development of own design and innovation in 
the area of multifunctional solutions offered subsequently in furniture under its own logo. Combining these 
activities with the strategy of extending the product offer upwards, by creating product lines in the higher 
price segment. It is also important to develop omnichannel strategies that maximize the potential of the 
internet (e-commerce, social media, etc.) in reaching the final consumer in selected markets. Including the 
"click and collect" option, minimizing the need for own sales points. 
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SUSTAINABLE CONSUMPTION PATTERNS – THE CASE FROM SLOVAKIA 
 

Triznová, M., Maťová, H., Kaputa, V., Drličková, E., Dovčíková, A. 

 
 
Abstract: The main objective of the paper was to reveal consumption patterns among Slovak inhabitants and identify 
the factors that influence those patterns.  The survey examined the following dimensions of consumers’ behavior: 
Environmental concern, Perceived consumer effectiveness, Environmental activism, Green purchase intentions and 
Green buying behavior. The non-probability sampling method was used – a snowball sampling technique. Data from 
the buyers of consumer goods were collected from January to February 2018. The final sample consisted of 1061 
completed questionnaires from the Slovak consumers aged over 18. Finally, we draw the conclusions for 
more sustainable consumption models. 
Keywords: consumption patterns, green buying behaviour, consumer 

 
 

1. INTRODUCTION 
 

Over the past years we are witnessing significant changes in economy and environment. The rising 
production possibilities of the companies and over consumption of consumers, have strong impact on 
environment as:  global warming, air pollution and environmental damage (Chen and Chai, 2010). That’s 
why the economic growth, which is based on green path development, is needed (Lis and Wanat, 2014). 
Nevertheless, putting the grow at the centre of human economic activity posed the business in a role of 
“bad guy” responsible for the degradation of (not only human) environment (Kaputa et al., 2020). Recent 
shift of economic concept is represented by the effort to move from linear to circular economy. Each 
consumer has a different level of knowledge, preferences and needs. However, some common 
characteristics can be identified as consumer consumption patterns. This identification might help 
companies to understand green consumer better, and adjust product offer more effectively, with greater 
impact on profitability as well as on environmental performance. 

 
 

2. CONCEPTUAL BACKGROUND 
 

2.1. Environmental attitude, concern and knowledge 

 

We can find different terms in academic papers, when talking about the pro-environmental behaviour. 
Some authors use term “environmentally responsible behaviour” or “ecologically conscious consumer 
behaviour”. Stern (2000, p. 408) defines pro-environmental behaviour as “behaviour that has positive 
impact on the availability of materials or energy”. Gupta (2017) who made narrative review on more than a 
hundred academic papers, prefers term “responsible consumption behaviour”. He identified seven 
interdisciplinary determinants, which were used in numerous studies. In this study we aimed on the last 
one:  Environmental determinants: knowledge and concern might be positively related to environmental 
citizenship behaviour, environmental activism and green purchase intentions as was proved in the 
previous studies (Alibeli, 2011; Lee, 2017; Gupta, 2017).  

As mentioned above, consumer behaviour can be affected by different factors and determinants. The 
consumer individual values, opinions and believes about environment are defined as “environmental 
attitude” (Alibeli and Johnson, 2009). Environmental believes and values enlarged by information received 
through media, school or personal experience are known as “environmental knowledge”. It is what people 
know about environment (Mostafa, 2007) environmental problems and their solutions (Apaydin, 2017). If 
the consumer decides to actively and consciously think and process his environmental values believes 
and knowledge, we talk about the “environmental concern”. It is people attentiveness about environmental 
problems and their active attitude to solve them (Alibeli and Johnson, 2009). 

There are also studies that do not confirm statement that ecological concern, attitude and knowledge 
lead into environmentally active behaviour. “Previous studies showed mixed results” (Lee, 2017, p.4). This 
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is explained by two factors. Frist one is social dilemma (Picket-Baker and Ozaki, 2008) were a member of 
the group has to choose between group benefits and self-interest. Second factor is perceived consumer’s 
efficacy/effectiveness (PCE). It is one’s perception, that his effort will make a difference in solution of given 
problem (Ellen, 1991) and believe, that “ones’ effort in the marketplace can influence the marketplace 
behaviour of others consumers and organizations” (Leary, 2014, p.1954). 
 
 

2.2. Green behaviour 

 
Ecological attitude, knowledge, and concern can be reflected in consumer’s behaviour: consumer’s 

non-economical and economical everyday actions. Apaydin (2017) characterized this behaviour as “green 
behaviour” and divided it into the three dimensions: i) green activism, ii) green habits, and iii) green 
purchase behaviour. 

Non economical consumer’s actions might be present in two areas – green activism and green 
habits. Green activism is characterized by scholars as being involved in political and social area – “actively 
involved in environmental organizations” (Stern, 2000). Green habits “are opposed to green buying 
behaviour” (Apaydin, 20017, p.97) and describe it as a behaviour, when one intentionally reduces the 
impact of his/her own actions on environment (Kollmuss and Agyeman, 2002). 

 Economical consumers’ actions responsible towards environment is demonstrated by green buying 
behaviour. Purchase intention is a part of this process defined as the antecedents that stimulate 
motivation to buy a product (Hawking, 2012). Consumer green purchase intention can be significant factor 
and predictor of green buying behaviour (Chan, 2001; Albakyrak, 2013). If the consumers are intentionally 
buying product or services, that are environmentally beneficial, we can talk about green buying behaviour 
(Kollmus and Agyeman, 2002).  

Consumers consumption and buying patterns are changing. Some empirical studies have shown that 
consumers tend to choose green product more often (Sony and Ferguson, 2017). But other studies have 
indicated that there are differences between consumer’s attitudes, and real time green buying behaviour. 
There are different levels of environmental consciousness among consumer segments which can be 
manifest like: True Greens, Potential Greens, and Browns (Josi and Rahman, 2015; Apaydin, 2017). 
Consumer’s buying patterns can be affected by consumer value dimensions and green brands purchase 
costs (Papista, 2017). Other studies showed that consumers differ in perceived consumer effectiveness 
and environmental actions (Prokeinova, 2015). 
 This led us to search for the current patterns of green consumer behaviour in Slovakia. The results could 
enrich the theoretical knowledge about green consumer segments and help marketing practitioners to aim 
more precisely on segments.   

 
 

3. MATERIALS AND METHODS 
 
Data from the buyers of consumer goods were collected from January to February 2018. We 

collected and analysed 1061 questionnaires from Slovak consumers aged over 18. An electronic form of 
the questionnaire was distributed to respondents via e-mails and social networks in Slovakia. The non-
probability sampling method was used – a snowball sampling technique. The survey examined the 
following dimensions of consumers’ behaviour: Environmental concern (EC), Perceived consumer 
effectiveness (PCE), Environmental activism (EA), Green purchase intentions (GPI) and Green buying 
behaviour (GBB). The questionnaire consisted of 20 questions: six for EC, four for PCE, two for EA, three 
for GPI and 5 for GBB. These questions were measured on a scale: from 1 (definitely yes), 2 (yes), 3 
(neither yes nor no/indifferent), 4 (no) and 5 (definitely no). To evaluate the results, we used modes. 

 
 

3. RESULTS AND DISCUSION 
 
Table 1 represents the results for dimensions from the questionnaire. The worst results are for 

dimension Environmental activism (two questions – modes are “absolutely not”). Most of the respondents 
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are not very active in this area and they also claim it openly. We can say they are not proactive e.g. they 
strongly denied the participation on eco-activities or in eco-organizations (Q11 - “I know about 
environmental issues and problems, but I do not actively involve (active participation e.g. in eco-events)”). 
According to Benda-Prokeinova (2015) Slovak consumers do not boycott unsustainable product 
frequently, the “boycott” we consider as proactive action of environmental activism in Slovak conditions 
(culture, history etc.). 

 
Table 1. Results for dimensions 

Sample 
Environmental 
concern 

Perceived 
consumer 
effectiveness 

Environmental 
activism 

Green purchase 
intentions 

Green buying 
behaviour 

Mode 1 2 5 1 1 
 
The second worst dimension was Perceived consumer effectiveness (PCE) which Leary (2014, p. 

1954) describes as the belief that “ones’ effort in the marketplace can influence the marketplace behaviour 
of other consumers and organizations”. Most respondents claim that they perceived their effectiveness but 
not strongly. Only one strong agreement was captured in this dimension - Q 10 – “I can contribute to 
solving environmental problems, through my personal decisions about purchasing eco products”. Based 
on the above mentioned two dimensions, we can conclude that respondents act individually on the market 
rather than being a member of a “eco group”. Rypakova, Stefanikova and Moravcikova (2015) linked it to 
the Slovak history as stated that previous political regime (1948 – 1989 – socialistic regime) could affect 
present patterns of purchasing behaviour of the Slovak population (e.g. some Slovaks finally want to enjoy 
what they could not before), strong stimuli to behave sustainably is the economic reason.  

Environmental concern – on the one hand, most of the respondents think that environmental 
problems are greatly exaggerated by eco-organizations or proponents and on the other hand, they are 
worried about the live of future generations because of a possible environmental disaster (if we will be 
continuously ignoring environmental problems). Respondents also claim that responsible for solving such 
problems are states/governments and business entities. Most of them also mentioned that they have their 
personal problems and that’s why they do not care about such issues. 

We might conclude from these answers that the respondents have some ecological knowledge but 
they are not active (environmental activism). They are aware of possible threats coming from ecological 
problems, but they do not admit it sensitively enough comparing to attitudes of ecological movements’ 
groups and environmental NGOs. Respondents put the primary responsibility for the environmental 
problems solution to the state/governments and corporations. Possible reason of such an attitude could lie 
in the fact that they can solve such societal problems only as an official group led by someone and at the 
same time socially recognized (e.g. by state). This result corresponds to the result from the PCE 
dimension. Where respondents are seen more as those who can contribute to the solution but are not 
seen as those who design, implement and control the solution. 

As was mentioned above, GPI can be considered as a predictor of green buying behaviour (Chan, 
2001; Albakyrak, 2013). Respondents claimed positive intentions in two questions of this dimension. Only 
one question has neutral answer (Mode = 3). As for dimension Green buying behaviour with five 
questions, only two of them have neutral answers (Mode = 3): “I only buy environmentally friendly 
products” and “I am avoiding buying products from companies acting unethically (e.g. the ones which are 
acting environmentally inappropriate, the ones which abuse workers, or use children labour). 

 
 

4. CONCLUSION 
 

Consumption patterns of the Slovak population are affected by culture, recent trends and overall 
awareness. Respondents revealed fair intentions related to environment, but there is a gap between 
buying intentions and buying behaviour. 

They are aware of significant influence of their consumption on environment, but they are not 
convinced of the power to change it. They called the governments and business entities to be responsible 
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for this change. We can speculate, that the issue is to trust the institutions. To overcome the problem with 
the “gap” and with the “trust”, we advise to educate people about environmental problems as well as about 
sustainable solutions. This is not just a role of school system, but also task for companies to adopt 
environmental strategies and programmes. Companies should provide customers with innovative 
possibilities to participate on global change in consumption patterns through local (sometimes small) 
actions. Loučanová et al. (2017) stated that innovation activities of the company are basic premise of 
commercial success and sustainable development in the conditions of market economy. We see 
commercial success in mutual cooperation among official authorities, citizens (consumers) and business 
entities with the same main goal – sustainable development of the whole society. “It is possible to 
conclude that innovation activities in wood processing industry as a part of forestry-wood chain in Slovakia 
will move towards the innovations of processing technologies” (Loučanová et al., 2017, p. 9). Recently, it 
is necessary to shift innovating processes also to other areas of the company. Forest-based industry 
operates with an excellent sustainable raw material, easy recognized by consumers as environmentally 
friendly. So, it is wonderful opportunity be a leader in sustainable production as an advocate of 
environmental performance. 
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CONSUMER BUYING BEHAVIOR FOR WOOD HOME FURNITURE 
 

Pirc Barčić, A., Vergot, T., Moro, M., Motik, D. 
 
 
Abstract: Many consumers see their home and furniture as an extension of themselves. In addition, today, even if 
functionally not needed, furniture is a status symbol and is often considered a permanent investment. The decision to 
buy something is very often based on personal needs, desires, values and personal experiences. This paper will 
explore how customers make the decision to purchase wood furniture and wood products for interior use and which 
product features influence their choice. 
Keywords: furniture; wood products market; purchase decision 

 
 

1. INTRODUCTION 
 

The most important goals of marketing is to satisfy desires and needs of the target group of 
consumers (Kotler, 1999). In order to succeed, marketing experts must know consumers' desires, 
thoughts and attitudes and how to fulfill that needs. When buying everyday supplies such as, groceries 
and hygiene supplies, process of making a purchase decision is not lengthy considering it is a consumer 
good that usually does not have a high price, so consumers make a decision on the spot or while 
compiling a shopping list. On the other hand, furniture is durable, expensive and is not bought often, so it 
requires longer consideration of options before making a purchase. Therefore, furniture purchase planning 
is approached step by step and intentionally (Ponder, 2013). Consumers do not approach furniture 
purchase superficially considering they are building their living space with that furniture and also by cause 
of belief that furniture they equip their home with reflects the image of themselves. Further, the furniture 
purchase is connected with family and friends with whom the furniture will be shared, so this process also 
has an emotional impact on the consumer (Ponder, 2013). While choosing the furniture, consumers tend 
to focus their attention on different characteristics of the furniture at different levels; some will consider the 
quality of the product most important, while for the others the design and appearance of the product will be 
crucial. As consumers' tastes are different, different options need to be offered to them in order to 
encourage them to make a purchase. This is where marketing comes in order to direct consumers to 
make a purchase in a certain chain of stores or from a certain manufacturer. While some consumers will 
be loyal to one specific manufacturer, for others will the information and the ease of finding information be 
crucial for making a decision. In that case, manufacturer/retailer's website and employees working in the 
store will be crucial factor. Consumers, therefore, differ according to desires, interests, lifestyle and other 
characteristics. These characteristics influence consumer behavior while making a purchase decision. This 
paper will examine how consumers make a purchase decision, whether they are willing to sacrifice time 
and put more effort into saving money, and which characteristics they pay the most attention to while 
purchasing furniture. 

The aim of this paper is to examine the furniture and wood products for interior design market and 
find out how consumers make purchasing decision, or, in other words, what precedes the purchase and 
payment of the product. It will be examined which channels are used by consumers while researching 
information, are they used at all, or is the purchase decision made immediately after the need for the 
product is realized. Furthermore, the goal is to find out which product characteristics influence the final 
purchase decision.       
 
 

2. THEORETICAL BACKGROUND 
 

Understanding consumer behavior involves learning about how individuals, groups and 
organizations select, purchase, use and dispose of products, services, ideas and experiences to meet 
their wants and needs (Kotler, 1999). Marketing experts, in order to be successful in their field, must 
understand the desires and needs of consumers, which is not an easy task since consumers tend to make 
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reckless purchasing decisions (Oblak et al., 2017). Consumer behavior is influenced by cultural, social, 
personal and psychological factors (Kotler, 1999). Each of these factors has a major impact on the 
purchasing decision, so it is difficult to define and assess the exact consumer behavior that precedes the 
purchase itself. 

 
 

2.1. Consumer behavior 
 

Personal factors influencing consumer behavior include age and life cycle stage, occupation, 
economic opportunities, lifestyle, personality and self-image (Kotler, 1999). Changing some of these 
factors also affects the change in the way of thinking and making decisions (Rani, 2014). For this reason, 
it is important for marketing managers to recognize the group of people who consume their products and 
adapt new products and services to them (Kotler, 1999). Throughout its existence, a person will be 
influenced by a number of factors - family, friends, environment and society (Rani, 2014). Consequently, 
marketing needs to be adapted to the geographical area, the demographic characteristics of the 
inhabitants and their cultural factors. Social factors greatly influence consumer behavior, either directly or 
indirectly. The greatest influence on an individual is exerted by his family which shapes him in a social, 
psychological and political sense. Different types of groups affect the individual, each in a different way. 
The reference group is the one to which the individual belongs and which indirectly affects his behavior. 
An individual would like to belong to an aspiration group, and dissociative group does not respond to him 
because of behavior or attitudes (Kotler, 1999). Social status represents people at the same level of 
income and position in society (Solomun et al., 2013), and it, together with the position in the family and 
work, influences a person's behavior, in general, but also specifically in his consumer behavior. For 
instance, someone who is employed as a director will be expected to dress a certain way to meet social 
norms. That means that a person's position in the family, at work and in society represents his role in 
society and it dictates his attitudes and activities in line with the expectations of the surroundings (Rani, 
2014). Consumer behavior of each individual is influenced by psychological factors: motivation, 
perception, learning, beliefs and attitudes. Each individual has many needs at all times, and motivation 
subconsciously drives the consumer to satisfy the need when it becomes strong enough (Kotler, 1999). 
 
 

2.2. Making a purchase decision 
 

The buying process begins long before the purchase and payment of the product and lasts for a 
certain period after (Liker, 2016). The process of making a purchase decision begins with recognizing the 
need or problem of the consumer. The need can be driven by internal (actual need for furniture) or 
external incentives (after seeing advertising) (Kotler, 1999). Particularly, when buying furniture, it is about 
lack of furniture needed for everyday use, the dilapidation of existing furniture or the desire to refresh the 
living space by changing the interior design (Lihra and Graf, 2007). In addition, the need for new furniture 
arises with changes in consumer life such as change of marital status, the purchase of real estate, family 
expansion or retirement (Ponder, 2013). When it comes to other interior design elements, such as 
decorations, curtains, scents for the living space etc., it is about the desire to improve the living space, and 
not about the items necessary for everyday life. The beginning of the decision-making process also 
depends on gender, women discover the need for new furniture earlier and more often than men (Lihra 
and Graf, 2007, Oblak et al., 2017), but the responsibility for finding and purchasing furniture is more often 
taken by men, while couples with children in some cases leave the choice of furniture to the child (Ponder, 
2013). After realizing the need for furniture, the next stage of making the purchase decision is to search for 
information. In some cases, consumers research information about furniture even though they do not need 
it (Ponder, 2013). Since today’s consumers want to find out as much information as possible before 
making a purchase decision, sellers and manufacturers are forced to work on marketing continuously in 
order to meet customer requirements and make purchasing easier (Liker, 2016). Furniture sellers and 
manufacturers should offer channels for information researching tailored to consumers in order to attract 
them to decide to purchase their product (Lihra and Graf, 2007). Third phase of purchase decision making 
process, the evaluation of alternative options, involves examining and comparing products by their 
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characteristics such as price, quality, brand etc. (Alok, 2014). Each of the options found is now a set of 
different characteristics that meet consumers' needs in different ways. At this stage, the consumer reduces 
the number of different options to just one, so although he knows what characteristics he wants his 
furniture to have, he may have to sacrifice some of them to pay a lower price and similar, and it all 
depends on consumers priorities. While deciding on a product, advice can also come from the spouse, 
child or parents, especially when it comes to valuable and durable products (Ahamad and Chandra 
Sekhar, 2014). Research conducted by Kaputa et al. (2018) shows that consumers from Croatia choose 
furniture primarily according to its quality and price, followed by safety, environmental characteristics and 
manufacturer's guarantee, while the smallest role is played by the brand and country of origin of the 
product, while the survey conducted in 2020 (Oblak et al., 2020) shows that buyers from the same area 
will choose for solid wood furniture rather than wood panels or other materials.  

 
 

2.3. Smart purchasing 
 

While making a purchase decision, the consumer has at his disposal various channels through 
which he can research the offer of the desired products on the market, as well as information about them. 
Factors influencing the choice of channels for product information research are: the risk that the channel 
provides, the intention to search and compare prices, the effort required to search and evaluate and the 
delivery time of the product (Alok, 2014). Smart purchasing is a term that denotes the combination of 
these channels when making a purchase decision, and the ability to make a purchase decision in this way 
makes the consumer more satisfied, ensuring a strong tie between seller and consumer (Flavián et al., 
2019). If the consumer decides to research the information about the product on the seller's website, and 
eventually makes a purchase in the store, it is web rooming. In contrast, showrooming is used when the 
consumer physically browses the product in the store and makes a purchase online (Krstić, 2017). How 
the consumer will research the product before making a purchase decision depends on how much effort 
and time he is willing to invest in the process. As a result of saving of effort and time, consumers more 
often opt for webrooming (Flavián et al., 2019). In addition to the websites of sellers and manufacturers, 
customers also get information about products through social networks. This is especially accurate for 
younger customers who spend more time online (Voramontri and Klieb, 2018). On the other hand, 
consumers are more confident that they have made the right decision if they apply showrooming channel 
combination (Flavián et al., 2019). In addition, online shopping often offers benefits such as free shipping 
or a discount (for example if the consumer subscribe to the newsletter). A combination of on-site channels 
is also possible, which means that consumers in stores browse products and at the same time explore 
online alternative options and prices at other sellers (Valek, 2018). 
 
 

3. MATERIALS AND METHODS 
 

3.1. Survey questionnaire 
 

The sample frames were 400 wood products and furniture consumers. Based on research objectives, 
a questionnaire was developed and pre-tested with a sub-sample of selected respondents. Questions 
were formed based on the available literature. On-line surveys by using "Google Forms" tool were 
conducted. The questionnaire, as an appropriate method of data collection, was chosen because the costs 
of this method of data collection are financially acceptable (Dillman, 2000) and also allows the collection of 
data from a wide geographical area (Zahs and Baker, 2007). 

Certain statements in the questionnaire were measured using the Five-point Likert scale, so that 
ranges from 1 to 5 were given to individual statements of individual variables, where 1 stands for 
'extremely disagree' or 'irrelevant', and 5 denotes ‘extremely agree’ or ‘very important’, i.e. respondents 
determined the degree of satisfaction or meaning they attach to individual statements. Furthermore, some 
of the questions are defined by multiple statements, as it has been determined that a particular variable / 
element will be better described by applying multiple statements rather than just a single one (Thorndike, 
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1967; Churchill, 1979; Lewis-Beck et al., 2004). The survey questionnaire consists of 4 parts, starting with 
questions related to demographic characteristics such as gender, age, county of residence, number of 
household members and household income, followed by questions on the frequency of furniture 
purchases in the past year, which together make the first part of the questionnaire. This is followed by 
questions about purchase planning where the respondent is asked to define the intensity of researching 
product information and planning the purchase, or whether he plans to purchase furniture at all. The last 
part is composed of questions related to the characteristics of the furniture. 

The snowball method was used to sample the subjects. Sampling with this method starts from a 
certain number of respondents in the target population who meet the criteria to enter the sample, and in 
this case it is the age that must be greater than or equal to 18 years. Sharing the survey questionnaire 
with acquaintances and friends who meet the criteria increases the number of samples and this chain is 
repeated until the required number of samples is collected (Baćak, 2006). 

The media through which the survey questionnaire was dispatched was the Internet, and 
respondents shared the questionnaire via e-mail and social networks. The reason for this is the possibility 
of free sharing, which does not require much effort, so this option has increased the number of shares and 
in such way the reach of respondents was greater, and the sample in demographic terms is very diverse. 
In addition, sharing questionnaires in that way facilitates data analysis since all responses are in digital 
form (Ponder, 2013). 

Data from the survey questionnaires were uploaded into a Microsoft Excel spreadsheet (database). 
Statistical analysis was performed using the statistical program SPSS Statistics 17.0. 
 
 

4. RESULTS 

4.1 Respodent profile 

Of 400 respondents, 68,25% were female and  31,75% were male. Both, age and education were 
classified into four categories. As shown in Table 1, most of the respondents (39%) were between 36 and 
64 years old, followed by age group 26 to 36 years old (38%), while 20,5% were people between 18 and 
24 years old. Only 2,5% of employees were people older than 65. Further, based on the 400 respondents 
educational structure was obtained. More than half (52,5%) were people with graduate degree, followed 
by respondents who have high school education (39%). Of total number of respondents, 6,8% were 
graduate people with completed Master's degrees or Ph.D., while only 1,8% were people with elementary 
school education. 

Table 2. Respondents gender, education and age structure 

Gender (%) Education level (%) Age groups (%) 

Male 68,25 
Elementary school 1,8 18 - 24 years old 20,5 

High school 39 25 - 36 years old 38 

Female 31,75 
Graduate degree 52,5 36 - 64 years old 39 

M.s./Ph.D. 6,8 older than 65 2,5 

 

Furthermore, the largest number of respondents were from Karlovac County (51.5%), followed by 
the City of Zagreb (14.75%) and Zagreb County (10.25%), respectively. Of the total number of 
respondents, 4% of respondents live abroad, and the remaining 19.5% of respondents come from other 
parts of Croatia. 
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4.2. Frequency of furniture buying activities 
 

To show how often people buy furniture or just think about buying it, questions about the 
frequency of thinking about the need for furniture and buying furniture in the past year were asked. The 
answers are shown in Table 2. 

Previous researches (Lihra and Graf, 2007; Oblak et al., 2017) have shown that women are more 
likely to recognize the need for furniture than men. If the frequency of thinking about buying furniture and 
the purchase of furniture itself is put in relation to gender, the example of this particular research does not 
show any rule according to which a certain gender would more or less think about purchasing furniture or 
purchasing furniture. Specifically, 19.78% of women stated that they have thought about buying furniture 
more than 10 times in the past year while the number of men stating same thing is slightly lower and it 
amounts to 15.75% of the total number of surveyed men. On the other hand, 6% of men have bought 
furniture more than 10 times in the past year, which is a higher than number of female respondents (4%) 
who have purchased furniture more than 10 times in the past year. 

 
 

Table 3. Frequency of furniture purchases 

 In the past year, how many times have you… 

 …thought about purchasing 
furniture? 

…purchased furniture? 

 number fr (%) number fr (%) 

not once 25 6,3 110 27,5 

1 - 2 times 132 33,0 193 48,3 

3 - 5 times 131 32,8 66 16,5 

6 - 10 times 38 9,5 14 3,5 

more than 10 
times  

74 18,5 17 4,3 

∑ 400 100,00 400 100,00 

 

 

4.3. Furniture purchase planning 
 

Furniture purchase planning is a process that begins with recognizing the need for furniture, and 
varies from customer to customer. As many as 16.5% of respondents do not plan to buy at all, and most 
respondents study all the possibilities in detail before making a purchase decision (61.5%) (Figure 1). 

 
 

 
Figure 3. Activities that precede the decision to purchase furniture (n=400) 
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When conducting information about the product (Figure 2), the largest number of respondents 
use media such as television, newspapers and the Internet (55%), while as many as 38.5% said they 
believe the experiences of friends or acquaintances. Detailed research on the product is conducted by 
29% of respondents, and only 19% of them decide to consult with experts before buying furniture. 11% of 
respondents do not collect product information before making a purchase decision. 

When it comes to the place where respondents most often buy furniture, by far the largest 
number of respondents (55%) opt for large department stores (Figure 3). Due to their own ideas or 
requirements, or the need for custom-made furniture, 19% of respondents decide to purchase furniture in 
person from a furniture manufacturer. In small furniture showrooms 18% of respondents purchase 
furniture, and only 6.5% of respondents order furniture online. Customers also choose to combine these 
options, which mainly depends on the purpose of the furniture. 

 

 
Figure 4. Method of collecting information (n=400) 

 

 
 

Figure 5. Where do you most often buy furniture? 

 
When comparing products from different manufacturers, before making a purchase decision, 

most respondents compare two or three manufacturers they trust the most (46.25%). When asked "At 
what level do you compare the same products from different manufacturers before making a purchase 
decision", a slightly smaller number (46%) try to compare several different manufacturers before making a 
purchase decision, and only 7.5% of respondents remain loyal to one manufacturer (Figure 4). 
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Figure 6. Comparison of different manufacturers (n=400) 

 
 

4.4. Saving effort, time and money & product characteristics 
 
Figure 5 shows the results of the question related to the collection of information, and it can be 

seen that respondents collect as much information as possible before going shopping, only 5% of 
respondents say that this does not apply to them at all. 

 

 
Figure 7. I gather as much information as possible before I decide to buy 

 
When it comes to saving effort or money, as many as 33% of respondents were neither 

committed to saving effort nor saving money (Figure 6). In this case, a score of 5 indicates an effort to 
save money, while a score of 1 indicates that the respondent is not ready to make an effort to save, or 
indicates a saving of effort. However, a total of 54% of respondents rated this statement with a score of 4 
and 5, so it can be concluded that they are still willing to make more efforts to find cheaper options than 
money when buying furniture. 

However, the importance of saving effort, time, and money, no significant difference between the 
grades assigned to men and women was found. Exception was in the case of cleaning and maintenance, 
which was assessed by female respondents with an average score of 4.4, and male respondents by 3.97.  
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Figure 8. I will make more effort to buy the product at a lower price 

 

 

5. CONCLUSIONS 
 

Nowadays, in a time when a digital digital technology is extremely presented all around us people are 
becoming more and more depended on it. Following this statement it is logically to impose that most of 
shopping activities like wood produces and furniture purchase also take place on-line on the Internet. 
Additionally, another reason for people buying more and more on-line is the way of life in which people are 
more and more preoccupied with work and obligations, so they have less and less time for other activities, 
so online shopping seems like a great way to save time.  

Online retailers are also aware of this, so they often offer special discounts or benefits such as free 
shipping. Survey conducted as part of this work showed that the manufacturer's website and sellers are 
the most common choice of consumers when researching product information, but also they further prefer 
the personal purchase of furniture, whether in large or small department stores or at a furniture 
manufacturer, before making an online purchase. In other words, the way of shopping which respondents 
practice is webrooming. This allows them to compare the same or similar products from different 
manufacturers before making a purchase decision, without investing too much effort or time. When 
comparing product characteristics, at the most respondents pay their attention to the appearance, quality 
of materials and finishing and functionality, while at least to the brand recognition of the manufacturer. To 
keep up with the times, furniture manufacturers and sellers are forced offer as much information as 
possible about the products they make and / or sell in order to were competitive in the market. Future 
wood furniture consumer are young generations, who are growing up in an age when almost everyone the 
household has a computer and internet access … which are even schooled through the internet, so if 
furniture manufactures and sellers want to survive in that market they definitely must adjust to the 
combination of off-line and on-line buying process without any exceptions. 
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 THE IMPORTANCE OF POLISH FURNITURE INDUSTRY EXPORT  
FOR SELECTED EU COUNTRIES 

 
Grzegorzewska, E., Stasiak-Betlejewska, R. 

 
Abstract: The important position of the Polish furniture industry in comparison to the European Union countries is 
confirmed by its significant production and export potential, in particular towards countries classified as new 
members of the Community. For years, Poland has occupied a leading position in the global and European ranking 
of furniture exporters. Thus, the main purpose of the article was to determine the importance of Polish foreign trade 
in furniture industry products for selected countries, which are the major markets for these products. The research 
covered the years from 2009 to 2017. The main sources of research material were the the International Trade Center 
database, as well as Statistical Yearbooks of Foreign Trade of the Central Statistical Office in Poland. The trends in 
the export and import value of Polish furniture were presented and interpreted. The article shows also a ranking of 
EU countries that belong to the main importers of the Polish furniture industry. In addition, the manuscript presents 
the structure of the export value of individual categories of Polish furniture. 
Keywords: furniture, export, foreign trade, EU countries 

 
 

1. INTRODUCTION 
 

Foreign trade is an important stimulator of economic growth. New theories of trade emphasize the 
positive impact of trade liberalization on economic growth with increasing frequency. It contributes to 
specialization in those sectors of the economy which are characterized by high economies of scale, which, 
in turn, implies an improvement in an efficient allocation of resources and long-term productivity (Dowrick, 
Golley 2004; Bond et al. 2005).  Furthermore, what is often emphasized is the role of dissemination of 
knowledge and new technologies in the processes related to the flow of goods and services between 
countries (Grossman, Helpman 1990; Riviera-Batiz, Romer 1991; Barro, Sala-i-Martin 1997). The positive 
dependency between trade openness and economic growth has been confirmed by, among others, Chang 
et al. 2009; Dollar, Kraay 2004; Frankel, Romer, 1999; Freund, Bolaky 2008; Katircioglu et al. 2007. 

In Poland, one of the industries exhibiting a strong pro-export character is the furniture industry, 
which has demonstrated a clearly positive foreign trade balance for years. Every year, approximately 90% 
of the furniture production value goes to the foreign market (Grzegorzewska, Stasiak-Betlejewska 2014; 
Grzegorzewska, Więckowska 2016). This means that the external demand and the economic situation in 
the countries classified as Poland's largest partners in this respect are of great importance for Polish 
furniture manufacturers. Thus, the principal goal of the study was to assess the importance of the export 
carried out by the Polish furniture industry to the EU countries which constitute important furniture markets 
for Poland.    

 

 

2. METODOLOGY 
 

The database of the International Trade Center was the primary source of research material. The 
analyses were carried out while taking into account the CN Classification and pertained to the period of 
2009-2017. The research covered two categories of products included in CN 94 class, whose export 
represents a significant share in the export of the Polish furniture industry, namely: 9401 – Seats, whether 
or not convertible into beds, and parts thereof, n.e.s. (excluding medical, surgical, dental or veterinary of 
heading 9402), including: 940161 - Upholstered seats, with wooden frames (excluding convertible into 
beds); 940169 - Seats, with wooden frames (excluding upholstered); 940171 - Upholstered seats, with 
metal frames (excluding seats for aircraft or motor vehicles, swivel seats with variable height adjustments 
and medical, dental or surgical furniture); 940179 - Seats, with metal frames (excluding upholstered, 
swivel seats with variable height adjustments and medical, dental or surgical furniture); 940190 - Parts of 
seats, n.e.s. and 9403 – Furniture and parts thereof, n.e.s. (excluding seats and medical, surgical, dental 
or veterinary furniture), including: 940330 - Wooden furniture for offices (excluding seats); 940340 - 
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Wooden furniture for kitchens (excluding seats); 940350 - Wooden furniture for bedrooms (excluding 
seats); 940360 - Wooden furniture (excluding for offices, kitchens and bedrooms, and seats). 
  
 

3. RESULTS 
 

The research shows that the export value of the Polish furniture industry has increased significantly 
in recent years. Over the years 2009–2017, the value of class 9401 furniture (seats, whether or not 
convertible into beds, and parts thereof) continued to rise systematically, reaching a twofold increase from 
EUR 2.6 billion to 5.2 billion (Chart 1). A similar increase could be observed in the case of class 9403 
furniture (from EUR 1.9 billion to 3.8 billion). The value of furniture that reached the Polish market from 
abroad was substantially lower than the value of the exported furniture belonging to particular classes of 
CN Classification, which contributed to a clearly positive trade balance in the furniture industry. 
 

 
Fig.1 The value of the export carried out by the Polish furniture industry according to the selected classes 

from CN Classification (Source: elaborated on the basis of the International Trade Center database). 
 
What results from the data presented in Tables 1 and 2 is that the main recipient of Polish furniture is 

Germany. This country was ranked first among Polish furniture importers in all categories of furniture 
industry products selected. Over the years 2009–2017, the value of class 9401 furniture delivered to the 
German market increased from EUR 1.2 billion to nearly 2.0 billion. At the beginning of the analysed 
period, 20% (940169 – seats, with wooden frames, excluding upholstered) to 50% (940161 – upholstered 
seats, with wooden frames, excluding convertible into beds) of class 9401 furniture was exported to 
Germany.  

 

Table 1. The value of Polish furniture export according to CN class 9401  

Itemisation Export Share in world export 

2009 
thous. 
EUR 

2017 
thous. 
EUR 

D* 
% 

V** 
% 

2009  
% 

2017  
% 

DF*** 
p.p. 

V 
% 

9401– Seats, whether or not convertible into beds, and parts thereof, n.e.s. 

World 2645.2 5235.3 197.9 22.2 100.0 100.0 0.0 0.0 

Germany 1202.5 1954.6 162.5 16.3 45.5 37.3 -8.1 6.4 

Czech Republic 206.7 607.6 293.9 44.9 7.8 11.6 3.8 23.3 

United Kingdom 125.4 410.1 327.2 35.3 4.7 7.8 3.1 19.2 

Netherlands 134.0 382.1 285.0 35.8 5.1 7.3 2.2 14.1 

France 236.7 307.7 130.0 8.1 8.9 5.9 -3.1 15.8 

940161- Upholstered seats, with wooden frames (excluding convertible into beds) 

World 1052.9 1760.7 167.2 17.4 100.0 100.0 0.0 0.0 

Germany 541.2 771.7 142.6 11.5 51.4 43.8 -7.6 6.2 

Netherlands 102.5 195.1 190.3 22.8 9.7 11.1 1.3 6.1 

United Kingdom 28.9 144.5 500.5 50.4 2.7 8.2 5.5 36.3 

2009 2010 2011 2012 2013 2014 2015 2016 2017

9401 Export 2645,2 3036,2 3495,0 3518,5 3751,0 4152,4 4643,7 4930,9 5235,3

9403 Export 1918,4 2199,0 2483,7 2452,7 2781,0 3185,5 3245,5 3601,2 3818,6

9401 Import 603,9 614,1 722,1 621,6 764,8 990,6 1000,1 1100,1 1369,2

9403 Import 199,3 176,7 207,9 183,8 196,2 223,3 165,9 164,7 233,6

y = 316,27x + 2352,9
R² = 0,9831

y = 234,4x + 1682
R² = 0,9812
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France 85.7 111.9 130.5 11.9 8.1 6.4 -1.8 11.5 

Sweden 61.2 86.9 142.0 21.1 5.8 4.9 -0.9 9.8 

940169 - Seats, with wooden frames (excluding upholstered) 

World 27.3 62.1 227.3 29.3 100.0 100.0 0.0 0.0 

Germany 5.5 9.0 164.6 27.3 20.0 14.5 -5.5 14.3 

United Kingdom 3.2 5.5 172.0 23.5 11.7 8.9 -2.8 12.1 

Czech Republic 2.3 4.2 183.0 20.2 8.3 6.7 -1.6 14.7 

France 1.2 3.2 275.9 46.5 4.2 5.1 0.9 23.2 

Hungary 1.6 3.0 180.6 26.7 6.0 4.8 -1.2 20.0 

940171- Upholstered seats, with metal frames… 

World 47.5 167.4 352.1 40.7 100.0 100.0 0.0 0.0 

Germany 11.9 45.0 377.0 49.8 25.1 26.9 1.8 11.8 

Netherlands 5.8 23.7 409.2 38.8 12.2 14.1 2.0 12.4 

Denmark 2.6 16.7 643.5 59.0 5.5 10.0 4.5 23.2 

Sweden 3.9 9.5 243.9 25.5 8.2 5.7 -2.5 20.0 

France 3.7 8.2 222.0 25.8 7.7 4.9 -2.9 20.5 

940190 - Upholstered seats, with metal frames 

World 1080.4 2161.0 200.0 21.9 100.0 100.0 0.0 0.0 

Germany 443.8 728.6 164.2 16.4 41.1 33.7 -7.4 8.3 

Czech Republic 152.5 506.5 332.1 52.0 14.1 23.4 9.3 31.0 

United Kingdom 80.7 216.3 268.1 30.1 7.5 10.0 2.5 17.2 

Slovakia 39.1 100.1 256.2 34.9 3.6 4.6 1.0 17.2 

France 97.0 56.9 58.6 24.4 8.9 2.6 -6.3 43.9 

D* - dynamics; V** - coefficient of variation; DF*** - difference. 

Sources: own elaboration based on International Trade Centre database. 

 

Table 2. The value of the Polish furniture export according to CN class 9403  

Itemisation 

Export Share in export 

2009 
thous. 
EUR 

2017 
thous. 
EUR 

D 
% 

V 
% 

2009 
% 

2017 
% 

DF 
p.p. 

V 
% 

9403 - Furniture and parts thereof, n.e.s. 

World 1918.4 3818.6 199.1 22.7 100.0 100.0 0.0 0.0 

Germany 553.2 1239.3 224.0 26.8 28.8 32.5 3.6 5.9 

France 169.9 224.1 131.9 10.1 8.9 5.9 -3.0 18.3 

United Kingdom 111.3 247.2 222.1 32.0 5.8 6.5 0.7 11.3 

Czech Republic 119.6 156.7 131.0 14.2 6.2 4.1 -2.1 16.7 

Sweden 71.2 165.0 231.8 26.7 3.7 4.3 0.6 6.7 

940330 - Wooden furniture for offices (excluding seats) 

World 71.0 129.2 181.9 17.0 100.0 100.0 0.0 0.0 

Germany 16.4 34.7 211.8 31.1 23.1 26.9 3.8 21.0 

France 6.4 4.9 75.6 48.3 9.1 3.8 -5.3 55.1 

Netherlands 5.8 8.8 150.3 26.9 8.2 6.8 -1.4 20.2 

UK 4.5 12.5 275.8 29.7 6.4 9.7 3.3 17.9 

Sweden 4.1 9.8 240.8 23.7 5.7 7.6 1.9 12.7 

940340 - Wooden furniture for kitchens (excluding seats) 

World 56.9 68.9 121.1 16.6 100.0 100.0 0.0 0.0 

Germany 10.8 14.2 132.0 33.9 18.9 20.6 1.7 19.7 

Czech Republic 13.0 8.6 66.0 13.9 22.9 12.5 -10.4 25.7 

France 3.5 7.2 207.4 28.4 6.1 10.5 4.4 27.6 

Slovakia 2.3 4.4 186.8 27.7 4.1 6.3 2.2 17.6 

United Kingdom 1.4 2.1 147.2 44.8 2.5 3.0 0.5 32.4 

940350 - Wooden furniture for bedrooms (excluding seats) 

World 241.2 587.6 243.6 29.6 100.0 100.0 0.0 0.0 
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Germany 63.4 197.9 312.1 39.0 26.3 33.7 7.4 10.3 

France 21.7 29.7 136.7 16.7 9.0 5.0 -4.0 20.2 

UK 16.2 42.6 263.0 37.8 6.7 7.2 0.5 12.5 

Belgium 9.9 15.1 152.3 16.6 4.1 2.6 -1.5 26.1 

Netherlands 6.6 13.7 206.1 33.5 2.7 2.3 -0.4 11.0 

940360 - Wooden furniture (excluding for offices, kitchens and bedrooms, and seats) 

World 1056.0 1874.2 177.5 18.9 100.0 100.0 0.0 0.0 

Germany 338.7 637.6 188.3 20.3 32.1 34.7 1.9 4.6 

UK 61.4 119.4 194.4 26.3 5.8 5.8 0.6 10.6 

France 80.7 99.5 123.3 10.0 7.6 5.6 -2.3 16.2 

Czech Republic 55.2 86.7 157.1 20.2 5.2 4.7 -0.6 10.4 

Spain 10.2 54.4 535.3 42.5 1.0 3.8 1.9 31.4 

Sources: own elaboration based on International Trade Centre database. 

 
Over the period in question, the importance of the German recipients of Polish furniture products 

belonging to class 9401 decreased slightly, however, this country still maintained the first position in the 
developed ranking of EU countries. It is worth noting that a clear growth dynamics in the export value of 
the Seats category (whether or not convertible into beds, and parts thereof, n.e.s.) was noted in Great 
Britain (327.2%), Czech Republic (293.9%) and the Netherlands (285.0%), which led to the increased 
importance of these countries for the export of the Polish furniture industry. In addition, the highest 
coefficient of variation in the value of export was recorded in the case of the Czech Republic and Great 
Britain, testifying to the degree of diversity of the examined feature over the period of 2009–2017. When it 
comes to the class 9401 furniture, the value of this coefficient was 23.3% and 19.2% respectively. The 
Netherlands was also ranked high among the Polish furniture buyers. Alongside Germany, this country 
was the main exporter of upholstered seats with wooden frames (excluding convertible into beds) and 
upholstered seats with metal frames. On the other hand, the Czech Republic was one of the major 
recipients of parts of seats. At the end of the period analysed, more than 23% of the value of this product 
class was absorbed by this country. Furthermore, the most significant Polish partners in the area of the 
foreign trade in seats included France, Denmark and Sweden. 

As pointed out by the data in Table 2, Germany was also the main recipient of class 9403 furniture – 
Furniture and parts thereof, n.e.s. (excluding seats).  In 2009, from 18.9% (940340 – wooden furniture for 
kitchens, excluding seats) to 32.1% (940360 – wooden furniture, excluding for offices, kitchens and 
bedrooms, and seats) of the value of the Polish furniture export went to German importers. In addition, 
during the analysed period, the importance of Germany as the main recipient of furniture and parts 
excluding seats increased – the share of this country in this respect rose by 3.6 p.p. to 32.5%. In 2017, 
more than one-third of the value of wooden bedroom furniture and other wooden furniture (excluding for 
offices, kitchens and bedrooms, and seats) were products intended for the German market. Except 
Germany, France was another important importer of wooden furniture for offices, kitchens and bedrooms. 
However, the diminishing role of this country as a recipient of wooden furniture for offices and bedrooms 
should also be noted. On the other hand, a visible growth dynamics in the value of Polish furniture export 
to Great Britain was recorded. In particular, this referred to wooden office furniture (275.8%), wooden 
bedroom furniture (263.0%) and other wooden furniture (193.4%). This situation led to the increased 
importance of Great Britain as a recipient of these categories of wooden furniture. The Netherlands, 
Sweden, Belgium and Spain should also be indicated as the most important recipients of wooden furniture 
excluding seats (class 9403). Among the new EU Member States, special attention should be devoted to 
the Czech Republic, as it proved an important recipient of wooden furniture for the kitchen and other 
wooden furniture excluding seats.  

 
 

4. CONCLUSIONS 
 

Poland is one of the most important furniture producers and exporters in the EU. The value of the 
export of the Polish furniture industry has increased significantly in recent years. The conclusion from the 
research indicates that the main recipient of Polish furniture is Germany. This country was ranked first 
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among Polish furniture importers in all categories of furniture industry products selected for the analysis, 
however, in some of those categories, the importance of German recipients has slightly decreased. 
Germany played a special role in the import of wooden bedroom furniture and other wooden furniture 
(excluding for offices, kitchens and bedrooms, and seats). France was an significant importer of wooden 
furniture for offices, kitchens and bedrooms. The Netherlands, Sweden, Belgium and Spain should also be 
listed as significant recipients of wooden furniture. Furthermore, the Czech Republic should be mentioned 
as an important trade partner in furniture trade among the new EU members.  
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THE ROLE OF CHINA IN SUSTAINABLE MARKET SUPPLY OF THE EU WITH 
WOOD WINDOWS AND DOORS 

 

Petrović, S. 
 
 
Abstract: According to relevant data on annual demand for wood doors and windows, the EU market can be 
considered one of the largest in the world. Although production in the EU satisfies most of the market needs, 
significant amount of wood doors and windows are imported from non-EU countries every year. Among these, China 
distinguishes itself from other member countries, as one of the EU’s most significant foreign trade partners for most 
categories of wood products. For this reason, the paper represents the analysis of the role of China in the EU market 
supply with wood doors and windows. Except for the products listed above, the paper also deals with the role of 
China in the EU market supply with PVC and aluminum doors and windows. The reason for expending the research 
is that these products represent the biggest competition to wood windows and doors. Special attention was paid to 
the relevant European technical standards, which specify the values of particular properties of windows and doors.      
Key words: windows, doors, EU market, China, supply 

 
1. INTRODUCTION 

 
Doors and windows are made of wood, PVC, metal, aluminium, as well as a combination of some of 

these materials. Over the period 2014-2017, at the EU market, the consumption value of doors and 
windows made of aluminium showed highest growth, followed by metal, while the production of PVC was 
stagnant (Global Wood 2019). In the same period, the consumption value of wood doors and windows 
showed the lowest growth rate of only 4.0% (Global Wood 2019). However, the share of the consumption 
value of wood doors and windows in the consumption value of doors and windows made from all type 
materials in the EU, was 29.0% in 2018, while the share of aluminium was 28.0%, PVC 27%, and metal 
16% (Global Wood 2019).  

In 2018, the EU production value of wood doors reached €7.0 billion. The largest producers were 
Germany, with a production value of €1,35 billion, Italy with €940 million, Great Britain with €810 million, 
France with €640 million, Spain €580 million and Poland with €560 million (Fordaq 2018). Same year, the 
import value of the EU from non-EU countries reached €352.2 million (Eurostat 2020). The use of 
engineered wood instead of solid wood represents a new trend in the production of wood doors. In this 
way, it is possible to ensure greater product stability, longer life cycle and higher energy efficiency (Fordaq 
2019). Another novelty is a greater use of composite materials in the doors production (Fordaq 2019). In 
addition, greater use of tropical hardwoods is being considered, for production high performance doors at 
competitive prices (Fordaq 2019). 

In 2018, the EU production of wood windows reached €6.14 billion (Global Wood 2019). The largest 
producers were Italy with €1.46 billion, Germany with €850 million, Poland with €740 million, France with 
€500 million and Sweden with €440 million (Fordaq 2018). The import value of the EU from non-EU 
countries was €36.2 million (Eurostat 2020). In order to meet the strict requirements stipulated by technical 
and environmental standards, as well as to extend a product's lyfe cycle, engineered wood is increasingly 
used in the manucaturing of wood windows (Global Wood 2019). 

In Western Europe in 2019, the share of metal windows in the total consumption value of windows 
was 36.8%, followed by PVC (29.4%), wood-aluminium (15.3%), wood (14.0%), PVC and aluminium 
(3.7%) (Global Wood 2019). In Eastern Europe, the best-selling were PVC windows, followed by the metal 
ones, while the consumption of combined wood-aluminium windows is expected to increase in the 
following period.  

Door and window consumption, mostly depend on the construction of new facilities and to a lesser 
extent on the repair of the old ones. The recession, faced by EU countries over the past decade, has 
significantly affected the extent of constraction activites and reduced the number of newly built facilities. 
However, in order to influence to construction sector and at the same time reduce heat losses, some of the 
EU countries implemented appropriate measures on facilities provided for particular purpose. Austria is 
one of these countries, which has launched several programs with a budget of €100 million. The funds 



13th International Scientific Conference WoodEMA 2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

 

152 

 

were intended for the replacement of old windows and exterior doors on residential and commercial 
bulidings older then 20 years (Petrovic 2014). 

The choice of materials used for doors and windows production may depend on the purpose of the 
facilities. Metal doors and windows, are most frequently used in non-residential buildings, unlike doors and 
windows from other materials.   
 

1.1. Technical standards and appropriate labels for doors and windows 
 
The quality of windows and exterior doors is affected by a large number of external and internal 

factors. External factors include air temperature, wind, rain, solar radiation, noise, forced opening and fire. 
Internal factors include temperature and its changes in the facilities, humidity and fire. To determine the 
quality of doors and windows the following are tested: mechanical strength and stability, thermal and 
sound insulation, light and air permeability, water and wind sealing, thermal insulation, noise protection, 
space comfort, burglary safety, ease of handling and durability of function. The quality of doors and 
windows at the EU market is specified by technical standards (EN) prescribed by the European Committe 
for Standardization (CEN). Technical standards for these products are classified in the category CEN/TC 
33: Doors, windows, shutters, building hardware and curtain walling (CEN 2020). In addition to EN, there 
are ISO standards, prescribed by the International Organization for Standardization. ISO technical 
standards relating to doors and windows are classified in the category ISO/TC 162: Doors, windows and 
curtain walling (ISO 2020).    

Based on the requirements specified in the relevant EN technical standards for windows and external 
doors, the EU has issued appropriate Directives (EuroWindoor 2014). If windows and external doors are 
produced in accordance with the requirements prescribed in the relevant EU Directives, their producers 
can affix the CE mark to them. This means that the CE mark is not a certification mark, a quality mark, or 
an eco label. The CE mark for windows and doors is necessary for free trade in these products at the EU 
market. Otherwise, customs office may stop the entry of the products in the EU, or they may be withdrawn 
from the market. 

PVC doors and windows placed on the market of the Great Britain and Ireland, are classified based 
on energy efficiency, into energy classes in the range  A++ to E. PVC windows and doors in class A, A+ and 
A++ are considered energy positive. Energy rating is an energy balance of positive contributions from solar 
gain minus the negative factors of thermal heat loss and air leakage (BFRC 2020).    

In recent years, VinylPlus certification has been presented at the EU market. The result of the 
voluntary sheme is the VinylPlus Product Label, which confirms the positive social, economic and 
environmental impact of PVC products (VinylPlus 2020). It helps customers find high-performance and the 
most sustainable PVC windows and doors on the market.   

 In the Nordic countries market, windows and external doors manufactured of wood, aluminium, 
metal and PVC are subject to Nordic eco-certification, which is awarded the Swan eco label. The 
requirements these products need to meet in order to be awarded the eco label, are specified in the 
instruction, version 4.11., which is valid until 2023 (Nordic Swan Ecolabelling 2020).    

 

2. METHODS AND MATERIAL   
 

For the purpose of research on the selected topic, the following general scientific methods were 
used: content analysis method (to analyze the content of technical standards and appropriate marks), 
functional analysis (to determine the connections and relationships among the analyzed variables), 
comparative analysis (to compare analyzed variables in the different time periods), genetic analysis (for 
the reasons that caused the trend of certain variable for a certain period of time).  

The analysis of the EU market supply with wood doors and windows was done by using of the 
Eurostat database. The period 2007-2019 was chosen for the analysis, which is explained by the 
following. The period 2007-2008, is the period before the beginning of the recession in the EU, and it was 
characterized by corresponding supply chain trend on this market. It was followed by a period of recession 
in the EU, which was characterized by a different supply chain trend. Finally, there was a period of 
stabilization of the EU market with a new supply chain trend. The analysis of the supply chain trend on the 
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EU market with wood doors and windows from China, aimed to determine current situation, and show 
whether China maintained, lost or strengthened its role over the analyzed period.  

Also the aim was to determine the variables that affect the EU import of wood doors and windows 
from China. For this purpose, four simple econometric models were created. Four hypotheses have been 
set up, namely that the EU's supply of wood doors and windows from China is affected by: the import of 
aluminium doors and windows from China, the import of wood doors and windows from Germany and 
Poland, as well as the number of housing starts in Great Britain. Data from Eurostat and Trading 
economics databases were used to create the economic models. The Statistics software package was 
used for creating models. Regression models were created for each of the selected variable in linear, 
power, and exponential functions. The coefficient of determination (R2) was used to select the function, e.i. 
its highest obtained value. The coefficient of determination shows the extent to which a certain 
econometric model explains the variations of the dependent variable (Glavonjić, Petrović 2009). The 
correlation coefficient (R) was used to determine the strength of the correlations between the two analyzed 
variables. Econometric models were formed by using a reliability coefficient of 0.95, which means that the 
significance level was 0.05. 

 

3. RESULTS AND DISCUSSION    

3.1. EU market supply with wood doors and windows from China 
  
 In 2019, the import value of wood doors and windows to the EU from non-EU countries was worth 
€413.4 million, with 91.5% share of doors, and 8.5% share of windows (Eurostat 2020). The import value 
of wood doors and windows from China, over the period 2007-2019, varied between ¼ and 1/3 of the total 
value of wood doors and windows supply from non-EU countries. More precisely, its share rose from 
22.6% (2007) to 35.3% (2014), and then fell to 25.0% (2019) (Chart 1). These shares are significantly 
lower compared to shares of the import value of wooden hangers and wooden upholstered chairs to the 
EU from China, over the period 2007-2018  (Petrovic 2018, 2019). 
 

 
 
 
 
 
 
 

The import value of wood doors and windows to the EU from China increased from €96.6 million in 
2007, to €103.2 million in 2019 (Eurostat 2020). The record value of €120.9 million was achieved in 2008, 
and the following year, in 2009, the lowest value of €87.3 million was recorded (Eurostat 2020). Over the 
analyzed period, the average annual growth rate of the import value of wood doors and windows to the EU 
from China was 0.5%.   

China is more significant for the EU market supply with wood doors, than with wood windows. The 
import value of wood doors increased from €91.0 million in 2007, to €101.8 million in 2019 (Eurostat 
2020). A record import value of €115.9 million was achieved 2008, and the lowest of €83.3 million in 2009 
(Eurostat 2020). Over the period 2007-2019, the import value was growing by average annual growth rate 
of 0.9%.   

Over the period 2007-2019, in the import value of wood doors to the EU from non-EU countries, the 
China's share ranged from 25.1% (2007) to 35.3% (2014) (Chart 2).  

The EU mostly imports hardwood doors from China, followed by coniferous wood, whereas the 
import of doors from tropical wood is minor (Graph 3). The import of doors from hardwood had a very 
unstable trend over the analyzed period, with high decline rates, especially over the period of recession 
and followed by the recovery period. 

Chart 1. The share of China in import value of wood doors and windows to the EU from non-EU 

countries in the period 2007-2019 (Source: original) 
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Chart 3. The import value of doors from differente type of wood to the EU from China in 
the period 2007-2019 (Source: Eurostat 2020) 

With an average annual growth rate of 0.5%, the import value of hardwood doors, increased from 
€71.9 million in 2007 to €76.3 million in 2019 (Eurostat 2020). The lowest value of import of €70.5 million 
was recorded in 2009, and the highest of €101.4 million in 2008 (Eurostat 2020). The average annual 
growth rate of the import value of coniferous wood doors was slightly higher and amounted to 2.9%. The 
import value of this type of product increased from €18.0 million in 2007 to €25.3 million in 2019 (Eurostat 
2020). In contrast to the previously analyzed, the import value of tropical wood doors has fell drastically, 
from €1.1 million in 2007 to €161,000 in 2019 (Eurostat 2020). 

 
 

 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
China has no greater importance in supplying of the EU market with wood windows, and it further 

declined over the analyzed period. Over the period 2007-2019, the EU import from China, was ranging 
from 3.7% (2018) to 15.3% (2010) of the import value from non-EU countries (Eurostat 2020).  

With an average annual decline rate of 10.7%, over the period 2007-2019, the import value of wood 
windows from China to the EU decreased from €5.6 million to €1.4 million (Eurostat 2020) (Chart 3). A 
record level of imports of €5.9 million was realized in 2010, and the lowest of €1.3 million in 2018 (Eurostat 
2020).    

The EU mostly imports coniferous wood windows from China, followed by hardwood windows, while 
the import of tropical wood windows is symbolic (Chart 4). In 2019, the import value of coniferous wood 
windows decreased to €0.2 million, while for hardwood it increased to €1.3 million, and from tropical ones 
it amounted to a simbolic €1,500.   

After the analysis of the wood doors and windows import was conducted, it was extended to the 
same PVC and aluminium products. The results of the extended research showed that, over the period 
2007-2019, the import value of PVC doors and windows to the EU from China increased to €15.3 million, 
and of aluminium to €75.3 million (Eurostat 2020). The average annual growth rate for these products over 
the analyzed period was 7.6%. In the same period, the import value of aluminium doors and windows 
continued to grow by average annual growth rate of 12.8%. The last years of the analized period are 
especially important for these products, considering the fact that their total import value in 2019 increased 
by 134.0% compared to 2017. Such intensive growth over the period 2017-2019, could contribute to the 
decrease in the import of wood doors and windows in the same period (Chart 5).   

In 2007, the share of wood doors and windows in the import value of doors and windows to the EU 
from China was 80.1%, followed by aluminium 14.7%, and of PVC 5.2%. In 2019, shares were in the ratio 
of 53.3%:38.8%:7.9%.  

Chart 2. The share of China in import value of wood doors and windows to the EU from non-EU 

countries in the period 2007-2019 (Source: original) 
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Chart 4. The import value of wood windows to the EU from China in the period 2007-2019 

(Source: Eurostat 2020) 

Chart 5. The import value of doors and windows of PVC, wood and aluminium to the EU from 
China in the period 2007-2019 (Eurostat 2020) 

(Izvor: Eurostat 2020) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.2. The impact of selected variables to the EU supply  
with wood doors and windows from China 

 
To determine what the EU's market supply of wood doors and windows from China depends on, four 

dependent variables were selected and than simple econometric models were created. These dependant 
variables are the import of aluminium doors and windows to the EU from China, the import of wood doors 
and windows from Germany and Poland, as well as the number of housing starts in Great Britain.    

By creating the first simple econometric model, the following was determined. Linear econometric 
model best describes the impact of the import of aluminium doors and windows on the import of wood 
doors and windows to the EU from China. The model showed a weak correlation among the analyzed 
variables (R=0.006). Aso only 0.6% of variations, of the EU supply with wood doors and windows from 
China can be attributed to this variable. According to the results, the following can be concluded: althought 
the import of aluminium doors and windows to the EU from China increased in the period 2017-2019, it did 
have significant impact to the import of wood doors and windows to the EU from China. Also it should be 
noted that the Eurostat database does not compile special statistics for aluminium doors and windows, 
and the ones produced of wood and aluminium, which affects the relevance of the results obtained.    

Exponential econometric model best explains the impact of the EU's market supply of wood doors 
and windows from Germany on their import from China. However, there is a weak correlation among the 
analyzed variables (R=0.10). Only 1.1% of the import variations of wood doors and windows to the EU 
from China can be attributed to this variable. Power econometric model best explains the influence of the 
import of wood doors and windows to the EU from Poland on their import from China. There is a weak 
correlation among the analyzed variables (R=0.26). Only 6.6% of the import variations of wood doors and 
windows to the EU from China can be attributed to the effect of import from Poland. Comparing the 
obtained results, greater influence of Poland than Germany on the import of wood doors and windows to 
the EU from China is evident. At the same time, Germany is the largest supplier to the EU, while Poland 
has grown in importance over recent years. In this regard, in order to predict future relations, it would be 
very useful to continue the study of dependence between imports from China and Poland. Also the 
research should be extended to non-EU countries, because they may prove to be bigger competitors to 
China.   

Power econometric model best describes the impact of the number of housing starts in Great Britain 
on wood doors and windows import to the EU from China. There is weak correlation between the analyzed 
variables (R=0.19), and only 3.9% of variations in the import can be attributed to this variable. China, as a 
member of non-EU countrie, is the largest supplier of the Great Britain market with wood doors and 
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windows. According to the obtained results, it is clear that China has strong competitors among suppliers 
to the EU market of wood doors and windows. In addition to the above, there are data obtained by the 
research of the EU market supply with wood doors and windows from China in the period 2007-2019, 
which showed stagnation in doors supply and significant reduction in windows supply.   
 

4. CONCLUSIONS    

 
Over the period 2007-2019, the EU import value of wood doors and windows from China varied 

between ¼ and 1/3 of the total import value from non-EU countries. Over the period 2007-2019, the EU 
import value of wood doors from China varied between from 25.1% (2007) to 35.3% (2014) of the import 
value from non-EU countries. Unlike wood doors, China has no greater importance in supply the EU with 
wood windows, and it additionally decreased over the analyzed period. In 2019, China accounted for 4.1% 
in the total import value of wood doors and windows to the EU from non-EU countries.  
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THE NEW EFQM MODEL – THE WAY TO THE SUSTAINABILITY  
OF THE FORESTRY SECTOR IN THE GLOBAL ECONOMY 

 
Nováková, R., Horváthová, V., Vadkertiová, A., Šujanová, J., Canet  

 
 
Abstract: In the paper we will discuss the new EFQM model. Creating a sustainable future is one of the basic 
principles of excellnce. Criterion 2 of the EFQM model defines Leadership in the concept of Values in Action and 
Model Leadership Grow. The output will be the creation of a specific Model of Leadership grow focused on identifying 
values and strenghts for the measure of excellence in the forestry sector. 
Keywords: EFQM model, sustainability, forestry sector, global economy 

 
 

INTRODUCTION 
 

The crisis caused by COVID-19 has tested the preparedness and resistance to unforeseen situations 
of small and medium-sized enterprises operating in the woodworking industry. In most cases, it confirms 
the saying that the paper can withstand everything, but the reality is different. Many companies are proud 
to be owners of various types of certificates, which declare the implemented quality management systems 
according to ISO 9001: 2015 standards, or certificates according to ISO 31000 standards, the integrated 
risk management system. The quality management system should be a guarantee of profitability, 
competitiveness, preparedness for situations of crisis and, last but not least, to be a guarantee of a higher 
standard of all activities in comparison to mediocre organizations. 

We deal with the Fourth Industrial Revolution, exponential technologies in connection with artificial 
intelligence and robotics. However, a little attention is payed to the so-called disruption. Disruption is 
(according to an Accenture study from 2018) a disruption of the traditional form of a given area due to 
groundbreaking changes. As part of the survey, Accenture developed a Disruptability Index. This index 
can be used to understand what stage a company is in and why. It allows to identify risks and 
opportunities and consequently prepare the right strategic decisions. Only excellent organizations can 
exploit the potential of disruption in a global environment. For organizations to be successful, regardless of 
industry, size, structure, or maturity, they must create an appropriate management framework. The starting 
point can be self-assessment according to the EFQM model. The correct use of the EFQM model of 
excellence in conjunction with the RADAR methodology and basic principles ensures that all management 
practices are used by the organization and form a single, integrated system. This system tends to 
constantly improve and create an effective strategy for the organization. 

 
 

1. THE BASIC PRINCIPLES OF EXCELLENCE 
 
The basic principles of excellence in (EFQM Leading Excellence, 2017) are following:  
1. Creating added value for customers; 
2. Creating a sustainable future; 
3. Developing the ability of the organization; 
4. Using creativity and innovations; 
5. Leadership with vision, inspiration and integrity; 
6. Agile management; 
7. Achieving success through the capabilities of employees; 
8. Achieving lasting results. 
The late topic seems to be the area focused on agile management. The definition of the EFQM 

model for agile management is as follows: " Excellent organisations are widely recognised for their ability 
to identify and respond effectively and efficiently to opportunities and threats" (EFQM Leading Excellence, 
2017). 

In practice this means the following: 
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- Organizations use mechanisms to identify possible changes in their external environment, 
transfer them to possible future scenarios for the organization 

- Translate their strategies into organized processes, projects and organizational structures and 
ensure that changes can be implemented at a reasonable speed throughout the whole value chain. 

- Develop a meaningful combination of process performance indicators and related measurement 
results, enabling an examination of the effectiveness and efficiency of key processes and their contribution 
to strategic objectives. 

- Use data on current process performance and capabilities, benchmarks to encourage creativity, 
innovation, and improvement. 

- Effectively manage change through structured project management and targeted process 
improvement 

- Evaluate and develop a portfolio of technologies with aim to improve the agility of processes, 
projects and organizations. 

The EFQM model is based on 9 criteria. 5 criteria are so called Enablers and 4 are Results. Enablers 
criteria describe what the organization actually does and how. The results are conditioned by the Enablers 
and express what the organization achieves. Each criterion is made up of sub-criteria. The sub-criteria 
identify in more detail what will be assessed within the individual requirements for quality and excellence 
(EFQM Leading Excellence, 2017). 

The use of the EFQM model could be also beneficial for small and medium-sized enterprises 
operating in wood processing industry. Therefore, in this study, some sub-criteria which could be 
connected to the flexibility to adapt to change are submitted to more detailed characteristic.  We have in 
mind both expected and unexpected changes. 

Immediately in the first precondition, Leadership in the sub-criteria is declared: 
1e) Leaders ensure the flexibility of an organisation and the efficient management of changes 
The assessment then takes into account whether leaders in excellent organizations are flexible, 

whether they demonstrate their ability to make correct and timely decisions based on available 
information, previous experience and knowledge, or whether they take into account the "People, Planet, 
Profit" aspect (Elkington, 2018) in balancing conflicting requirements, whether they seek to support and 
involve all relevant stakeholders in the changes needed to ensure the sustainable success of the 
organization, whether they efficiently manage changes through structured project management and 
targeted improvement process, test and improve the most promising ideas, allocate resources for their 
implementation within a reasonable time frame. 

In the second precondition, the Strategy is under sub-criterion 2a) the emphasis is on 
identification, analysis and external indicators such as e.g. trends in the global and local economy, market 
and other societies that may affect the organization while anticipating the long-term and short-term global 
and local impacts of changes in relevant political, legal, regulatory and compliance requirements. They 
also use mechanisms to detect changes in their external environment and interpret them into possible 
future scenarios for the organization. 

The precondition about Employees in part 3a) Employee plans support the strategy of the 
organization, focuses attention on the alignment of employee plans with the strategy, organizational 
structure, new technologies and key processes, and rapid change is expected, resp. adapting the 
organizational structure to support the achievement of strategic objectives. 

Another prerequisite criterion is the Partnerships and Resources criterion. An important message 
of this criterion is that excellent organizations provide and monitor access to relevant information and 
knowledge for workers and external users, while ensuring security and intellectual property protection, 
creating networks of mutual learning and cooperation to identify opportunities for creativity, innovation and 
improvement, creating approaches to involve relevant stakeholders and use their collective knowledge to 
generate ideas and innovate. 

In criterion no. 5 Processes, products and services, an area of excellence is considered where 
processes are designed and managed to optimize value for stakeholders - sub-criterion 5a) and where 
products and services are developed with an objective to create optimal value for customers - sub-criterion 
5b). 

The Result criteria directly measure and monitor the needs and expectations of customers, 
employees, society and also focus on economic results as an important indicator of sustainable prosperity. 
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At the beginning of this paper, we mentioned that the EFQM model uses the so-called RADAR 
methodology. 

RADAR is an acronym and based on EFQM Leading Excellence (2017) stands for the following 
words: 

R- Results – which the organization wants to achieve as part of its strategy 
A – Approaches – these are approaches to how to plan and develop an integrated set so that it 

achieves the desired results today and in the future. 
D – Deploy – application of systematic methods to ensure the implementation of results 
Assess and Refine – assessment and improvement of applied approaches based on monitoring and 

analysis of achieved results and ongoing learning 
Parts of RADAR cards divide each element into several attributes: 

 
Table 1. Analysis of Enablers (RADAR methodology) (2) 

Elements Attributes Auxiliary Explanation 

Approach 
 

Appropriateness 
Approaches have a clear rationale, based on the 
relevant needs of stakeholders and are process-

based 

Integrated The approaches support the strategy and are 
linked to other relevant approaches 

Application 
 

Implemented 
Approaches are implemented in the relevant areas 

and on time. 
The application is structured and allows flexibility 

and agility of the organization. Structured 

Assessment and Improvement 

Learning and Creativity Learning and creativity are used to generate 
opportunities for improvement or innovations. 

Improvement and 
Innovations 

Measurement, learning, and creativity outputs are 
used to assess, prioritize and implement 

improvements and innovations. 

 
Table 2. Analysis of Results (2) 

Elements Attributes Auxiliary Explanation 

Relevance and Applicability 

Scope and Relevance 

A comprehensive set of results is identified, 
including key results that demonstrate the 

organisation's performance in terms of strategy, 
objectives and needs and the expectations of 

relevant stakeholders. 

Integrity 
The results are suitable at the time, reliable and 

accurate. 

Segmentation 
The results are appropriately disaggregated to 
provide a meaningful view of the organization. 

Performance 

Trends 
Positive trends or sustainable good performance 

for a period minimum 3 years. 

Objectives 
For the key results need to be set and consistently 
achieved appropriate objectives which are in line 

with strategic goals. 

Comparisons 
Relevant external comparisons are made in line 
with the strategic objectives and are favorable to 

key results. 

Trust 

There is confidence that performance levels will 
continue to be sustainable in the future through an 

understanding of relationships and causes and 
effects. 
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Table 3. RADAR Card for the Criteria of Enablers (2): 

Approach Auxiliary Explanation 
Cannot 

be 
proved 

Limited 
ability to 

prove 

Can be 
proved 

Can be 
fully 

proved 

Recognised 
as a global 

model 

Appropriateness 

Approaches have a clear 
rationale, based on the 

relevant needs of 
stakeholders and are 

process-based. 

     

Integrated 
The approaches support the 

strategy and are linked to 
other relevant approaches. 

     

Application Auxiliary Explanation 
Cannot 

be 
proved 

Limited 
ability to 

prove 

Can be 
proved 

Can be 
fully 

proved 

Recognised 
as a global 

model 

Implemented 
Approaches are 

implemented in the relevant 
areas and on time. 

     

Structured 
The application is structured 

and allows flexibility and 
agility of the organization. 

     

Assessment and 
Improvement 

Auxiliary Explanation 
Cannot 

be 
proved 

Limited 
ability to 

prove 

Can be 
proved 

Can be 
fully 

proved 

Recognised 
as a global 

model 

Measurement 

The effectiveness and 
efficiency of approaches and 

their application are 
appropriately measured. 

     

Learning and 
Creativity 

Learning and creativity are 
used to generate 
opportunities for 

improvement or innovations. 

     

Improvement and 
Innovations 

Measurement, learning and 
creativity outputs are used to 

assess, prioritize and 
implement improvements 

and innovations. 

     

Scale  0% 25 % 50% 75% 100% 

Overall Score       

 
Table 4. RADAR Card for the Criteria of Results (2) 

Relevance and 
Applicability 

Auxiliary Explanation 
Cannot 

be 
proved 

Limited 
ability to 

prove 

Can be 
proved 

Can be 
fully 

proved 

Recognised 
as a global 

model 

Scope and 
Relevance 

A comprehensive set of results 
is identified, including key 

results that demonstrate the 
organisation's performance in 
terms of strategy, objectives 

and needs and the expectations 
of relevant stakeholders. 

     

Integrity 
The results are suitable at the 

time, reliable and accurate. 
     

Segmentation 

The results are appropriately 
disaggregated to provide a 

meaningful view of the 
organization. 
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Relevance and 
Applicability 

Auxiliary Explanation 
Cannot 

be 
proved 

Limited 
ability to 

prove 

Can be 
proved 

Can be 
fully 

proved 

Recognised 
as a global 

model 

Trends 
Positive trends or sustainable 
good performance for a period 

minimum 3 years. 
     

Objectives 

For the key results need to be 
set and consistently achieved 
appropriate objectives which 

are in line with strategic goals. 

     

Comparisons 

Relevant external comparisons 
are made in line with the 

strategic objectives and are 
favorable to key results. 

     

Trust 

There is confidence that 
performance levels will continue 
to be sustainable in the future 
through an understanding of 
relationships and causes and 

effects. 

     

Scale  0% 25% 50% 75 % 100% 

Overall Score       

 

 

2. PRACTICAL APPLICATION OF THE EVALUATION FRAMEWORK OF THE RADAR 
METHODOLOGY FOR COMPARISON OF TWO ORGANIZATIONS  

IN THE WOODWORKING INDUSTRY 
 

For the practical application of the evaluation framework of the RADAR methodology, we selected 
two organisations which produce furniture. We focused only on the result criteria. Based on the survey, we 
developed a RADAR card for each organization and defined their position within the specific industry in 
which they do business. Before we evaluate our survey, we briefly characterize the selected organizations: 

 
IKEA Industry Slovakia, s.r.o. with a seat in Malacky 
The overall purpose of the Inter IKEA Group is to ensure the continuous improvement, development, 

expansion and longevity of the IKEA concept. It consists of three main activities: franchising, scope and 
supply, and industry. 

 The three main companies are working together to build a stronger franchise system. Building even 
better IKEA offer together with retailers and suppliers based on existing and new strengths in our value 
chain. The aim is also to provide franchisees with the best possible conditions for the implementation and 
operation of the IKEA concept and to create a strong platform for future expansion and growth. 

There exist many IKEA companies around the world. All IKEA franchises are independent of the Inter 
IKEA Group. A large group of franchisees is owned and managed by the INGKA Group. Inter IKEA Group 
and INGKA Group have the same founder and a common history and heritage, they have been operating 
under different owners and management since the 1980s. 

The industry produces approximately 10-12% of the total IKEA assortment, with the main focus on 
furniture. Its activities are carried out through approximately 40 production units, which include forestry, 
sawmill and the production of board material, wooden components, and finished furniture. It is the largest 
manufacturer of wooden furniture in the world. 

 
DECODOM, s.r.o. with a seat in Topoľčany 
The main trend in furniture solutions is to provide a universal sollutions in the field of design and 

material and customer individuality – i.e. to furnish all housing in one place and from one manufacturer. 
The production of Decodom is also subordinated to this goal and customer requirements. Already at the 
time of proposal of new furniture model there are considered other accessories to be delivered, e.g. coffee 
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table, regals, shelves, and likewise. They try to enable the customer to buy a furniture from their offer to 
every room in one place and thus to avoid customers to look for  desired accessory at their competition. 

 
Table 5. RADAR Card for the Criteria of Results IKEA Industry Slovakia, s.r.o. with the seat in Malacky 

(own elaboration) 

Relevance and 
Applicability 

Auxiliary Explanation 
Cannot 

be 
proved 

Limited 
ability to 

prove 

Can be 
proved 

Can be 
fully 

proved 

Recognised 
as a global 

model 

Scope and 
Relevance 

A comprehensive set of results is 
identified, including key results that 

demonstrate the organisation's 
performance in terms of strategy, 

objectives and needs and the 
expectations of relevant 

stakeholders. 

   X  

Integrity 
The results are suitable at the time, 

reliable and accurate. 
   X  

Segmentation 

The results are appropriately 
disaggregated to provide a 

meaningful view of the 
organization. 

   X  

Relevance and 
Applicability 

Auxiliary Explanation 
Cannot 

be 
proved 

Limited 
ability to 

prove 

Can be 
proved 

Can be 
fully 

proved 

Recognised 
as a global 

model 

Trends 
Positive trends or sustainable good 
performance for a period minimum 

3 years. 
    X 

Objectives 

For the key results need to be set 
and consistently achieved 

appropriate objectives which are in 
line with strategic goals. 

    X 

Comparisons 

Relevant external comparisons are 
made in line with the strategic 

objectives and are favorable to key 
results. 

    X 

Trust 

There is confidence that 
performance levels will continue to 
be sustainable in the future through 
an understanding of relationships 

and causes and effects. 

    X 

Scale  0% 25% 50% 75 % 100% 

Overall Score     
3 x 

75% 
4 x 100% 

 
 

Table 6. RADAR Card for the Criteria of Results DECODOM, s.r.o. with the seat in Topoľčany (own 
elaboration) 

Relevance and 
Applicability 

Auxiliary Explanation 
Cannot 

be 
proved 

Limited 
ability to 

prove 

Can be 
proved 

Can be 
fully 

proved 

Recognised 
as a global 

model 

Scope and 
Relevance 

A comprehensive set of results is 
identified, including key results that 

demonstrate the organisation's 
performance in terms of strategy, 

objectives and needs and the 
expectations of relevant 

stakeholders. 

  X   
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Integrity 
The results are suitable at the time, 

reliable and accurate. 
   X  

Segmentation 

The results are appropriately 
disaggregated to provide a 

meaningful view of the 
organization. 

   X  

Relevance and 
Applicability 

Auxiliary Explanation 
Cannot 

be 
proved 

Limited 
ability to 

prove 

Can be 
proved 

Can be 
fully 

proved 

Recognised 
as a global 

model 

Trends 
Positive trends or sustainable good 
performance for a period minimum 

3 years. 
   X  

Objectives 

For the key results need to be set 
and consistently achieved 

appropriate objectives which are in 
line with strategic goals. 

    X 

Comparisons 

Relevant external comparisons are 
made in line with the strategic 

objectives and are favorable to key 
results. 

    X 

Trust 

There is confidence that 
performance levels will continue to 
be sustainable in the future through 
an understanding of relationships 

and causes and effects. 

    X 

Scale  0% 25% 50% 75 % 100% 

Overall Score    
1 x 

50% 
3 x 

75% 
3 x 100% 

 
 

The RADAR rating is more complex as the individual sub-criteria are scored separately and the basic 
principle for scoring is that if the organization improves over time, its score against the model will increase. 
In addition, point weights are assigned to each of the nine criteria to calculate the total number of points 
awarded. In general, each sub-criterion has the same weight within the criterion. For example, each of the 
5 sub-criteria of the Leadership criterion has a share of 20% out of 100 points. However, there are 
exceptions. Sub-criterion 6a) occupies 75% of the points allocated to criterion 6, while sub-criterion 6b) 
occupies 25%. Sub-criterion 7a) occupies 75% of the points allocated to criterion 7, while sub-criterion 7b) 
occupies 25%. The total score that can be achieved is from 0 to 1000 points. 

In this paper, it was not possible to score each sub-criterion separately, so we used a summary 
output, the result of which is as follows. 

The company IKEA Industry Slovakia, s.r.o. with its seat in Malacky, is part of a strong franchise 
system and the IKEA brand is recognized worldwide and we can assume partnership orientation. In terms 
of agility, the organization is able to adapt quickly to effective change and can adapt in a timely manner to 
a new threat or opportunity. Production is focused on the so-called value benefits, which means a very 
good distinctive value of products and services from customers. Part of the strategy is the practical 
transfer of ideas into new products, services, processes, systems and social interactions. 

From this point of view, IKEA Industry can be considered an excellent organization with a global 
reach. 

The company DECODOM, s.r.o. based in Topoľčany, is rather locally oriented and its strategy is 
strongly oriented towards traditions and a management system that is focused on the management of 
processes and systems improvement. The company uses intellectual capital, which is an intangible asset 
of the organization and its strengths are diversity, educational networks, the opinion of stakeholders about 
the organization and, last but not least, top management, i.e. people who coordinate and balance the 
interests and activities of all who are in contact with the organisation. 

From this point of view, it is possible to consider the DECODOM company as an excellent 
organization with local scope. 
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CONCLUSION 
 
In conclusion, we could say that both of the above organizations, without claiming to the 

completeness of the input information in this paper, are in a way excellent and if they can sustain their 
results in the future, we can consider them excellent organizations. Why is it necessary the use, resp. 
implementation of the EFQM Model by organizations? There may exist several reasons, but the most 
important is that excellent organizations are constantly adding value to customers and can anticipate and 
meet needs, expectations and opportunities. They compare their performance with relevant benchmarks 
and learn from the strengths, continuously monitor and evaluate their customers' experiences and 
perceptions, and respond to any feedback. The experts from practice reproach several shortcomings to 
the EFQM model. Like other models, it passes through certain development stages and the innovation of 
the model is not always fortunate and sufficiently understandable. Nevertheless, it can be used as a 
benchmark for excellent organizations in the woodworking industry. 
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SUSTAINABLE DEVELOPMENT GOAL INDUSTRY AND INNOVATION:  
CHALLENGE FOR WOOD-PROCESSING INDUSTRY IN SLOVAKIA 

 
Lesníková, P., Kánová, M. 

 
 
Abstract: Sustainable development goals (SDGs) present a transformation force of Agenda 2030 for sustainable 
development. The Agenda 2030 established by the United Nations is the most comprehensive set of global priorities 
for achieving sustainable development. One of the SDGs is a goal Industry and innovation. Wood-processing 
industry has play an important role in this issue with a high potential for ensuring own sustainability and 
competitiveness, as well as possibility of contributing to the fulfillment of SDGs. Aim of the paper was to provide 
insight into the situation in the field of wood-processing industry in Slovakia and to analyze selected indicators of 
SDG with emphasis on innovation activities, research and development spending and others. In order to obtain the 
necessary data, the data from Eurostat and Statistical Office of the Slovak Republic was used. Results define some 
dominant features and also significant challenges and opportunities that this industry faces. 
Keywords: sustainable development, innovation, wood-processing industry 

 
 

1. INTRODUCTION 
 

The basis of sustainable development, generally accepted in the report of the World Commission on 
Environment and Development, points to the unceasing need to shape the economic development of 
society in a way that respects the resources of the planet and social justice (Mensah, Casadevall, 2019). It 
could be seen that the basis of this concept "meeting the needs of present generations without 
compromising the ability to meet the needs of future generations" (Our Common Future, 1987) is 
perceived as an issue of the global direction of humanity. However, a proactive approach by the business 
sector is also needed. 

The transformation force of Agenda 2030 represents 17 sustainable development goals (SDGs). The 
mission of these goals is to stimulate actions on the next 15 years to achieve a set of important social and 
environmental priorities worldwide (United Nations, 2015; Sachs, 2012). These goals represent a wide 
range of areas, from more generally oriented: poverty, hunger, peace, good health, clean water, energy, 
sustainable cities, to the goals more industry or business oriented as innovation, decent work and 
economic growth, sustainable production and consumption, quality education, gender equality or climate 
action. In general, the SDGs represent a challenge for enterprises.  The Agenda 2030 says that “private 
business activity, investment and innovation are major drivers of productivity, inclusive economic growth 
and job creation. We acknowledge the diversity of the private sector, ranging from micro enterprises to 
cooperatives to multinationals. We call upon all business to apply their creativity and innovation to solving 
sustainable development challenges” (United Nations, 2015).  

The forest and timber sector are contributing to the SDGs in many ways. It could be mainly by 
providing low-carbon, bio-based solutions that are renewable and recyclable (World Business Council for 
Sustainable Development, 2019). Moreover, from the point of view of wood-processing industry it is 
necessary to support the development of sectors with higher value added, especially those with a negative 
trade balance (Green Report, 2019). In wood-processing industry can positively assess the labour 
productivity growth, the most significant in pulp and paper, where is recorded long-term growth above 
average of industrial production, especially in periods with high inflows of FDI into the mentioned sector 
(Merková, Drábek and Polách, 2011). However, most foreign companies investing in Slovakia has their 
innovative potential organized in home country, so the share of R&D capacities is gradually reduced, and 
thus it fails to engage the capacities into innovative projects (Merková, Drábek and Jelačić, 2012). SDG 9 
Industry and innovation calls for building resilient and sustainable infrastructure, which supports 
sustainable development and human well-being. Moreover, this goal recognizes the importance of 
technological progress and innovation for finding lasting solutions to social, economic and environmental 
challenges. It calls for fostering innovation by enhancing scientific research and technology development, 
and by upgrading technological capabilities of industrial actors (Eurostat). Wood-processing industry of 
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Slovakia noted no innovation development focused on increase the competitiveness of production and 
efficiency increasing, and without solution of the availability of financial resources needed to implement 
innovative plans can expect a significant decrease in the competitiveness and long-term recession 
(Merková and Drábek, 2010). According to Walz et al. (2017) reaching the SDGs needs innovations, 
whereas the high importance of green issues also reflects the high pressure to reduce the environmental 
burden in every country and industry. Furthermore, the need for environmental innovations and the build-
up of life-supporting infrastructure go hand in hand.  

The Government of the Slovak Republic consider the sustainable development as one of the basic 
pillars of the knowledge society (Ministry of Economy SR). Aim of the paper is to provide insight into the 
situation in the field of wood-processing industry in Slovakia and to analyze selected indicators of SDG 
with emphasis on innovation activities, research and development spending and others. 

 
 

2. MATERIALS AND METHODS 
 

Within the primary architecture of the paper we pay attention to analyze selected indicators of SDG 9 
– Industry and innovation: 1) at national level of country; 2) at level of wood-processing industry. In order 
to obtain the necessary data, the database from Eurostat and Statistical Office of the Slovak Republic 
(SOSR) was used. We compare the indicator of gross domestic expenditure on R&D with data of the V4 
countries and the EU average. We analyze the selected indicators (Table 1) in terms of individual data 
availability. The enterprises of wood-processing industry are divided according to SK NACE: 16 – 
Manufacture of wood and of products of wood and cork, except furniture, manufacture of articles of straw 
and plaiting materials, 17 – Manufacture of paper and paper products, and 31 – Manufacture of furniture. 
 

Table 1. Selected analysed indicators 

Indicator Level  Goal linking  Source 

Gross domestic expenditure on R&D  national  scientific research Eurostat 

Innovation expenditures in business  sector  development & innovation SOSR 

Type of innovation activity  sector development & innovation  SOSR 

Barriers of innovation activity sector development & innovation SOSR 

 
These data were processed using an analytical-synthetic method, mainly descriptive statistics 

through the MS Excel and software STATISTICA 12. At the end of the paper we define some dominant 
features and significant challenges and opportunities that this industry faces.  

 
 

3. RESULTS AND DISCUSSION 
 

Except for some multinational enterprises operating in the Slovak Republic, no significant 
investments were made in the modernization of processing technologies. The wood-processing sector is 
forced to respond to changes in demand in the European market, through the implementation of 
innovations and changes in the structure of production (Green Report, 2019). Despite the positive 
development of economic indicators (Table 2) and the growth in the volume of domestic wood processing, 
there was no significant increase in the competitiveness of most wood processing enterprises and growth 
in added value. It is the producing of added value that is a negative and a weakness of the Slovak wood-
processing industry. 

 

Table 2. Economic characteristics of wood-processing (Source: National Forest Centre, 2020) 

Wood-processing industry (mil. €) 2016 2017 2018 

Turnover 3 023 2 984 3 129 

Costs 2 830 2 802 2 960 

Profit/loss before taxation 193 182 169 

Average number of employees 22 446 23 407 23 434 
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Economic indicators of the wood-processing industry were reflected in the improvement of some 

parameters compared to the previous year. Turnover increased by 6.6% to the level of 3,129 mil. €, costs 
increased by 5.6% and employment are slightly increased to 23,434 jobs. The profit/loss before tax 
decreased by 7.1% to 169 mil. €.  

From the national level point of view, within the goal Industry and innovation we analyzed the 
indicator that measures gross domestic expenditure on R&D of the business sector as a percentage of the 
GDP. From the Figure 1 is evident that values of this indicator are in V4 countries below the average of 
EU.  

 

 
Figure 1. Gross domestic expenditure on R&D (Based on Eurostat data) 

 
While the average value of the expenditures of R&D by the enterprise sector in 2018 in the EU is 

1.41% of GDP (which represents an increase of 0.04 percentage points compared to previous year) and 
still has a slightly increasing tendency, in case of V4 countries is only 0.90 % of GDP (2018). Slovakia lags 
behind the other V4 countries and its values are relatively low (2017 it is 0.48%), while in 2018 they fell to 
0.45%. 

The analysis through indicators of the innovative activity of wood-processing enterprises brings a 
different perspective. According to SOSR (2018) enterprises with innovation activity are those, that 
introduced new or significantly improved products to the market or introduced a new or significantly 
improved process within the enterprise. Further abandoned or on-going innovation activities are also 
included to this group of enterprises. 
 

Table 3. A general data related to innovation of enterprises (Source: SOSR, 2018) 

Enterprises Wood Pulp, paper  Furniture  

Enterprises with 
innovation activity  

Total 
38  

(20.65%) 
18  

(30.00%) 
42  

(31.34%) 

Total innovation 
expenditures 

in thous. € 6 397 1 167 2 828 

% of total turnover for all 
enterprises 

0.94 0.09 0.35 

% of total turnover for all 
innovation active enterprises 

2.35 0.15 0.55 

Turnover (thous. €) innovation activity 272 454 782 372 512 281 

Turnover (thous. €) without innovation activity 406 249 573 738 304 424 

 
In terms of indicators related to the innovation at the level of wood-processing industry (Table 3) it is 

clear that most enterprises with innovative activity are located in the furniture production sector (31.34%) 
while enterprises implement both technological and non-technological innovations. Enterprises with 
innovaion activity from manufacture of pulp and paper represent 30% of enteprises and their focus is on 
both technological and non-technological innovations. Nearly 21% enterprises with innovation activity 
recorded manufacturing of wood with predominantly technological innovation. A smaller percentage of 
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enterprises in the industry is only in case of manufacture of textiles, clothing and leather (16.70%), repair 
and installation of machinery (19.80%), and other manufacturing (17.00%). 

In 2016, the most expenditures on innovation are realized by wood processing enterprises (6,397 
thousand € ), while it represents 2.35% of the total turnover for all innovation active enterprises. This is 
followed by furniture manufacturing enterprises (2,828 thousand €), which represents 0.55% of total 
turnover for all innovation active enterprises. In the case of paper manufacturing enterprises, total 
expenditure is 1,167 thousand € (0.15% of total turnover). The most expenditures heads to the acquisition 
of machinery, equipment, software and builds. In case of furniture enterprises, higher revenues are 
achieved by innovative enterprises. From the point of view of other fields of industry, it represents 
relatively low values. We are aware that the wood-processing industry is characteristic by a low-
technology technology sector but this industry has a several opportunities for improvement. On the other 
hand, there exist some barriers which prevent the implementation of innovation activities (Figure 2). 

 
 

 
Figure 2. Factors hampering innovation activities (Based on SOSR, 2018) 

 
 
The wood-processing enterprises identified the innovation costs as the biggest barrier to realization 

innovative activities.  In the field of paper and pulp industries the enterprises marked the difficulties in 
obtaining government grants or subsidies, and it is the same in furniture enterprises. Other factors were 
the lack of internal finance, lack of skilled employees, or too much competition in the market. 

The wood-processing industry is typical of its features. It may seem that there has been far too little 
innovation in some fields of wood-processing industry and decreasing the share on market. This trend 
could be caused by replacing of wood by plastics and aluminum. The wood-processing industry still fight 
with the lower value added of its production. Changes in investment could solve this problem, increasing 
productivity which could ultimately lead to increased competitiveness of the sector. Technological 
developments must be adapted and further developed to comply with the increasingly demanding 
consumer sectors. Strategies of these enterprises are still more oriented on improving existing products 
whereas enterprises could focus their strategies more on customer specific solutions or reaching new 
customer groups or new products. Further it is needed to be included bio-based solutions and improving 
partnership as a significant source of innovation through value chain based on cooperation. On the 
government level it is necessary develop a long-term innovation strategy for this sector with appropriate 
actions. In order to achieve a high level of innovation performance, countries need a balanced innovation 
system, public and private investment in education, research and skills development, effective 
partnerships between industry and academia, as well as an innovation-friendly business environment, 
including strong digital infrastructure, competition on the markets and efficient allocation of resources 
(European Commission, 2019). 

An interesting finding is the position of Slovakia in the SDG index. Slovakia ranked 23rd out of 157 
countries in 2017, and the worst results were achieved in meeting goal 9 - industry, innovation, where the 
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Slovak Republic lags behind in expenditures on science and research, but also in other parameter (Pontis, 
2018). The improvements in this area are debatable due to the current situation marked by the Covid-19 
pandemic. It has caused many problems on the part of producers as well as processors of wood raw 
material, and the fall in the sale of wood automatically means shortfalls in sales. The wood sector is 
already feeling the impact, people are stopping buying furniture products. There is an optimistic 
assumption of a slight increase in autumn 2020 or in the second half of 2021 (LESmedium, 2020). 

The paper has some limitations: the possibilities of analysis of more indicators related to innovation 
on national or sector level, processing of currently unavailable current data, more up-to-date data 
concerning innovation activity and the possibility of comparison with V4 countries.  
 
 

4. CONCLUSION 
 

The issue of SDGs can be described as phenomenally complex. We can conclude that for Slovakia 
the fulfillment of SDGs is still a challenge. There are many ways which this issue possible to improve. This 
also applies the forest and timber sectors which can contribute to fulfillment of SDGs not only by 
innovations, but at first by striving and adhering to goals related to social area. The main priority for the 
development of the forestry and timber sector should be the modernization of technology in order to 
increase the efficiency of production, which would increase the competitiveness of DSP companies. 
Investing in R&D and innovation are essential for long-term economic development and prosperity as they 
foster economic growth, job creation, labor productivity and resource efficiency. At the national level 
Slovakia lags behind not only the EU average but also V4 countries and its values are relatively low. 
Moreover the amount of innovative expenditures and innovative activity are at the low level. 
 
Acknowledgements: We wish to thank project KEGA 005TU Z-4/2020 „Economics, Management and 
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Virtual Space. 
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EVALUATION OF THE INNOVATION ACTIVITY  
OF THE WOOD PROCESSING INDUSTRY AS SUSTAINABLE INDUSTRY 

 
Olšiaková, M., Loučanová, E., Šupín, M. 

 
 

Abstract: The paper is aimed at the evaluation of the innovation activity of the wood processing industry in Slovakia. 
The situation is assessed from the point of view of innovation activity concentrating on three areas: wood and cork 
(not furniture), manufacture of pulp, paper and furniture manufacture. Within the Forest-Wood-Chains, the 
sustainability concept has developed from a narrow concentration on sustainable wood production. Wood is 
supposed to be the primary raw material in the wood processing industry. It is considered to be a material with 
environmental nature. It is necessary to determine the innovation activity and performance of wood-processing 
industry of Slovakia and its favourable and critical areas through the analysis which is followed by the comparison of 
selected periods. Subsequently, the results of the analysis point to the state of innovation activity of wood processing 
industry in Slovakia compared to other industries. 
Key words: innovation, innovation activity, wood processing industry. 

 
 

1. INTRODUCTION 
 

The concept of sustainability in the forest sector has developed from a limited concentration on 
sustainable wood production to a much wider evaluation of environmental, social, and economic 
sustainability for all value chains. Forest-Wood-Chains are understood as chains of production processes 
(e.g. harvesting–transport–industrial processing), which are associated with wood products. Sustainability 
is determined by analysing environmental, economic, and social sustainability indicators for all production 
processes. Lindner et al. (2010) states that the forest-wood-chains sustainability is presented as the less 
intensive management system with natural regeneration and motor–manual harvesting shows higher 
carbon storage and slightly less energy use. It creates more employment and higher labour costs, but the 
average rate of accidents is also higher. 

Sustainability has been the main idea in forestry for many years. The forest management is aimed to 
organise timber harvesting schedule with regard to the forest growth potential to maintain a continuous 
flow of timber production. In the twentieth century we recorded a change, specifically the multiple use of 
forest resources was replaced by the narrow focus on timber production that used to be a management 
objective. Consequently, there were included multi-dimensional aspects of sustainability in forest 
management. After entering into the 21st century, the idea sustainability has been spread and economic 
sectors of Forest-Wood Chains have become its part (Päivinen, Lindner, 2006). 

Innovation activities are one of the elementary preconditions for the company´s success based on 
the sustainable development within the market economy. These activities are a significant dynamic factor 
of each company. They also create an important link between the present and future of each company. 
Schumpeter (1939) defines innovation as creating a new production function representing application of 
new ideas into the production process. Some authors (OECD and Kotsemir, Abroskin, 2017, Očkajová et 
al, 2019, Olšiaková et al. 2017) characterise innovations as one of the factors influencing economic 
changes. Radical innovations create significant changes in the world; sequential innovations present the 
change process.  

Innovations can take many forms, such as introduction of a new product, process innovations, 
opening of a new market, development of new sources of inputs supply and changes in industrial 
organization. 

If an enterprise considers increasing its investments, implementing new innovations and 
competitiveness, it should search all available sources and mainly use all factors that support innovation 
processes. 

Innovation process is strongly associated with predictions in innovative process. The statement or 
prophecy about future state of investigated object is systematically derived by the prognosis. It means that 
innovation in innovative process will be applied under specific conditions in a specific period. The 
prognosis is primarily aimed at estimates of market changes, customers’ requirements and needs, 
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competition development, market capacity development, changes in disposable incomes and 
macroeconomic parameters (Loučanová, 2016; Straka, 2013; Štofková, 2013; Havierniková, 2012). 

From the point of view of the National program for the utilization of wood potential in the Slovak 
Republic (Ministry of Agriculture of the SR, 2016) wood processing industry reports insufficient 
competitiveness on domestic and mainly on foreign markets. The reason rests in the lack of own financial 
resources for innovations. It mainly concerns small and medium-sized wood processing companies. This 
economic unstable situation causes problems in preparation of innovation and their implementation that 
leads to lowered competitiveness. It is consequently reflected in many difficulties.  

Most of domestic wood processing companies attempt to use the direct entry to foreign markets. 
Their products are often sold as semi-finished or low value production to subsequently processing 
companies. 

Parobek et al. (2016) indicates that the comparative advantages are changing with the stage of wood 
products processing. In particular, they decline with the increasing value added products. The stage of 
wood processing also influences the trade specialisation. Slovakia is inter-industry country specialised on 
the raw material stage and the stage of semi-finished mechanical wood products with low added value (e. 
g. sawnwood). Slovak trade changes in specialisation with the industry with the increasing added value of 
the products (Loučanová et al. 2017; Šupín 2009; Parobek et al. 2014; 2015). 

There were not recorded any important changes in customers´ behaviour towards wood as a 
material. Therefore it is recommended to keep the existing position and implement innovative strategic 
business models that emphasize wood as a material and its quality compared to substitute materials 
(Olšiaková et al., 2016; Loučanová et al., 2014). 

The purpose of these models rests in defining expectations and needs of customers taking into 
account their environmental as well as other reflections (Paluš et al., 2014; Paluš et al. 2011). Thus they 
identify the specific product characteristics taking into account the customers´ requirements. 

The elements specification is an important impulse to identify trends and to determine consecutive 
procedures, improvements and innovations for selected products (Loučanová et al., 2014) when applying 
the quality management systems with the objective to ensure a higher efficiency in the whole sector 
(Gejdoš, 2016). 

The study results by Kaputa et al. (2016) validate that foreign competition is considered to be the 
most substantial obstacle for the Slovak exporters of wood products. To succeed in foreign surroundings 
they have to invest in promotional activities. They also have to deal with limited access to capital. Another 
problem rests in an absence of the strategic development of the whole forest sector that would provide 
more effective problems solutions resulting from the industry structure transformation as well as problems 
connected with business relations within the supply chain which is influenced by a number of above 
mentioned factors and cyclical changes in wood prices.  

As it is stated by Klenk and Wyatt (2015) and Šterbová et al. (2016) the strategy in the forest sector 
should fixate on mobilisation of knowledge. It leads to innovation that means a level of engagement with 
partners. It is rather creative and transformative than informative and cooperative. In the long term, it 
should establish new ways for innovation for all types of wood in this sector. 

The aim of the paper is the assessment of the innovation activity of the wood processing industry in 
the Slovakia. 
 
 

2. METHODOLOGY 
 

The analytical-synthetic method presents an elementary approach to process the innovation activity 
issue of the wood processing industry valuation. In the paper we analyse the issue within the individual 
parts of the wood processing industry through the researched features and processes analysis. The 
results that we have obtained describe the innovation activity of wood processing enterprises in several 
respects, identifying the basic causalities and coherences. The results of the research are partial findings 
and conclusions, which are combined through a synthesis into a unified whole of the examined issue. 
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3. RESULT AND DISCUSSION  
 

Companies with innovation activities are those that have launched new or radically improved 
products or introduced new or significantly improved processes in the company or introduced 
organizational or marketing innovations. We can also include here those companies that have unfinished 
or suspended innovation activities.  

28.7 % of enterprises were active in innovations in the Slovak Republic in the monitored period 
review. 30.7 % comes from industry and selected services (except construction). Enterprises from the 
industrial sector had higher innovation ability (32.7 %) than in the service sector (28.4 %).  

 
The proportion of enterprises with innovation activity varied and ranged from 16.7 % to 66.7 % in 

individual sectors of economic activity. It reached the average 32.7 % in industry and 28.4 % in services 
(Statistical Office of the Slovak Republic, 2018; 2020). 

The wood processing industry's innovation activity in terms of furniture production is 31.3 %, paper 
and paper products 30 % and wood processing 20.7 %. The average value of innovation activity in the 
wood processing industry is 27.33 % in complex. This value does not reach the average of the innovation 
activity of enterprises in Slovakia, so we can state that it is below average. 

Compared to the previous monitored period, it has decreased by 6.7 % in furniture production, by 3 
% in wood, pulp, paper and paper products, but it has increased by 5.90 % in wood processing.   

 

Figure 1 The share of enterprises with innovation activity from the total number of enterprises in industry  
Source: Statistical Office of the Slovak Republic (2018); Statistical Office of the Slovak Republic (2020)  

 
 
 
From the point of view of statistics, the greatest burden within innovation activities is in the machinery 

and equipment acquirement, followed by internal research and development, etc. Expenditures on other 
innovations activities present the lowest burden in terms of expenditures for innovation activities (seen 
Figure 1) (Statistical Office of the Slovak Republic, 2018; 2020).  
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Compared to the previous monitored period more innovation expenditures were used in the area of 
acquisition of machinery and equipment, but less in the area of acquisition of external knowledge. 

Below-average innovation activity in the wood processing industry is mainly caused by a lack of own 
financial resources for innovation, especially in small and medium-sized processing enterprises. This 
economically unstable situation causes complications in the processes of innovations preparation and 
implementation and finally it leads to drecrease competitiveness. Thus, most of domestic wood processing 
is facing difficulties in direct access to foreign markets and their production is often sold as semi-finished 
or low-value products for follow-up processing companies. 

 

 

Figure 2 The structure of expenditures on innovation in industry  
Source: Statistical Office of the Slovak Republic (2018); Statistical Office of the Slovak Republic (2020) 

 
 

CONCLUSION 
 

Innovation activities create a significant component strongly influencing the success of the enterprise 
on the market regardless of which sector the enterprise belongs to. The paper is aimed at the assessment 
of the innovation activity in the Slovak wood processing industry. Results from our study point to below 
average innovation activity in the wood processing industry which is caused mainly by financial reasons 
for innovations. It should be noted that wood processing has slightly improved in the area of innovation 
activity compared to furniture and pulp and paper manufacturing. The problems result in decreased 
competitiveness of Slovak wood processing companies in foreign markets. One of possible ways to solve 
this problem is to create partnerships between small and medium sized enterprises for more efficient 
obtaining of financial resources for innovation activities, resulting in higher competitiveness of these 
enterprises abroad because external cooperation in innovation activities has decreased. 
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IMPACTS OF BUSINESS INFORMATION SYSTEMS APPLICATION  
TO PRODUCTION AND BUSINESS MANAGEMENT  
IN THE SERBIAN WOOD INDUSTRY COMPANIES 

 
Kalem, M., Lazarević, A., Rajković, T., Lečić-Cvetković, D., Glavonjić, B. 

 
 
Abstract: The research subject in this paper is Business Information Systems (BIS) used in wood industry 

companies of the Republic of Serbia. The main objective of this paper is to research the impact of BIS application in 

various production and business management processes in wood industry companies of the Republic of Serbia. An 
additional objective is to determine production and business management processes that are the most improved by 
BIS application in the companies where the research was conducted. This paper aims to imply to these companies 
the advantages of BIS application in production and business management, as well as the business improvement 
that can be achieved by their application. The research was conducted on a sample of the 100 largest companies in 
the wood industry of the Republic of Serbia, according to the criterion business income in the year 2016. The 
research results show that BIS application in wood industry companies has the most significant positive impact on 
the inventory management process. Of the total number of surveyed companies, the most significant number of 

companies considers that the BIS application has a large positive impact on this management process. Also, many 

companies consider that the implementation of BIS has an enormously positive impact on the financial management 
process. Increasing the efficiency of the inventory and financial management process contributes in reducing the 
number of days of working capital in the stock of reproductive material, reducing the level of debts, as well as 
increasing liquidity and efficiency of capital management. 
Keywords: Business Information System, Wood Industry, Production Management, Business Management, 
Republic of Serbia 

 
 

1. INTRODUCTION 
 

 The results of the conducted research related to the Business Information Systems (BIS) 
application in the wood industry companies of the Republic of Serbia indicate that a very small percentage 
of these companies apply BIS in their business. The 100 largest wood industry companies of the Republic 
of Serbia were selected according to the criterion business income in the year 2016 (SBRA, 2017). 
According to the research results presented in the paper Rajković et al. (2020), only 12 (12 [%]) 
companies use some of BIS and only 3 (3 [%]) companies plan to implement BIS in the next 18 months. 
The same research results indicated that BIS application in micro and small enterprises, as the most 
represented categories of wood industry companies of the Republic of Serbia, is very rare. Only 2 (16.67 
[%]) companies of all surveyed companies that own BIS belong to small enterprises. The number of micro 
enterprises that own BIS is 0 (0 [%]). The same paper presents the research results on BIS application in 
the wood industry companies from a different area, i.e., the presence of BIS in companies in the area C16 
(wood processing and products of wood, cork, straw and willow, except furniture) and area C31 (furniture 
production). The results of this research indicate that out of the total number of companies that apply BIS, 
9 (75 [%]) companies belong to area C31 and 3 (25 [%]) companies belong to area C16. 
 Although they are one of the important elements of the economy, the wood industry companies of 
the Republic of Serbia also face several problems in doing business. Some of them are production milling, 
unrecognition of products of this industry on the world market and insufficient visibility of companies from 
this industry on the domestic and foreign markets. According to Kalem et al. (2019), only 62 (62 [%]) wood 
industry companies of the Republic of Serbia have a website. This is a relatively small percentage, given 
that the survey was conducted on a sample of the 100 largest companies in this field in the Republic of 
Serbia. Also, it can be assumed that in a larger sample, the percentage of companies that have a website 
would be significantly lower. The reason for this is that the companies that would be observed as a 
sample, in that case, would belong to the group of small and micro enterprises based on criteria business 
income, number of employees, market share and market distribution. 
 In addition to the above, one of the main problems these companies face is the low level or lack 
of applications of systems for production and business management. The production and business 
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management are based on information, i.e., the process of receiving, transferring and processing data, 
where this processing provides information for the management decision (Lečić-Cvetković & Atanasov, 
2015). Based on this, it can be concluded that quality, timely and in the correct form of information 
presents the basis for successful production and business management. The lack of information related to 
internal processes and external impacts that affect a company's business can be defined as one of the 
fundamental problems of a large number of wood industry companies of the Republic of Serbia.  
 To remain one of the pillars of the Republic of Serbia's economy in the future, wood industry 
companies must implement a system for production and business management. Applying this system, 
these companies can increase the surplus in foreign trade, increase the number of employees and 
remaining competitive with international companies that operate in the market of the Republic of Serbia. 
One of the prerequisites for the production and business management systems implementation is the 
application of BIS that provides receiving, transferring and processing large amounts of data that occur in 
everyday business in various processes. Also, it includes data processing and data creation for quality 
management decisions. 
 
 

2. AIM AND METHODOLOGY 
 

 The main objective of this paper is to present the research results to perceive the effectiveness of 
BIS in various processes of production and business management in the wood industry companies of the 
Republic of Serbia. The methodology used in this paper was basic methodological methods, i.e., the use 
of analysis, synthesis and generalization. These methods were used in the data analysis, where data were 
collected by surveying the 100 largest companies in the Republic of Serbia's wood industry. During the 
survey, companies were questioned about BIS impact on a particular production or business management 
process. Each question was answered with values on the Likert scale from one to five, where a value one 
indicates that the BIS application has no positive impact on a particular production or business 
management process. In contrast, a value five indicates an extremely high positive impact of BIS 
application on a specific production or business management process. Based on the collected data, 
analyses were performed and appropriate conclusions. 
 
 

3. APPLICATION OF BUSINESS SYSTEMS IN PRODUCTION AND BUSINESS 
MANAGEMENT 
 
 According to the authors (Krenczyk & Jagodzinski, 2015), "in modern companies integrated 
information systems supporting management processes are used extensively at different levels (strategic 
to operational), including the area of production planning where most often offered solutions are the 
systems belonging to Enterprise Systems (ES) class, from Manufacturing Resource Planning (MPR) to 
Enterprise Resource Planning (ERP) and complementary solutions-Customer Relationship Management 
(CRM), Product Data Management Systems (PDM) or Manufacturing Execution System (MES)".  
 ERP systems, as one type of BIS, present a business system for the development of different 
business functions. According to this solution, it is possible to record and control all activities in a company 
and coordinate with all business documents, resource management, etc. The application of ERP systems 
in everyday business brings many benefits. With the successful implementation and correct usage of ERP, 
the best business results appear. One of the advantages is integrating all of the business processes at the 
level of the entire company. Thereby the quality division of needed work is implemented, reflecting the 
division of responsibilities, better monitoring and control of business processes. "Being one of the 
information technologies, ERP offers a structure that reconstructs processes of enterprises and represents 
a crucial tool for corporations to manage the flow of both inside and outside processes of the firm" (Acar et 
al., 2017). "ERP systems can be a very important knowledge repository for each manufacturing enterprise 
which data registered in an ERP database could be first transformed into information, and after 
interpretation, into knowledge about products and processes" (Klos, 2016). "The way an ERP system gets 
implemented also depends on a vital question that "What" needs to be implemented" (Nagpal et a., 2015). 
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4. RESULTS AND DISCUSSION 
 
 The first question of the survey was to assess the impact of BIS application in the procurement 
process management. Based on the results of the research presented in Figure 1, it was determined that 
out of a total of 12 companies that apply BIS in their production and business management, 2 (16.67 [%]) 
companies consider that BIS application has an extremely high positive impact on improving the 
procurement process management, 5 (41.67 [%]) companies believe that this has a significant positive 
impact on the procurement process management and 3 (25 [%]) companies consider that BIS application 
has a visible impact on the procurement process management. The number of companies that consider 
that BIS application has an extremely small positive impact on the procurement process management is 1 
(8.33 [%]), and also the same number of companies consider that the BIS application has no positive 
impact on the procurement process management. The obtained results on this question indicate that the 
companies perceive a significant percentage of the advantages achieved by BIS application in the 
procurement process management, i.e., that BIS facilitates their business activities and exchange of 
information with their stakeholders and suppliers. 
 

 

 

Figure 1. The impact of BIS application on the procurement process management 
  
 
 The next question was related to the impact of BIS application on the inventory management 
process. Based on the research results shown in Figure 2, it can be concluded that out of a total of 12 
companies that apply BIS, 8 (66.67 [%]) companies consider that BIS application has an extremely high 
positive impact on inventory management process, while 2 (16.67 [%]) companies consider that BIS has a 
significant positive impact on this process. Also, 1 company (8.33 [%]) considers that the impact of BIS 
application on the inventory management process is of medium importance. The number of companies 
that consider that the BIS application has no positive impact on the inventory management process is 1 
(8.33 [%]). Based on the research results, it can be concluded that companies perceive the advantages of 
BIS application on the inventory management process. The reason for that conclusion is that the inventory 
management process is an internal process, companies do not have the problem of information and data 
exchange with other companies. Also, the improvement of this process significantly contributes to the 
reduction of inventories and increases companies' working capital, which makes companies extremely 
satisfied with BIS application in the inventory management process. 

The next question was related to the impact of BIS application on the financial management 
process. Figure 3 shows the research results on this question. These research results show that 6 (50 [%]) 
companies consider that BIS application has an extremely high positive impact on the financial 
management process, while 5 (41.67 [%]) companies consider that this impact is significant. Thus, a total 
of 11 (91.67 [%]) companies consider that BIS application has an extremely high positive or a significant 
positive impact on the financial management process, while only 1 company (8.33 [%]) considers that BIS 
application does not influence to the financial management process. The research results can be 
considered unusual because the more significant number of surveyed companies had specialized 
accounting programs that facilitated the financial management process, even before BIS installation. 
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Figure 2. The impact of BIS application on the inventory management process 
 

  

 

Figure 3. The impact of BIS application on the financial management process 
 
 

5. CONCLUSION 
 

 Based on the presented research results, it can be concluded that the BIS application has a 
positive impact on observed production and business processes management. Also, many companies do 
not use all the benefits of BIS in their business. BIS application in production and business management 
has the most significant impact on the financial management process. A total of 11 (91.67 [%]) companies 
indicated that BIS application had an extremely high positive or significantly positive impact in this 
management process, that contributes to reducing the level of debts, as well as increasing liquidity and 
efficiency of capital management. Another process on that BIS application has an extremely positive 
impact is inventory management. A total of 10 (83.33 [%]) companies consider that the implementation of 
BIS has an extremely positive or positive impact on this management process. This result can be 
considered expected because one of the fundamental purposes of BIS is to improve the inventory 
management process as one of the main internal processes in production company. Unexpected results of 
the research are that 2 (16.67 [%]) companies considered that the BIS application has an extremely small 
positive impact on procurement process management or that it has no positive impact on it. Insufficient 
business activities of these companies with their stakeholders and suppliers are one of the reasons that a 
certain number of these companies are not extremely satisfied or just satisfied with BIS application in this 
process management. This problem does not provide the possibility of applying all the advantages of 
applying BIS in these management processes.  
 The direction of further research of the authors of this paper would be the same research 
conducts on the same number of companies in this field in the countries in the region and a comparative 
analysis with the research results presented in this paper. Based on these results, can be indicated the 
similarities and differences in these studies in different countries of the region, which would lead to new 
conclusions and recommendations to the wood industry companies of the Republic of Serbia, in order to 
improve their production and business management by BIS application.   
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CONTEMPORARY CHALLENGES FOR THE SUSTAINABLE PRODUCTION  
AND SUPPLY OF WOODEN PALLETS IN BULGARIA 

 
Stoyanova, A., Kirechev, D. 

 
 
Abstract: The report focuses on the nature of the production of wooden pallets in Bulgaria, as part of the wood 
processing industry. The production of wooden pallets is a business organized in small and medium-sized 
companies in semi-automatic and automatic technologies. An important problem of the modern supply of wooden 
pallets is the achievement of free exchange of certified Euro pallets and quality assurance through control. The report 
analyzes the contribution of wooden pallets to the forest industry and logistics related to existing management 
strategies. The report focuses on meeting the quality requirements of the product and its contribution to improving 
economic performance. 
Keywords: pallets, wooden pallets, supply chain, packaging, wooden packaging, logistics 

 
 

1. INTRODUCTION 
 

With the development of international trade in goods, more and more goods are present in various 
markets around the world. The globalization of the markets and the expansion of the range of goods sold 
on the international markets are factors that influence the intensity of the development of transport and the 
conditions for their storage. Looking at business activities such as logistics and warehousing, it can be 
emphasized that wooden pallets have influenced international trade in goods effectively. As one of the key 
components of the warehousing and transport environment, pallets have helped to improve trade. 
Although the pallet as a product has evolved over time, its main purpose remains the same: to facilitate 
the rapid movement and storage of goods, to reduce product damage, to minimize the risk of injury to 
workers. With the use of pallets, customers have the opportunity to more easily operate and process their 
goods. 

The article analyses, on the one hand, the role of pallets in logistics activities to ensure the protection 
of goods during storage and transport, the challenges facing the industry for the production of wooden 
pallets in the European Union and Bulgaria and business opportunities, on the other. Emphasis is placed 
on the quality requirements for the production of wooden pallets. The economic, social and environmental 
contribution of wooden pallets to the industry and the management of the supply chain of goods are 
studied. 

 
 

2. WOODEN PALLETS AS PACKAGING IN THE INTERNATIONAL EXCHANGE  
OF GOODS AND QUALITY REQUIREMENTS 

 
According to the regulation on packaging and packaging waste in Bulgaria, the term "packaging" 

includes products used by each person in the chain from producers to end-users to hold, protect, handle, 
deliver and present any goods from raw materials to finished products (Naredba za opakovkite i 
otpadatsite ot opakovki (bg), 2012). According to their functional purpose, the packaging can be divided 
into three groups: Commercial packaging (primary); Group packaging (secondary); Transport 
packaging(tertiary). 

At present, in international trade in goods, several normative documents are regulating the import 
and export of goods and their accompanying packaging, both between EU countries and in EU trade with 
third countries. The expansion of trade requires the unification and harmonization of the quality and type of 
transport packaging with which goods are linked to the trade process. Regulatory requirements in Bulgaria 
combine many criteria, such as those related to the quality of packaging, safety and protection of the 
packaged product, hygiene and transport requirements. Ensuring the quality of raw materials and finished 
products are inextricably linked to the availability of standards (Fras, Olsztynska, & Scholz, 2018). 
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Regardless of the voluntary nature of the standards, their application guarantees economic efficiency of 
enterprises, the application of scientific achievements, production and supply of quality products, 
maintaining market positions, increasing customer satisfaction (Marinova & Stoykova, 2019) (Marinova, 
Stoykova, 2019). The standards present the relevant criteria for the assessment of packaging according to 
Directive 94/62 /EC and the method of declaring conformity. 

When placed on the market, the packaging of goods must have a minimum weight and volume to the 
extent necessary to fulfil its main consumer property - to ensure the safety and hygiene of the packaged 
product. According to Sowa (Sowa, 2012), 90% of all products produced in the world require the use of 
appropriate protective functions. In the process of designing, manufacturing and distributing packaging, it 
is possible to use reusable packaging to minimize their impact on the environment as generated waste.  

Reusable packaging is considered to be a more effective option for reducing the impact of packaging 
volume and energy while preventing production emissions to the environment. To this end, the maximum 
use of reusable and recyclable packaging is required (Sowa, 2012). The use of reusable packaging 
improves logistics and transport activities and reduces the consumption of natural resources. Wood is still 
considered to be the most environmentally friendly packaging material and has ample opportunities to use 
more active forms of wood packaging (Nosáľová, Loučanová, & Parobek, 2018). It is estimated that at 
least 20% of plastic packaging can be replaced by reusable ones (Reuse, Rethinking Packaging, 2019). 

Modern European society strives to implement measures to protect the environment, and policies 
and technologies should promote sustainable resource consumption to ensure sustainable development in 
the long run (Marinova, 2019). The growing demand for timber and timber products in the world, the 
reduction of forest areas and the problems in the management of the forest sector have raised serious 
questions of concern. The emphasis in recent years has been on reducing the amount of packaging 
material per unit volume, as well as the gradual transition from recycling of materials to reusable 
packaging. These trends can be reported as positive because they allow more value to be maintained 
(Coelho, Corona, ten Klooster, & Worrell, 2020). 

In terms of regulations in Bulgaria, pallets are considered as reusable transport packaging. The main 
materials from which the pallets are made are wood, plastic, metal, composite and paper. Globally, 
according to a study by the Freedonia group (2020) (https://www.freedoniagroup.com/World-Pallets.html), 
wooden pallets are the most common type of pallets, accounting for 92% of unit demand and 83% of sales 
in value terms in 2019. International Standards for Phytosanitary Measures Number 15 (ISPM 15) address 
wooden packaging material is considered to be wood or a wood product used to support, protect or 
transport goods (International Standart for Phitosanitary Measure, 2002). The use of pallets as a wood 
packaging material is associated with the unification of the structure, size and material from which the 
packaging is made. Based on the performed analysis, the regularities between the price of the pallets and 
the conditions ensuring security and lifespan of the package, which is used repeatedly, are derived (Jiang, 
Wang, Xu, & Cai, 2012). 

Wooden pallets as wooden packaging material must meet many requirements - technological, legal, 
quality. To meet these requirements, systems for production monitoring, marking, supervision, licensing 
have been developed (Fras, Olsztynska, & Scholz, 2018). The EPAL pallet system (https://www.epal-
pallets.org) operates within the European Union to ensure reliability in the production and use of wooden 
pallets. The licensing system for the production and repair of wooden packaging in the European Union is 
mainly used in Euro-pallet, based on standards for wooden flat pallets. 

The organization started working in 1995 as an international pallet organization EPAL (European 
Pallet Association. Currently, the organization has 20 national committees and representative offices and 
cooperates with three audit firms. The volume of EPAL pallet production is constantly growing. According 
to the association, in 2018, 121.8 million EPAL freight carriers were produced and repaired, which is 5.2% 
more than in 2017, including 93.9 million new flat pallets, and 27, 5 million flat pallets have been repaired 
and it is estimated that more than 500 million EPAL pallets are currently in circulation. 

The EPAL system is essentially based on the guidelines of the harmonized standard EN 13698, 
which includes the requirements for flat reusable flat wooden pallets measuring 800 mm x 1200 mm, used 
for transport, storage, handling and interchangeability. To ensure the quality of its products and services, 
EPAL works with independent audit organizations, logistics organizations and key pallet users.  

The main proposals of the EPAL system are to achieve security and quality assurance of pallets. 
Therefore, only licensed companies can produce pallets and mark them in accordance with the 
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instructions of the system. Marked euro pallets with the EPAL mark allow identifying its manufacturer and 
the legal origin of the product. EPAL also licenses pallet repair companies, manufacturers of pallet 
components, as well as nails and equipment used for pallet production. The EPAL system enables the 
exchange of over 500 million pallets traded worldwide, market access for over 1,600 production operators, 
uniform quality standards worldwide, standardized pallet sizes throughout the supply chain, transparency 
of costs, the more neutral balance of CO2, optimal transport routes of goods, etc. After 2013, a pallet 
quality assessment system based on the new ECL EPAL Pallet Assessment Cards is implemented. 
According to EPAL, the association's pallets are made of sustainably grown and carbon-neutral wood, can 
be repaired and reduce transport distances due to their high level of accessibility. 

 

 
Figure 1. Basic types of wooden pallets 

 
 

In the world modern logistics practice, there are two main types of wooden pallets: “stringer” and 
“block” pallets (Figure 1). Stringer pallets have three long pieces of wood ("stringer") that support the sides 
and middle of the parallel wooden boards. These are usually two-way pallets, as a forklift can only pick 
them up in two different ways. The block pallets are supported by wooden blocks on the sides and middle 
of each edge. Block pallets, better known as 4-pointed pallets because they have the same orientation, no 
matter how they are transported, are typically used for heavier shipments as they provide more support for 
the platform. 

Although there are no uniform international standards for the size of wooden pallets, the (ISO, 
2003)International Organization for Standardization (ISO) defines six standard sizes of wooden pallets, 
shown in Table 1. The most common pallet size used in Europe is the EUR pallet, with dimensions 
1000x1200x144mm. Usually, wooden pallets are designed to be accessible from all four sides. Depending 
on the loading requirements of the pallet, the weight of the EUR pallet can range from 20 to 35 kg. 

 
 

Table 1. ISO-determined sizes of Еuro pallets used in different regions 

ISO Pallet 
Dimensions (mm) 

Regions 
Commonly Used 

Euro Pallet Type Euro Pallet 
Dimensions (mm) 

1016 × 1219 North America EUR, EUR 1 800 × 1200 

1000 × 1200 Europe and Asia EUR 2 1200 × 1000 

1165 × 1165 Australia EUR 3 1000 × 1200 

1067 × 1067 North America, 
Europe, Asia 

EUR 6 800 × 600 

1100 × 1100 Asia Quarter size 600 × 400 

800 × 1200 Europe Eighth size 400 × 300 

 
 
The productivity and strength of wooden pallets can be affected by several of factors, including the 

weight that the wood can carry and the ability to bend. Other factors for the efficiency of pallets are 
pressure strength, resistance, defects in the wood, resistance to rot and others (PALLETS, UNIFORM 
STANDARD FOR WOOD, 2014). To achieve safety and reduce the risk of introduction and spread of 
quarantine pests in wooden pallets used in international trade and produced from raw wood, they need to 
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be treated and marked according to the International Standard for Phytosanitary Measures Number 15 
(ISPM 15, 2013). The requirements of the standard also apply to recycled wooden pallets. 

The scope of the ISPM 15 includes the requirements for repair and reuse of wood packaging 
material, its thermal treatment and marking. 182 countries around the world are committed to complying 
with the requirements of the ISPM 15, which prevents the entry of wood pests into foreign ecosystems and 
ensures greater safety of transported goods. 

The control for compliance with the requirements of the ISPM 15 in case of import in Bulgaria of 
goods transported by wooden pallets is carried out by the Bulgarian Food Safety Agency at the border 
inspection phytosanitary points, in the customs organizations on the territory of the country or in the places 
approved for phytosanitary inspections. In the event of non-compliance with the requirements of the ISPM 
15 and depending on the severity of the non-compliance, inspectors may detain the goods until the non-
compliance is remedied, prescribe re-treatment or destruction. The control for compliance with the 
requirements of the ISPM 15 for export from Bulgaria is carried out in the places where the vehicle is 
loaded or in the customs organizations. 

 
 

3. CONTRIBUTION OF THE PRODUCTION AND SUPPLY OF WOODEN PALLETS  
TO INDUSTRY AND LOGISTICS 
 
The ability and efficiency of the supply chain depend not only on the type of method of storing or 

transporting the product but also on the ways in which goods are packaged by which the product arrives at 
the consignee. Wooden pallets make a significant contribution to both the logistics of goods and the wood 
processing industry. This section will examine some economic, technological and environmental 
challenges of using wooden pallets for the economy. 

 
 

3.1. Economic challenges of wooden pallets for the industry 
 
The wood based industry is key for the manufacturing sector in the EU and generated 142.7 billion 

value-added in 2016, respectively 7.5% of the value-added of the manufacturing sector (Eurostat, 2019). 
In 2017, 429 thousand enterprises operated in the EU wood processing industry, mainly in small and 
medium-sized companies, as 39.7% of the industry is enterprises for processing wood and wood products. 
The employed in the sector are 3.3 million (10.8% of the employed in production). The contribution of the 
wood processing industry to the EU economy is great and plays an important role in the creation of the 
gross product (Nováková, Pauliková, & Canet, 2019). 

According to National Statistical Institute of Bulgaria data, in 2018 in the wood processing industry of 
Bulgaria 1237 companies operated, with 13 thousand employees. The gross value added of the sector is 
EUR 334 million, which is about 4.2% of the value-added in industrial production. Most employed in the 
wood processing sector are in the Southwest and South-Central regions. 

Globally, over the past decade, the production and consumption of wooden pallets have left a 
significant impact on economic growth, especially in developing countries such as the United States, 
Canada, and the EU. According to a study and forecasts of the Freedonia group (2020) 
(https://www.freedoniagroup.com/World-Pallets.html), the expected global demand for pallets will grow by 
about 3.7-3.8% per year, reaching 208 billion units in 2024. The pallet market is estimated at about $ 52.5 
billion. The world market is dominated by block pallets compatible with automatic systems. They are 
distinguished by their ease of operation and good load capacity. Stringer pallets predominate in developed 
markets, while block pallets are preferred in emerging markets. The development of the pallet market will 
grow, despite the slowdown in worldwide sales due to COVID-19. The most dynamic markets are 
expected to be Asia-Pacific, with forecasts in 2024 to reach 40%. In the North American and EU markets, 
available pallet stocks will hamper opportunities for higher sales. The lower price of wooden pallets will 
continue to define them as a leading product over metal and plastic. The growth of regional demand for 
pallets will be supported by the development of industries and logistics systems in developing countries. 
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E-commerce will further increase the need for storage pallets. India and China are expected to determine 
global demand for pallets in the coming years. 

According to FEFPEB (the European Federation of Wooden Pallet and Packaging Manufacturers, 
https://www.fefpeb.eu), the EU produces about 100 million cubic meters of timber, with over 25 million 
cubic meters of timber each year they are used for pallets and wooden packaging. The average lifespan of 
a wooden pallet is between 5-7 years, with a high percentage of wooden pallets being recycled and 
recovered. 

According to the United Nations, Economic and Social Council (UN, 2016), the production of pallets 
and wooden packaging is fragmented in Europe, with a large number of small and medium-sized 
enterprises operating. There is a tendency for production to gradually shift to Eastern European countries, 
where costs are lower. Pallet production in Western Europe is becoming increasingly automated, with the 
industry incorporating more robotics into production and repair. The sector has consolidated in recent 
years with fewer and larger companies, and several of the larger groups have begun to operate 
internationally. Production for all major wood packaging products in Europe increased from 2012 to 2014, 
with a total value of $ 11.1 billion in 2014. In descending order, the main producers of flat pallets in Europe 
are France, Poland and Germany, with production growing at the highest rate in Poland. According to the 
European Federation of Wood Packaging Manufacturers (FEFPEB), the number of pallets produced 
increased from 339 million units in 2006, to 371 million units in 2010, to 401 million units in 2013 and 
almost 500 million in 2018. 

According to FEFPEB (the European Federation of Wooden Pallet and Packaging Manufacturers, 
https://www.fefpeb.eu), the number of pallets heat-treated according to the International Phytosanitary 
Standards № 15 is increasing due to the spread of some pests (eg pine nematodes, etc.). In the 
Scandinavian countries, almost 100% of softwood is heat-treated and dried. In other countries, pallets are 
made from pre-cut raw wood and heat treatment is carried out after installation. 

A total of 73.6 million EPAL pallets were produced in 2015, compared to 67 million in 2012. As 
expected, 23.9 million units were repaired in 2015, compared to 22.4 million units in 2014. 

Pallet prices have been relatively stable in recent years, although commodity prices have fluctuated. 
The main factor for the changes in prices was the changes in the prices of raw materials and the 
accumulation of stocks. 

Pallets and wooden packaging are mainly supplied with goods, but there is also some trade in empty 
pallets and wooden packaging, mainly in Europe. As the production of pallets is developing intensively in 
the countries of Eastern Europe, the main exporters of flat pallets are Poland, Germany, the Czech 
Republic and Latvia. Western European countries are finding it increasingly difficult to compete with 
Eastern European prices at lower costs. The main importers of pallets in the EU continue to be Germany, 
France, Belgium and the Netherlands. The production and trade of pallets are mainly within the EU. 

In Bulgaria, the production of wooden pallets is organized in about 1000 smaller and medium-sized 
companies, but there are also operators on the market with a larger production capacity. The production of 
wooden pallets is promising for Bulgaria, given the lower production costs compared to Western European 
countries. Proof of this is the increased export of pallets from the country to 129 thousand tons in 2016. 
The production of pallets is a business that can be organized for the implementation of various 
technological solutions, according to the size of the company. In small family businesses, the production of 
pallets can be carried out by manual assembly of pallets or by applying semi-automatic lines. In medium 
and large enterprises, production opportunities are increasing. The semi-automatic production line allows 
producing 1.5 pallets in one minute and is serviced by two operators and one forklift and 2 nailing 
machines at 5 pallets per minute. Such a line can be served by 4-6 people and produces up to 90 pallets 
per hour. Automated and robotic lines for the production of wooden pallets can produce up to 650 pallets 
per hour. They are served by 5-6 operators and 2-3 loaders. The profitability of the production of wooden 
pallets is determined mainly by the price of raw materials and the volume of production. With the right 
organization of production, the pallet business can be very profitable. It is accepted that the return on 
investment in semi-automated production is within two to three years, while the payback period for 
automated lines for the production of pallets can be within three to four years. 
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3.2. Technical challenges of wooden pallets for industry and logistics 
 
In recent years, logistics has developed extremely dynamically in the context of the development of 

international trade, as the usefulness of the logistics service is associated with the implementation of 
customer satisfaction to maintain the quality of transported goods (Stefanova, 2019). Pallets are a critical 
component of logistics infrastructure. In the United States, about 2 billion pallets are used annually to 
transport raw materials and goods, in the EU about 500 million, and in China about 1.2 billion, with solid 
wood pallets accounting for 90-95% of the market and are the most common. Plastic pallets are about 4-
6% of the total pallets, and their purpose is for specific industries (pharmaceutical). In the structure of the 
pallets, flat pallets predominate. 

The issue of the contribution of wooden pallets to logistics is closely linked to existing pallet 
management strategies. In practice, there are three pallet management strategies (Ernst, 2019) (Roy, 
Carrano, Pazour, & Gupta, 2016): 

1) Single use expendable pallets strategy - ownership of a pallet is transferred with the load it carries. 
In this case, the pallets are not returned to the distributor or the manufacturer. Such pallets are usually 
wooden and are chosen for lower costs. After their use, such pallets are used briefly and collected in 
landfills. In terms of cost, this is the most expensive strategy. 

2) Buy-sell strategy - pallets are sold to customers and subsequently, he manages them. Once the 
pallet reaches the end of its useful life, their owner recycles them. The activities of repair, proper disposal 
and sorting are the responsibility of the buyer of the goods. 

3) Leased pallet pooling strategy - in which the customer leases the pallets from the distribution 
company and agrees to manage them further in the supply chain, using them back down the chain or 
recycling them. This strategy is cheaper in terms of costs. 

The challenge in choosing a specific pallet management strategy is to choose from the most efficient 
option from an economic, technical or environmental point of view (Bilbao, Carrano, Hewitt, & Thorn, 
2011). From the point of view of costs, it is necessary to analyze the type of material, the method of 
production and use, life expectancy, the nature of the product, the possibilities for ensuring safety, etc. 

In technological terms, the steps in the chain of production and delivery of wooden pallets are 
presented in Figure 2 (adapted from Sanchez Gomez, L.S.) (Sanchez Gomez, 2011). The production 
process begins with logging, and then the logs are sent for processing. The timber is processed into parts 
for pallets and edged according to the type of pallet, after which the pallet is assembled. The finished 
pallets follow their purpose and are sent to distributors of goods or directly to end-users. 

 
 

 
Figure 2. Stages of the supply chain of wooden pallets 

 
 

Surveys of the American magazine "Modern material handling" (https://www.mmh.com) in 2016 
(October) and 2019 (September) on the state of the pallet industry in the United States revealed some 
important problems and challenges for the industry and logistics. According to the 2016 study, the most 
significant factor for pallet users was the purchase price (61%), strength (56%), durability (54%) and 
reusability (44%). When buying wooden pallets, 65% prefer used pallets and 54% prefer new pallets. 
Regarding the use of wooden pallets, 46% of respondents use the same number as the previous year, 
and 42% use more than the previous year. Only 12% use fewer pallets than the previous year. Regarding 
pallet management strategies, only 7% of respondents use pallet rental companies. According to the 2018 
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survey on pallet storage and handling, only 23% use automated palletizing equipment, and the majority of 
companies continue to use manual pallet storage and handling systems.  

The increased desire to automate the supply chain creates prospects for the growth of smart pallets. 
The use of pallets with microchip RF identification allows easier tracking of goods in the supply chain and 
improves inventory management. According to Persistent Market Research 
(https://www.persistencemarketresearch.com), the Global Market Study on Pallets: Smart and Recyclable 
Pallets to Trend Through 2029 report expects increased worldwide demand for smart pallets over the next 
decade due to growing supply chain automation. 
 
 

3.3. Environmental benefits of wooden pallets 
 
Assessing the application of environmental principles in the production and supply of wooden pallets, 

it can be argued that this product is made entirely in compliance with the highest environmental criteria. 
Wooden pallets fit very well into the circular economy. Pallet manufacturers and users are expanding their 
pallet repair and recycling programs. Damaged wooden pallets are easy to repair and suitable for a new 
use, and their strong parts can be used to repair worn pallets. Waste from recycled pallets is a good raw 
material for animal bedding, for the production of furniture or paper, which increases the lifespan of the 
wood. Also, reusable pallets are heat-treated, which reduces the need for pesticides. Wooden pallets have 
much greater environmental advantages over plastic pallets, mainly because they are easier to recycle, 
although they wear out more and are more resistant to pests. According to FEFPEB, recent studies in 
France and Spain have shown that bacteria have a higher survival rate on plastic than on pine or poplar 
wood (UN, 2016). At the same time, the production of plastic pallets consumes five times more energy, 
emits more greenhouse gas emissions and is more difficult to recycle (Bilbao, Carrano, Hewitt, & Thorn, 
2011). Plastic pallets have been found to have a greater impact on climate change than wooden pallets, 
and wooden pallets have a negative carbon footprint (Deviatkin, Khan, Ernst, & & Horttanainen, 2019). 

According to FEFPEB, 108 billion kg СО2 are stored in pallets circulating in the EU. It is a 
misconception that the use of wood for pallets leads to deforestation. Although wooden pallets are also 
made from new wood, much of the unattractive wood unsuitable for furniture and construction is used for 
the production of wooden pallets. 

Although the wooden pallet sector uses forest resources (which are renewable), it fits well into the 
EU's action plan for the transition to a sustainable, low-carbon and competitive economy. Given the EU's 
proposal to recycle 65% of packaging by 2025 and 75% to 30%, the importance of wood as reusable 
packaging is growing. 
 
 

4. CONCLUSION  
 

In conclusion, the following conclusions and summaries can be made: 1) In the coming years, wooden 
pallets will continue to have a positive effect on international trade by improving the operation and 
handling of goods. 2) The requirements for guaranteeing the quality and safety of the goods subject to 
trade are increasing and wooden pallets can meet these challenges. 3) The market of wooden pallets is 
dynamically developing and Bulgarian producers can take advantage of the favourable opportunities they 
have to produce at lower costs. 4) The contribution of wooden pallets for logistics solutions for delivery 
and for inventory management in warehouses is in the direction of increasing automation in the supply 
chain. 5) The environmental benefits of using wooden pallets are great and they fit very well into modern 
EU policy for the development of a sustainable and low-carbon economy. 
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PATIENTS' ATTITUDES TO TREATMENT BASED ON ACTIVE ELEMENTS  
FROM TREE EXTRACTS AS ECOLOGICAL INNOVATION 

 
Loučanová, E., Šupínová, M., Šupín, M., Olšiaková, M., Červenková. E. 

 
Abstract: Sustainable development is a way of developing human society that harmonizes economic and social progress with 
the full-valued preservation of the environment. The ambition of sustainable development is to improve the quality of the 
environment and the health of the population, to simplify the system and to maintain non-intervention at the highest level of 
protected areas, sustainable timber harvesting, support of the circular economy and incentive system for waste charges and 
other activities associated under the concept of eco-innovation. Eco-innovations seek to make significant and demonstrable 
progress towards a sustainable development by reducing environmental impacts, strengthening resistance to environmental 
pressures, or making more efficient and responsible use of natural resources. Therefore, the aim of this paper is to find out the 
attitudes of patients with alopecia to their disease and treatment using active compounds from tree extracts through the Kano 
model. The results identify the attitudes of patients with the disease to the treatment with the aim of more effective approach 
to patients in terms of satisfying their needs and adaptation, respectively ecological innovation of products used to treat this 
disease by using natural resources compared to existing alternatives, supporting the idea of sustainability. From the point of 
view of patients suffering from this disease, treatments based on active compounds from tree extracts are an essential element 
of their treatment and their deficit represents potential on the market from an economic, natural and social point of view. 
Keywords: Innovation, eco-innovation, Kano model, customers’ requirements, alopecia, active elements from tree extracts 
 
 

1. INTRODUCTION 
 

Competition in the market causes a continual contest for customer favour, which accelerates technological 
progress and innovation in all areas to meet customer demands. From a microeconomic point of view, customer 
satisfaction can be understood as one of the factors reflected in the evaluation of products competitiveness. It 
means that the basic prerequisite for the success of businesses on the market is to create such competitive products 
that are able to meet the maximum volume of customer needs. This represents product portfolio management and 
its innovations do not exempt eco-innovations. 

Eco-innovation (synonymous for "sustainability innovation") is a special category of innovation that generates 
the effects needed for environmental protection (respectively sustainable development ensuring). 

Nowadays a strong emphasis is placed on sustainable development. Innovation management associated with 
the whole innovation process and corporate social responsibility when applying environmental protection creates 
an environmental management system which is established on three pillars - environmental performance of a 
product, innovation quality for customer and added value of the product supporting this development (James, 1997; 
Jeck, 2018; Loučanová, 2016, Madudová et al., 2018, Šterbová et al, 2016). 

The product quality, which increases the customer's standards through innovation, is reflected mainly in the 
increasing comfort of the customer, his safety and reliability of the innovated product. On the contrary, taking into 
account the environmental impact there are monitored descending effects on climate changes, resource efficiency 
throughout the life cycle of an innovated product from research and development to its ecological disposal 
(Loučanová, 2016; Kalamárová et al, 2014, Loučanová et al. 2014; Straka, 2013; Štofková, 2013; Kaputa et al, 
2016; Paluš et al. 2011). 

 All these innovative activities are a prerequisite for the commercial success of a business for the 
sustainable development of its operating regarding market economy conditions, so they are connected to the 
commercial part of the innovation process, i.e. diffusion of eco-innovation in the market. Then ecological innovations 
represent an important dynamic factor of each industries (Loučanová, 2016) and even in medicine. 

The pharmaceutical industry invests in research and development more of its profits than other sectors. The 
value of the innovative pharmaceutical industry is enormous, but it does not only rest in the world's largest scientific 
and research base. Innovative pharmaceutical companies bring additional benefits to national economies. 
Innovative ways of treatment allow patients to live longer and more productive life. New therapies bring people 
longer and better life. Investments in medical innovation also have a significant impact on patients' quality of life. 
Innovative methods within the diseases treatment often use natural ingredients (AIFP, 2020). 

Attitudes towards lifestyle and health are developed in several models of consumer segmentation in terms of 
their attitudes and behavior towards sustainability and environmental issues, such as the LOHAS (Lifestyles Of 
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Health And Sustainability) model. Therefore developmental tendencies for the issue of examining the attitudes of 
patients of the selected type of disease and towards treatment with the use of preparations based on active 
elements from tree extracts are current topics of research. Allopecia is also an actual topic because it is increasingly 
common in younger age groups of patients. 

Alopecia is a non-infectious disease that results in hair and pubes loss. Hair loss afflicts more than 50 % of 
the world's population.  
Genes are the main responsible factor causing the loss of hair growt of men. Hormones, stress, age, diseases, 
unhealthy lifestyle, inappropriate hair products (containing SLS and parabens) as well as haircuts are the factors 
influencing the hair loss of women. Alopecia is a limited hair loss that is divided by doctors into scarred and non-
scarred. The chance of hair growth returning is lower in alopecia with scarring (Palovčíková, 2015; Expert team 
NANOGEN, 2016). 

Mentioned factors can cause an activation of T cell-mediated autoimmune disease that targets hair follicles 
(Goh et al., 2002; Ikeda, 1965; Tan et al., 2002; Xiao et al. 2006; Nanda et al., 2002). It affects both genders the 
same way, the disease can occur at the beginning of life or later in adulthood (Safavi et al., 1995). The disease has 
several subtypes ranging from one or more local spots of hair loss to complete hair loss on the head or on the 
overall scalp and body (Sundberg et al., 2003). 

Alopecia occurs in men as well as women, with the difference that a complete baldness never occurs in 
women. In men, it usually begins in the corners; later the hair begins to recede from the forehead and gradually 
forms a bald spot on the scalp. In women, alopecia has a different course - the hair is gradually thinner, shorter, 
loses color until the hair follicle completely disappears and the skin between the hair begins to shine through. At 
the age of sixty-five, half to three quarters of women suffer from hair loss (Palovčíková, 2015). Androgenic alopecia 
affects almost 30 % of men before the age of 30 years and 50 % over the age of 50 years. 40 % of women over 
the age of 50 also suffer from it (Expert team NANOGEN, 2016). It is caused by viral infections or inflammation, or 
bacterial or fungal infections, cancer or mechanical and physical damage (Odborný tím Vypadavanie vlasov, 2016). 
If alopecia occurs repeatedly in specific places by tension or pressure, we talk about traumatic alopecia, which is 
caused by inappropriate headgears as well as ornaments, improperly performed cosmetic procedures and 
massages (Palovčíková, 2015). As it is demonstrated by the studies of Martinez-Mir et al. (2007), at present 
complex multigenetic peculiarities resulting from hereditary predisposition are risk factors for alopecia. Also studies 
by McDonagh (2002) and Goh et al. (2006) state that most cases of alopecia have a positive family case history. 

Treatment of alopecia is divided into supportive, local and surgical treatment. Topical treatment includes the 
use of vitamins, trace elements, amino acids with sulfur content and suitable shampoos for deep cleansing of the 
scalp. Surgical treatment is also recommended for long-term disabilities (Expert team Vypadavanie vlasov, 2016). 
However, a study by Padmavathy and Anbarashan (2013) showed a positive effect of herbal, tree and shrub 
extracts in alopecia. Specifically in the case of trees, these were extracts from fruits, leaves, resins, etc., whose 
extracts represent an important antioxidant (it protects the body from the effects of free radicals), plays a role in the 
synthesis of collagen or helps prevent hair breakage. It is also important in the regeneration of nails or skin (Expert 
team Revalid, 2016).  

The aim of the paper is to find out how patients with this disease perceive it and as well as how they perceive 
the positive effects of trees, which represent the wealth of our country, as according to Enviroportál (2016) the area 
of forest land in Slovakia is currently 41.2 % of the total area of the state. Therefore, the aim of this paper is to use 
the Kano model to determine the attitudes of patients with alopecia to their disease and treatment, in which tree 
extracts are used. 

 
 

2. METHODOLOGY 
 
The evaluation of the attitudes of patients with alopecia to their disease and treatment, in which tree extracts 

are used, is identified through the Kano model, taking into account the satisfaction of respondents in terms of 
problems perception associated with this disease. The examination of determined parameters is based on the data 
obtained by the pre-survey. Following the pre-survey, the basic attributes are identified and at the same time the 
specific problems of patients suffering from this disease are selected. The evaluation of attitudes to the integration 
of patients with alopecia into society will be determined on the basis of the specific requirements of this target group 
through a model of nonlinear and asymmetric dependence between their importance and satisfaction with the 
attributes of their integration into society. 
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The methodological procedure for identifying specific patient requirements is based on the elementary steps 
of the Kano model, which monitors the dependence between the importance of individual properties of selected 
attributes and patient satisfaction. As a first step, the basic requirements of patients that they meet in everyday life 
when integrating into society are identified. The data are obtained by the method of patients´ questioning in various 
regions of the Slovak Republic. This method identifies the criteria that patients consider in their integration into 
society in everyday life. Regarding their answers there are established requirements for selected attributes which 
are the object of the research. The pre-survey generates the basic attributes (future variables in the Kano model) 
associated with the integration of patients into society. 

Based on the achieved results, a Kano questionnaire is created. It formulats a positive and negative question 
(statement) on the generated attributes identified from the pre-survey to detect patients' reactions in the Likert scale 
(strong agreement, partial agreement, neutral attitude, partial disagreement, strong disagreement). 

A questionning is applied as the main method of identifying the specific needs of patients suffering from 
alopecia. It presents a versatile method for obtaining and collecting primary data on the activities and attitudes of 
patients with alopecia. The analysis is aimed to determine the opinion of patients, their knowledge and experiences, 
as well as ways of behaving in the integration of patients suffering from alopecia into society. 

After the questionning by the Kano questionnaire we a database of obtained data was created. For each value 
the individual answers to the positively and negatively asked question (statement) are evaluated separately by 
cross rule of the KANO model, which specifies the requirements of the selected products. This approach classifies 
the individual monitored quantities into requirements: must-be (M), one-dimensional (O), attractive (A), reverse (R), 
indifferent (I) or questionable (Q). 

The individual categories of product requirements that affect the satisfaction of patients can be characterized 
according to Chen et al. (2010) and Loučanová (2016) as follows: 

Must-be requirements (M) are considered by patients to be natural and they are automatically expected. They 
can be marked as primary, resp. basic and therefore patients deal with them only in case of non-compliance. Their 
identification is of fundamental importance because their fulfillment is reflected in patient´s satisfaction. Patients 
immediately realize their deficit and non-fulfillment and they are dissatisfied. Finally, this situation reflects in their 
maximum dissatisfaction. 

One-dimensional requirements (O) represent those attributes of the product, the fulfillment of which leads to 
satisfaction and, in the case of their non-fulfillment, to patient dissatisfaction. It means, the higher the level of 
compliance with these requirements, the more sattisfied patients are, but patients do not automatically expect them 
compared to must-be requirements. There is a direct linear dependance between meeting these requirements and 
patients´ satisfaction.  

Attractive requirements (A) are those that have an obvious influence on patients´ satisfaction, because 
patients do not expect these requirements. If they are not met, it will not result in patients´ dissatisfaction. 

Some literature (Ducák et al. 2006, Ullah et al. 2011, Loučanová, 2016) calls reverse requirements (R) as 
exactly opposite. They represent attributes where patients react in contradictory ways. 

Requirements that do not affect patients (I) are also called indifferent requirements. These attributes are not 
critical for patients and their fulfillment or non-fulfillment does not influence their contentment (satisfaction) or 
discomfort (dissatisfaction). They are also insignificant from the point of view of product competitiveness. 

In addition to the above categories of product requirements, the Kano model also identifies the so-called 
controversial, resp. questionable requirements (Q). They express a controversial result, which is related either to 
incorrectly formulated questions or  lack of understanding of the question by patients. 

Categorized requirements of patients for selected attributes are then expressed in percentages, where the 
category with the highest percentage identifies the specific category of the observed variable of the given attribute. 
The percentage expression of the identified specific category (requirement with a maximum value) represents its 
share of all monitored requirements for the analyzed value of the given attribute. 

 

3. RESULT AND DISCUSSION  
 
Before the implementation of the Kano model, there were identified the attributes observed in the survey within 

the Kano model, which were generated on the basis of a pre-survey monitoring what patients with alopecia consider 
and use in the treatment of their disease. We chose problems and treatment as identification components. We 
included a feeling of unattractiveness and a mental slump among the subcategories of problems.We have included 
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contraception, special preparations, vitamins and food supplements, careful hair handling, diets (gluten-free, low-
carbohydrate, etc.), socialization and others among the subcategories of treatment.  

The most common problem with alopecia is considered to be a mental shock (90 %). A less problem is 
considered to be the feeling of unattractiveness (60 %). Socialization helps people with alopecia the most of all 
during the treatment (90 %). In addition to socializing, various special preparations (69 %), vitamins (50 %), 
contraception (19 %) and other means (19 %) are used. Very few people with alopecia try to handle their hair 
carefully (10 %). 

Based on the identified attributes monitored by customers (patients) with alopecia, a Kano questionnaire was 
created and subsequently applied. This questionnaire was completed by 211 respondents suffering from alopecia 
and treated for this disease. They were addressed personally and electronically within groups of patients with this 
disease. At a confidence interval 95 % and an acceptable margin of errors (7 %) the minimum sample of 
respondents was calculated (196). The survey results are relevant because the required number of respondents 
participating the survey was met.  

Based on the collected data, we can conclude the following results. Seventy-three respondents identified the 
psychological impact of alopecia as a reverse (also known as the opposite) requirement, which represents attributes 
where patients react contradictory. They also consider weekends with family or meeting people with similar 
problems to be a reverse requirement within the treatment of alopecia, respectively its psychological impact. On 
the other hand, many respondents consider weekends spent with family to be an attractive requirement that has 
an obvious effect on patient satisfaction. A lot of respondents also consider wearing a wig to be a reverse 
requirement.  

Most respondents include special preparations based on active ingredients from tree extracts among must-
be requirements in the treatment of alopecia. Respondents consider them natural and automatically expected. 
Reimbursement of contraception and wigs is considered by most respondents to be an attractive requirement. 
Reimbursement of special foods is also an attractive requirement for many respondents, which has an obvious 
effect on patients´ satisfaction, because it is a requirement that patients do not expect. Satisfaction associated with 
partial financial compensation for medical devices is considered by most respondents to be a requirement that does 
not influence patients. 

From the point of view of age categories, the given results are different, as with increasing age of men, 
the disease does not influence them so much compared to men at a younger age. Regarding women, this 
perception is still the same and negative. In younger age groups, this perception is negative regardless of gender. 
 The results clearly point to the fact that patients with alopecia consider preparations based on active 
ingredients from tree extracts in the treatment of their disease as mandatory. In alopecia, there are used Cocos 
nucifera L (Oil from endosperm-antiseptic), Juglans regia L., Juglands nigra L. (list of plants), Pyrus malus L. (list 
of plants), Quillaja saponaria L. (list of plants),Santalum album L. (list of plants), Acacia concinna (list of plants), 
Azadirachta indica (list of plants), Betula pendula (list of plants), Cedrus atlantica L. (list of plants), Eucalyptus sp. 
(list of plants), Emblica officinalis (list of plants), etc (Jain and Das, 2016; Padmavathy and Anbarashan, 2013). 
These trees, resp. and extracts from their fruits and leaves belong to the active elements of medicaments to improve 
skin health, which is the basis for healthy hair growth. 

As the study by Padmavathy and Anbarashan (2013) points out, agriculture, including forestry and the 
related wood processing industry, is a very dynamic sector all over the world and involves human needs and 
supports important living systems. Nevertheless, these sectors must also meet economic objectives, such as 
profitability, but at the same time not forget about ecological integrity and the offer of ecosystem services. This 
requires a comprehensive system of research and management approach to geographical scaling, supporting the 
stabilization and regeneration of plants and forests that important and unique for medical purposes. However, even 
in Slovakia, these values have not been explored, yet. Therefore, within the current forest policy documents and 
generally binding legislation in the field of forestry (as stated in the Zelená správa, 2016) it is necessary to think 
about this potential, which is still very little used, namely afforestation of forest areas or creation of forest plantations 
with woody species which parts, resp. components (leaves, fruits or extracts) are useful in medicine and they 
present active elements in a number of medicaments. Juglans regia L., Juglans nigra L., Betula pendula L. and 
Pyrus malus L. (Malus domestica Borkh) are suitable in European climatic conditions in the case of leaf extracts 
using. The creation of areas using forested extracts for medical purposes, forestry and the wood processing industry 
will then have a synergistic effect in terms of increasing productivity and complex efficiency. 
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To eliminate this situation, it is necessary to support ecological management processes that partially miss 
in conventional management and promote biodiversity in the organic system (Mader et al., 2002; Raupp et al. 2006; 
Nakhro and Dkhar, 2010, Olšiaková et al, 2017, Loučanová et al. 2017). These plants (i.e. medicinal plants but also 
trees and their parts, from which extracts are used in medicine) are extremely important and play an important role 
in terms of biodiversity, but also the economy of the territory. These statements from various studies also confirm 
the results of our study, which point to the fact that patients consider treatment with products based on active 
elements from tree extracts to be mandatory and natural in their expectations. Such treatment is of fundamental 
importance to them, mainly because their fulfillment will be reflected in patient satisfaction. Patients immediately 
realize their deficit and non-fulfillment and are dissatisfied, which represents potential from an economic point of 
view. 

Therefore, within the issue of putting this innovation into practice, it is important not only to focus on the 
segment of customers (patients), but also on the segment managing and supporting biodiversity in the organic 
system to support the development of this idea. This study is a pilot survey of this issue, pointing to the possibilities 
of eco-innovation presenting a potential synergistic effect in increasing productivity and complex efficiency. 

 

CONCLUSION 

 

The results clearly point to the fact that patients with alopecia consider it mandatory to use preparations based 
on active elements from tree extracts in the treatment of their disease. In the future, this represents a business 
opportunity, as it is necessary to eliminate the state of conventional management and support biodiversity in the 
organic system and at the same time the economy of the territory. From the point of view of patients suffering from 
this disease, treatment preparations based on the active elements of tree extracts represent an essential part of 
their treatment and their deficit represents a potential in the market from an economic point of view. To support the 
development of this idea, it is appropriate to focus on the segment of patients requiring treatment based on active 
elements from tree extracts as natural (compulsory, expected) and at the same time to manage and support 
biodiversity in the organic system to support the development of this idea. 
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SATISFACTION WITH UNIVERSITY INFORMATION SYSTEM 
 

Kaputa, V., Maťová, H., Triznová, M., Šupín, M., Kalamárová, P. 

 
 
Abstract: The paper deals with the overall satisfaction with university information system (UIS) which creates communication 
and data transfer environment for user of four faculties aimed at issues of forest, wood, environment and technics. The system 
was evaluated by its clients - over four hundreds of students and over hundred of lecturers at the Technical University in Zvolen 
(also known as TUZVO). Users expressed their satisfaction join survey via online questionnaire. Evaluated was capacity, 
functionality, safety, stability, utilisation in the pandemic time, and other components of the information system structure. Open 
questions brought us many valuable suggestions and enable a deeper view to the attitudes, expectations and needs of 
university system clients. Findings will serve as supporting information for managerial decisions (e.g. to launch a university 
system application for cell-phones/mobile devices) and as a tool to improve the UIS construction and functionality. 
Keywords: information system, university, users’ satisfaction 

 
 

1. INTRODUCTION 
 

Data not put in the order create a bulky bundle of information. A struggle to find the proper one often takes 
enormous amount of time what individuals usually do not have or do not willing to devote. Natural human effort is 
to develop a system based on a rational structure which make the work with data and/or information much effective 
(considering time and costs mainly). Thus, if one speaks about the information system, it should be a tool allowing 
to work easier. The objective of this study was to evaluate the satisfaction of the university information system 
users.  

Information systems are built on data, but data themselves are streams of raw facts (Laudon and Laudon, 
2012) and are irrelevant itself. They reflect objective reality and certain events without reference to surrounding 
events (Šujanová et al., 2007). The sense of data processing is to interpret them and create information. Each 
information is a set of data, but it is not true vice versa. By information we mean data that have been shaped into 
a form that is meaningful and useful to human beings. Such understanding of information by Laudon and Laudon 
(2012) led into the definition of an information system as a set of interrelated components that collect (or retrieve), 
process, store, and distribute information to support decision making and control in an organization. 

Research was conducted among the users of university information system at the Technical university in 
Zvolen, Slovakia. The TUZVO is a modern higher education institution providing education in all three levels of 
studies within the European Higher Education and Research Area. In the higher education system in Slovakia, the 
TUZVO has a unique specialisation within a focus on the spheres of forest – wood – ecology – environment with 
an appropriate expansion in other technical, natural, security, economics as well as design spheres (tuzvo.sk, 
2020). TUZVO has four faculties: Faculty of Wood Sciences and Technology, Faculty of Forestry, Faculty of 
Technology, and Faculty, Faculty of Ecology and Environmental Sciences. Revealing the satisfaction with the UIS 
utilisation, all the university teaching staff and the students of TUZVO were included to the target group of 
respondents. 

 
 

2. MATERIALS AND METHODS 
 
The design and construction of the questionnaire survey as the primary research tool was the basic 

precondition to fulfil the objective of the study. Two different groups of users were determinate to recognize broader 
aspects of usefulness of university information system (UIS). The first group were students as the clients of 
university and lecturers (university employees) created the second surveyed group. There were 2 forms of the 
questionnaires, each for certain group respondents. They were asked to evaluate capacity, functionality, safety, 
stability, utilisation during the pandemic time, and other components of the information system structure. Eight 
question were standard (the same) for both groups while the group of lecturers had two more specific questions 
concerning pedagogical aspects of the UIS utilisation and the group of students had one more question concerning 
their interest about a mobile application of the UIS. In the sample of students, we gathered identification data 
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regarding the level of study and the faculty affiliation. The answers were constructed using the 5-points Likert-type 
scale (1-completely disagree, 5-completely agree). 

Census was done among all the students (N = 2353) as well as among all the lecturers (N = 237) of the 
Technical University in Zvolen (Source of data: TU Zvolen, 2020). Link related to the electronic form of the 
questionnaire was distributed using TUZVO’s university information system. We have reached 429 completed 
forms from the students (18.2% response rate) and unexpected 125 completed forms from the lecturers (52.7% 
response rate). 

Frequency and contingency analyses were used to treat the data. Satisfaction of the relevant group of the UIS 
users was expressed using simple calculation: 
 
 

𝑆𝑎𝑡𝑖𝑠𝑓𝑎𝑐𝑡𝑖𝑜𝑛 =  
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑟𝑒𝑐𝑒𝑖𝑣𝑒𝑑 𝑝𝑜𝑖𝑛𝑡𝑠

𝑀𝑎𝑥.  𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑝𝑜𝑖𝑛𝑡𝑠
 𝑥 100 [%] (1) 

 
 
Calculation in case of students: 
Max. possible number of points = 5 x 9 x 429 (5 as the marginal positive assessment through the Likert-type scale 
x Number of evaluated items x Number of respondents) 
 
Calculation in case of lecturers: 

Max. possible number of points = 5 x 10 x 125 (5 as the marginal positive assessment through the Likert-type 
scale x Number of evaluated items x Number of respondents). 

 
 

3. RESULTS  
 
There is a strong demand for mobile application among the sample of students – over 73% of them would 

welcome such a way to enter the UIS. Most of students considered the system as stable (over 64%) and safety 
(almost 60%). On the other hand, the possibility of online teaching is perceived as not sufficient by 36% and capacity 
of data (means mailbox) was blamed by over 35% of the students’ sample. There is relevant share of users (almost 
30%) considering the UIS as user unfriendly from other devices (cell-phone, tablet). 

 
Table 1 Satisfaction of the UIS users: students (n = 429) and lecturers (n = 125) 

 

Unsatisfied (%) Indifferent (%) Satisfied (%) 

Lecturer Student Lecturer Student Lecturer Student 

Sufficient data capacity 35.2 50.8 13.6 18.2 51.2 31.0 

UIS is stable 8.8 16.6 12 19.3 79.2 64.1 

Just in time problem solving 17.6 14.9 24.8 43.1 57.6 42.0 

User friendly on all devices 29.6 30.8 39.2 13.1 31.2 56.2 

UIS saves time 13.6 19.6 24 24.2 62.4 56.2 

UIS makes communication easy 26.4 29.1 22.4 17.5 51.2 53.4 

UIS functions makes work 
effective 

8.8 NA 9.6 NA 81.6 NA 

UIS interlinks units, reduce 
dualism 

28.8 NA 39.2 NA 32 NA 

UIS is safety 8.8 12.4 46.4 28.0 44.8 59.7 

Possibility of online teaching 36 36.1 33.6 33.6 30.4 30.3 

Demand for smartphone app NA 13.5 NA 13.1 NA 73.4 

NA – not applied       
 
Majority of the lecturers claimed that the UIS functions (e.g. e-index, term of exam, study records) makes work 

effective (over 81%). Simultaneously over 79% consider the system for stable and time saving (over 62%). On the 
other hand, 36% of the unsatisfied lecturers pointed at the issue of online teaching. Such tools offered by the UIS 
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were rarely used before as face-to-face teaching and examining was practiced usually. Higher demand for such 
tools during the pandemic time showed user friendliness. Results distributed more or less equally those whose 
were (over 30%) or were not (36%) satisfied and those with an indifferent attitude (over 33%). There was a 
possibility to express own remarks on the survey topic. Old-fashioned style, non-actual data, insufficient capacity 
of the mailbox as well as the document server belong to the shortages of the UIS mostly mentioned by lecturers. 
Minority of the users stated that the system is not good designed and the orientation in the UIS is opaque. Lecturers 
also mentioned that the Czech language mutation of the UIS should be removed. Such remarks relate to the fact 
that some Czech terms still appear in the official Slovak version. 

 
 

4. CONCLUSION 
 

Reflexing the data received from the questionnaires, the calculation of satisfaction could be done (Table 2, 
Calculation 2 and 3). The results showed similar level of satisfaction comparing both groups of respondents. 
Lecturers’ level achieved level of 68.1% of satisfaction while the sample of students expressed 67.7% – slightly  
lower level of satisfaction. 
 

Table 2 Calculation of satisfaction 

 Students (n = 
429) 

Lecturers (n = 
125) Number of received points 13 061 4 259 

Maximum possible number of 
points 

19 305 6 250 

 

𝑆𝑎𝑡𝑖𝑠𝑓𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑙𝑒𝑐𝑡𝑢𝑟𝑒𝑟𝑠 =  
4259

6250
 𝑥 100 = 68.1% (2) 

 
 

𝑆𝑎𝑡𝑖𝑠𝑓𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑠𝑡𝑢𝑑𝑒𝑛𝑡𝑠 =  
13061

19305
 𝑥 100 = 67.7% (3) 

 
 
Capacity of mailbox is the Achilles' heel of the UIS and complicates mutual communication to long. 

Administrative staff must send e-mails warning students to clear their mailboxes and watch the capacity. It is 
disturbing concernig the fact that this generation grew up in a digital world (Kaputa et al., 2017). High demand of 
students for the smartphone application will be probably solved soon as the process to launch the application has 
started already. Less important, but still mentioned is old-fashioned design and system opacity. 

Based on sufficient obtained number of responses in the group of lecturers (response rate 52.7%) the results 
can be considered as representative. Findings revealed that attention of management must be aimed at the 
possibility of online teaching. Recent pandemic period unexpectedly tested readiness of the teaching staff to utilise 
such functions and components of the UIS (project teaching, e-learning, testing). Most of lecturers switch to another 
platform and discovered online teaching using the possibilities offered by Office (Microsoft) 365. Others took 
advantage from wide portfolio of platforms that allowed them to reach the students. Overall, the UIS received 
respectable assessment by both the groups of users. 
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SELECTED ASPECTS OF THE TRANSITION TO THE ON-LINE STUDY PROCESS  

DURING THE PANDEMIC, CASE: BIOTECHNICAL FACULTY 
 

Kropivšek, J., Jošt, M., Oblak, L., Zupančič, A. 
 
 
Abstract: Due to measures and restrictions taken by many governments around the world for preventing the spread of the 
Covid-19 virus and thus the pandemic, many higher education institutions have been closed for a long time. In order not to 
stop the study process completely, university and faculty management had to make sure that most of the study activities were 
carried out regardless of the new situation. Digitalization of these activities or moving most of them to cloud platforms that allow 
distance learning has become one of their priorities. Despite all the already established digital solutions in the implementation 
of the study process, such as standard e-classrooms, many obstacles and challenges have arisen when migrating practically 
all study activities to the online environment. The technological challenges can be relatively easily solved, while organizational 
and legal issues are more complex. The research, which was carried out after the first wave of "forced" digitalization of study 
at the Biotechnical Faculty in the first half of 2020, shows very interesting results, among which is the rapid adaptation of all 
stakeholders in the study process to the new situation. Moreover, many opportunities have emerged that will undoubtedly 
affect the implementation of the pedagogical process in the future. 
Keywords: on-line study, digitalization, higher education, Covid-19, Slovenia 

 
 

1. INTRODUCTION 
 
Due to measures and restrictions taken by many governments around the world, including Slovenia, for 

preventing the spread of the Covid-19 virus and thus the pandemic, many higher education institutions have been 
closed at the beginning of March 2020. Higher education institutions had to adapt to the new situation fast and 
promptly. In order not to stop the study process completely, university and faculty management had to make sure 
that most of the study activities were carried out regardless of the new situation. The situation was quite similar all 
over the world (Zhu & Liu, 2020; Jandrić, 2020). Faculties and universities responded quickly and immediately 
started to move their classes on-line. Moving on-line can enable the flexibility of teaching and learning anywhere, 
anytime, but the speed with which this move to online is expected to happen is unprecedented and staggering 
(Hodges, 2020). It is always a very stressful transformation, especially if it has to be done in the rush. In contrast 
to experiences that are planned from the beginning and designed to be on-line, so-called emergency remote 
teaching, is a temporary shift of instructional delivery to an alternate delivery mode due to crisis circumstances and 
that’s why this is not real on-line teaching (Hodges, 2020). 

Nevertheless, all this means a real historical move in the field of higher education and demands joint efforts 
from faculty, staff, and students in equal measure. Digitalization of most activities and moving them to cloud 
platforms that allow distance learning has become one of the priorities. Also worldwide, a huge rise of e-learning in 
2020 is emerging (Gonzalez De Villaumbrosia, 2020). Regardless of the fact that the digital transformation of the 
study process is one of the priorities for the development of digital society at the European level and many initiatives 
have been developed for this purpose (European Commission, 2017; 2020a; 2020b), practice is still poor. At the 
level of the Biotechnical Faculty, it was found in 2018 that the state of available ICT and technical support is 
satisfactory, the general digital literacy of both students and teachers is good, and the weaknesses are mainly the 
use of on-line examination tools, lecture videos, social networks and tools in the clouds (Kropivšek, 2018). Despite 
all the already established digital solutions in the implementation of the study process, such as standard 
e-classrooms, many obstacles and challenges have arisen when migrating practically all study activities to the 
on-line environment.  

The research, which was carried out after the first wave of "forced" digitalization of study at the Biotechnical 
Faculty in the first half of 2020, shows very interesting results, among which is the rapid adaptation of all 
stakeholders in the study process to the new situation. Moreover, many opportunities have emerged that will 
undoubtedly affect the implementation of the pedagogical process in the future, after returning to a "normal" state.  

The aim of the research was to examine the selected directions of the transition to the on-line implementation 
of the pedagogical process at the Biotechnical Faculty due to pandemic-related measures on both technological 
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(use of e-classroom and other platforms for remote work) and organizational (management, response, etc.) point 
of view.  

 
 

2. METHODS 
 

2.1 Students’ questionnaire 
 
Two weeks after the faculty shutdown and the transition to distance learning, a survey was conducted among 

students, the purpose of which was to gain insight into students' opinions regarding the new on-line study. It was 
carried out by the Student Council of the Biotechnical Faculty (Študentski svet BF, 2020). An open-source 
application was used for creating, conducting, and analyzing the on-line survey. The survey was sent to all 2085 
active students at the Biotechnical Faculty and was accessible online between 27 March and 3 April 2020. It was 
completed by 572 students, which means a 27 % response rate. The survey was anonymous and consisted of 6 
questions, four of them were closed type questions in the shape of a five-point Likert scale with one possible answer, 
and two questions were open.  

Data were further analyzed based on a frequency distribution, which is a tabular summary of data showing 
the number (frequency) of observations in each of several non-overlapping categories or classes (Anderson et al., 
2015; Košmelj, 2007). The frequency of a class j is marked as fj. For comparison of frequencies of different classes, 
a relative frequency is used. This means that the frequency of a class equals the fraction or proportion of 
observations belonging to a class. It is normally presented by percentage frequency distribution, fj.% : 

𝒇𝒋% =  
𝒇𝒋

𝑵
∗ 𝟏𝟎𝟎      Eq. 1 

 
Where is: fj is the frequency of a class j, and N is the number of observations. 
 
 

2.2 Review of measures during the epidemic 

 
Review and qualitative analysis of internal documents and activities, which deal with and are related to on-

line study during the epidemic at both, University of Ljubljana and Biotechnical Faculty.  
 

 

2.3 Log-in analysis in the e-classroom and the survey about its use 
 
First, to check the actual use of the e-classroom, in our case the Moodle platform, by users, the logs of all 

activities were analyzed for the recent and past academic years; data for the previous year were collected on 16 
June 2019 and for the recent year on 17 June 2020, in both cases for the whole academic year. The sample 
included 855 subjects taught at the faculty. Special attention was paid to group data in comparable groups of 
activities and frequency calculations (see above: equation 1), as well as the proportion in order to compare these 
data with each other.  

Next, an online survey was conducted to check the use of e-classroom and videoconferencing platforms 
amongst pedagogical workers at Biotechnical Faculty. For creating and conducting the online survey the Moodle 
module “Feedback” was used. The survey was anonymous and was sent to all 388 pedagogical workers (316 
internal and 72 external) on teacher and/or assistant position. 225 of them clicked the link to the survey and 177 of 
them answered all the questions, which means a 46 % response rate. The survey was accessible online between 
10 and 24 June 2020. The survey consisted of 83 questions; most of them were the closed type with one possible 
answer, and in most cases in the shape of a five-point Likert scale. Data were further analyzed in Microsoft Excel 
2016 based on a frequency distribution. 
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3. RESULTS 
 

3.1 Analysis of students' opinion 
 
From a survey among students conducted one month after the introduction of a part-time online study, one of 

the main findings was that students responded and adapted quickly to the change. The majority of students (91%) 
liked distance study about the same or even more than the conventional way of study and just about one-tenth of 
the students were not satisfied with a new form of study. More than four-fifths (around 80%) of students didn’t report 
any problems with joining distance learning, while the biggest problem for others was a poor internet connection. 
This is, we assume the result of above-average internet network occupancy and cannot be eliminated in an easy 
and fast way. In rare cases (4%), the problem is also the availability of appropriate hardware (camera, microphone, 
and/or computer) and a lack of internet connection. At the same time, this is the biggest obstacle of distance study 
as it doesn’t provide equal opportunities for all students and causes exclusion.  

According to our research were students bothered the most by two facts in particular. The first one was, they 
didn’t like that lecturers were using different video-conferencing programs (Webex Meetings, Zoom, MS Teams, 
GoToMeeting, etc.), which caused confusion among students. The second and much bigger challenge for students 
was high pressure, which was physical on the one hand as students spent much more time in front of the computer 
screen and also physiological on the other hand since they had to process a lot of study materials by their own. 
Despite video-conferencing, they had to write final reports and were given a greater number of seminars. In addition, 
they had more on-line exams during the epidemic than they would have in normal conditions. They reported pain 
in their backs and aching eyes since they spent up to 14h per day in front of computers. More than half of students 
(62%) reported spending more or much more time for distance study than normal (Figure 1).  

 

 
Figure 1: Answer on the question “Do you spend more time on distance study than on traditional way of study?” 

(N = 572) 
 
 

3.2 Review of measures during the epidemic  

 
In the period of epidemic and faculty shut down, many measures were taken at both, the university and faculty 

level, to facilitate the new situation and above that enabling all stakeholders to carry out the pedagogical process 
from their homes.  
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Table 1. Review of measures taken during the epidemic related to on-line studies 
at both University of Ljubljana and Biotechnical Faculty level 

 
GROUP OF 
MEASURES 

MEASURE WHO LEVEL FOR WHOM PERIOD 

Instructions 
and protocols 

Instructions for basic 
and advanced use of 
the e-classroom 
(Moodle) 

IT support Faculty 

Students 
and 
pedagogical 
staff 

2 years 
before 
epidemics 

Instructions for using 
various on-line 
videoconferencing 
platforms  

IT support Faculty 

Students 
and 
pedagogical 
staff 

At the 
beginning of 
the epidemic 

Guidelines for 
distance work and 
study (several 
documents) 

Faculty 
management 

Faculty 

Students 
and 
pedagogical 
staff 

At the 
beginning 
and during 
the first 
wave of the 
epidemic 

Protocols for 
conducting on-line 
examination (several 
documents) 

University and 
faculty 
management/  
IT support  

University 
and 
faculty 

Students 
and 
pedagogical 
staff 

During the 
first wave of 
the epidemic  

GROUP OF 
MEASURES 

MEASURE WHO LEVEL FOR WHOM PERIOD 

Webinars 

Basic use of the 
Moodle platform 

IT support Faculty 
Pedagogical 
staff 

Before the 
epidemic 
and during 
the first 
wave of the 
epidemic  

Advance use of the 
Moodle platform with 
a focus on quizzes 
and grades 

IT support Faculty 
Pedagogical 
staff 

Before the 
epidemic 
and during 
the first 
wave of the 
epidemic 

Use of on-line video-
conferencing 
platforms for 
distance work 

IT support Faculty 
Pedagogical 
staff 

Before the 
epidemic 
and during 
the first 
wave of the 
epidemic 

Implementation of 
on-line examination 
– presentation of the 
protocol and 
workshop 

IT support Faculty 
Pedagogical 
staff 

During the 
first wave of 
the epidemic 

Physical 
assistance 

Organization of 
distributed 
pedagogical and 
technical assistance 

IT support Faculty 

Students 
and 
pedagogical 
staff 

During the 
first wave of 
the epidemic 

 
 
Table 1 shows how many measures were taken at the faculty to facilitate and ensure a more organised 

transition to distance work and study. Support was provided to both students and pedagogical workers in various 
forms. Certain measures were initiated by the university, where a particularly important role was played by the team 
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within the Digital UL project (2018), in which many events related to the digitalization of studies in the last 3 years 
were organized. Numerous instructions and protocols served primarily to create a framework in which students and 
pedagogical workers worked in a more organized and competent manner. During the implementation, however, it 
turned out that due to the remote work, the virtual implementation of many workshops in the form of webinars was 
very appropriate. The participation and response rate of employees was exceptional, e.g. almost 70% of all 
pedagogical staff at the faculty attended the workshops on the topic of conducting on-line examination. Physical 
assistance is at faculty organized in a distributed manner. During the remote work, this kind of help was mostly 
implemented as telephone consulting or assistance via platforms that allows e.g. sharing a desktop. Technical 
assistance was also available to students for solving their, mostly technical problems.  

 
 

3.3 Use of e-classroom and other platforms for distance work and study  

 
At the end of the second semester of the academic year 2019/2020 at least one activity was recorded in 565 

subjects out of a total of 855 subjects taught at the faculty, which represents around two-thirds of all subjects 
(66.1%). Among these subjects as many as three quarters also used advanced modules such as quizzes, 
questionnaires, and assignments. The year before, at the end of the academic year 2018/2019, the share of active 
subjects as well as the use of advanced modules was much lower (41% subjects with recorded activity in 
2018/2019, among them 45% with advanced modules). The number of activities of pedagogical workers in the 
e-classroom has in academic year 2019/2020 increased significantly (Figure 2). Especially big increase is seen in 
March and April 2020, at the beginning of the epidemic and the faculty shutdown.  

 
 

 
Figure 2. Number of activities in the e-classroom by months for the period between October 2018 and June 2020 

 
A more detailed analysis of the use of the e-classroom shows that in the recent academic year 2019/2020 

compared to the previous academic year 2018/2019 the number of subjects using advanced modules has increased 
significantly (Figure 3). We observed increasing use of modules “File”, intended for pedagogical workers to upload 
all kinds of study material (index = 150) and  “Assignment”, intended for students to upload documents with final 
reports, seminars, etc. (index = 232).  Particularly has increased the usage of quizzes in e-classroom, which was 
the basic platform for on-line examination during the epidemic (index = 1147). Module “Forum” is not displayed in 
Figure 3 since it is installed by default in all subjects. 
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Figure 3. Number of subjects using different modules in the e-classroom (n=855) 

 
 
In the recent academic year 2019/2020, the module »File« was used in almost two-thirds of all subjects 

(65.15%), “Assignment” in around 39%, and in a quarter of subjects were used quizzes, folders, and URLs (Figure 
3). Modules “Tag” and “Page” were used in the fewest subjects. Other modules are present in less than 5% of all 
subjects and are therefore not shown in Figure 3.  

Although the use of e-classroom at Biotechnical Faculty has increased in comparison to the last year, it still 
offers many opportunities to pedagogical workers in the future to explore and use various modules as upgrades of 
the existing study process. These are mainly in the module “Assignment”, which enables the orderly uploading of 
various students' protocols and seminars, and in the module “Quiz”, which enables real-time on-line examination.  

 
 

 
Figure 4. Use of e-classroom before and during the epidemic (n = 177) 

 
 
Based on the analysis of pedagogical staff at Biotechnical Faculty, we can conclude, that the use of 

e-classroom has increased significantly (Figure 4) in the academic year 2019/2020. In particular, the share of those 
who regularly used the e-classroom increased to almost 60% of all respondents. This share increased mostly 
because of reduced shares of those users of e-classroom who used it already before the epidemic, but less regularly 
and/or on a smaller scale. However, there are still more than a tenth of those pedagogical workers, who despite 
the situation, all the support activities and recommendations from management, still don’t use e-classroom.  
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Figure 5. Use of different videoconferencing platforms during distance work (n = 177). 

 
 
In the same study, we also checked, how much and which videoconferencing platforms were used by 

pedagogical workers during the epidemic (Figure 5). Next to e-classroom Moodle, which was used by around 80% 
pedagogical workers, MS Teams and Cisco Webex Meetings prevailed (both by more than 60%), which were 
simultaneously supported by internal technical support. Other platforms were used by a minority of pedagogical 
workers.  
 
 

4. DISCUSSION AND CONCLUSION 

 
Extraordinary conditions in the business environment cause many twists and above all many changes in the 

basic conditions and ways of working. In such situations, the quick response of the management of companies 
and/or institutions, the state of infrastructure, and especially the competencies of employee and their adaptability 
to new conditions are extremely important. The same is true for educational institutions, including the Biotechnical 
Faculty of the University of Ljubljana. In fact, the emergency caused by the Covid-19 pandemic and the measures 
associated with it, in particular the closure of institutions, required rapid and dramatic change. As part of this 
research, we confirmed the importance of the rapid response of the faculty management and the willingness of 
employees and students to adapt to the new situation. It turned out how important within this transition was 
previously established e-classroom with a considerable number of active users, appropriate IT infrastructure, good 
organization of the IT service at the faculty and proactive operation, as well as satisfactory digital literacy of all, 
pedagogical workers and students. With our research, we confirmed the successful transition to a new way of 
teaching and studying, which is reflected in many formal frameworks that were established during this time, the 
successful transition to the implementation of distance pedagogical work, which is reflected in increased use of 
e-classroom and videoconferencing platforms and the satisfaction and responses from students who are 
“costumers” in the pedagogical process.  

During this time, many ad-hoc purchases of small value videoconferencing equipment were made, as well as 
providing certain services, especially those that enable distance work. A very important role in this had IT support, 
which also had to move from the physical to the virtual environment and helped all participants in the process with 
webinars and remote access.  

In fact, the pandemic is not over yet. Therefore, it is necessary to find out what we have done well and make 
further improvements to the parts which were not properly arranged and need to be fixed as soon as possible. 
Based on the research, we can conclude that especially curricula and internal acts need to be changed, internal 
workshops should be provided permanently and thorough investments in long-term hardware and software for 
distance work purposes should be carried out. In this context are meant licenses for video-conferencing platforms 
and hardware for equipping some of the classrooms at the faculty, which will in near future reduce exclusion of both 
pedagogical workers and students due to lack of technology in their homes. The latest was also the biggest problem 
of the transition to on-line study. Otherwise, technological challenges were relatively quickly and easily resolved, 
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whereas more complex problems were related to organizational and legal aspects, especially on a personal level. 
This includes the acquisition of digital competencies. Further research should be conducted in this direction.  

Even after the end of the pandemic, the implementation of the pedagogical process will never return to the 
situation before the pandemic. Good things will remain and complement the traditional implementation of the 
pedagogical process, which will thus become even more adapted to the new trend in the development of the digital 
society.  
 
Acknowledgments: We would like to acknowledge the Slovenian Research Agency for financial support within the 
program “Wood and lignocellulosic composites” (P4-0015).  
 
 
 
REFERENCES 

1. Anderson, D. R., Sweeney, D. J., Williams T. A. (2015): Essentials of Modern Business Statistics with Microsoft 
Excel. 6th Edition. Cengage Learning. 

2. Digitalna UL (2018): Uporaba IKT v študijskem procesu. Interno poročilo projekta »Digitalna UL – z inovativno rabo 
IKT do odličnosti«. Ljubljana, Univerza v Ljubljani.  

3. Gonzalez De Villaumbrosia, C. (2020): The Rise Of E-Learning In 2020. Forbes, 
https://www.forbes.com/sites/forbesbusinesscouncil/2020/05/26/the-rise-of-e-learning-in-2020/#24150f487610 
(26.5.2020) 

4. Hodges, C., Moore, S., Lockee, B., Trust, T., Bond, A. (2020): The Difference Between Emergency Remote Teaching 
and Online Learning. Published: Friday, March 27, 2020, EDUCAUSE Review. 
https://er.educause.edu/articles/2020/3/the-difference-between-emergency-remote-teaching-and-online-learning 

5. Jandrić, P. (2020): Postdigital research in the time of Covid-19. Postdigital Science and Education, 2, 233– 238. 
https://doi.org/10.1007/s42438-020-00113-8. 

6. Košmelj, K. (2007): Uporabna statistika. Ljubljana, Biotehniška fakulteta. 
7. Kropivšek, J. (2018): Konceptualni model digitalizacije izobraževanja: Primer visokošolskega izobraževanja v 

lesarstvu v Sloveniji. Les/Wood, 67(2), 63-74. https://doi.org/10.26614/les-wood.2018.v67n02a06 
8. Študentski svet BF (2020): Evalvacija študija na daljavo. Ljubljana, Univerza v Ljubljani 14 p. 
9. Zhu, X., Liu, J. (2020): Education in and After Covid-19: Immediate Responses and Long-Term Visions. Postdigital 

Science and Education, 2, on-line. https://doi.org/10.1007/s42438-020-00126-3 
10. ***: European Commission (2020a): Digital competence framework for educators.  

URL: https://ec.europa.eu/jrc/en/digcompedu.  
11. ***: European Commission (2020b): DigCompOrg Framework.  

URL: https://ec.europa.eu/jrc/en/digcomporg/framework 
12. ***: European Commission (2017a): Digital education plan.  

URL: https://ec.europa.eu/education/sites/education/files/factsheet-digital-education-action-plan.pdf.  

 
 
Authors address: 
Kropivšek, Jože1; Jošt, Matej2;  Oblak, Leon3; Zupančič, Anton4 

1,2,3,4   Chair of Management and Economics of Wood Companies, Biotechnical Faculty, University of Ljubljana, 
Ljubljana, Slovenia 

*Corresponding author: joze.kropivsek@bf.uni-lj.si 
 
 
  



13th International Scientific Conference WoodEMA 2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

 

209 

 

 

THE ALLOCATION OF INVESTMENTS AND THEIR EVALUATION  
IN ENTERPRISES OF THE WOOD-PROCESSING INDUSTRY 

 
Drábek, J., Simanová, L., Sujová, A. 

 
 
Abstract: The aim of this paper is to present not only theoretical background from domestic and foreign sources with focus on 
investment, allocation of investments, methods of investment evaluation, but also presentation of research results of these 
areas in enterprises of the wood-processing industry in Slovakia. The questionnaire research was carried out in enterprises of 
the wood-processing industry, divided into woodworking, furniture and pulp and paper-making enterprises. The main objective 
of the research was to determine the allocation of investments in specific areas such as technology, renewal of production 
facilities, research and development, software and licenses, but also financial investment in relation to the Return on equity 
(ROE) indicator. In the processing of research results were used classical methods of research work such as analysis, 
synthesis, comparison, descriptive statistics, and pivot tables.  
Keywords: investment, investment allocation, investment evaluation methods, wood-processing industry 

 
 

1. INTRODUCTION 
 

 Today, there are many ways in which enterprises can secure their investment strategy to be competitive. 
Strategic investment decision-making is of great importance for every enterprises, because it affects its future 
prosperity and has an impact on the long-term development of the enterprises. Future revenues and costs of the 
enterprises are influenced by the decision of the enterprises in which area it directs its investments, or in the 
renewal, expansion and development of technologies, production facilities or buildings. Equally important is the 
allocation to research and development, financial investment in the purchase of long-term loan securities and equity 
securities, but also the direction of investment in software and licenses. The investment activity of the company is 
a necessary determinant, which leads to increased efficiency and ultimately to ensuring the prosperity and 
successful development of the enterprises.  The investment activity and its financing by the enterprises is 
characterized by the fact that the decision on the implementation of the investments must take into account the 
long-term time horizon and the resulting degree of risk. Investments are capital-intensive operations and are closely 
related to the application of new technologies, new products, and some investments even have serious 
consequences for infrastructure, ecology and mean the emergence of induced investments. These specifics 
determine the different requirements for the investment evaluation methods used (Valach, 2010). The aim of 
investment decision-making is to select projects that will contribute to the growth of the market value of the 
enterprises. In order to evaluate individual investment options, it is necessary to assess the effects and possibilities 
of implementing investment plans based on these options. In the decision-making phase, non-WPI enterprises 
analyze the various investment options in terms of the possibilities, needs and implications of these proposals in 
order to set out the criteria and methods for their evaluation. 
 
 

2. MATERIAL AND METHODS 
 

2.1. Investments, their allocation and evaluation methods 
 
 There are several perspectives on the concept of investment. However, the essence of the investments is 
the same and is based on a relationship where the output must be greater than the finance spent. According to the 
author Synek et al. (2015) it is possible to define the term investment from a macroeconomic point of view as capital 
assets, which consist of goods and are not intended for direct consumption, but for use in the production of 
consumer goods or capital goods. Zámečník et al. (2007) define investment as an economic activity in which 
entities, such as the state, enterprise or individual, give up their current consumption with the intention of increasing 
the production of goods in the future.  According to the team of authors Drábek, Merková and Polách (2012), 
investments from the macroeconomic concept have two basic tasks, namely: they represent a significant and 
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relatively unstable expenditure component. Sudden and unplanned changes in investment can significantly affect 
aggregate demand, which ultimately has an impact on employment (demand side). The second task is to support 
economic growth in the long run (offer side), as investments is aimed at accumulating capital and raising fixed 
capital. Globally, the same is true of corporate investments as it is of the macroeconomic concept of investments. 
The basis is that these are goods that are not intended for direct consumption but for the future production of goods, 
so it is also a deferred benefit for the future. For example, the author Skálová (2005) defines corporate investments 
as a tool that leads to the creation of a portfolio of assets, while the invested capital must be adequately valued, 
and thus must ensure the subsequent development of the enterprises and the progress of its value in the market. 
An investment can be simply defined as a present commitment of money or other resources, and this commitment 
implies the expectation of future benefits (Bodi et al., 2009).  

Drábek (2001) presents the allocation of investments at the enterprise level to three groups: 
- The first group is capital investments, which can be used to create or expand production capacity in the 

enterprise. 
- The second group consists of financial investments, the purpose of which is to obtain income in the form 

of finance, which can be mainly interest, dividends or profit. 
- The third group consists of intangible investments that are used to purchase know-how, such as 

expenditure on scientific and research purposes and more. 
 Static methods are considered basic methods, the main task of which is to eliminate completely 
unsuitable projects. The aim of their use in pre-selection is to exclude from further evaluation investment projects 
that could not be accepted in terms of strategy and goals of a particular company, even before the money was 
spent to develop detailed analyses of their capabilities (Scholleová, 2009). According to the authors Synek and 
Kislingerová (2015) and Drábek et al. (2012), static methods include the average profitability and payback period 
of the project.  
 Dynamic - discount methods for evaluating the effectiveness of investments already consider the 
influence of the time factor and thus have a higher explanatory power than static methods. One of the most 
important of these is the Net present value method, which is the basis of all dynamic methods. The profitability 
index is closely related to the net present value of the investment project. It is a relative indicator that expresses 
the ratio of expected discounted cash receipts from the project to initial capital expenditures (Valach, 2010, Drábek 
et al. 2012). The internal rate of return is defined as such a discount rate at which the present value of cash flows 
equals the input capital expenditure (Synek and Kislingerová, 2015). The Economic value added indicator is 
understood as the net income from the operating activities of the company reduced by the cost of capital (Maříková 
and Mařík, 2001).  
 The method of commercial viability of the project documents the viability of the project, which means that 
the revenues generated by the project are sufficient to cover the expenses in cash, states Polách et al. (2012). 
According to Drury (2012), the turning point analysis reflects the relationship between changes in output and the 
resulting changes in costs, revenues and profits. In investment controlling, the most common controlling methods 
Net Present Value, Internal Rate of Return, Discount Economic Value Added are used in the evaluation of 
investment projects, states Scholleová (2009). Authors Rajnoha (2008) and Varcholová et al. (2007) agree that 
financial indicators provide a quick and inexpensive picture of a company's financial performance.  
 
 

2.2. Methods 
 
 This publication is part of the research project VEGA 1/0286/16 - Change Management Based on a 
Process Approach. Relevant data and information on industrial enterprises in the Slovak Republic were obtained 
through an online research questionnaire and a direct controlled interview with managers of randomly selected 
enterprises. This publication is part of the research project VEGA 1/0286/16 - Change Management Based on a 
Process Approach. Questionnaires were sent to 2,525 enterprises in selected sectors of industrial Slovakia. The 
research was conducted on a research sample of 524 enterprises. The sample was relevant, had sufficient 
explanatory power, which was also verified by selected mathematical-statistical methods. According to the 
calculation of the minimum sample of statistical research, this was a representative sample with a 99% confidence 
level and a 4% standard deviation. Methods of analysis, synthesis, and pivot tables were used to evaluate the 
obtained data.  
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3. RESULTS 
 
 Partial results of the research focused on the allocation of investments were obtained from a questionnaire 
survey in 82 surveyed enterprises in the wood processing industry. The surveyed enterprises were divided into 
wood working enterprises in the number of 60, furniture enterprises in the number of 18 and pulp and paper 
enterprises in the number of 4. Allocation of investments was in production technologies, machines and equipment, 
investments in constructions, investments in research and development, financial investments, investment in 
employees and intangible investment in software and licenses. The allocation of investments was examined in 
connection with the level of the return on equity ROE, which expresses how much net profit per currency unit of 
invested capital. 
 

 
Table 1. Analysis of allocation investments in woodworking enterprises 

Allocation investments 

The value of the ROE indicator 

SUM 
Relative 

frequency 
ROE 
< 0 

0% - 
2% 

2% - 
4% 

4% - 
7% 

7% -
10% 

Over 
10 % 

Investments in 
manufacturing 

technology, machinery 
and equipment 

2 10 6 18 8 0 

44 73.3 % 
3.3 % 16.7% 

10.0
% 

30.0 % 13.3 % 
0.0 
% 

Investments in building 

0 2 1 0 1 0 

4 6.7 % 
0.0 % 3.3 % 

1.7 
% 

0.0 % 1.7 % 
0.0 
% 

Investments in 
research and 
development 

0 2 0 2 1 0 

5 8.3 % 
0.0 % 3,3 % 

0.0 
% 

3.3 % 1.7% 0.0% 

Financial investments 
0 1 0 2 0 2 

5 8.3 % 
0.0 % 1.7 % 

0.0 
% 

3.3% 0.0% 3.3% 

Investments in 
employees 

0 1 0 0 0 0 
1 1.7 % 

0.0 % 1.7 % 
0.0 
% 

0.0% 0.0% 0.0% 

Investment intangible 
(software, licenses) 

0 0 0 1 0 0 
1 1.7% 

0.0 % 0.0 % 
0.0 
% 

1.7 % 0.0 % 
0.0 
% 

SUM 2 16 7 23 10 2 60 100.0 % 

 
  

As we can see in Table 1, out of 60 wood working enterprises, the highest percentage of investments was 
recorded in production technologies, machinery and equipment in 30.0% of enterprises in the category with ROE 
from 4% to 7%. This was followed by 16.7% of enterprises with ROE from 0% to 2%, 13.3% of enterprises with 
ROE from 7% to 10%. In the ROE category, from 2% to 4%, 10% of enterprises invested in production technologies, 
machinery and equipment. Enterprises with ROE < 0 invested only in production technologies, machinery and 
equipment, while enterprises with ROE over 10% focused only on financial investment. Wood working enterprises 
classified in the ROE category from 0% - 2% in relative numbers to 3.3% invested in constructions and in science 
and research, 1.7% of enterprises in each area invested funds in financial investments and investments in 
employees. Based on the results obtained, we can state that 77.3% of wood working enterprises in all ROE 
categories except the category over 10% invested in production technologies, machinery and equipment. The 
second most numerous area of investment allocation was in research and development and in financial 
investments, which was stated by 8.3% of monitored wood working enterprises in both areas. The third most 
numerous area of investment direction was investment in construction in 6.7% of enterprises. The last areas of 
investment direction were investments in employees and in intangible investments. Investing in both areas only 
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1.7% of enterprises. The second most numerous area of investment allocation was in research and development 
and in financial investments, which was stated by 8.3% of monitored wood working enterprises in both areas. The 
third most numerous area of investment direction was investment in construction in 6.7% of enterprises. The last 
areas of investment direction were investments in employees and in intangible investments. Only 1.7% of 
enterprises invested in both areas. 
 

Table 2. Analysis of allocation investments in furniture enterprises 

Allocation 
investments 

The value of the ROE indicator 

SUM 
Relative 

frequency 
ROE 
< 0 

0% -  
2% 

2% -  
4% 

4% -  
7% 

7% - 
10% 

Over 
10 % 

Investments in 
manufacturing 

technology, 
machinery and 

equipment 

 
2 3 3 3 1 0 

12 66.7 % 

11.1 % 16.7 % 16.7 % 16.7 % 5.6% 0.0 % 

Financial 
investments 

1 1 0 0 0 0 
2 11.1 % 

5.6 % 5.6 % 0.0 % 0.0 % 0.0 % 0.0 % 

Investments in 
employees 

0 1 0 0 0 0 
1 16.7 % 

0.0 % 5.6 % 0.0 % 0.0 % 11.1 % 0.0 % 

Investment 
intangible 
(software, 
licenses) 

1 0 0 0 0 0 

1 5.6 % 
5.6 % 0.0 % 0.0 % 0.0 % 0.0 % 0.0 % 

SUM 4 5 3 3 3 0 18 100.0 % 

 
  

The results of the research of furniture enterprises showed in Table 2 that 66.7% of enterprises in all ROE 
categories except over 10% allocated their investments in technologies, machinery and equipment. Furniture 
enterprises with ROE < 0 and from 0% to 4% directed investments to financial investments, 5.6% of enterprises in 
each ROE category. Investments in employees were confirmed by 5.6% of enterprises in the ROE category from 
0% to 2% and in the ROE category from 7% to 10% by 11.1% of enterprises. 5.6% of enterprises with ROE < 0 
invested in intangible investments. From the above results, we can state that the majority of up to 66.7% of furniture 
enterprises focused their investments mainly on investments in technology, machinery and equipment. In the range 
from 11.1 to 16.7% of enterprises allocated investments in employees and in the area of financial investments.  
 Given the small sample of pulp and paper companies and the fact that there are few enterprises of this 
type in Slovakia, we can say that the surveyed enterprises with a ROE of 2% to 4% and over 10% invested in 
technology, machinery and equipment, in financial investments and in the area of intangible investments. 
Investments in construction, personnel, science and research and in science and research were not mentioned in 
the questionnaire replies. 

 
 

CONCLUSION 
 

 One of the goals of the research presented in this work was to determine the allocation of investments in 
enterprises in the wood processing industry in Slovakia. The benefit of the research was the finding that in the 
enterprises of the wood processing industry, the allocation of investments is focused primarily on investments in 
technologies, machinery and equipment. Financial investment, investment in research and development and 
investment in buildings were found in all categories of enterprises on a smaller scale. A negligible number was 
made up of enterprises that invested in employees and in intangible investments, which can be considered a 
negative trend, which does not support increasing the competitiveness of enterprises. Dynamic methods should be 
considered as key methods in the evaluation of investment projects, which take into account the action of a 
significant factor and thus the time factor, which acts to change the value of money. Equally important factors in 
the evaluation of investment projects is the consideration of project risks such as business, market, economic, 
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social and other, which also need to be properly identified, evaluated and take into account their impact on the 
economic results of the enterprises. We can determine the investment decision-making of a enterprise as one of 
the key factors of a enterprise's success. 
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THE CLASH OF JOHN MAYNARD KEYNES AND MILTON FRIEDMAN  
ECONOMIC PERSPECTIVES - DEVELOPMENT DILEMMAS  

OF THE WOOD-BASED SECTOR IN POLAND IN TIME OF CRISIS 
 

Kusiak, W., Wanat, L., Mikołajczak, E. 
 
Abstract: Entities participating in the wood-based sector in Poland have to adapt to the special organization of the industry-
based wood market, where institutional regulations intertwine with elements of free market regulations. Also in such conditions, 
an optimal strategy for the development of the industry is sought, especially in times of crisis. Such an attempt was made in 
this paper, referring to the most frequently discussed theoretical approaches to mesoeconomics, referring to the theories of 
John Maynard Keynes and Milton Friedman, stereotypically considered to be contradictory or even mutually exclusive. As a 
result of the analysis, however, it turned out that the verified views are more complementary than opposing, and the Polish 
wood-based sector is looking for its own, individual development strategy, drawing on the achievements of both eminent 
economists. 
Keywords: wood-based sector, wood market, Keynes, Friedman, mesoeconomics, Poland 

 
 

1. INTRODUCTION 
 

Who is interested at least a little bit in the main directions of creating economic policy, and would like to apply 
them in practice to the regulation of selected economies or industries, cannot ignore the proposals, first put forward 
by John Maynard Keynes on the one hand, and by Milton Friedman on the other hand, continued then by the 
students of both eminent professors of economics [1, 2]. Nor would it be an exaggeration to describe the 
juxtaposition of these two separate proposals by the term "collision" or “clash”. At first glance, an attempt to 
reconcile the views of both professors seems to be an impossible mission. Is it really? Therefore, it may seem 
a somewhat crazy idea, or to put it carefully, very simplified, to apply Keynes' and Friedman's market perspective 
to the meseconomic realities of a specific, but specific industry that creates the wood market in Poland. The 
madness of the proposed approach weakens a bit when we move to the economic realities with which the world 
has not yet dealt with on such a scale. A kind of freezing, or at least a significant slowdown in the global market 
(locally known as "lockdown") has become a fact because of the real epidemic threat. The Polish forestry and wood 
sector is also in a completely new situation. Therefore, questions are raised as to how entities participating in the 
wood market should behave. This market has been subjected to irregular and asymmetric factors. Will these 
conditions, therefore, "balance" or "integrate" the wood-based market? Or maybe a completely "new" wood market 
will be created? For these reasons, this paper attempts to answer the question which of the economic proposals, 
which path or strategy, Keynes's or Friedman's, could be used as a directional one in the process of programming 
the development of the wood market in Poland? For this purpose, reference was made, although to a limited extent 
of necessity, to an opinion poll, i.e. an expert, individual in-depth interview (IDI), conducted on the background of 
the theoretical concepts of both eminent economists. 
 
 

2. INDUSTRY PERSPECTIVE - THE POLISH WOOD MARKET 
 
The Polish forestry and wood-based sector has a specific market organization [6, 8]. It is an institutional, rather 

than a market, "libertarian" structure. It is based on the natural monopoly of the Polish Forest Holding "State 
Forests", the dominant owner of forest resources in Poland. There is also a specific model of wood sales in which 
only some selected aspects are subject to market laws. However, this does not change the situation that this 
relatively distinct sector reflects a specific value chain (Figure 1) [7]. It is a "sector" of the economy, from raw 
material forestry (stump wood management), forest services (wood harvesting and transport), to industrial wood 
processing and its reuse. Each of the elements, links in this chain, forms a model of the circular economy sector 
[9, 13]. It is an integral model, referring to the concept of sustainability by Hans von Carlovitz [11], connecting the 
blocks of the chain the more strongly, the more they are oriented not only towards the forest and the natural 
environment, but above all towards man [12]. 
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Figure 1. The primary segment of the forest-wood value chain. Sub-sector meso-orientation: blue-green-red. 

Source: Figure based on the graphic concept by Meskin and Borkowski [7] (p. 30). 
 
The wood market in Poland reflects the condition of the entire industry, and more specifically the situation of 

forestry and the wood industry. The wood-based sector employs, together with complementary industries, over 
350,000 people. It creates, depending on the calculation method, from 2 to 3 percent of Poland's GDP [14]. In 
addition, the Polish wood industry relies almost entirely on domestic resources of wood raw material, less often on 
imports. In such circumstances, the wood market cannot be programmed with "classical" methods only. Therefore, 
an economic model is sought that would be largely adequate to the actual competitive ability of the wood sector 
[8, 10, 13]. However, this ability should be determined not so much by the "institutional market", but by the real, 
community of entities creating demand and supply. Thus, the "clash" of the title requires at least an attempt to find 
a solution to the "dispute". 
 
 

3. THEORETICAL PERSPECTIVE - KEYNES OR FRIEDMAN MESOMODEL? 
 

Each of the economic models, separately for John Maynard Keynes and Milton Friedman, has been 
considered separately at the level of general theory [1, 2]. In this perspective, an attempt was made to "adapt" 
theoretical assumptions to the "meso" level, reflecting the relative distinctiveness of the industry, as an independent 
economic system ("meso"), which is the industry. Then, in a qualitative study, theoretical preferences were identified 
that are closest to the practice of the Polish wood market. 

The originality of Keynes' economic views is reflected in his most important work: “The General Theory of 
Employment, Interest and Money” [5]. Keynes' theory is characterized by the following features: 
- advantage of macroeconomic analysis over microeconomic one; 
- preferences for the demand approach (the impact of investments on the growth of effective demand); 
- advantage of short-term analysis over long-term one (need to see quick effects); 
- dominance of static analysis (successive dynamization of research by Keynes' students); 
- the cause-effect nature of the dependence of economic measures (in others it is rather functional); 
- crises as a feature of the capitalist economy (rejection of the Say market law); 
- society is not a simple sum of individuals; an individual behaves differently in the economy than a society, so the 
behavior of an individual cannot be generalized as a whole; 
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- recognizing the importance of researching the human ‒ thing ‒ human relationship (departure from subjectivism); 
- general equilibrium (still understood as the balance between global demand and global supply), is not always a 
desired state for the economy (depression phase); 
- acceptance of state intervention in the economy, negation of the "invisible hand" of the market; 
- pragmatism in formulating recommendations for economic policy, especially in times of crisis; 
- universal theory, applicable to any market economy. 

In turn, analyzing the achievements of Milton Friedman as a supporter of free market domination [3, 4], it may 
seem that he is a staunch opponent of J.M. Keynes' interventionist concepts [1, 5]. Meanwhile, it is not so obvious. 
Milton Friedman's most important views include: 

- monetarism and preferences for the quantitative theory of money as a theory of money demand; 
- recognition of the impact of the quantity of money on the functioning of the economy in the short term and 

on prices in the long term; money supply as the main element of the policy determining global demand; 
- "destructive influence of inflation" "inflation is always and everywhere a monetary phenomenon", "inflation is 

a disease that is easy to cause, harder to treat" [3, 4]; 
- the key importance of an independent monetary policy, the ineffectiveness of administrative reduction of 

inflation; 
- formulation of the theory of consumption (as opposed to Keynes's claim that consumption is a function of 

current income); for people's consumption decisions are determined, as Friedman noted, not only by current 
income, but also by expected future income; 

- the development (independently of Phelps) of the long-run Phillips curve, which shows that in the long run 
there is no trade-off between unemployment and inflation, because market players are able to adjust their behavior 
and program prices [4]; 

- the need to limit the role of the state in the economy, which, however, does not apply to state control over 
the banking system and monetary policy; 

- modern methodological approach in economic sciences; 
- priority for the free market wherever possible [3, 4]. 
Therefore, paradoxically, after a thorough analysis of the main elements of the theory of both professors, one 

can see their complementarity more than their opposition or collision [1, 2]. A clash is a certain stereotype in which 
Keynes and Friedman are seen as determined opponents. How does this relate to economic mesopolitics on the 
wood market? 
 
 

4. IDEA. METHOD AND RESULTS OF THE QUALITATIVE TEST 
 

Taking into account the presence of stereotypes rather than the actual economic views of Keynes and 
Friedman, a qualitative study was designed, attempting to verify the hypothesis that in the conditions of a crisis in 
a particular industry market, such as the wood market, the participants will seek their own sectoral strategy rather 
than encourage move towards traditional market (Friedman) or institutional (Keynes) approaches. 

For this purpose, in the first half of 2020 (time range), a group of typical wood industry enterprises (subjective 
scope) was selected to obtain primary data. The companies were selected intentionally and proportionally according 
to their location. Efforts were made to make it a relatively even distribution, adequate for the territorial structure of 
the 17 Regional Directorates of State Forests in Poland (spatial scope). The research used the technique of 
individual in-depth interviews (IDI) as part of a diagnostic survey. Responses were collected from professional 
representatives of the management of the wood industry, participating in making market decisions. The 
respondents were previously acquainted with the basics of economic theories of J. M. Keynes and M. Friedman. 
As a result of the expert analysis (based on IDI), five economic policy strategies were selected that could be possibly 
used by the wood market entities: Keynesian strategy (S1), post-Keynesian (institutional) strategy (S2), individual 
/ neutral strategy (own strategy for the industry) (S3), post-Friedman strategy (S4) and also Friedman strategy (S5). 

The matrix of five pricing strategies is considered later in the study. From the group of 101 surveyed 
enterprises, 52 wood industry plants from which the surveyed professional experts came were taken into account 
for the purposes of this analysis. The task of the experts was to indicate the relationship between individual 
strategies. Then the answers were sorted using the Saaty method [8, 12]. Preference ranking was made for the 
analyzed strategies. Individual strategies were assigned numerical values (weights), depending on the "strength of 
preference", and converted to percentage points.  
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Table 1. Preferences for the selection of the optimal strategy for the development of wood market in Poland in the 

conditions of the economic crisis 

Place / Wood 
Market 

Development 
Strategy 

Keynes 
Strategy 

Post-Keynes 
Institutional 

Strategy 

Individual 
Strategy 

Post-Friedman 
Market Strategy 

Friedman 
Strategy 

Place I 5,6% 19,8% 53,4% 18,3% 2,9% 

Place II 3,8% 23,2% 46,2% 23,1% 3,7% 

Place III 21,2% 35,4% 0,4% 38,5% 4,5% 

Place IV 11,5% 14,6% 0,0% 17,1% 56,8% 

Place V 57,9% 7,0% 0,0% 3,0% 32,1% 

Source: Own study  
 

Despite the apparent polarization of the positions of experts, balancing between strategies containing a 
smaller or larger share of the dominant views of Keynes or Friedman, the result of the study is interesting. The 
optimal, preferred strategy for the wood market turned out to be an individual strategy, combining the necessary 
influence of institutional and free market conditions. The distribution of the "power of influence" of the identified 
opinions indicates the presence of complementary elements of Keynes and Friedman's economic theories in the 
construction of the expected individual strategy, the detailed structure of which has not been analyzed in this work. 
Developing an optimal strategy, although it requires building a cooperation relationship (coopetition and co-
operation) [13], is probably the only possible solution, taking into account specific regulations that define the 
framework for the functioning of the wood-based industry in Poland. 

 
 

4. CONCLUSIONS  
 

Based on the conducted analyzes, the following conclusions were drawn: 
1) The apparent contradiction of the source economic theories of J.M. Keynes and M. Friedman, looking from 

the mesoeconomic perspective (industry level), is not strongly confirmed. One perceives the complementarity of 
views rather than their opposition or "clash". 

2) Referring to expert opinions, one can notice this complementarity of Keynesian elements and the Friedman 
approach, in the search for an optimal, but own, individual strategy for the development of the wood market in 
Poland, especially during the crisis. 

In this context, an important challenge seems to be the continuation of mesoeconomic research in forestry 
and the wood-based sector, in order to identify and verify these elements of a competitive strategy for the analyzed 
industry, which, thanks to ex post analysis, will allow to find a recipe for the crisis, and thanks to the ability to 
forecast ex ante, will decide on its integral development. 
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A STUDY OF INTANGIBLE ASSETS DISCLOSURE  
AS FACTOR FOR SUSTAINABILITY:  

AN EVIDENCE FROM BULGARIAN FURNITURE ENTERPRISES 
 

Ventsislavova Georgieva, D. 
 

 
Abstract: In a constantly changing economic and political environment, textual disclosures in the financial statements of 
enterprises are factors used for measuring the sustainability of the micro-organization and, hence, at the macro-level 
throughout an industry. Main object of analysis is the disclosed information by Bulgarian furniture enterprises regarding their 
intangible assets. Main goal of the paper is to analyze some factors that have impact on the disclosures and to outline the 
published mandatory and voluntary data. Subjects of the study are published financial statements and the accompanying 
notes. Adopted research methods are logical, deductive and comparative methods, as well as the methods of content analysis 
and synthesis. The study of statistical relationships and dependencies is based on the Chi - square test. The results of the 
study support the development of the literature by presenting a more in-depth analysis of the level and the factors influencing 
the disclosure of intangible assets data by Bulgarian furniture enterprises. 
Keywords: intangible assets, disclosure, furniture enterprises 

 
 

1. INTRODUCTION 
 

The idea of a knowledge-driven economy shifts the focus of the enterprises from seeking future benefits from 
the use of tangible assets to seeking benefits from intangible assets use. In this respect, enterprises are willing to 
invest large amounts to obtain and control intangible resources (Jeny, Paugam and Astolfi, 2016, p.3). Intangibles 
are seen as factors that determine the true value of the entity (Low and Kalafut, 2006, p. 193). Economic literature 
supports the idea that there is a link between the profitability of enterprises and the number of textual disclosure 
(Cheng and Zhao, 2018, p. 406). Disclosures are used for the purposes of financial analysis and measure the long 
term sustainability of the organization. The entity’s disclosures could be divided into mandatory and voluntary. The 
mandatory is dependable on the legislative requirements of the applicable accounting standards while voluntary is 
any additional information beyond the mandatory one, that enterprises publish in the financial statements. Even 
though managers can use disclosure data as an instrument improving the market value of equity (Merkley, 2014; 
Nekhili et al., 2012) it could create information asymmetry (Cheng and Zhao, 2018, p. 405, р. 410) and even may 
lead to a leak of strategic information (Entwistle, 1999). However, voluntary disclosures are cited as an important 
mechanism for reducing conflicts and information asymmetry between insiders and outside shareholders (Patelli 
and Prencipe, 2007, p. 8). This predetermines the need for relevant and reliable information disclosure about 
intangible resources to financial statements users. A study of the level of digitisation and the use of digital tools by 
forestry sector enterprises in Bulgaria shows better performance than that on the national average (Georgieva and 
Popova, 2019). Such level of digitisation suggests use of various intangible assets by the companies. From all 
forestry industries in the country the most developed are the companies operating in the field of design, 
manufacturing and sales of furniture (Popova, 2019). Based on that the main author’s hypothesis is that Bulgarian 
furniture enterprises have a significant level of disclosure of intangible assets information (internally developed and 
externally acquired). Main object of analysis are the content of mandatory and voluntary disclosures regarding 
recognition and account of intangible assets as well as factors that have impact on it. Subject of the study are the 
published financial statements and the accompanying notes, incl. significant accounting policies, activity reports, 
auditor reports, references, annexes. Primary purpose of the paper is to study some of the factors that influence 
disclosures as well as the practice of Bulgarian furniture enterprises regarding the published intangible asset 
information. In order to achieve the stated goal, the following research tasks are set: (1) to analyze the following 
factors that have impact on the disclosures: accounting standards; company size; profitability; external auditor; (2) 
to verify the compliance with the requirements of disclosure on intangible assets demanded by the Bulgarian 
national accounting standards (NAS) and the international accounting standards (IAS); (3) to point out some current 
practices of Bulgarian furniture enterprises on voluntary disclosed information about intangible assets. The applied 
research methods are based on the logical, deductive and comparative methods, and the methods of content 
analysis and synthesis of texts introduced into the legislation framework and specialized literature. 
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2. LITERATURE REVIEW, HYPOTHESIS DEVELOPMENT AND METHODOLOGY   
 

According to Bulgarian Accounting Act (AA) enterprises must apply the national accounting standards. 
Exceptions are the enterprises listed in the law (mainly engaged in financial, pension and investment activities), as 
well as those that voluntarily choose to apply the IAS. Even though it is believed that all enterprises should have 
the same level of mandatory disclosure in compliance with the requirements of the accounting standards (Teixeira 
da Silva et al., 2013, р. 392), the literature provides evidences that the diversity of information disclosure regarding 
the intangible assets treatment leads to lack of national homogeneity. This reflects a lack of international 
homogeneity (Stolowy and Cazavan-Jeny, 2001). However, Bulgarian enterprises, applying NAS, lack mandatory 
textual disclosure or publish limited accounting information (Georgieva, 2019). Therefore, a factor of analysis is the 
impact of the selected accounting standards on the textual disclosure. Several studies support the idea of a positive 
relation between the level of disclosure and firm size. In this respect large size companies disclose more rich data 
compared to smaller ones. This is believed to be due to the fact that large companies have more resources and 
more benefits from it (Nguyen et al., 2017). However, the literature provides arguments of no relation between 
company size and the level of compliance with the requirements of disclosure by the accounting standards 
(Nakayama and Salotti, 2014, p. 278). Considering this possibility the firm size is a second factor under analysis. 
Companies having more profits are more ambitious and willing to share more textual data with their stakeholders. 
Such an idea suggests that enterprises with poor performance are trying to hide this from the shareholders by 
disclosing less information (Nguyen et al., 2017, p. 258). Considering this the profitability is the third factor under 
study. It is argued that prestigious auditor companies require a higher level of disclosure. They associate it as a 
factor measuring the quality of auditor’s services. Because of that, auditors influence their customers to publish 
more information, by affecting the type, quantity and quality of the data. In this respect, the relation between the 
level of disclosure and independent external audit is positive (Teixeira da Silva et al. 2013). In order to analyze the 
outlined factors the following hypotheses are formulated: 

(Н1) There is a statistically significant relationship between intangible assets disclosure and the use of NAS 
by Bulgarian furniture enterprises. 

(Н2) There is a statistically significant relationship between intangible assets disclosure and the size of the 
furniture enterprises. 

(Н3) The profitability of the furniture enterprises is statistically related to the disclosure of intangible assets. 
(Н4) There is a statistically significant relationship between intangible assets disclosure by Bulgarian furniture 

enterprises and external auditors.  
An analysis of the financial statements of 157 furniture enterprises are made, covering the period 2008 - 2018. 

The content analysis method is used to study the enterprises balance sheet figures for long-term intangible assets, 
as well as disclosed information about intangible assets and research activities in the notes to the annual financial 
statements. The study of statistical relationships and dependencies is based on the Chi - square test, and the 
measure of association is done by the use of Cramer (V) with the program IBM – SPSS Statistics. 

 
 

3. RESULTS AND DISCUSSIONS   
 
3.1. Analyses of the factors that have impact on the intangible assets data disclosure  
 

From all entities under analyses, around 37% report figures in the balance sheet regarding intangible assets 
(externally acquired) and around 3% report internal developed intangible assets that results from the development 
phase of the R&D process. Around 44% disclose significant accounting policies or other relevant textual data 
regarding their intangible assets while around 9% - regarding the R&D developed resources. Disclosure of 
information about assets that the entity does not currently own or control can be partly explained by the following 
two hypotheses. First, the company may plan to acquire such resources in near future. In order to meet the 
information needs of the shareholders and investors, it publishes such relevant information in advance. However, 
in order not to violate the materiality principle, accounting data for assets that an organization does not currently 
own, control and use, should not be an element of its disclosed accounting policy or textual information. Second, 
the entity may not have reviewed and updated its current accounting policies. This results in publishing data 
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regarding assets that the entity no longer actually owns and it in hand can put into question the applied methodology 
for filling the statement. The analysis shows another feature. Around 4% of the companies that have figures 
regarding intangible assets (excluding R&D developed) and around 14% regarding internal developed intangible 
assets do not disclose any textual data regarding these kinds of resources. Around 3% of the entities publish in 
their activity reports that during the period they have developed or improved intangible assets but no relevant data 
is reported in the balance sheets or in the accounting policies and annexes. The above contradicts to the aim 
financial statements to be reliable, prudent, neutral, impartial, complete in all aspects and, above all, necessary for 
making reliable economic decisions. In terms of applicable accounting standards, around 96% of the entities under 
review apply NAS. None of the entities applying IAS is currently a subject to a legislative requirement to prepare 
their financial statements based on the International accounting standards. 50% of the companies applying IAS 
have foreign shareholders at the equity of the entity. In this respect, the choice of IAS is rather on a voluntary basis 
that can be linked to international comparability of the statements, or the enterprises were obligated to apply IAS 
and have not used the legislative opportunity to change their accounting base to NAS in 2016. Based on the 
analyzes of the collected data (see table 1) it is confirmed the existence of a weak statistical relationship between 
intangible asset disclosure and the use of NAS by Bulgarian furniture enterprises. Although in this case the null 
hypothesis is rejected not all conditions for the Chi square test application are fulfilled. This is a prerequisite for 
being skeptical when accepting such a statistical relationship. Based on the AA requirements, a size classification 
of the enterprises under review is made. From all companies in the target group 54,8% are micro, 38,9% - small, 
2,5% - medium and 3,8% are large. The collected data analysis provides evidence for an average statistical 
relationship between the size of the entity and the intangible assets information disclosure (see table 1). Once again 
not all conditions for the Chi square test application are fulfilled. It should be noted that around 41% of enterprises 
under review do not publish any textual disclosure or significant accounting policies. Only the annual financial 
statements of micro-entities may consist of abridged balance sheets and income statements (AA, 2019, art. 29, 
para. 4). However, 80% of the organizations that have not published notes are micro- entities and the other 20% 
are small sized. Around 88% of the analyzed furniture companies report gross accounting profit for the year under 
review. Yet, there is no statistically significant relationship between the profitability and the published textual data 
regarding their intangible assets. A prerequisite for such a conclusion is the presented in table 1 data, which 
confirms the null hypothesis. Around 55% of the annual financial statements in which there are disclosures of 
intangible assets data are audited by an independent external auditor. When testing the fourth research hypothesis, 
the chi square value is calculated 30.213 and with two degrees of freedom, this statistic provides evidence of a 
relationship at the 0.05 level of significance. This gives us a reason to accept the existence of an average statistical 
relationship between the external auditor and the disclosures of intangible assets information (see table 1).  
 

Table 1. Chi-Square tests and Symmetric measures data 

Variable 
Pearson 

Chi-Square 
value 

Level of 
significance 

Degree of 
freedom 

Asymp. 
Sig. (2-
sided) 

Cramer’s 
V value 

Approx. 
Sig. 

Accounting 
standards 

7.956 
α=0.05 n=2 .019 

.225 .019 

Company size 34.644 α=0.05 n=6 .000 .332 .000 

Profitability 4.832 α=0.05 n=1 .089 .175 .089 

External 
auditor 

30.213 
α=0.05 n=2 .000 

.439 .000 

Source: own calculations, n=157. 
 
 

3.2. Mandatory and voluntary disclosures by Bulgarian furniture enterprises  

 
Based on content analyses between the disclosures in the financial statements of the target group and the 

requirements at the NAS and IAS none of the entities fully disclose the mandatory data for intangible assets. Notable 
is the fact that 6% of the furniture companies only make references to the number of the used accounting standard. 
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Accounting policies must have individual character based on the chosen and applied principles, rules and 
approaches. In this respect a reference to a standard which is giving opportunity to choose between several 
accounting treatments (for example the amortization methods) oppose to the main goal of the disclosures to give 
more prudent and reliable information. From all disclosures required by NAS, 63% of the entities publish the applied 
approach for initial measurement of intangible assets (externally acquired), while 21% - of internally generated 
intangible resources. The majority of the enterprises (73%) state the used amortization method, 30% publish data 
on accounting subsequent expenditures and 6% regarding temporarily idle assets. Relatively low percentage (22%) 
of the entities disclose any impairment information. Based on the analyses of the companies applying IAS all of 
them publish the applicable amortization method as well as the impairment policy of the assets. Half of them 
disclose the methodology of assessment of the useful life of the resources, while 17% - the residual value of the 
assets. Additional disclosures are the applied approach for classification (41%) and types of intangible assets (17%) 
owned and used by the companies. More than half of the entities (52%) voluntarily publish data on materiality 
thresholds. Less data is given regarding the accounting policy for gains and losses when selling the assets (10%), 
the moment from when the amortization starts (9%), occasions when the amortization method will be changed 
(1,4%) as well as the used accounts in the accounting system (1,4%).  
 
 

4. CONCLUSIONS   
 

The analyses of the disclosures to the financial statements of Bulgarian furniture enterprises give us a reason 
to conclude that they publish limited accounting information regarding their intangible assets. The lack of disclosure 
is found in the statements of entities applying NAS and IAS, and in this respect does not confirm the author’s 
hypothesis. The only reliably confirmed statistical relationship is between the published textual data and the 
auditors. It is notable that voluntary disclosure is richer in the audited financial statements. This supports the studies 
of Nguyen et al. (2017), Georgieva (2019), Teixeira da Silva et al. (2013), but does not explain the existence of 
missing mandatory data in the published disclosures. The analysis as well confirms that large companies publish 
more data compared to micro-entities. This could be explained by the legislative requirements micro-entities to be 
able to prepare and publish only abridged balance sheets and income statements. Even though no statistical 
relationship is calculated between the disclosure and profitability due to its limitation the report cannot explain why 
companies with good performance are disclosing less or none information. Stakeholders can negatively interpret 
such lack of disclosure as the companies are trying to hide something. In Bulgarian accounting practices, the 
development of accounting policies, as a component of the financial statements, is considered as a formal 
requirement and not as a significant part of the accountability. This could be explained by the fact that the focus of 
the national revenue agency and other government institutions is on taxation and financial control rather than on 
the accurate disclosures. Such neglect of the added value of the published textual information is shifted to the 
auditors and accountants. Even so, disclosures enrich the information environment, prevent the idea of wrong 
methodologies for presenting intangible assets in the financial statements and help stakeholders to make reliable 
economic decisions. This in hand shows that the entity is a reliable partner, which gains creditor’s trust and is a 
base for long term sustainability of the organization. Having in mind that disclosure can lead to a leak of strategic 
information we believe that the risk could be minimized through timely and reliable review of the data that could be 
disclosed. This in hand could be a better option rather than disclosure of none or less information. 
 
 
 
REFERENCES (alphabetical order) 
 

1. ***: Jeny, A.; Paugam, L.; Astolfi, P. (2016): Disclosure and recognition of intangible assets: insights from purchase price 
allocations, Conférence Internationale de Gouvernance, Montpellier, France. 

2. Accounting act (AA), promulgated SG. 95/ 2015, last. ed. and more SG. 96/ 2019. 
3. Cheng, J.; Zhao, J. (2018): Research on the relationship between R&D textual disclosure and profitability. Advances in 

Social Science, Education and Humanities Research, vol. 281, Atlantis press, pp. 405-410.  
4. Entwistle, G. (1999): Exploring the R&D disclosure environment. Accounting Horizons, 13(4): pp. 323-342. 
5. Georgieva, D. (2019): Mandatory and voluntary R&D data disclosure: evidence from Bulgaria, Academy of accounting and 

financial studies journal, 23(5): pp. 1-8. 



13th International Scientific Conference WoodEMA 2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

 

225 

 

6. Georgieva, D.; Popova, R. (2019): Digitisation in forest industry in Bulgaria - state and perspectives, Digitalisation and 
circular economy: forestry and forestry based industry implications, proceedings of scientific papers, Sofia: USB & 
WoodEMA, pp. 181-186. 

7. Low, J.; Kalafut, P.C. (2006): Niematerialna wartość firmy. Oficyna Ekonomiczna: Wolters Kluwer, Kraków. 
8. Merkley, K. (2014): Narrative disclosure and earnings performance: evidence from R&D disclosures. The Accounting 

Review, 89(2): pp. 725–757. 
9. Nakayama, W.; Salotti, B. (2014): Determining factors of the level of disclosure of information on business combinations 

with the entry into force of the accounting standard CPC 15. Revista Contabilidade & Finanças, 25(66): pp. 267-280. 
10. Nekhili, M.; Boubaker, S.; Lakhal, F. (2012): Ownership structure, R&D voluntary disclosure and market value of firms: the 

French case. International Journal of Business, 17(2): pp.126–140. 
11. Nguyen, L. S.; Manh, D. T.; Hong, N. T. H.; Le, Q.H. (2017): Factors affecting disclosure levels of environmental accounting 

information: the case of Vietnam. Accounting and Finance Research, 6(4): pp. 255-264. 
12. Patelli, L.; Prencipe, A. (2007): The relationship between voluntary disclosure and independent directors in the presence 

of a dominant shareholder. European Accounting Review, 16(1): pp. 5–33. 
13. Popova R. (2019): Innovation development of the furniture industry in Bulgaria, CBU, Book of Proceedings: рp. 256-261. 
14. Stolowy, H.; Cazavan-Jeny, A. (2001): International accounting disharmony: The case of intangibles. Accounting. Auditing 

& Accountability Journal, 14(4): pp. 477-497. 
15. Teixeira Da Silva; S., Morais, A.; Curto, J. (2013): Disclosure of R&D activities. Global Business Perspectives, 1(4): pp. 

391–417. 
 

 
 
Authors address: 
Ventsislavova Georgieva, Daniela1 

1 International Business School, Botevgrad, Bulgaria 
*Corresponding author: danielagr999@gmail.com and dgeorgieva@ibsedu.bg 
 
 
 
  



13th International Scientific Conference WoodEMA 2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

 

226 

 

  



13th International Scientific Conference WoodEMA 2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

 

227 

 

 

COMPARISON OF THE AFFORDABILITY ASSESSMENT OF REFERENCE WOODEN 
HOUSE OF THE CZECH REPUBLIC AND SLOVAK REPUBLIC 

 
Potkány, M.,Škultétyová, M. 

 
 
Abstract: The main factors of rational decision in solving the problem of own housing can be classified as a household income, 
necessary living expenses and housing costs. The main aim of the article is to present the comparison analysis of the 
affordability assessment of reference wooden house building in selected regions of the Czech Republic and Slovak Republic, 
after considering this factors. The percentage share of the total average monthly costs of using the building to the total average 
monthly household income was selected as the Indicator of measuring affordability. On the basis of the disposable monthly 
income of the household after substraction the total average monthly costs and allocating the amount of the subsistence 
minimum, it is clear that the availability of a wooden building is economically acceptable in both cases. The total balance of 
disposable income of households in the region of the Czech Republic is 382.65 € higher than in the region of Slovakia.  
Keywords: affordability assessment, wooden houses, cost  
 
 

1. INTRODUCTION 
 

Until recently, the availability of mortgage loans also increased interest in the construction of houses. This 
was due to mortgage interest rates, which reached historic lows. We can state that over the last 15 years the market 
share of wooden buildings in Slovakia has increased from 2% to 10% of total construction. Whether this trend will 
continue depends on a number of factors such as the quality of wooden buildings, availability of producers, 
increased knowledge of the characteristics of wooden buildings, but especially the solution of the construction 
sector and the economy as a whole caused by a global pandemic.  Economy and especially a certain household 
savings regime is now becoming an important factor in buying a family house. Therefore, in the implementation of 
such a serious decision, it is necessary to analyze the affordability of the building for future income and try to 
evaluate it without emotion.  
The aim of the paper is to compare the affordability of a reference wooden building based on the analysis of costs 
related to the acquisition, operation and other costs that arise during the use of the building in selected regions of 
Slovak and Czech Republic.  We chose a similar case study according to Smith (2013) as an indicator of 
comparison and measurement of affordability. In his study, the author determines the percentage of the total 
average monthly cost of using the building to the total average monthly income in an Australian household. The 
benefit of our study should be a real evaluation of the availability of a wooden family house in the implementation 
of the phase house without fixture for a selected family with average net income in the region of Banská Bystrica 
and the region of South Moravia. 

 
 

2. MATHERIAL AND METHODS 
 

Based on the survey (Debnár and Potkány, 2016), it is possible to define the basic profile of a potential 
customer as a man or woman aged 26 to 40 in a family relationship with at least one child. For the needs of our 
analysys of the affordability assessment, a potential investor is define as a family of 3 consisting of a married couple 
and one child. 

The reference building is a family house realized by a company operating on both markets using panel 
construction technology. It is a type of bungalow construction with an area of 13.24 x 9 m, which represents a 
usable area of 106 m2. The purchase price of a land with an area of 700 m2 is 60 €/m2 in the Slovak Republic (SR) 
in the Banská Bystrica region in the town of Zvolen, Môťová (www.nehnutelnosti.sk). In the Czech Republic (CR) 
in the region of the South Moravian Region in the city of Znojmo part of Hradiště, the price of the land is 4 €/m2 
higher (www.sreality.cz). The construction will be financed by a mortgage loan. Due to the conditions of providing 
loans, the coverage will be set at a ratio of 30% of the investor's own resources and 70% will be external sources. 
The maturity of the mortgage loan is set at 30 years in both variants selected by us. The interest rate will be fixed 
for 5 years. An important criterion for the analysis of affordability is the household income, from which it is necessary 
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to pay the necessary expenses. In our calculations, we considered households with average incomes in the Slovak 
Republic (SR) and the Czech Republic (CR) published by the Statistical Office of the Slovak Republic and the 
Czech Republic in 2019. Net income was recalculated according to the valid legislative guidelines of the given 
countries (Table 1). 
 

Table 1. Household income in EUR (SR and ČR) 

 Region of Banská Bystrica (SR) Region of South Moravia (CR) 

Annual income (net) 
in EUR 

Monthly income (net) 
in EUR 

Annual income (net) 
in EUR 

Monthly income (net) 
in EUR 

Man 9 816 818 12 300 1 025 

Woman 8 316 693 9 984 832 

In total 18 132 1 511 22 284 1 857 
Source: Processed according to Statistical office of Slovak Republic and Czech statistical office 

 
For an objective of the affordability assessment of a family wooden house construction, it is necessary to 

include in the evaluation process all the costs of the life cycle of housing. In our analysis, the assessment time 
horizon is chosen for a period of 5 years, which is one of the alternatives for fixing the mortgage interest rate. 
Therefore, we will not consider the costs of liquidation and in the short term, nor the full costs of maintenance and 
renewal, which we will replace with the item of creating a hypothetical reserve fund. The assessed costs of the 
reference building for the 5-year cycle include the following groups: 

 investment costs (land, base plate, construction to the phase House without fixture), 

 financial costs (mortgage loan repayment costs), 

 operating costs (energy costs, heating, domestic water heating-heat pump technology, water consumption 
and other charges related to the modern use of the family house), 

 ownership costs (real estate tax, municipal waste fee and real estate insurance), 

 costs of the reservation fund for repairs and renewal of the facility.  
 
 

3. RESULTS AND DISCUSSION  
 

The amount of the purchase price of the reference building, including the price of the land, the base plate 
price and the construction of the building to the phase House without fixture, is presented in table 2. In conditions 
of SR it is an investment in the amount of 127,000 €. In the CR, due to the higher price of the land, the investment 
is 2,800 € higher. For financing, the investor considers various offers of banks. Based on the analyzed offers on 
the mortgage market, we selected two large banks in the Slovak and Czech markets to prepare a loan offer for the 
reference building. Overview loan parameters selected banks are presented table 3. 

 
Table 2. Data about real estate and investment items of the house 

Zvolen, Môťová, 
Region of Banská 
Bystrica, Slovak 

Republic 

Land price 700 x 60 €/m2 42 000 € 

Base plate area price 120 x 104.16 €/m2 12 500 € 

Price of house without fixture 106 x 801.88 €/m2 85 000 € 

Purchase price - 127 000 € 

Znojmo, Hradiště, 
Region of South 

Moravia, 
Czech Republic 

Land price 700 x 64 €/m2 44 800 € 

Base plate area price 120 x 104.16 €/m2 12 500 € 

Price of house without fixture 106 x 801.88 €/m2 85 000 € 

Purchase price - 129 800 € 
Source: Own processing 
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Table 3. Mortgage loan parameters 

 

Slovak Republic banks Czech Republic banks 

Slovenská 
sporiteľňa - A1 

ČSOB 
A2 

Česká 
Sporiteľňa – B1 

ČSOB 
B2 

Loan lenght 30 years 30 years 

Interest rate (5-years fixed) 1.39 % 1.35 % 2.89 % 2.79 % 

RPMN 1.43 % 1.36 % 3.03 % 2.99 % 
Source: Own processing according to loan offers of the respective banks 

 
 

Table 4. Determining the amount of the monthly mortgage loan 

Financial costs –loan installment  
Slovak Republic Czech Republic 

A1 A2 B1 B2 

Purchase price 127 000 € 129 800 € 

Savings (30 % from purchase price) 38 100 € 38 100 € 38 940 € 38 940 € 

Pre - purchase costs 271 € 271 € 357 € 357 € 

Bank processing fee 89 € 0 € 97 € 0 € 

Own finance source 37 740 € 37 829 € 38 486 € 38 583 € 

Required loan amount 89 260 € 89 171 € 91 314 € 91 217 € 

Monthly payment 304.18 € 301 € 381.67 € 379.18 € 
Source: Own processing 

 
Table 4 presents a comparison of the offers of individual banks. For the purposes of further calculation, the 

offer of ČSOB bank was accepted, where the monthly payment (financial cost) represents  301 € in the SR and 
379.18 € in the CR. A very important item that can be classified in the category of operating expenses include 
energy costs, heating, domestic water heating-heat pump technology, water consumption and other charges related 
to the modern use of the family house (internet, TV and others). These items are presented in table 5.   
 
 

Table 5. Costs for upkeep and maintaining the comfort of housing (in EUR/month) 

Operating costs Slovak republic Czech republic 

Water (heat pump) + heating 55.70 € 54.55 € 

Water use (3 persons) 26.25 € 29.17 € 

Electric power 30 € 31.17 € 

The rest costs 20 € 26 € 

In total – monthly costs 131.95 € 140.89 € 

In total – annual costs 1 583 € 1 690.65 € 
Source: Own processing according to www.eletrina.cz and SSE 

 
 

Another item is the cost of ownership. It is a real estate tax, municipal waste fee and real estate insurance. 
These items have been quantified according to the regulations and directives in force in each region. These 
represent 32.23 €/month in the case of Zvolen and 24.70 €/month in the case of Znojmo. Another necessary group 
of costs for the operation of a wooden building are the costs associated with the renovation of household equipment, 
such as household electrical appliances, furniture and the replacement of sanitary equipment. Each element has a 
different lifespan and importance, so it is difficult to determine the frequency of their replacement and the costs 
associated with it. The average frequency of replacement would be set at 10 years for appliances and 20 years for 
furniture. We have included such items in the so-called reserve fund for repairs and renewal. For the SR, they were 
set at the level 40 €/month and CR 50 €/month (table 6). 
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Table 6. Total monthly operating costs of housing (in EUR/month) 

Cost Items Slovak republic Czech republic 

Financial costs 301 € 379.18 € 

Operating costs 131.95 € 140.89 € 

Cost of ownership 32.23 € 24,70 € 

Reserve fund for repairs and renewal 40 € 50 € 

In total – monthly costs 505.18 € 594.77 € 

In total – annual costs 6 061.70 € 7 136.81 € 
Source: Own processing according to Zvolen municipal office and Znojmo municipal office (taxes and fees) 

  
The reason for the increase in the fund in the CR is on average 10% - 15% higher prices of appliances. At the 

same time, we also took into account the higher net monthly household income, which is higher than the income of 
the SR household by  346 €/month. In contrast to the Smith study (2013), we neglected the cost of renovation. The 
reason is the fact that it is a new building. After taking into account all cost categories associated with the use of of 
a family wooden house constructio, the total average monthly costs of the household in the conditions of the 
selected region of the SR are at the level 505.18 € and CR 594.77 €/month.  

When deciding on affordability, in addition to household income and costs items, we must also consider the 
special subsistence item. It was determined on the basis of legislative regulations of both countries, for the SR at 
the level 441.74 €/month and CR 315.5 €/month. 

In view of the above facts (Table 7), we can state that a reference wooden building in the phase of the House 
without fixture is affordable for a family with an average income in a given regions. Both households were able to 
repay the mortgage loan under the conditions analyzed by us, to provide for the basic needs of all members of the 
household and at the same time to set aside funds for other activities as well.  

 
Table 7. Comparison of the affordability of alternatives 

 Slovak republic Czech republic 

Average cost of housing /month 505.18 € 594.77 € 

Average cost of housing - % net income 33.43 % 32.02% 

Monthly payment of loan- % net income 19.92 % 20.41% 

Total monthly net income 1 511.0 € 1 857.0 € 

Subsistence item cost in family /month  441.74 € 315.5 € 

Amount for other expenses from net income + 564.08 € +946.73 € 
Source: Own processing 

 

The difference between the total resulting balance of disposable household income in selected regions of CR 
and SR is 382.65 € in favour of Czech house.  
 
 

4. CONCLUSION  
 

Compared to a similar analysis of affordability assessment in Australia (Smith, 2013), where the result of the 
share of housing costs in net income was set at 50.4%, the affordability of financing a wooden house building was 
better in our conditions. In the conditions of the CR it is at the level 32.02% and SR 33.43%. We realize that this 
comparison is affected by too many factors and differences (energy prices, cost of living, credit terms, procurement 
and administration costs as well as equipment, comparison time), but we did not find the results of a similar analysis 
when trying to compare results in European countries. We would like to state that the results of the case study 
presented by us, based on the analyzed input data, confirm the affordability of the reference wooden building.  
However, the conditions of the comparison were set during 2019, even before the outbreak of the global pandemic. 
From the point of view of other advantages of wood-based construction and also use (short construction time, 
ecological-environmental aspect of the use of input materials, indoor climate), wooden construction becomes fully 
competitive in comparison with the classic alternative of construction in a brick house. The ability to produce wood 
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materials in a low-energy production process and with minimal emissions, as well as the ability to store carbon over 
the long term, gives wood a unique advantage. This fact was confirmed in the works Bin and Parker (2012), 
Gustavsson et al. (2017) Buryova and Sedlak (2016) and Sedlak et al. (2019). In the context of climate and 
environmental protection, this will be an important criterion for assessing construction materials.  
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SELECTED LOGISTICS TRENDS IN SLOVAK WOOD PROCESSING ENTERPRISES 
 

Richnák, P. 
 

 
Abstract: The present time necessarily requires acceptance of the ongoing Fourth Industrial Revolution. This is largely 
reflected in industry and every enterprises. Increased attention needs to be paid to the logistics of the wood processing industry, 
because implements trends in the form of new communication, information and transport technologies, methods, approaches, 
concepts and strategies. For this reason, enterprises of wood processing industry need to be more aware of the prevailing 
changes and new challenges and accordingly, determine the new direction of logistics. The main aim of the paper is to present 
selected logistics trends of wood processing industry on the basis of knowledge base, which consisted of study of domestic 
and foreign literature and to find out their application and use in Slovak wood processing enterprises. 
Keywords: trends in logistics, Quick Response, Warehouse management system, Pick-by-Systems 

 
 

1. INTRODUCTION 
 

New technologies fundamentally change the way businesses operate and develop their business, bringing 
new challenges to IT managers. How successfully the company will adapt to the digital transformation will be directly 
related to its competitiveness and future market survival (Čambalíková, 2015). In today's conditions, the success 
and competitiveness of manufacturing enterprises requires the improvement of three basic factors, namely 
flexibility, quality improvement and cost reduction. Those processes and activities in the company, which show 
signs of inefficiency, need to be thoroughly analysed and then found and applied in an appropriate way or method 
to optimize them (Simanová, 2019). Nowadays, if companies want to stay at the forefront of the market and meet 
the needs and wishes of their customers, they need to be flexible, so they can adapt their business processes to 
demand (Porubanová et al., 2019).  

The main idea of Quick Response is a demand captured the closest to the real time and the closest to the 
final consumer. Based on these information production and supply management can be planned. QR connects 
informational systems and logistics systems whose combination transfers correct goods to correct location at 
correct time (Christopher, 2016). QR is a technology, where individual parts of logistics chain share information of 
supplies, orders and sales with other parts. QR is similar to Just in Time, however, relationships in QR are 
significantly more universal and involve all parts from producer to retail store. Condition for QR implementation is 
an application of automatic identification on bases of barcodes and electronic data interchange – EDI. This 
connection excellerates information flow, decreases degree of uncertainty in decision making – supplies are 
monitored daily, orders are processed daily. According to studies of the USA, entire reduction of time in a chain 
can reach up to couple of weeks and requested goods are delivered to stores from 24 to 48 hours (Řezáč, 2009). 

Warehouse is very important for every company, especially for production and retail sector, but also for the 
whole supply chain. Term warehouse is often mentioned in a negative context, as the cause of high costs and 
waste of time, without adding value to the product. “Such understanding of warehouse and warehousing process 
is limited and does not observe the key tasks of warehouse management, such as: reducing the warehouse cost 
and holding inventory, increasing efficiency, increasing accuracy, increasing productivity while achieving greater 
value for customers and higher levels of service quality (Richards, 2017). Different methods of order-picking, 
equipment or information technology could be used for improving order-picking process. It is well known that 
implementation of Warehouse Management System (WMS) means integration in day-to-day planning and 
controlling processes. This software system presents a great support to warehousing process. Before WMS 
companies were using Inventory Control System. But WMS has greater results in terms of functionality and 
optimisation routines (Moellera, 2011). Warehouse System Management works with storage positions, one-level 
and multi-level packaging which enables to monitor individual storage movements. In application of system 
management there are combined also other technologies assisting to decrease error rates and save time. There 
we include for example RFID, Pick by Voice, Pick by Light, conveyors and others. The sensor-based method uses 
a RFID tag (Jeon, 2010) laser pointer, a wireless sensors (Shen, 2015) and a laser sensor (He, 2010; Lecking, 
2010) for pallet detection and location. 
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2. METHODOLOGY 
 

The main objective of the scientific paper is an analysis and comparison of theoretical background dealing 
with trends in logistics. Based on the implementation of the survey in wood processing enterprises in Slovakia, 
evaluate and interpret the position and use of selected trends in logistics. 

The main objective and partial objectives of the paper were achieved using several research methods. Literary 
research, analysis, synthesis, induction, deduction, comparison and scientific abstraction were used in the 
processing of the theoretical part of the paper. Descriptive statistics and graphical methods were used in the Results 
chapter. The object of the research was small, medium-sized and large wood processing enterprises operating in 
the Slovak Republic. The research tool was a questionnaire that consisted of several questions that included scale 
questions through which the results were well interpreted. 
 
 

3. RESULTS 
 

The survey was conducted in 34 Slovak wood processing enteprises. Of the research sample, 47.10% of 
enterprises from the Prešov Region participated the most. The smallest percentage of 8.8% was from the Nitra 
Region. Of the total number of enterprises that participated in the survey, the largest number was medium-sized 
enterprises with a share of 41,2%. Small enterprises were represented with a share of 32.3%. Large enterprises 
participated the least in the survey with a share of 26.5%. Other questions will deal with the evaluation of the use 
of selected logistics trends. 

Based on Figure 1, we see that wood processing enterprises in Slovakia use Warehouse management system 
with the largest percentage of 38%. Quick Response is used by wood processing enterprises with a share of 18%. 
The smallest (3%) wood processing enterprises use Pick-by-Systems from logistics trends. Wood processing 
enterprises in Slovakia with the largest percentage (89%) do not use Picky-by-Systems. They do not use Quick 
Response with a share of 42%. The least (15%) wood processing enterprises in Slovakia do not use Warehouse 
management system. 
 

 

Figure 1. Using of logistics trends. Source: own research 
 

Figure 2 shows the use of selected trends in logistics by business size. The use of Quick Response dominates 
in large wood processing enterprises (26.5%). Warehouse management system achieved a percentage of 23.5%. 
Pick-by-Systems uses the least (20.6%) of wood processing enterprises. Pick-by-Systems is the most (76.5%) use 
of trends in logistics among respondents. Medium-sized wood processing enterprises use Quick Response with a 
share of 58.8%. Warehouse management system is used by medium-sized enterprises with a share of 53%. The 
largest percentage (23.5%) was achieved by Warehouse management system in small enterprises. Quick response 
is used by wood processing enterprises with a share of 14.7%. Pick-by-Systems are used with the smallest share 
in small enterprises. The percentage of use of this trend was only 2.9%. 
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Figure 2. Using of trends in logistics according to business size. Source: own research 
 

Figure 3 reveals, the use of selected trends in logistics according to business logistics fields. The use of 
Warehouse management system dominates in procurement logistics. This trend is used in this logistics with a share 
of 29.4%. Respondents identified the use of Quick Response in procurement logistics with a share of 5.9%. The 
smallest percentage (2.9%) is in the use of Pick-by-Systems in procurement logistics. In production logistics, Quick 
Response is used with the largest share (44.1%). Wood processing enterprises use Warehouse management 
system in production logistics with a share of 38.2%. The smallest percentage (35.3%) was achieved by Pick-by-
Systems. The use of Pick-by-Systems dominate in distribution logistics. Percentage achieved 61.8%. Quick 
Response is used in distribution logistics with a 50% share. Warehouse management system is the least (32.4%) 
used in distribution logistics. 
 

 

Figure 3. Using of trend in logistics according business logistics fields. Source: own research 
 

Figure 7 shows the use of Quick Response, Warehouse management system and Pick-by-Systems in wood 
processing enterprises by regions in Slovakia. The radar graph was created based on the mean values. Quick 
Response is mostly used in enterprises in Žilina Region. The mean value achieved 3.3. Wood processing 
enterprises in Prešov and Trnava Regions obtained a higher mean values (3.1) in the use Quick Response. The 
lowest mean value (0,25) of Quick Response was recorded in Nitra Region. Warehouse management system is 
the most used in wood processing enterprises in Prešov Region. The mean value achieved 3.8. Bratislava Region 
(3.4), Žilina Region (3.24) and Košice Region (3) recorded balanced mean values. The lowest mean value (0.3) of 
Warehouse management system was recorded in enterprises of Nitra Region. Pick-by-Systems are the most used 
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in enterprises in Prešov Region. The mean value achieved 1.9. The lowest mean value (0) of Pick-by-Systems was 
recorded in enterprises of Nitra Region. 
 

 

Figure 4. . Using of trends in logistics by regions of Slovakia. Source: own research 
 
 

4. CONCLUSIONS 
 
 During the ongoing Fourth Industrial Revolution, significant changes and advances in logistics took place. 
Its position within the enterprise has changed as corporate logistics has taken on more and more activities, thus 
beginning to play an integral role in management of each enterprise. Globalization, economic change, the 
development of intelligent technologies and industrial revolutions have contributed to the new form of logistics. 
Based on these facts, trends in logistics have emerged and are constantly evolving. 
 The main objective of the scientific paper is an analysis and comparison of theoretical background dealing 
with trends in logistics. Based on the implementation of the survey in wood processing enterprises in Slovakia, 
evaluate and interpret the position and use of selected trends in logistics. 
 The survey was conducted in 34 Slovak wood processing enteprises. Wood processing enterprises in 
Slovakia use Warehouse management system with the largest percentage of 38%. The use of Quick Response 
dominates in large wood processing enterprises (26.5%). The use of Warehouse management system dominates 
in procurement logistics. This trend is used in this logistics with a share of 29.4%. In production logistics, Quick 
Response is used with the largest share (44.1%). The use of Pick-by-Systems dominate in distribution logistics. 
Percentage achieved 61.8%. Quick Response is mostly used in enterprises in Žilina Region. Warehouse 
management system is the most used in wood processing enterprises in Prešov Region. Pick-by-Systems are the 
most used in enterprises in Prešov Region. 
 
Acknowledgements: The article is a partial output of research project VEGA No. 1/0375/20 „New dimension in 
the development of production management and logistics under the influence of Industry 4.0 in enterprises in 
Slovakia“. 
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CHANGES IN CORPORATE LOGISTICS  
IN THE SLOVAK WOOD PROCESSING INDUSTRY 

 
Gubová, K. 

 
 
Abstract: With the advent of digitalization, fundamental changes have begun to be felt in all areas of business. New business 
models, markets, ICT changes and innovations are emerging in every business area, including logistics. With innovations in 
logistics, every enterprise can accelerate and improve all logistics processes, from raw material purchase to product delivery, 
responding effectively to the growing needs of customers. Digitalization not only revolutionizes logistics changes, but also 
fundamentally changes the country's society and economy. The direction of the wood processing industry is also changing 
significantly. Digitalization is related to the ongoing Fourth Industrial Revolution, which is based on the idea of combining 
digitalization and automation with the use of modern technologies. Logistics in the wood processing industry in Slovakia is 
subject to many trends and changes due to the Fourth Industrial Revolution. The main aim of the paper is to analyse the 
changes in corporate logistics in the Slovak wood processing industry on the basis of an analysis of the theoretical basis of the 
issue and to carry out a survey in Slovak wood processing enterprises. 
Keywords: digitalization, Fourth Industrial Revolution, corporate logistics, wood processing industry 

 
 

1. INTRODUCTION 
 

In today's dynamically developing world there are many economic, social, technical and political changes. 
Their nature and extent is determined by factors influenced by economic development and economic growth. As a 
result of globalization, there is a sharp increase in competition. Globalization of markets and business brings the 
same prerequisites for access to information, resources and technology. We see that the "world" is getting smaller 
and distances are minimized by information and communication technologies (Richnák, 2015).  Looking at logistics 
as a well-known or historical concept is currently, so to speak, insufficient. We are experiencing a significant 
innovation shift and development in this area. Not only because the new rules and conditions, but also other facts 
determine and induce a different character and change, but above all that it is innovative development and 
globalization that open up space for progress in this area (Dupaľ et al., 2017). 

The concepts of Industry 4.0 to logistics activities, Logistics is now called Logistics 4.0/Smart Logistics, since 
“Smart Logistics is a logistics system, which can enhance the flexibility, the adjustment to the market changes and 
will make the company be closer to the customer needs (Barreto et al., 2017). Pereira et al. (2018) describes 
Industry 4.0 as integration of Cyber-Physical Systems and Internet of Things into supply chains. The onset of 
digitalization in all business areas started to show major changes. New global markets, business models, advances 
in information and communication technologies and innovation are arising in each business area. Currently, 
Industry 4.0 dominates the world. It brings not only revolutionary changes in production and logistics, but 
fundamentally changes the society itself and the economy of the country. Industry 4.0 is based on the idea of linking 
digitization and automation using the latest technology. The basis is the Internet of Things and Services, smart 
devices that communicate with each other through cyber-physical systems and are independent of people (Richnák, 
2019a). Maier et al. (2015) proposes that the application of Industry 4.0 technologies can lead to an innovation in 
supply chains and solve problems such as information asymmetry. Businesses that use e–commerce to sell goods 
and services are particularly sensitive to   customer trust. In the event of a successful security incident and 
subsequent disclose of this situation, a decline in customer trust may cause significant financial losses, mainly due 
to a decrease in orders (Korček et al., 2018). 

Industry 4.0 is represented especially by information technology representatives, telecommunication 
companies, new media, machinery, electro technology and industrial production and electronics. They enforce 
concept of intelligent factories, which are characterised by flexibility, effective utilisation of sources and materials, 
ergonomics and including customers into production and value making. Thoben et al. states that industry 4.0 is 
characterized by the Internet of Things (IoT) and Internet of Services (IoS), enabling smart factories with production 
systems horizontally and vertically integrated (Thoben et al., 2017). 

Logistics 4.0 is a collective term for technologies and concepts of value chain organization. Within the logistics, 
CPS monitor physical processes, create a virtual copy of the physical world and make decentralized decisions. 
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Over the IoT, cyber physical system (CPS) communicate and cooperate with each other and humans in real time. 
Data Mining (DM) discovers knowledge to support decision-making process. Via the Internet of Service, both 
internal and cross-organizational services are offered and utilized by participants of the value chain (Wang, 2016). 
 
 

2. RESEARCH DESIGN 
 

The main aim of the paper is to analyse the changes in corporate logistics in the Slovak wood processing 
industry on the basis of an analysis of the theoretical basis of the issue and to carry out a survey in Slovak wood 
processing enterprises.  

The information and knowledge in the paper were processed using classical and special scientific methods. 
The classical methods used were: analysis, synthesis, induction, deduction and comparison. Among the special 
methods, the method of query method, sorting and graphical methods from which clear figures were used.  

The questionnaire survey was conducted in small, medium and large Slovak wood processing enterprises. 
When categorizing companies by size, we used the EU Commission Regulation no. 651/2014.  
 
 

3. RESULTS 
 

The survey was conducted in 42 Slovak wood processing enterprises. The largest number (47%) of 
respondents participated from the Žilina Region. The smallest percentage share of 7.7% was from the Bratislava 
Region. The largest part of the research sample was represented by medium-sized wood processing enterprises 
with a share of 56.8%. The smallest enterprises in the small business category had a participation percentage of 
9.2%. 

Changes in corporate logistics are related to the ongoing Fourth Industrial Revolution. It is changing corporate 
logistics due to the related digitization, augmented reality, automation and use of intelligent technologies. In figure 
1 we can see how Slovak wood processing enterprises use Industry 4.0. From Figure 1 we can see that the 
percentages are almost identical. Slovak wood processing enterprises use Industry 4.0 with a share of 52%. 
Respondents with a share of 48% do not use Industry 4.0 in corporate logistics in the woodworking industry. 

 
 

 

Figure 1. Use of Industry 4.0 of Slovak wood processing enterprises. Source: own processing 
 

Figure 2 shows the use of Industry 4.0 in wood processing enterprises in Slovakia according business size. 
Industry 4.0 is used with the largest percentage (48.5%) by medium-sized wood processing enterprises in Slovakia. 
Large enterprises that use Industry 4.0 also have a high percentage (46.6%). Industry 4.0 is the least used in small 
wood processing enterprises in Slovakia. The average value reached 4.9%. 
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Figure 2. Use of Industry 4.0 according to business size. Source: own processing 
 

In the next figure we can see the use of Industry 4.0 according to business logistics fields. The Fourth Industrial 
Revolution in the form of Industry 4.0 has the greatest impact on production logistics. Respondents identified this 
possibility with the largest share of 49.8%. The use of Industry 4.0 in procurement logistics and distribution logistics 
is almost the same. This is shown by the percentages. Slovak wood processing enterprises use Industry 4.0 in 
distribution logistics with a share of 27.5%. Industry 4.0 is used in procurement logistics with a share of 23%. 
 

 

Figure 3. Use of Industry 4.0 according business logistics fields. Source: own processing 
 

Figure 7 shows the use of Industry 4.0 in logistics processes in wood processing enterprises in Slovakia. From the 
figure we can see that the Fourth Industrial Revolution has the greatest impact on production. This logistics process 
is under the influence of Industry 4.0 with the largest percentage of 28.8%. Logistics process - storage is affected 
by Industry 4.0 with a share of 21.3%. Transport is under the influence of Industry 4.0 with a share of 15.6%. 
Respondents determined that with a share of 13.9%, the logistics process - packaging is influenced by the Fourth 
Industrial Revolution. Industry 4.0 is used in logistics process - inventory management with a share of 13.5%. At 
least the Fourth Industrial Revolution is influenced by customer service. The percentage of this logistics process 
reached 7%. 
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Figure 4. Use of Industry 4.0 in logistics processes. Source: own processing 
 
 

4. CONCLUSIONS 
 
 The current period is marked by significant technological progress, which is also reflected in the logistics. 
In the context of the new economy there is a great deal of knowledge, which due  to  information  and  
communication  technologies  is  more  preferred  and  utilized.  That  is  why we more often speak about the 
phenomena such as innovation, modern logistics, supply chain management, environmental protection, flexible 
manufacturing technology and modern information  technology (Richnák, 2016). Every enterprise has to realize 
that its competitive advantage in the market is not only lowering production costs and improving product quality, 
but also focusing on the employees themselves, so it is important to choose a logistics technology that not only 
increases productivity but also helps development of motivation and creativity of employees (Richnák, 2019b). 
 The results of a survey in Slovak wood processing enterprises show that digitization in corporate logistics 
is under the influence of Industry 4.0. Slovak wood processing enterprises use Industry 4.0 with a share of 52%. 
Industry 4.0 is used with the largest percentage (48.5%) by medium-sized wood processing enterprises in Slovakia. 
The Fourth Industrial Revolution in the form of Industry 4.0 has the greatest impact on production logistics. 
Digitization in the form of Industry 4.0 has the greatest influence on the logistics process - production. 
 
Acknowledgements: The article is a partial output of research project VEGA No. 1/0375/20 „New dimension in 
the development of production management and logistics under the influence of Industry 4.0 in enterprises in 
Slovakia“. 
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A SUSTAINABLE ROUNDWOOD PRICING STRATEGY  
AS AN OPPORTUNITY OR A THREAT FOR THE DEVELOPMENT  

OF WOOD-BASED INDUSTRY IN POLAND 
 

Mikołajczak, E., Wieruszewski, M., Wanat, L. 
 
Abstract: The study attempts to identify an optimal pricing strategy, adequate for the basic segment of the primary wood 
market, i.e. the timber raw material market, and applicable in the conditions of a short- or medium-term economic crisis. 
Secondary quantitative data (wood prices) and qualitative data (expert preferences for price strategies) were analyzed. The 
research was conducted in the first half of 2020 using a comparative analysis and individual in-depth interviewing techniques. 
In conclusion, it was stated that in view of significant changes in prices on the primary wood market, the approach preferred 
by experts during the crisis is the strategy of low prices, or the tendency to reduce them relatively.  
Keywords: mesoeconomics, wood-based sector, industrial policy, pandemic economic crisis, Poland 

 
 

1. INTRODUCTION 
 

The wood market consists of two complementary sectors of the economy: forestry and wood industry. The 
primary market in the wood-based sector is the market of roundwood. In the science of the wood market 
(Holzmarktlehre), it is sometimes assumed that the phenomena identified on the primary wood market have a 
significant impact on the functioning of the entire forest and wood-based sector, shaping the competitiveness of the 
sector and entities participating in it [5, 6]. Bearing in mind only the preliminary figures from the first half of 2020, it 
was noticed that the timber market in Poland is experiencing a collapse, even compared to the situation in 2008 
[11, 12]. This is due not only to the reduction of transactions caused by the global pandemic, but also to the growing 
uncertainty of maintaining international contracts in Europe. The entire European market is characterized by an 
oversupply of wood raw material, as well as a collapse in prices caused by competitive imports of cheaper 
sawnwood from Austria, Germany and Scandinavia. At the same time, there was a clear decline in demand for 
wood in the markets of China and the USA, which resulted in a significant reduction in exports. The internal wood 
market, especially in terms of wood materials and semi-finished products, is therefore responding with a fall in 
prices. At the same time, the dominant Polish monopoly in the sale of roundwood, the National Forests Holding 
"State Forests", tries to maintain their level by regulating institutional prices. As a result, understandably, the sale 
of wood material is significantly decreasing. This situation will probably worsen due to the surplus production of 
sawnwood on the German market [10]. In such a perspective, it seems necessary to search for an optimal pricing 
strategy for the primary wood market in Poland, which determines not only the financial condition of "State Forests", 
but most of all the real situation of the wood industry plants, maintaining jobs and at least the current competitive 
position of the industry participants. Is it possible to find an optimal, anti-crisis pricing strategy, for entities of the 
wood industry? 
 
 

2. MATERIAL, DATA SOURCES, METHODS AND RESEARCH SCENARIO 
 

The starting point for the designed research was the competitive situation on the primary wood market in 
Poland. The forest-based value chain takes into account both the product perspective of round wood (raw wood) 
as well as wood materials, in particular general and special purpose lumber. The competitive situation was 
examined taking into account the influence of a specific factor, which is price. It is the price that is the only 
component of the marketing-mix model that creates the company's revenues. It should be emphasized that the 
remaining elements of the model generate costs. Of course, this is how the market, or rather its participants, "sees" 
it from the supply perspective [1, 4]. Thus, the competitive situation of the entire forest- and wood-based sector 
depends on the method of setting prices, on the pricing strategy, and more frankly on the pricing policy on the 
primary (raw material) market, especially as specific as the wood market [2, 6]. 

The aim of the study was an attempt to identify the optimal pricing strategy for the market of wood raw material 
(roundwood) in Poland, adequate for the state of short- or medium-term economic crisis. The comparative analysis 
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was carried out on the example of primary wood processing companies. The study was divided into two main parts: 
price analysis in the primary wood market (Part A) and identification and selection of the optimal pricing strategy 
for this segment of the wood market (Part B) [9]. At the same time, an attempt was made to verify the hypothesis, 
which assumed that in times of crisis it is possible to apply a balanced pricing strategy on the primary wood market. 
As PART A, in the first half of 2020 (time range), secondary data was collected from open databases. The data 
was obtained from the publications of the National Forests Holding "State Forests" [9] and from industry databases 
[12] and Polish professional magazines (Rynek Drzewny, Przemysł Drzewny) [10, 11]. 

In the same period (first half of 2020), a qualitative study was also carried out under PART B. A group of 
typical wood industry enterprises (subjective scope) was selected and primary data was obtained. Industry entities 
were selected on purpose, proportionally for the location, corresponding to the territorial structure of 17 Regional 
Directorates of State Forests in Poland (spatial scope). Using the diagnostic survey method and the technique of 
individual in-depth interviews (IDI), responses were collected from professional representatives of the wood 
industry, participating in making real market decisions [3, 4]. As a result of the expert analysis (stage 1), five pricing 
strategies were selected that could be possibly used by entities participating in the sector. The experts gave the 
highest importance to these strategies, distinguishing the following for further verification (stage 2): low price 
strategy (S1), a strategy of relative price reduction (S2), neutral price strategy (S3), strategy of relative price 
increase (S4) and high price strategy (S5). The matrix of five pricing strategies was then included in the 
benchmarking exercise. Moreover, a deliberate selection of the wood market entities was made, with 
representatives of whom individual in-depth interviews were conducted (stage 3). From the group of 101 examined 
enterprises, 52 wood industry plants were taken into account for the purposes of this analysis. The location of these 
enterprises corresponds to the proportional spatial distribution of forestry. As a result, the obtained results were 
subject to discussion and descriptive analysis (stage 4), recommending the optimal strategy [4, 8]. 
 
 

3. RESULTS  
 

3.1. Competitive situation - changes in the prices of roundwood and wood materials 
 
When analyzing the competitive situation in terms of wood prices, secondary data was used, provided by the 

National Forests Holding "State Forests" (NFH) [9, 13]. The results were collected and aggregated on the basis of 
the results of timber sales, carried out in accordance with § 9 par. 1 of the Regulation No. 68 of the Director General 
of the State Forests of November 12, 2019 on the principles of selling wood in the NFH for the years 2020-2021 
(Table 1). This regulation includes, inter alia, the results of the systemic internet auctions "e-drewno" in 2020. 
Similarly, the changes in prices of dry coniferous and hardwood, as well as special-purpose timber, including 
construction sawnwood and friezes (Table 2) were analyzed. 
       
Table 1. Changes in prices of large-sized round timber (WC0 standard**), on average in the annual period 2019-

2020 (May), in relation to timber prices from 2020 (May) in EUR 

No.  
Type  

of wood 
Roundwood  
Assortment 

Average 
annual price 
2019-2020 
m3 in EUR* 

Average monthly 
price in May 2020 

m3 in EUR* 

Percentage 
change in the 
price of wood 

[%] 

1. Spruce Oversized 55 46 -16,4% 

2. Spruce Large-size logs 53 47 -11,3% 

3. Pine Oversized 52 48 -7,7% 

4. Pine Large-size logs 51 46 -9,8% 

5. Oak Oversized 111 103 -7,2% 

6. Beech Oversized 42 41 -7,2% 

Source: Own study based on the prices provided by the State Forests 
* The adopted exchange rate was EUR 1 = PLN 4.4465 on the basis of Table A of average exchange rates for foreign currencies no. 126 / 
A / NBP / 2020 of 2020-07-01 of the National Bank of Poland, URL: www.nbp.pl (02.07.2020); ** WC0 standard means: W - large-size, round 
wood with an upper diameter (thinner end) without bark from 14 cm and above; C0 - general purpose wood, quality class C. 
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Table 2. Changes in prices of dry sawnwood, on average in the annual period 2019-2020 (May), in relation to 
wood prices from 2020 (May) in EUR 

No.  
Type of wood / 
wood species 

Wood quality class // 
thickness [mm] 

Annual average 
price 

2019-2020 
m3 in EUR   

Monthly average 
price 

May 2020  
m3 in EUR   

Percentage 
change in 
sawnwood 

prices 

1. Spruce 3rd class // 32-50 151 184 +21,9% 

2. Spruce I / II class 180 218 +21,1% 

3. Pine 3rd class // 32-50 162 200 +23,5% 

4. Pine I / II class 207 270 +30,4% 

5. Oak 3rd class // 28-52 349 540 +54,7% 

6. Oak I / II class 405 855 +111,1% 

7. Beech 3rd class // 25-60 135 247 +83,0% 

 Type/Species Wood Asortment [m3 in EUR] [m3 in EUR] [%] 

8. Softwood 
Coniferous 

construction wood 
326 360 +10,4% 

9. Pine Pine frieze 175 495 +182,9% 

10. Oak Oak frieze 247 1080 +337,3% 

11. Beech Beech frieze 171 553 +223,4% 

Source: Own study based on the prices provided by the NFH State Forests 
 
It was found that the State Forests had completed the procedure of selling wood raw material under systemic 

auctions for the second half of 2020. The collapse in demand resulted in the freezing of nearly 40 percent of the 
sale offer. The sales pool included over 3,585 million m3 of wood, of which only 2,180 million m3 were sold. 
Therefore, as many as 39.2% of the round timber obtained was not found. This situation occurred despite a clear 
change in prices compared to the previous year, on average from 7 to 16%, depending on the type of wood. It was 
noted that, in contrast to the minimally downward trend in the prices of roundwood, the market prices for general 
and special purpose sawn saw a completely different behavior. This group saw a clear increase in prices, ranging 
from a 10-30% increase in the prices of coniferous sawnwood, up to an almost fourfold increase in the prices of 
special-purpose oak lumber. This specific price asymmetry leads to a collapse in the sale of wood products, 

 
 

3.2. Hierarchical analysis and selection of the optimal pricing strategy 
 
While implementing PART B of the research scenario, after taking into account the competitive situation 

resulting from changes in wood prices, a qualitative study was conducted in the form of individual in-depth 
interviews (IDI). The experts' task was not to directly select the preferred pricing strategy. Thus, five strategies were 
included in the hierarchical analysis: 

S1: LOW PRICES strategy, offensive. 
S1 is used in free competition markets, sometimes on the verge of dumping. In its positive scenario, it assumes maintaining the current level 
of development and cooperation networks with partners, regardless of the conditions of the crisis. In the negative scenario, similarly to the 
counter-strategy (high prices), it may lead to the complete elimination of competition from the market. 

S2: The RELATIVE PRICE LOWERING strategy, prudent with offensive features. 
S2 is an intermediate strategy, characterized by gradual or periodic lowering of prices, flexibility of decisions, taking into account the demand 
reactions of market partners in various risk situations, and at the same time focused on development. 

S3: The NEUTRAL strategy, using average prices or keeping current. 
S3 is usually a "survival" strategy or the "status quo"; characterized by the lack of a firm reaction to the disclosure of risk factors or symptoms 
of a crisis. 

S4: The PRICE RELATIVE GROWTH strategy, prudent, with defensive features. 
S4 is an indirect strategy, characteristic of monopolistic competition or specific industry markets with a mixed profile. 

S5: The HIGH PRICE strategy, defensive. 
S5 is characterized by the use of prices higher than the average prices in a given market. This is a typical monopoly strategy. It guarantees 
success under the following conditions: the good / product / product offered is significantly better than the competitive offers, the price is 
marginal for potential recipients, and also when the price level (ceiling) does not exceed the upper limit of its acceptance by the buyer. Such 
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a strategy is selected by an entity that wants to definitely maintain, strengthen or gain a market leader position. Moreover, a natural monopolist 
applying such a strategy becomes a direct creator, and sometimes a dictator of the market. 

 
The key was to indicate the relationship between individual strategies. The answers were organized using the 

Saaty method [7]. A preference ranking for the analyzed pricing strategies was also prepared. Individual strategies 
were assigned numerical values (weights), depending on the "strength of preference", and then converted to 
percentage points. The obtained results are summarized in Table 4, identifying the preferences for selecting the 
optimal pricing strategy for the roundwood market (primary wood market) and wood industry enterprises in the 
conditions of the economic crisis. The strength of preferences for individual strategies was expressed as percentage 
points reflecting the acceptance or disapproval of a specific answer. 

 
Table 4. Preferences for the selection of the optimal strategic model (S1-S5) for the development of wood 

industry companies (WIC) in the conditions of the economic crisis 

Place /  
Pricing 

Strategy 

Low price 
strategy S1 

Relative price 
reduction 

strategy S2 

Neutral strategy 
S3 

(average prices) 

Relative price 
growth strategy 

S4 

High price 
strategy S5 

Place I 67,3% 32,7% 0,0% 0,0% 0,0% 

Place II 32,7% 53,1% 14,2% 0,0% 0,0% 

Place III 0,0% 14,2% 35,3% 55,5% 0,0% 

Place IV 0,0% 0,0% 55,5% 33,4% 11,1% 

Place V 0,0% 0,0% 0,0% 11,1% 88,9% 

Source: Own elaboration 
 

The aggregated results were verified and discussed. It was noticed that in view of significant changes in prices 
on the primary timber market and their asymmetry, the direction of intervention proposed by experts is definitely 
the strategy of low prices (67.3% of preferences), or a recommendation for a relative reduction of wood prices by 
32.7% of preferences. The price of roundwood directly determines the level of sawn timber prices, and therefore 
the costs of purchasing materials for production by furniture factories and, in fact, their market future. 

 
 

4. CONCLUSIONS  
 

On the basis of the research, the obtained results, and the descriptive analysis, the following conclusions were 
formulated. The current prices of roundwood in Poland are lower than the average prices from 2019, but the 
difference does not exceed 15%. Therefore, one can speak of a certain stabilization, but its result is a collapse in 
sales. At the same time, a high increase in the selling prices of general and special purpose sawn timber, especially 
its most popular assortments, was recorded in the next link of the forest and wood value chain. The changes include 
a 10-30% increase in the price of softwood lumber, up to an almost 4-fold increase in the price of special-purpose 
oak lumber. This specific price asymmetry leads to a collapse in the sale of wood, and then sawnwood and other 
wood products.  

It therefore seems that the main reasons for changes in the wood market, including a marked decline in 
demand for roundwood, include: the supply of relatively cheap timber (mainly from the Czech Republic and 
Germany) and attractive prices of imported sawn timber (from Sweden and Austria); an oversupply of deadwood, 
and therefore a reduced value raw material, which is particularly important from the perspective of the sawmill 
industry needs; uncertainty of entrepreneurs related to the partial freezing of the market for the sale of wood and 
wood-based products, related to the epidemic threat; and also price asymmetry in the wood value chain, between 
roundwood and wood materials, including general and special purpose sawnwood. 

Finally, it is worth noting that the solution preferred by experts, practitioners of the wood market, is a strong 
recommendation for the strategy of low prices of wood raw material or possibly their relative reduction. On the 
Polish market, where the state owner of the wood is the monopolist (almost 80% of the ownership), such 
intervention is possible. The future of the Polish wood industry, both during the crisis and afterwards, to a large 
extent depends on the potential decision and the method of implementing the selected pricing strategy. 
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NON-FINANCIAL REPORTING - A STEP TOWARDS IMPROVING THE 
SUSTAINABILITY OF THE WOOD-BASED INDUSTRIES 

 

Atanasov, A. 
 

Abstract: The aim of this paper is to justify the need of introduction an uniform practices in the disclosure of non-financial 
information by enterprises in the wood-based industries in order to achieve sustainable growth and development. Based on a 
critical analysis of existing research in this area and an analysis of the financial statements for 2018 of three of the largest 
Bulgarian companies in the industry, we found out that despite the importance of environmental and social issues, companies 
in this industry are not required to prepare a non-financial statement within the meaning of the European and Bulgarian 
legislation. The information disclosed in management reports and corporate websites is mainly descriptive and does not meet 
the requirements of the European Directive. As a result, it is argued that the enterprises in the wood-based industries that use 
non-financial reporting would gain competitive advantage by revealing specific features of the business model change and 
reporting “structured” and “tied” non-financial information to the entity's financial performance. 
Keywords: non-financial reporting; wood-based industry; sustainability; benefits; European Directive 

 
 

1. INTRODUCTION 
 

Issues related to the sustainable development of the enterprises and the transparency of their financial 
statements are becoming increasingly important for both their management and external users of information. 
Conventional (traditional) financial statements prepared on the basis of applicable accounting standards are mainly 
aimed at external users of information and present mainly the financial aspects of the activities of the enterprises. 
We share the view that despite the increased demand for non-financial information, the benefits associated with its 
disclosure to some stakeholders seem long-term and difficult to accurately convert into quantitative units, while 
short-term costs are visible and easily measurable. We believe that the reporting of non-financial information must 
be linked to the development of a unified system of indicators in specific areas of disclosure, which should be 
applied in order to increase the comparability and analytical qualities of the disclosed information. The purpose of 
this publication is to justify the need to introduce uniform practices for the disclosure of non-financial information by 
enterprises in the wood-based industry as a factor in increasing the sustainability of these enterprises. 

 
 

2. MATERIALS AND METHODS  
 

In the study there have been used the publications of leading researchers and international organizations 
which have to do with non-financial reporting, such as: the International Integrated Reporting Council (IIRC), the 
Global Reporting Initiative (GRI), etc., as well as legislative acts that have a bearing on these issues. In the study 
there has also been examined the existing normative framework, set by Directive 2014/95/EU and the Bulgarian 
Accountancy Act (AA) in respect of the enterprises which are to prepare a non-financial declaration (statement). 

As regards the application of non-financial reporting by the surveyed enterprises in the wood-based industry 
in Bulgaria, there has been researched publicly accessible information disclosed in the financial statements and 
management reports of the three of the largest Bulgarian companies in the industry, according to the amount of 
their revenue, as well as information from their corporate sites and other public sources, pertinent to non-financial 
reporting. Three of the largest companies were selected because they are expected to have more motivation and 
resources for more detailed and comprehensive reporting of non-financial information. 
 
 

3. CORPORATE SUSTAINABILITY AND NON-FINANCIAL REPORTING 
  

In order to meet modern expectations for sustainability, the business must adapt to the change in conditions 
and factors that determine the value of the business. It is necessary to change the way of doing business and 
shifting the focus to "profit only", to a holistic perspective and balance between economic, social and environmental 
aspects of creating company value, as well as rethinking the risks facing business.  
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In general, non-financial reporting is less developed than financial reporting, but more and more organizations 
and external users are beginning to apply various forms of non-financial reporting. There is a kind of consensus 
that publicly disclosed financial information is no longer able to present to stakeholders the "overall picture" of the 
company's development. At the heart of this consensus is the understanding that companies today are increasingly 
dependent on intangible factors that shape the corporate value and that are not present in the financial statements, 
unlike in years when tangible assets were decisive for corporate value. In addition, the growing demand from 
stakeholders to have a better understanding of the company's long-term value factors, prospects and risks, 
including its impact on the environment and society, continues to fuel NFI's development and necessitates a 
rethinking of corporate reporting in general. The relationship between the financial and non-financial aspects of 
business is also becoming increasingly recognized. In this aspect “by investigating how an organisation defines its 
reporting boundaries, it is possible to understand what is truly ‘valued’ (or not) in its business model and in its value 
creation”. (Girella, 2018) 

The model by which companies create value is the basis of a significant part of investment decisions in search 
of sustainable growth and development. Therefore, many managers have difficulties determining the scope of notes 
to traditional financial statements and management (activity) reports because they know that a significant portion 
of the value of their business is due to intangible factors that could be difficult to cover in the financial statements. 
Dropulić & Čular state that companies have to develop and expand their economic, social and environmental 
capital, the three key elements of corporate sustainability. (Dropulić & Čular, 2019) 

Investors' interest in the ESG aspects of the business can be explained by their focus more on the long-term 
aspects of the business. The more investors ask questions on ESG issues, the more they understand the core risks 
to business these factors can represent. Moreover, as Lozano state the existing financial statements are often 
lacking the link between business strategy and sustainability issues and practices. (Lozano, 2013) 

The focus on non-financial performance indicators has led to a kind of "invasion" of non-financial reporting 
over the last 10 years. Various studies indicate that there are currently more than 30 international frameworks for 
sustainable non-financial reporting worldwide. (Brown, 2009) Recognizing the importance of non-financial reporting, 
the EU has introduced Directive 2014/95 / EU on the mandatory reporting of non-financial information, which is 
applied only by large public interest companies with more than 500 employees. The requirements of the Directive 
have been implemented in the Bulgarian legislation through the requirement for preparation of a non-financial 
statement/declaration (NFS) by the indicated enterprises. The Directive does not specify a single disclosure 
framework, thus making it difficult for businesses to determine which of the existing frameworks to use to report on 
the specificities of their activities. The existing frameworks differ both in their purpose and in their content and the 
indicators used to assess the non-financial aspects of the activity and each company has the freedom to choose 
one of the applicable reporting frameworks. . In order for non-financial information to be useful to investors it must 
be comparable across companies. Respondents state that current non-financial reporting is not sufficiently 
comparable and agree that non-financial information should be better integrated with financial information.  (ACCA 
& Eurosif, June 2013) This gives us reason to believe that the lack of uniform generally accepted standards, 
respectively framework for reporting non-financial information, often make investors unable to compare the 
companies they analyze. If companies disclose different types of data and use different metrics (KPIs), this makes 
it almost impossible to compare them or identify trends in their development and assess non-financial risks and 
their impact on business, which in turn compromises sustainability. As White quite properly notes in terms of 
reporting, leading companies tend to use non-financial information to present in a fair and balanced way past 
achievements, current shortcomings and future opportunities and challenges related to the company.(White, 2005) 

 
 

4. NON-FINANCIAL REPORTING IN BULGARIAN WOOD-BASED INDUSTRY 
 

At European level, the wood-based sectors are complex and strongly linked to the workforce. They rank fourth 
in the EU as an industry by number of enterprises (170,000), followed by the furniture industry (120,000). The 
woodworking sector alone employs more than 1 million people, and the industry contributes € 133 billion to EU 
GDP in 2017. Adding the furniture industry, employment reaches almost € 2 million and an annual turnover of € 
243 billion. (БТПП, 2019)  In addition, Chobanova and Popova note that one of the main characteristics of the 
furniture industry is the intensity of labor resources used. These characteristics of the industry make it very sensitive 
to the social and environmental aspects of the activity, which focuses our research interest in this industry. As 
Sierra-Garcia et. al. indicate the business sector in which the company operates is a determining factor for its level 
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of compliance with regulatory norms and the more sensitive sectors are those that provide more information. 
(Sierra-Garcia et., 2018) 

Industry-specific is the presence of PEFC standardization. This standard contributes to achieving the SDGs 
as we work towards unlocking the full potential of forests for a sustainable world. Another specific certificate for this 
enterprises is FSC. Using FSC certification can help companies meet legislative requirements while improving 
market access, increasing revenue and showcasing your sustainability policies. They promote the responsible 
management of the world’s forests, bringing together the environmental, economic and social spheres of the 
business. Of interest is the fact that the standard was introduced 25 years ago, which is much earlier than the 
adoption of Directive 2014/95 / EU and shows that companies in this industry are ready to follow the path of 
voluntary non-financial reporting and even exceed the requirements of national and European legislation in this 
field. But just one of the entities surveyed owns FSC certification.  

The current survey covers three of the largest enterprises according to the amount of their revenues in 2017 
(Table 1). 

 
Table 1. Ranking of enterprises by revenue for 2018 

Position Enterprise 

Revenue 
(thousand BGN) 

 

Staff Large 
enterprise 

Meets the 
criteria for 

public interest 
company 

1 Kronospan Bulgaria 178234 441 Yes No 

2 Kastamonu Bulgaria 93999 314 Yes No 

3 Welde Bulgaria 48020 709 No No 

Source: Author’s work based on 2018 Annual reports and corporate sites of the entities  
 
This study examined publicly available information that is disclosed in the financial statements and 

management reports of these companies, as well as information from their corporate websites and other publicly 
available sources that is relevant to non-financial reporting. The results are summarized and presented in Table 2. 

 
Table. 2. Disclosed non-financial information from the surveyed enterprises for 2018 

  
Obligation to 
prepare NFS 

Other sources of 
non - financial 

information 

 
 Disclosed 
information 

Key non-
financial 

indicators used 

Disclosure 
framework 

used 

Entity 1 

No obligation 
 
 

Corporate website of 
the parent company 

Social, 
environmental, 

intellectual property Not specified 

Not specified,  
FSC®, PEFC 
Certification 

Entity 2 

 
No obligation 

Management Report, 
Corporate website 

Human resources, 
environmental, 
education and 

culture Not specified 

 
Not specified 

Entity 3 

 
No obligation 

Management report 

Human resources, 
environmental 

Labor 
productivity, 

Labor 
profitability, Staff 
costs per person 

 
 

Not specified 
 

Source: Author’s calculation based on 2018 Annual reports and corporate sites of the entities 
 

As a result of the study, the following summaries and conclusions can be made: 
 There is no obligation for the surveyed enterprises from wood industry to prepare a non-financial 

statement, as they do not meet the combination of criteria specified in the Accounting Act. The main reason is that 
they do not fall within the scope of public interest enterprises, which we believe should be clarified by the legislator 
given the economic and social importance of this sector for the country; 

 Although they are not obliged to prepare NFS, the three surveyed companies disclose certain non-financial 
information through various channels, the main ones being: management report and corporate website; 
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 The main information is related to the implementation of activities in the field of human resources, social 
and environmental activities. It should be noted that none of the companies provided information on their business 
model, and only one company provided additional information related to intellectual property; 

 The main conclusion of the study is that the disclosed information is mainly descriptive without specifying 
certain KPI that characterize the non-financial reporting in the surveyed enterprises. Only one of the surveyed 
enterprises indicated specific indicators characterizing human resources - labor productivity, labor profitability, staff 
costs per person. The disclosed information covers only the current reporting period and there is no comparable 
information even for the previous year. All this makes the disclosed information incomparable between individual 
companies and useless in decision-making; 

 Although all three companies disclose a certain set of non-financial information, there is no single 
disclosure framework that companies use. It was found that all of them have ISO certification, but none of them 
provides information about the sample measures according to ISO 26000: 2010. Only one of the companies 
indicated the existence of a specific FSC® and PEFC Certification. 

 
 

5. CONCLUSION 
 

The results of the study show that companies in the wood-based industry in Bulgaria disclose only limited, 
mainly on social and environmental issues. The objective analysis of the results gives us reason to assume that 
the development of uniform standards for NFR together with a single framework for disclosure are of particular 
importance for obtaining benefits from non-financial reporting. All these will increase the comparability and reliability 
of disclosed non-financial information and the confidence of corporate reporting by stakeholders. At the same time 
some sectoral initiatives that build on core non-financial KPI will be key instruments for ensuring that disclosed 
information is in fact material to different stakeholders. 

By connecting the financial and non-financial aspects of the business activity can be "build" the history of the 
business - from the description of the business model, through external factors and risks influencing business 
strategy and decisions of the management for overcoming them, to their connection with the current financial 
indicators of the activity and their influence on the future development of the company. This allows to be analyzed 
not only the results, but also the prospects and management of the business in a way that focuses on its most 
important aspects in achieving a sustainable business development.  

Today, the European Union and the world economy face one of the greatest challenges of our time in 
designing the means and instruments to promote the ecological and social recovery of the economy. (Accountancy 
Europe, 2020). In addition, the current COVID-19 crisis has put not only wood-based industries, but also the whole 
world at a crossroads with an important choice in finding the best ways out of the crisis and improving sustainability 
from an economic, social and environmental point of view. The COVID-19 showed that economic, social and 
environmental aspects are interrelated. That is why we believe that a sustainable recovery is needed and the 
enterprises in the wood-based industries that use non-financial reporting would gain competitive advantage. 
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ASSESSMENT OF FSC CHAIN OF CUSTODY  
IN BULGARIAN FOREST BASED INDUSTRIES 

 
Nikolay Neykov, Emil Kitchoukov, Tsvetelina Simeonova – Zarkin 

 
Abstract: Forest certification plays an important role in helping and guaranteeing sustainable forest management. The interest 
in certification has increased in recent years. FSC-certified forestry holdings are more than 72, some of which are included in 
group certificates of the respective state-owned enterprises in whose territory they are located. The certified forest area is more 
than 1 315 594 ha. Issues related to forest certification and sustainable management of woodworking and furniture producing 
enterprises in the country are becoming increasingly important. For studying this influence, have been analyzed the main 
attitudes towards certification. Problems appeared to the supply markets are considered in meaning of the supply chain costs 
in order to follow Chain of Custody requirements. The main benefits of FSC CoC are considered as well as the costs associated. 
The aim of the study is to reveal owners' understanding of the main benefits of certification and it’s role as tool for economic 
crisis overcoming and estimate relations between number of certified under CoC companies and economic indicators 
describing the forest based industries in Bulgaria. 
Keywords: certification, FSC, Chain of Custody 
 
 

1. FSC CoC STANDARTIZATION IN FOREST INDUSTRIES 
 

Forest certification adjusts timber procurement and usage in forest based industries to a specific standards 
(see Enescu et.al., 2019). It seeks to create a set of rules and institutions for forest certification that integrate 
environmental, social, and economic goals (Meidinger, 2003). There are two certificates under FSC: certificate for 
forest management (FM) and certifiate for Chain of Custody (CoC) (Klarić et.al., 2016). The second one appeared 
to establish inter and infra company environment for economically and environmentally efficient algorithm to make 
a business. Chain of Custody system was aimed to give clarification of timber mobilization system in an industry 
(Dewa et.al., 2017).  

 According to Kitchoukov et. al. (2018) in Bulgaria, in 2016 almost the 19% of the all forest areas are certified 
under FSC. Till now there is only the FSC official database that reveal the number of the certified enterprises. The 
managers are too conservative about certification in FSC. Gilani et. al. (2017) states that costs for certification are 
among the the most important barrier for certification. One of the main issues appeared to be the perceptions of 
stakeholders about the benefits and the coststhat have to be covered. Often, according to the issues described, 
the business community approaches with suspicion to FSC CoC certification and needs to be better informed. In 
previous research based on surveys among the forest owners and entrepreneurs in UK (Samuel, 1999) found that 
the principle reasons of stakeholders are economic. Certification seems to have a good potential as a marketing 
tool (Rametsteiner, 1999). In the research about certification in Romania (Hălălişan et al. 2013) found that main 
benefits of FSC custody chain certification are to keep the customer and to improve the image(see also Paluš et.al., 
2016). Another research revealed, that some Asian countries rated “reduce business risks” as the top FSC benefit 
followed by “meet corporate social responsibility goals” and “meet buyer’s requirements” of the company (Bowers 
et. al., .2012). Cao et.al. (2011) stated that the main benefits of certification under FSC FM/CoC are price premium; 
product differentiation; market access; consumer goodwill; environmental and social benefits. Definitely the market 
derived benefits, or market driven (Klarić et.al., 2016) are of the most wanted by the companies owners. 

 
 

2. MATERIALS AND METHODS 
 

In the current study have been implemented the following approaches in order to clarify the possible 
understandings of the managers:  
- Survey. Amongst the certified and noncertified companies has been conducted a questionnaire survey. It 
includes 12 questions. The purpose is respondents to answer what they expected before the certification and 
what happened after. 
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- Estimating the relations between number of certified companies and the market changes. Relations have 
been estimated throughout regression analyses (see Anderson et.al., 2012). Models place the hypothesis about 
the market driven reasons for certification. 

Information for modelling the regression equations have been taken from the FSC database for certified 
companies. Companies within the scope of the study are from economic sectors C16 (Manufacture of wood and of 
products of wood and cork, except furniture; manufacture of articles of straw and plaiting materials) and C31 
(Manufacture of furniture) (see NACE - 2008 by Bulgarian Statistical Institute). Number of certified enterprises is 
regressed against the average price of the unit produced in previous year. Through this way the market 
improvement is presented in price increment and consequently would be a part of motivation factors in context of 
overall mainstream of certification among the competitors. Market information is derived from Eurostat – Structural 
Business Statistics and Sold production, exports and imports by PRODCOM list. For C16 have been successfully 
used data from FAOSTAT (Forestry Production and Trade). 

 
 

3. RESULTS 
 
Results for the C31 (Production of furniture) are very informative in context of the relationships between number of 
enterprises certified and the market developments. The Figure 1 presents the regression of certified companies 
under FSC CoC and exports values for previous year.  
 

 

Figure 1. Relationship between previous year Export Quantity and CoC newly certified companies 
 

The graph in Figure 1 presents the huge skepticism of Bulgarian furniture manufacturers. Out of approximately 
1500 companies, only 33 and the largest ones have been certified. The biggest boom is in 2018, when we assume 
that the influence of "fashion" is manifesting itself. Companies invest in certification based on generally accepted 
understandings of the effect of such a certificate. The regression model is close to linear. This means that the 
correlation is very strong (R2=0.81). The coefficient of dependent variable is β=4.18 (y=4.1806x-64.753), which 
means that in 1 million increment of the units (including all types of furniture production) exported, 4 companies go 
under FSC CoC certification. For no other factors have been discovered statistically significant results. The 
requirements of the export market and the expectations of getting better market position on it, motivated 
entrepreneurs to certificate their companies.  

On Figure 2 are presented wood processing companies certified under CoC. 

 

Figure 2. CoC newly certified companies and cumulative number of certified wood processing companies 
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 The figure presents, that the „fashion“ influence involved the manufacurers of wood products into 
certification. The reasons here have not arised from the market and the empirical results proved it. The number of 
certified companies is about 178 in the end of the 2019. This comprises 9.1% of all wood processing enterprises in 
the country. The bigger number in compare to furniture producing enterprises comes to fill the requirements of the 
markets for environmently friendly wood procurement and wood products production. In difference of the C31 
companies, in this case the short run market demand is not a factor. In the current study have not been discovered 
any significant relationships between CoC certified wood processing companies and changes in export market, 
import quantities and production in quantity and value. There can be plase hypothesis about the long run market 
demand. Export in quantity has follen in about 25% since 2014. Such a development could forced managers to 
take decisions for certification under FSC - CoC in order to improve the companies export sales.  
 The results from the survey reveal the hidden reasons for the behaviour of companies during the survey 
period. The surveyed companies are 31, from which 21 come from the furniture industry and 10 from the wood 
processing. The export orientation of furniture producing enterprises have 50% of them and a 100% of wood 
processing companies. The interesting detail here is that companies from export – elastic sector (C31) is in fact in 
50% export- oriented, as well as only 40% of them answered, that they want to improve the export. 75% of these 
enterprises perceive standardization as a tool to improve the market position. In compare a 100% of the wood 
processing companies have accepted the standardization under CoC as a purely marketing tool. Wood processing 
companies engaged in greater extend in the standardized production – half of them produce production more than 
50% under FSC. This greater engagement led to facing greater problems. Half of the companies from C16 reported 
they had struggles with standardization due to higher costs of implementation (comprehensively described by 
Breukling et. al. (2015)). This is a result of greater scale of these companies – all of surveyed have more than 250 
employees, in compare to 75% of surveyed furniture producing enterprises. To the question whether they derived 
greater profits for the period after standardization, the answer is 100% no for wood processing companies and 75% 
no for furniture producing. Have the surveyed companies perceive the FCS CoC as a tool for overcoming the 
economic crisis, the managers from wood processing companies are 100% sceptical (no), until producers of 
furniture are more optimistic 50% answered “yes”.  
 
 

4. CONCLUSIONS 
 

The present study revealed some of the leading reasons for certification according to FSC standards in the 
enterprises of the Bulgarian forest based industry. Furniture manufacturing companies are more adaptable to 
market changes. They react quickly due to their greater propensity for change and optimism. They are influenced 
by other companies in the sector and market development in the short term. They accept FSC CoC as a useful tool 
not only in terms of the market, but also to improve the overall image. We hypothesize that there are discrepancies 
between the understandings shared by managers in furniture companies and the actions of the sector as a whole. 
This sector is very reactive to market conditions due to the specific requirements of the customers. The costs for 
certification are lower than those in the woodworking industry and imply a rapid response in realizing the need for 
FGC - CoC. The considerable optimism of the managers also contributes to this. These manager are willing to try 
the FSC and to wait the good outcome in the future. 

Unlike companies in the furniture industry, those in the woodworking industry are more conservative. They 
accept standardization as a strategic tool. They try to solve structural problems rather than react to annual 
fluctuations in demand. Expensive certification and its slow effect on profits make woodworking managers sceptical. 
They do not accept that in conditions of difficulty, the FSC will pull them out of the crisis. We make the assumption 
that the certification here is dictated by the fears of missing something that could possibly help, since it is widely 
used in this sector in Europe. Meanwhile the significant use of round wood requires maintaining the image of 
environmentally oriented companies, which is the key to keep market positions on export markets, despite the 
requirements of the customers have not required the immediate reaction from the companies. 
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SELECTED SUSTAINABILITY INDICATORS OF FOREST CERTIFICATION BEYOND 
THE REGULATORY INSTRUMENTS OF THE SR 

 
Krahulcová, M., Kašubová, M., Paluš, H., Šulek, R. 

 
 
Abstract: Forest certification is a voluntary tool largely based on the international principles of sustainable forest management. 
At the same time, national forest certification schemes follow the national legislation, build on the local and regional traditions, 
consider local natural conditions, existing institutional structure and incorporate the local sustainability principles and criteria. 
Hence the international requirements may be beyond the scope of national legislation and long-established forest management 
practices, which often reflect the traditional ways of utilisation of raw wood material and other ecosystem services provided by 
the forests. National forest certification standards also vary depending on the stringency of national legal systems. Therefore, 
the main objective of this paper is to assess the selected indicators of the Slovak national forest certification scheme (SFCS), 
internationally endorsed under the PEFC system, against the requirements of the national regulatory instruments. 
Keywords: forest certification, sustainable forest management, sustainable principles, regulatory 
 
 

1. INTRODUCTION 
 
 Today, forestry in every country faces a multitude of challenges for sustainability that are mostly in conflict 
with interests like adaptation to climate change, provision of timber and ecosystem services or maintaining forest 
carbon stocks. Therefore, the basic strategy line of world forestry is sustainable forest management (Köhl et al., 
2020). At present sustainability of forestry is based on „Forestry Principles “adopted at the United Nations 
Conference on Environment and Development in Rio de Janeiro 1992. Criteria and indicators for valuation of 
sustainable forest management were set at the aforementioned conference. These criteria were accepted in 1998 
at the third Ministerial Conference on the Protection of Forests in Europe, that took place in Lisbon. Criteria and 
indicators serve as a tool for definition, valuation and monitoring of forest and forestry development within 
sustainability. Criteria are defined by quantitative and qualitative indicators (measured and monitored regularly). 
More important, however, is their development, which reveals unfavorable trends early and at the same time 
measures threatening the future of the forests are being taken. Every forest in a given country has different 
characteristics. The country must therefore adapt to its own economic, ecological, social and institutional conditions 
(Forest Europe, 1998). 
 Based on the Forest Act 326/2005 Coll. forest in Slovakia must be professionally managed in accordance 
with principles of sustainable management. The tool that is being used for this purpose is a forest management 
program. Forest certification is also a way to achieve sustainable management. Currently, forest management 
certification is being introduced as a widely used private instrument. Such a voluntary instrument represents a free 
decision of a business or other entity to comply with above-standard social and environmental requirements. It 
meets requirements that go beyond regulatory and economic instruments of public policy (FAO, 2014). 

In forest management, however, it is important to distinguish between two requirements, namely legality and 
sustainability. The aim of the legality requirements is to eliminate negative activities in forestry. In Slovakia, these 
were defined in more detail in 1995 in the explanatory memorandum to the Act on Forest Management and the 
State Administration of Forestry, and it also proposes measures emphasizing the public interest in wood 
management. Currently, the requirements for legality are set out in the Forest Act, the Nature Protection Act and in 
related decrees and legislative regulations. On the other hand, sustainability requirements are based on the basic 
definition of TUOL (MCPFE, 1993). Within the PEFC certification scheme, this definition is developed through six 
basic TUOL criteria (PEFC ST 1003, 2018) as well as controversial resource requirements (PEFC ST 2002, 2020). 
The additional requirements for sustainability consider the requirements of public policies for the purchase of timber.  

Within the Slovak Republic, the basis of the PEFC recognized national Slovak forest certification system 
(SFCS) is the certification of the system of quality of forest management as a tool ensuring sustainable forest 
management. SFCS develops general criteria and principles, which are developed at the level of indicators. Their 
legislative basis is based primarily on the Forest Act no. 326/2005 Coll. as amended, which refers to the applicable 
legislative standards containing or regulating the issue. Based on these, it is possible to assess the compliance of 
management with these international requirements. Criteria and indicators of sustainable forest management in 
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Slovakia form an integral part of the basic SFCS documents. They are valid throughout the territory of the Slovak 
Republic. Observance of these criteria and indicators is essential for all participants in the certification process 
(PEFC, 2014). 

The main goal of this paper is to compare selected indicators of sustainable forest management of the Slovak 
forest certification system with the framework of valid legislation in the field of forestry, nature protection and related 
regulations in the Slovak Republic through a comparative analysis. 
 
 

2. MATERIAL AND METHOD  
 
 The basic methods to achieve the goal of this paper are analytical method and comparative method of 
currently valid SFCS documents and legislation in the field of forestry. Criteria for certification are specified in the 
technical regulations of SFCS TD PEFC 1003:2014. Criteria and indicators of sustainable forest management, 
which contains 7 international principles, 32 national criteria, 59 indicators at the regional level and 110 indicators 
of sustainable forest management at the individual level. Since wood is the basic raw material for relations in the 
forestry and timber complex, specific indicators were selected at the individual level to compare their content with 
the valid legislation of the Slovak Republic, which define borderline requirements to ensure sustainable forest 
management for each participant in regional certification within the international principle no. 3 - preservation and 
support of the productive function of forests (wood and non-wood products). This principle consists of four national 
criteria. These indicators were selected for analysis 3.1 Sustainability and fluency of logging, 3.2 Raw wood 3.3 
Non-timber forest products and services. Criterion 3.4 The forest road network can be considered supportive, as 
its main objective is to optimize the transport accessibility of forest stands. The legislative and normative basis of 
the selected criteria is the Forest Act no. 326/2005 Coll. as amended, Nature and Landscape protection Act no. 
543/2002, Act of the National Council of the Slovak Republic no. 274/2009 Coll. on hunting as amended, Decree 
of the Ministry of Justice of the Slovak Republic no. 453/2006 Coll. on the economic management of forests and 
on the protection of forests, as amended, Decree of the Ministry of Industry and Trade of the Slovak Republic no. 
297/2011 Coll. on forest management records and Slovak technical standards STN 48 0050 Raw wood, STN 48 
0055 Qualitative classification of coniferous logs and STN 48 0055 Qualitative classification of deciduous logs. 

The wording and the content of the analyzed indicators were compared to the aforementioned legislation. 
Based on the comparison, requirements of the indicators that are beyond the scope of national legislation and at 
the same time represent a voluntary commitment of managers to the principles of sustainable forest management 
and provision of the necessary functions without their negative impact on other ecosystems, were identified. 
 
 

3.  RESULTS 
 
Through the valid document SFCS TD PEFC 1003:2014 Criteria and indicators of sustainable forest 

management and selected the third international principle – Preservation and support of the productive function of 
forests (wood and non-wood products), which was compared with the relevant legislative and normative basis 
formed by relevant laws, decrees and STN documents in tab. 1 found the following differences. 

 

Table 1. Comparison of individual indicators and Slovak legislation 

3.1.4 Compliance with legislative principles for timber harvesting 
The Forest Act, § 23 Principles of felling 

 The felling can be carried out only after marking for felling and on the basis of a written consent of 
a professional forest manager. Marking for felling is not required in the case of forest tending in 
forest stands of age up to 50 years. 

 The forest user is obliged to carry out the felling so as to minimise adverse impacts on soil, water 
courses, forest stand, adjacent trees, and timber quality. 

 The forest user or timber purchaser is obliged, not later than at the hauling place, to mark harvested 
timber in an approved manner registered by the forestry state administration body. 
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In the case of protection areas declared by the Nature and Landscape Protection Act, it is prohibited to 
carry out felling within the areas and during the periods specified by the respective nature protection 
legal norms. 
3.1.5 The total volume of timber harvesting prescribed in FMP shall not be exceeded 
The Forest Act, § 23 Principles of felling 

 Timber volume from felling carried out in a compartment with the age over 50 years can be 
exceeded not more than by 15%, as compared to the felling volume recommended in the forest 
management plan. After that, only accidental or extraordinary felling can be carried out. 

 Total timber volume planned for felling in the forest management plan for a forest unit and forest 
category cannot be exceeded. If a forest unit is managed by several forest users, none of them can 
exceed total timber volume planned for felling within his particular ownership unit. 

 Stocking of forest stand shall not be reduced by intentional felling below 7/10 of full stocking, unless 
otherwise specified (e.g. in the case of regeneration felling or forest reconstruction). 

3.1.6 The annual volume of harvesting during the validity of the FMP under the proper forest 
management shall be in the range between 70% to 130% of the 1/10 of the FMP prescription 
(valid for entities over 1000 ha) 

 Legal regulation absents (regulated by the legally non-binding forest management guidelines only). 

3.1.7  The volume of intentionally harvested timber by species shall equal (+/- 15%) to data 
on volume obtained from trees marking and recorded in the harvesting permit 

 Legal regulation absents at the level of species (legally regulated at the level of forest stands only). 

3.2.2. Volume of timber placed on the market, divided into coniferous and non-coniferous, 
corresponds to the volume of harvested timber (m³) 

 The Act on the Placing of Timber and Timber Products on the Market, § 3 General conditions of 
the placing of timber and timber products on the market. 

3.2.3. Evidence of timber origin and movement 

The Forest Act, § 24 Obligations and rights in skidding, transportation, and storage of timber  
The Decree on the Marking for Felling, Marking of Harvested Timber and Proofs of Timber Origin, § 6 
Proofs of Timber Origin and Their Presentation 

 It is possible to place timber and timber products on the market only if all conditions imposed by 
the appropriate forest legislation are met. 

 The forest user or timber purchaser is obliged to issue proofs of the timber origin and to exercise 
the due diligence system for placing timber on the market 

 All legal and physical persons who transport, store or process timber as well as all timber 
purchasers are obliged to prove the origin of transported or stored timber to the prompt of 
competent authorities (forestry state administration bodies, forest guards, police authorities) by the 
legally approved evidence and to keep this evidence for the period of at least 10 years. 

 The proof of the timber origin shall include information on the timber volume, species, and 
qualitative class. 

3.2.4. Exercising of due diligence system for placing timber on the market 

The Act on the Placing of Timber and Timber Products on the Market, § 4 Due diligence system 

 The operator, placing timber and timber products on the market, is obliged to exercise the due 
diligence system (either in the paper or electronic form) before timber and timber products are 
placed on the market. 

 In case such operator is also the forest user within the area of the Slovak Republic, the due 
diligence system shall include the evidence according to the Forest Act (e.g. information on timber 
harvesting and transportation). 

3.2.5. Trade documentation for timber from certified forests shall include minimally the number 
of confirmation and the claim on certified timber origin 

 Legal regulation absents. 

3.2.6. Timber originating from non-forest land or purchased timber shall be separated and sold 
as uncertified 
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 Legal regulation absents. 

3.3.2 Exploiting the potential supply of non- wood products and services shall be in line with 
the fulfilment of other functions of the forests in favour of maintaining their rational and long-
term use 

The Forest Act, § 12 Forest categorisation and The Forest Act, § 15 Commercial Forests  

 Forests are categorised from the point of view of using their functions to protective forests, special 
purpose forests, commercial forests. 

 Commercial forests are forests which are not either protective forests or special purpose forests 
and which are intended for production of timber and other forest products, while simultaneously 
ensuring non-production functions of forests. 

3.3.3 Game management shall be organized in such a way that it does not undermine the 
stability of forest stands and fulfilment of other functions of the forests 

The Game Management Act, § 30 Game management planning  
The Game Management Act, § 69 Liability of the hunting area user  

 The game management plans have to secure sustainable game management, protection and 
preservation of the game genetic resources and biodiversity. They shall be elaborated in an 
accordance with the needs and requirements of nature and landscape protection as well as in an 
accordance with the protection of agriculture and forest production against damages caused by the 
game. 

 Users of the hunting areas are obliged to compensate forest users for damages caused by the 
improper use of the hunting areas within the forest stands. 

 
 

4. CONSLUSIONS 
 

Forest certification is a voluntary tool based on international principles of sustainable forest management. At 
the same time, they include national legislative requirements, institutional structure and local sustainability criteria. 
From the given comparison of at individual indicators and Slovak legislation, differences can be found for specific 
indicators related to the requirements for annual volume of harvesting during the validity of the FMP, volume of 
intentionally harvested timber, terms of trade documentation and separation of non-certified timber. 

The comparison shows that the SFCS certification scheme also includes criteria that go beyond the legislation 
and meet additional conditions that ensure sustainable forest management practices that reflect traditional uses of 
raw timber and other ecosystem services provided by forests. 
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APPLICATION OF QUALITY MANAGEMENT TOOLS AND THEIR IMPACT ON 
BUSINESS DEVELOPMENT IN WOOD PROCESSING INDUSTRY IN SLOVAKIA 

 
Gejdoš, P., Rentková, K. 

 
 
Abstract: The article deals with the application of selected methods and tools of quality management to the performance and 
development of companies in the wood processing industry in Slovakia. Through these tools and methods, businesses can 
solve problems more effectively by trying to prevent them. By focusing on quality, companies can be successful, they can 
better meet customer requirements, which has a positive effect on their economy. Article presents the results of the research, 
which analyzes the relationship between the application of quality management tools and methods and their impact on the 
overall performance of these enterprises. 
Keywords: quality, performance, quality costs, wood processing industry 

 
 

1. INTRODUCTION 
 

The adoption of a quality management system is a strategic decision for an organization that can help to 
improve its overall performance and provide a sound basic for sustainable development initiatives. The reason for 
the resulting changes in the quality and quality management is the overall development of the economic and political 
situation in developed countries. This trend is particularly marked change in producers' market to market buyers, 
quality assurance for the entire lifecycle of the product and the utilization factor of time to influence the market. At 
present, the companies aim to be able to enforce the domestic and foreign markets, while in the past focused 
primarily on increasing production volume and cost reduction. The success of any organization in the market 
depends on the quality of its manufactured products and services that are compared to the competition as well as 
the performance of the processes that take place within companies. An integral part of quality management in 
companies, not excluding furniture production are the using of modern techniques for securing and improving 
quality within process management, change management and performance improvement. The aim of the paper is to 
present the results of the questionnaire survey, in which was investigated the extent of utilization of modern concepts and 
methods used for quality improvement in wood processing enterprises (WPI) in Slovakia. 

 
 

2. MATERIAL AND METHODS 

 
Owen and Maidment (1996) define quality as a sum of features and characteristics of the product (production 

line), or a service related to its ability to meet the desired need. Customers are changing their expectations and 
requirements due to the availability of information. The assurance and improvement of the processes can be 
achieved by various methods and techniques such as e.g. ISO standards Total Quality Management TQM, EFQM 
excellence model, statistical methods of SPC, PDCA cycle, DMAIC, Quality costs, Six Sigma conception.  

Results of many studies (Nguyen et al. 2018; Alharbi et al. 2017; Rebelo et al. 2016; Rentková 2017; Malá et 
al. 2017; Minarová et al. 2015, Peráček et al.2018, Milošovičová 2019, Kottulová et al.2016) indicate that the best 
management principles, models, and practices contribute positively to achieving sustainable development. Such 
principles include also quality management practices based on the practical use of the practices and methods such 
as total quality management (TQM), six-sigma, kaizen and quality controlling. Quality management and its future 
direction will be influenced by changes and trends in enterprise environment. One of nowadays trend is sustainable 
development that affects many areas of life. Quality management and sustainable development have much in 
common. An example is emphasis on stakeholders as customers, employees and their safety and satisfaction, 
monitoring and self-evaluation for continuous improvement, waste reduction, employee engagement and training, 
and so on (Garvare and Isaksson 2001; Saad et al. 2015; Khodeir and Othman 2016).  

Quality is mainly economic category and factor which has a great influence on long-term business results and 
if profit or loss are reached. From this point of view it is important that activities connected with quality assurance 
won´t be evaluated only from the view of effectiveness of these activities. 
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Costs of quality are financial expenditures on activities which are from the point of view of quality assurance 
necessary needed. It is also necessary to monitor effectiveness of spend expenditures but it isn´t rational to 
eliminate or to cut these ones (prevention costs - PC, appraisal costs - AC). Costs of quality assurance which could 
be zero in optimal case (internal failure costs - IFC, external failure costs  - EFC). This classification of quality costs 
is according to ISO 9000 standards and at the same time it is recommended as a base in EOQC vocabulary. It´s 
dealt about specific costs classification of costs what is the base of the British standard BS 6134. 

 
 

3. RESULTS AND DISCUSION 
 
The data were obtained through an on - line research questionnaire and a direct - led interview with managers 

of randomly selected businesses. The first database of enterprises was the data of the Statistical Office of the 
Slovak Republic, which was subsequently verified by Internet databases in order to select existing enterprises. The 
questionnaire that have been researched, and despite the relatively low return of filled - in questionnaires stemming 
from unseen causes, we can say that a survey sample of enterprises is relevant, has sufficient denunciation, which 
is also verified by selected mathematical and statistical methods. According to the calculation of the minimum 
statistical survey through the online application on www.raosoft.com, it is a representative sample at 99% 
confidence and 4% of the standard deviation. 

The Figure 1 shows the answer of question “What new concepts and methods have you used or used to improve 
processes”. From the answers to the question of the use of concepts and methods in process and quality 
improvement, the highest percentages received in the evaluation the answer that enterprises do not use any of the 
methods and concepts for process improvement. 

 

 
Figure 1. New concepts and methods used to improve processes in wood processing enterprises in the Slovak 

Republic 
 

 

Table 1. Contingency question D-14 

D. What is the Return of Equity (ROE) of your company? 
14. What new concepts and methods have you used or used to improve processes and quality? 

Average number of responses 
per group 

ROE value 

< 0% 0% - 2% 2% - 4% 4% - 7% 7% - 10% > 10% 

All enterprises 1,17 1,00 1,00 1,08 1,08 1,33 
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The Table 1 show that the wood processing enterprises in Slovakia mostly do not use process improvement 
concepts, or use only one concept regardless of ROE, so it can be stated that the use of these concepts does not 
affect the ROE of enterprises in the wood processing industry. 

As can be seen from Figure 2, the most companies in the wood processing industry in Slovakia monitor 
internal and external failure costs, less appraisal costs and prevention costs. The least monitored costs are 
according to the process model of quality costs (conformance costs and non-conformance costs) and cost related 
to envirinmental damage. 

 

 
Figure 2. Quality costs which are monitored in wood processing enterprises in the Slovak Republic 

 
 

Table 2. Contingency question A-18 
 

 

Table 2 analyzes the relationship between the size of wood processing industry enterprises and the observed 
quality costs. From the analyzed data, it can be seen that the most monitored quality costs are the failure costs, 

23,17%

36,59%

41,46%

13,41%

3,66%

7,32%

6,10%
prevention costs

appraisal costs

failure costs (internal and
external)
 wasted investment costs
and opportunities
conformance costs

non-conformance costs

costs related to
environmental damage

A. What is the average number of employees in your company? 

18. Which quality costs do you monitor in your company? 

Quality costs 
Number of employees 

SUM 
0 - 10  11 - 20 21 - 50 51 - 250 250 + 

prevention costs 24,32% 23,81% 16,66% 33,33% 16,67%  

appraisal costs 29,73% 28,57% 66,67% 33,33% 50,00%  

failure costs (internal and external)   35,14% 42,86% 41,67% 50,00% 66,67%  

wasted investment costs and 
opportunities 

13,51% 14,29% 16,66% 0,00% 16,67%  

conformance costs 2,70% 0,00% 0,00% 16,67% 16,67%  

non-conformance costs 5,41% 0,00% 16,66% 0,00% 33,33%  

costs related to environmental 
damage 

8,11% 0,00% 8,33% 0,00% 16,67%  

we do not monitor quality costs 32,43% 28,57% 0,00% 16,67% 33,33%  

relative abundance 43,41% 22,48% 15,50% 6,98% 11,63% 100% 
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the costs of appraisal and the costs of prevention. At the failure costs, the highest percentage was achieved by 
enterprises with more than 250 employees, namely 66.67%, and the lowest percentage of 35.14% was achieved 
by enterprises with 0 to 10 employees. The costs of appraisal are mostly monitored by enterprises with 21 to 50 
employees 66.67% and the costs of prevention are mostly monitored by enterprises with 51 to 250 employees 
33.33%. In the case of companies in the wood processing industry, the most costly quality costs are monitored by 
companies with 250 or more employees. Based on the results, it can be stated that the size of the company does 
not affect what kind of quality costs companies monitor. 

 

Table 3. Contingency question D-18 

D. What is the Return of Equity (ROE) of your company? 
18. Which quality costs do you monitor in your company? 

Average number of responses 
per group 

ROE value 

< 0% 0% - 2% 2% - 4% 4% - 7% 7% - 10% > 10% 

All enterprises 1,67 1,29 1,46 1,50 2,00 2,67 

 
 
Table 3 analysed the relationship between the ROE indicator and the observed quality costs. From the results 

for all companies it can be seen that the group of companies with a ROE profitability of over 10% monitors the 
highest quality costs. 

 

Table 4. Contingency question C-18 

C. What is the ownership of your business?    

18. Which quality costs do you monitor in your company? 

Quality costs 

Business ownership 

SUM net domestic 
capital 

domestic capital 
predominates 

foreign capital 
predominates 

net foreign 
capital 

prevention costs 24,62% 16,67% 0,00% 25,00%  

appraisal costs 32,31% 50,00% 0,00% 75,00%  

failure costs (internal and 
external)   

38,46% 41,67% 0,00% 100,%  

wasted investment costs and 
opportunities 

10,77% 25,00% 0,00% 25,00%  

conformance costs 3,08% 8,33% 0,00% 0,00%  

non-conformance costs 7,69% 8,33% 0,00% 0,00%  

costs related to environmental 
damage 

4,62% 8,33% 00,00% 25,00%  

we do not monitor quality costs 27,69% 8,33% 100,00% 25,00%  

relative abundance 75,19% 15,50% 0,78% 8,53% 100% 

 
It can be seen from Table 4 that companies with a capital structure consisting of net domestic capital follow 

the failure cost  the most, at 38.46%. In companies with a predominant domestic capital, up to 50% of companies 
monitor the appraisal costs. The relationship between business ownership and observed quality costs cannot be 
confirmed from the available data, but in general it can be argued that despite business ownership, the most 
monitored costs for wood processing companies are failure costs, as they have the greatest impact on business profitability. 



13th International Scientific Conference WoodEMA 2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

 

271 

 

 

4. CONCLUSION 
 
Based on the results of the research, we can conclude that woodworking enterprises use very little or no 

quality improvement tools, concepts and methods. Based on statistical results testing, we can say that the positive 
effects of quality management and its performance improvement principles have not been confirmed in the wood 
processing industry in Slovakia. 

Today's highly competitive market environment increases the enormous demands on the products and 
services provided and anyone who wants to apply to the market must adapt to these rules. Today, the customer 
does not accept a poor product, so it is up to manufacturers to improve the quality of their products, accept customer 
requirements, and minimize the production of poor quality products, as there is no other way to succeed. 
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PROPERTIES OF WOOD FIBRE BOARDS 
PRODUCED FROM RAPESEED STALKS RESIDUES 

 
Kopanskyy, M., Myklash, L., 

 
 
Abstract: The research is focused on investigation of the mechanical properties of wood fibre boards (WFB) produced by 
wet product forming method from rapeseed stalk residues. In the article, we present the data on effects of the content of 
rapeseed stalk particles and the amount of adhesive upon the WFB mechanical performance. It is experimentally proved the 
possibility of manufacturing WFB from rapeseed stalk residues as an adequate substitute for medium-density fibreboard 
(MDF). Taking into account that timber price tends to rise, the utilization of rapeseed stalks can become a very prospective 
valuable plant raw source that in the near future may completely replace wood in the WFB production. In addition, rapeseed 
is also a good insulation material. Utilization of rapeseed will reduce the cost of fibreboards and will have a positive 
contribution in saving valuable timber resources. 
Key words: wood fibre boards, mechanical properties, rapeseed stalks 

 
 

1. INTRODUCTION 
 

Sustainability is currently considered to be the key requirement for further development of mankind. All 
spheres of human activities, the manufacturing realm in particular, work towards sustainable solutions. The rapid 
deforestation, which has caused serious environmental damage worldwide, forces manufacturers of wood 
products to search for alternative raw materials. As a matter of choice, it can be lignocellulosic biomass, a plant 
raw material of agricultural production. Among the agricultural residues, straw is widely used due to its relatively 
low price. 

The research is focused on investigation of the mechanical properties of WFB since their applications are 
mainly determined by these characteristics. The study provides investigation of the properties of WFB produced 
by wet product forming method from rapeseed stalk residues and is aimed to find out a dependency of the 
mechanical performance upon the content of rapeseed stalk particles and the amount of adhesive. 
 
 

2. DISCUSSION AND RESULTS 
 

One of the main factors that hinder the wheat straw from its utilization as a plant raw material for wood-
based composite production is the presence of wax along with a rather complex chemical composition. It is a 
known fact that wax is not scattered throughout the straw mass as it is in a case of wood, but it is almost entirely 
spread on its surface. The formation of such an anti-adhesive layer on the surface of the straw particle prevents 
the surface of the particle from getting wet and impairs adhesion. Since the positive attribute of straw raw material 
makes it possible to search for other ways of its utilization in the wood composite manufacturing. 

There have been proposed a number of various methods of chemical treatment of the surface of straw 
particles. There is a best known method of producing WFB from plant raw material used ammonia. Straw is 
previously treated with water vapour at a temperature of 140-200°C subsequently molding and hot pressing. The 
drawback of this method is a complicated technological process and ammonia toxicity. 

Equally with straw, oilseed rape stalks can be also one of the most perspective plant raw materials for 
manufacturing of wood composites. Rapeseed is considered to be an extremely valuable oil plant; furthermore, it 
can also be used as one of the components for the wood composite production. The chemical composition of 
rapeseed stalk is similar to wheat straw but it has a number of specific features. The data are summarized in 
table 1. 
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Table 1. Component Composition of Different Types of Plant Raw Materials and Wood [4:47]. 

Material Cellulose Lignin Pentosans 
Resin, Fat, 

Wax 
Ash 

Wheat Straw 44.3 16.5 26.7 5.22 6.65 

Rye Straw 45.2 19.3 26.2 5.86 4.63 

Rape Stalk 39.3 18.5 20.2 3.12 10.9 

Spruce Wood 46.1 28.5 10.7 2.93 0.18 

 
According to the Table 1, it should be pointed out that the rapeseed stalks differ from the straw of other 

crops in terms of its increased thickness and rigidity, and because of that, they have not been widely used in the 
traditional agriculture. However, it is unlike hollow rye straw, the inner axial layer of rapeseed stalks are filled with 
porous white parenchyma tissue regardless of the rigid outer layer. The shape of the parenchyma tissue cells in 
cross-section is similar to hexagonal and the transverse dimensions of the cells do not much exceed longitudinal 
ones. The cellule structure of the parenchyma tissue is different in shape and size from the rigid layer of the stalk 
wall that makes it easier to determine the boundaries between the outer and inner layers. The capillaries in the 
wall of the rapeseed stalk are narrower than in the straw; their diameter does not exceed 50 microns with an 
average size of 20 microns that is less than in the peripheral layer of the rye straw [4:48]. 

The analysis of recent research data on the utilization of agricultural residue sources for the pulp, paper and 
wood composite production allow us to conclude that besides wheat and rye straw, the use of rapeseed stalks is 
also appropriate for this purpose. As to rapeseed, the volume of the axial canal is 38.0-54.0% of the total stalk 
volume and it depends on the stalk part (pre-rooted, central, and upper); the density of the parenchyma tissue 
that fills the axial canal is really small. The internal parenchyma structure of rapeseed stalk is characterized by 
extremely high porosity. The composition of pentosans within the rapeseed parenchyma is 15.3-17.3%. 
Rapeseed stalks are slightly inferior to straw in terms of overall porosity [4:50]. 

Therefore, we can conclude that: 
1. The rapeseed stalk tissue structure is denser and firmer than the wheat and rye straw tissue. 
2. The type of chemical components and quantitative composition of rapeseed stalks are similar to the 

wheat and rye straw. 
3. Unlike the wheat and rye straw, rapeseed stalks contain relatively a small amount of waxy substances. 
4. The internal parenchyma tissue of rapeseed stalks is of extremely high porosity. It is a natural foam 

(insulation) product. 
5. Similar chemical composition and properties of rapeseed comparing to the wheat and rye straw or wood 

give reasons for the use of rapeseed stalks as a good source for the composite material production. 
6. It can be anticipated that the low content of waxy substances in the rapeseed stalks will positively 

influence on the degree of holding grinded particles with a binder, so adhesion will enhance. 
7. The high content of mineral substances in the rapeseed stalks will also have a positive effect on adhesion 

with mineral binders. 
8. The highly porous internal parenchyma tissue in the rapeseed stalks can provide a possibility for 

production of a new insulation wood-composite. 
Therefore, paper, cellulose and cardboard can be made from rapeseed stalks. These technologies have 

been used successfully in the UK, Hungary, Spain, and Portugal. Approximately 10% of all cellulose in the world 
is produced from non-wood raw materials. One hectare of a rapeseed field can serve for production of 2-6 tons of 
paper. For example, in Ukraine the rapeseed fields are tending to grow and amounted to 1.3 million hectares; the 
total rapeseed yield reached 5-6 million tonnes in 2019 [2]. 

The quality characteristics of wood composite materials during the final testing in the furniture field are the 
following: ultimate strength (strength limit in static bending), MPa; density, kg/m3; swelling in thickness,%; 
moisture,% [3]. The ultimate strength in static bending is considered to be the most important mechanical 
characteristic value for composite boards as engineered wood composites are mainly undergone bending [1:48]. 

While carrying out the research the following materials were used: wood fibres applicable for manufacturing 
of fibre boards; rapeseed stalk particles produced by grinding on a blade mill that is mainly used for grinding 
organic materials; phenolic resin (Lignofen G/3 produced by the ‘LERG’ Polish company); precipitate: aluminum 
sulfate Al2(SO4)3·18H2O (State Standard of Ukraine No. 12966-85); drinking water (State Standard of Ukraine 

http://www.palmer-electronics.com/products/terminal-blocks/phenolic-resin-g-3/
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No. 2874-82); filter paper; distilled water (State Standard of Ukraine No. 6709-72). In the experiment, the conifer 
fibre particles were used to form a fibrous carpet and a WFB itself. The rapeseed particles were made by grinding 
the rapeseed stalks on the blade mill and a fine fraction of stalk particles was applied. Since rapeseed stalks are 
soft, to obtain them grinded is not energy consumed if comparing with wood. Further on, a fibrous suspension 
was formed in the aqueous solution of wood fibres and rapeseed particles.  

The variable factors were the following:  
 the ratio of rapeseed and wood particles in different proportions, % (75:25, 50:50, 25:75, 0:100); 
 the amount of adhesive, % (0, 2, 4, 6). 

The process of making specimens consisted of 6 stages such as: preparing of rapeseed particles, wood 
fibre preparation, adhesive composition and its application to fibrous mass in aqueous solution, carpet formation, 
water extraction, drying and sample pressing. In order to identify the specifics of correlation between fibre board 
properties and technological parameters, a classic experiment was carried out. 

In the research there were the following constant factors:  
 periodic method of pressing; pressing temperature of 170°C;  
 compression pressure, MPa (in the first phase of 1 MPa; in the second phase of 5.5 MPa; in the third 

phase of 5 MPa);  
 smooth character of pressure reduction; 
 board thickness of 9 mm;  
 board density of 700 kg/m3; 
 board moisture of 8 %;  
 single layer board design;  
 degree of surface treatment: unpolished fibre board surface. 

A wood composite material of flat pressing was made by hot pressing of a mixture of resinous wood and 
rapeseed particles. The amount of the consumed components for the composite mixture mass was performed by 
using computer calculation software and was dosed by weight according to the proportion required for the 
experiments. The adhesive was applied to an advanced prepared mixture of wood and rapeseed particles. The 
duration of mingling was 10 min. The adhesive polymer serves for increasing board strength. The precipitate 
makes the adhesive changed into a solid substance with the fibres. The adhesive composition of concentration 
10% was applied into the fibre mass (amount of 1% in absolute dry matter content). Then the precipitate of 
concentration 10% (aqueous solution of aluminum salts (Al2 (SO4)3 • 18H2O)) was applied into a fibrous mass of 
concentration 1% to the amount of adhesive. 

The next step was conducted to study the physical and mechanical properties of specimens of relevant 
sizes which were cut out from the produced fibre boards. The specimens were numbered and tested in 5 days 
after the pressing. As a preliminary test procedure dimensional and weight characteristics of the specimens were 
examined. 

Graphical representation of the effect of rapeseed particles content on the ultimate strength of WFB in static 
bending is shown in Fig. 1. 

As can be seen from the Figure 1, the obtained graph shows an approximate linear relation. Thus, as the 
content of rapeseed particles is increased, the strength index is decreased. It could be attributed that the strength 
of rapeseed particles is less than the strength of wood fibres. It is commonly known that the strength value of the 
composites depends on the strength of their components. As expected, according to the data, our experiments 
prove that composites produced by classic wood fibre manufacturing process and in case if the rapeseed particle 
content is less than 25 %, their mechanical properties comply with the requirements of standard EN 312-2: 2003. 

The relationship between the strength value of WFB in static bending and the amount of adhesive is shown 
through bar graph in Fig. 2. 

According to the Figure 2, it is also evident from the bar graph, as the binder content increases, the strength 
of the fibre board increases. This can be explained that an increase of adhesive reinforces chemical bonding 
between the fibres and the binder, thus it is resulted in strength enhance. An increase of the binder improves the 
physical and mechanical properties of wood composites. However, it should be noted that the binder content in 
the particle and adhesive composition mass largely determines both the quality and the cost of composites. 
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Figure 1. Dependency of the ultimate strength of WFB 
on the ratio of wood fibre and rapeseed stalk particles. 

 
 

 
 

Figure 2. Dependency of the ultimate strength of WFB in static bending 
on the amount of adhesive. 

 
 
 

 

3. CONCLUSIONS 
 

The analysis of the experimental study done to find out the effect of the main manufacturing process 
parameters on the mechanical performance of wood composites made from rapeseed stalk residues allows us to 
conclude the following: 
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1. The first wood fibre boards have been obtained based on the commonly accepted technology process by 
wet-product forming method. Moreover, it is demonstrated that the product made from rapeseed stalk 
particles is also feasible to be manufactured by using the available industry machinery and equipment. 

2. The findings of the research prove that wood composites can be made using classic wood fibre 
manufacturing process. In case, if the rapeseed particle content is less than 25 %, their mechanical 
properties comply with the requirements of standard EN 312-2: 2003. 

3. Based on the data obtained from the research, the manufacturing methods of WFB using rapeseed stalk 
particles are proposed. This technique will permit to apply the stalks of rapeseed in WFB production. 

4. Taking into account that timber price is tending to rise, the utilization of rapeseed stalks can become a 
very prospective valuable plant raw source that in the near future it may completely replace wood in the 
WFB production. What is more, to obtain rapeseed particles by grinding is less energy consumed if 
comparing with having other ingredients grinded. Rapeseed is also a good foam (insulation) material and 
can reduce the cost of fibreboards. The utilization of rapeseed will have a positive contribution in saving 
valuable timber resources and can be one of the sustainable solutions within the wood-based industries. 
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AIR PERMEABILITY OF OSB AND ITS INFLUENCE  
TO HEATING ENERGY COSTS 

 
Sedlák, P., Bednár, J., Búryová, D. 

 
 
Abstract: Sustainable energy is the practice of using energy in a way that it meets the needs of the present without 
compromising the ability of future generations to meet their own needs. In order to significantly reduce demand for building 
heat energy by using ventilation systems with heat recovery and therefore satisfy sustainable standards, air permeability of 
building envelope became an important issue during the last years. In timber frame construction the airtight layer is often 
formed by oriented strand boards (OSB) which are considered healthier and environmentally friendlier than their counterparts 
using plastic foils as vapour barrier, though they are more expensive in general. This paper analyses the air permeability of 
OSBs used as airtight layer in timber structures. Some house manufacturers decided to use more expensive OSB4 type with 
guaranteed air permeability on few sample houses, instead of OSB3 type. The results described the effect of different air 
permeability is then shown on typical house in terms of heating energy demand and energy costs over selected period, 
compared to additional input costs of higher quality OSB. 
Keywords: air tightness, air permeability, building envelope, oriented strand board, heating energy, energy costs 

 
 

1. INTRODUCTION 
 

The wood processing industry holds a significant position within the industrial sector in Slovakia [5]. Wood 
has been traditionally applied in different applications, mainly in construction, furniture production, etc. However, 
housing quality and costs are key for choosing a type of construction for final consumers.  

Building envelope needs to be compact in terms of thermal insulation and also in terms of air-tightness. 
Highly air permeable materials allow air penetration through external walls and cause additional thermal loss by 
uncontrollable and undesirable air infiltration, particularly if mechanical ventilation system with heat recovery is 
installed. 

In timber frame house design the airtight layer is usually formed either by oriented strand boards (OSB) or 
by various foil materials, which both usually work as a vapour retarder. The problem is that OSBs provide highly 
various airtightness level, depending on thickness,  type, manufacturer and surface finishing. 

This paper discusses the air permeability of OSB3 used as airtight layer in timber structures. In order to 
determine and compare the air permeability of different OSBs, a laboratory test was performed in a pressurized 
chamber. There have been samples 1.2 x 1.5m investigated. As main factor of influence, surface structure and 
orientation of the strands have been detected. Especially the gaps between strands turn out to permit air flow 
through the board. 

Recently, some timberframe house manufacturers in Slovakia noticed quality deteriorating in premium 
OSB3 boards used, confirmed by Blower Door Tests on site. To satisfy strict design requirements, they have 
used OSB4 type with guaranteed air permeability instead of OSB3 on few houses. The later testing confirmed 
greatly enhanced performance.  

The effect of different air permeability was then shown on examples of houses in terms of heating energy 
demand and energy costs over selected period, compared to additional input costs of higher quality OSB. 

 
 

2. LABORATORY TESTING  
 

We had conducted laboratory testing on number of OSB samples, according to STN EN 12114 standard, 
the most suitable method to determine board material air permeability. 

 

Table 1. An overview of OSB3 tested samples 

 

8mm 12 mm 15 mm 18 mm 22mm

O/A  OSB/ 3 brand n.1 ■ ■ ■ ■ ■

O/B  OSB/ 3­ brand n.2 ■ ■ ■

O/C  OSB/ 3­ brand n.3 ■ ■ ■

Sign                   

of sample
Title of sample

Thickness
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Figure 1. The laboratory apparatus scheme (as per EN 12114) and OSB3 sample installed 

 

 

2.1. Analysis 
 
The air flow rate is described by power law relationship, where parameter C and n describe airtightness of a 

sample. The relationship is usually plotted in logarithmic scale to obtain linear relation (Fig. 2). 
 

 
Figure 2.  An example of relationship of air flow rate to pressure difference, logarithmic scale 

 
The purpose of this process is to determine parameters for power law relationship, where graphical outcome 

is depicted on Fig. 2. Values of parameters C and n are obtained by method of least squares, in order to calculate 
air flow rate Q50 at standard pressure difference of 50 Pa. Air permeability q50 is then calculated as Q50 per 
effective area (square meters) of a tested sample. 

 
 

2.2. Results of the testing and considered values 
 
The samples were made of three different OSB brands from different manufacturers (A, B, C) and were 

marked as O/A, O/B, O/C. Figure 3 shows visible difference between air permeability of the samples. High variety 
for OSB is caused by several factors observed during the testing. Most significantly, the samples having high 
surface porosity produced the worst results, as there were visible gaps between strands in the surface structure, 
allowing an air to flow through the board. We found out that the air permeability is affected mainly by surface 
structure quality and porosity, rather than thickness of the board. 

Only values for OSB3 15mm ( B-0.248, C1.019) were considered in order to keep cost analysis clean, as 
the thickness 15mm is generally used for imberframe walls. As discussed previously and in following chapter, 
values for premium OSB O/A_3 got probably worse in later years, proved by multiple in-situ Blower Door Tests, 
and this value is not taken into account for later comparison. 
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Figure 3. Air permeability of OSB – different manufacturers, different thickness (2013) 
 
 

 

3. IN-SITU TESTING 
 

There have been discussion about quality reduction of premium OSB3 properties recently, in relation to 
OSB manufacturer’s competitiveness on market and input costs savings, so we have tested several houses 
which used enhanced OSB4 15mm within the envelope, by conducting Blower Door Tests due to high flexibility 
and ability to record values for built-in materials. 

The main advantage of the test is quick setup of the portable apparatus, almost immediate results which are 
determined using the same power law as described earlier for laboratory testing, and ability to use the values as 
direct input for building heating energy calculation procedure. Air permeability q50 of an envelope material is also 
possible to deduce, but due to nature of the test (it is possible to test all leakages together only) it is important to 
treat and eliminate all structural junctions, windows and other material’s air leakage – therefore only fraction of 
the  houses were suitable for this calculation. In such cases, we would assign entire air leakage to OSB4 board 
and be able to get so-called “the worst case scenario” q50 values for OSB. 

For later assessment there was value for “test house 1” used, which roughly correlates with OSB4 
manufacturer’s air permeability declared value q50 max=0.12 m3/(m2.h), as “test house 2” would not have 
accessible entire air barrier for inspection during the test. 

 
 

Table 2. Values for tested suitable houses to deduce OSB4 air permeability   

 

 

 

Figure 4. Blower Door Test being conducted in a house with OSB4 as main air barrier 
 

 
 

Blower Door Test

 result, n50 [1/h]

internal volume

V [m3]

air flow - envelope

Q50 [m3/h]

OSB4 in the envelope 

net area, A [m2]

OSB4 air permeability

 q50 [m3/(m2.h)]

Test house 1 0,114 275,8 31,4 222,61 0,141

Test house 2 0,16 421,5 67,4 281,2 0,240
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4. CASE STUDY MODELS 
 

Table 3.  Case study model houses – basic information   

 
 
 
The effect of OSB’s air permeability contribution to overall airtightness, heating energy and energy costs is 

demonstrated on examples of wood-based passive houses - single storey EcoBase Plus and two-storey 
EcoCube Plus [1].  An analysis of the building envelope was performed, to show area of OSB used in external 
walls.  Each house uses mechanical ventilation system with heat recovery, which is crucial to further heating 
energy savings and related cost reduction in addition to well insulated envelope and high quality windows [4]. 

 
 

5. ENERGY COSTS 
 

Heating energy demand was assessed in Passive House Planning Package (PHPP) software [6], which 
allows various scenario modelling, and is designed specially for passive houses.  The contribution of different 
envelope materials is calculated in terms of changed overall building air tightness n50 [1/h], based on relation of 
external air infiltration to an air flow at test pressure difference 50Pa . 

The contribution to heating energy cost is calculated by means operational costs of direct electric heating  
(underfloor, wall, electric boiler). Other heating systems could be considered as well, but the complexity of the 
possible results (high portion of heating system depreciation can not be omitted) made further analysis too 
complicated to present. 

 
 

Table 4. Annual heating energy demand and energy costs for the model houses    

 
 

 

 

 

 

 

 

 

 

 

EcoBase Plus EcoCube Plus

Net area of OSB in external walls 75.3 m
2

158.7 m
2

Internal building volume 270.15 m
3

334.3 m
3

Ratio AOSB/V 0,28 m
2
/m

3
0.47 m

2
/m

3

Building envelope total 446.5 m
2

400.7 m
2

Net usable floor area 98.6m
2

119.7 m
2

heating energy
[kWh/a]

energy costs
[Eur/a] 

heating energy
[kWh/a]

energy costs
[Eur/a] 

non air-permeable material 2504 501 € 2196 439 €

OSB 3, 15mm, manuf. C, 4.95 E/m2 2713 543 € 2633 527 €

OSB 3, 15mm, manuf. B, 5.22 E/m2 2556 511 € 2304 461 €

OSB 4, 15mm,                   7.56 E/m2 2533 507 € 2259 452 €

EcoBase, single storey EcoCube, two storey

Type of air barrier in external wals
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Figure 5. OSB material costs and OSB’s contribution to heating energy costs over 25 years for model houses 
using different OSB 

 

6. CONCLUSION 
 
The cost structure seems to be identical for both houses, and it is obvious the material/energy ratio depends 

solely on unit price and material properties, and neither on size of the house nor OSB area used in external walls. 
But, on the other hand, the importance of the material selection depends on scale of application in a house, as 
presented in other studies as well [2]. 

As could be seen from Fig. 5, potential cost saving measure as choosing the cheapest OSB can end up in 
rapidly higher final costs over the time. It seems that selecting appropriate OSB3 for external walls would be the 
best solution  -  but the problem is these boards do not have guaranteed air permeability values, and the 
properties may vary from batch to batch, and even more expensive OSB3 can perform poorly, without any later 
compensation from OSB manufacturer. Therefore, for certified passive house manufacturers, using OSB4 as air 
and vapour barrier will probably be the only solution, if no additional foil is to be installed.  

At the present time significant changes in the political, social and economic areas are reflected in the use of 
domestic renewable resources. Wood production has a long tradition in the Slovak Republic [3]. Nowadays wood 
as a significant renewable resource is closely linked with many other sectors of the national economy, and 
construction costs represent a key factor in competitive advantage. The cost of analysed structures is widely used 
and it is important issue for purchase decision making of final customers.  
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RECENT DEVELOPMENTS IN MODIFICATION TECHNIQUE FOR WOOD AND 
WOOD-BASED COMPOSITES 

 
Kitek Kuzman, M., Ayrilmis, N. 

 
 
Abstract: Wood modification processes used in wood and wood-based composite industry are non-toxic in service and 
when disposed at the end of life does not result in the generation of any toxic residues Wood modification improves wood 
performance and leads to improved water repellency, rebuilding duced shrinkage and swelling, higher decay resistance, 
reduced extractive contents, lower equilibrium moisture content and increased thermal insulating capacity. More recently the 
interest in heat treatment processes has been renewed. This renewed interest is due to the declining production of durable 
timber, to the increasing demand for sustainable building materials, to the deforestation of especially sub-topical forests, and 
to the increased introduction of governmental restrictive regulations reducing the use of toxic chemicals. Thermal-
modification is environmentally frienly moficiation for wood material.  There is also other modification techniques are 
acetylation, furfurylation, resin impregnation, plasma treatment, silanes, maleics, alkali treatment, methacrylate,  and other 
chemical treatments; (i.e. stearic acid in ethyl alcohol solution and permanganate treatment). In this study, the modification 
techniques, their effects physical and mechanical,properties of wood and wood-based panels were reviewed.  
Keywords: wood modification, wood, wood-based panels, technological properties 

 
 

1. INTRODUCTION 
 

When wood or wood-based panels are exposed to humid or water, ther biological durability and dimensional 
stability will be adversely affected in the service life. Chemical or thermal modification reduces the number of 
hygroscopic functional groups and thus prevents absorption of water molecules (Ormondroyd et al., 2015). Some 
advanced modification technologies and materials considerably protect the wood against abiotic degradation 
factors. Moreover, recent novel techniques are the application of nano-based surface barriers, plasma treatments 
and grafting (Papadopoulos et al, 2019). The modified wood and wood-based composites can be used in different 
usage areas such as cellulosic insulation panels, waterproof panels, and wood-polymer composites, appropriate 
for high humidity conditions. 

In general, modification techniques can be classified according to their applications. These are as follows:  
- Chemical Modification 
- Thermal Modification 
- Surface Modification 
- Impregnation Modification 

One of the oldest modifications for wood is thermal modification, which leads to chemical modifications of 
hemicelluloses, cellulose and lignin (Militz, 2002; Hill, 2006; Sandberg and Kutnar, 2016). It is environmentally 
friendly method because no chemical is used in the process. Thermal modification can adversely affect the 
bonding process with adhesives and decrease the mechanical properties of wood (Sernek et al., 2008). Thermal-
treatment cause to inactivation on the wood surface and negatively affect the bond performance with some 
adhesives. The shear strength of adhesive bond is usually reduced due to lower strength of modified wood and 
lower adhesion to modified wood surface. Thermal modification makes wood more brittle and decrease its 
abrasion resistance (Hill, 2006). Beside to the thermal modification, different chemical modification processes are 
known to negatively affect especially dynamic strength properties, such as furfurylation and acetylation (Mantanis, 
2017), DMDHEU (1.3-dimethylol-4.5-dihydroxyethyleneurea (Emmerich et al., 2019), and treatment with 
melamine resin (Pittman et al., 1994). 

Chemical-based wood-modification methods can be divided into 3 categories. Filling lumens with a 
substance (eg with resin): this application can increase the strength properties of the wood and slow down the 
water (steam) uptake process. However, this does not change the sorption behavior of wood for a long time. To 
increase the volume by filling the cell wall: this application swelling and shrinkage of wood. It is aimed at reducing 
its properties. It even has a beneficial effect on long-term sorption behavior. Modifying wood: this method is the 
most effective. The chemical structure of the cell wall components (cellulose, lignin, and hemicellulose) is altered 
and covalent bonds created. The types of wood modification that can occur in wood are shown in Figure 1. 
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Acetylation technique applied to wood improves the biological durability of wood and water resistance and 
dimensional stability under high humidity conditions. A new commercial method, named Accoya® wood 
(www.accoya.com) was introduced to the market in 2007. A detailed review on the acetylation technique and its 
effecton the physical and mechanical properties of wood was studied by Bongers et al. (2010). Recently the 
architectural use of modified  wood has increased in the area of high level design outdoor and indoor furniture 
due to the modified wood has better dimensional stability biological durability, and different shades of colours. 
Modification types for wood was given in Table 1. 

 
 

           
 

Figure 1. Advantages of thermally treated wood. 
 

 
 

Table 1. Modification types for wood (Pickering et al.2016; Ayrilmis et al. 2016). 

Modification type Effect of modification  
Alkali  Reduce the lignin and hemicullose, pectin, and extractive (waxs and fats) 

content. Increasing srface roughness and surface providing Improved 
fibre-matrix adhesion, thermal stability and heat resistivity 

Acetylation  Esterification occurs by reaction of acetyl groups (CH3CO–) with hydroxyl 
groups (–OH) on the fibres resulting in increased hydrophobicity, 
İmproved tensile and flexural strength, biological durability against to 
biological attacks. 

Benzoylation Improve hydrophobicity 

Enzyme Reduce the lignin content 

Grafting Maleic anhydride (MA) grafted polymers react with the hydroxyl groups 
on the natural fibre surface which leads to covalent (ester bonds) or 
hydrogen bonding. They improve UV-protective properties and fibre-
matrix adhesion, hydrophobicity and mechanical properties. 

Isocyanate Surface modification 

Mercerization Reduce the moisture reagain and improve the mechanical properties 

Wax impregnation  
Wood cell wall modification and improve water resistance and 
dimensional stability, but decrease inin dynamic strength properties 
 
 

Wax heat treatment 

Impregnation with linseed oil 

Melamine resin treatment 

Furfurylation 

1,3-dimethylol-4,5-
dihydroyethyleneurea (DMDHEU) 

Methacrylate Improve tensile and flexural strength 

Ozone Affect surface energy and contact angle 

Peroxide Reduce the moisture regain 

Plasma Improve hydrophobicity 

Silane Silanes such as amino, methacryl, glycidoxy and alkyl silanes are used 
for treatment of fibres have different functional groups at either end such 
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The main purpose for the thermal-treatment between approximately 150°C and 220°C is to achieve new 

material properties such as increased biological durability and weather resistance, enhanced dimensional 
stability, reduced extractive contents, increased heat insulating capacity, lower equilibrium moisture content, 
which might prolong the service life of wood products (Hill, 2006).  

Kwon et al. (2016) investigated that the thickness swelling and water absorption of flakeboards pressed at 
different temperatures. The flakeboards pressed at 190°C showed better water resistance than the flakeboards 
pressed at 170°C. The control of hot-press temperature and duration appears an effective method to enhance 
serviceability of flakeboard. Especially, the degredation of hemicellullose due to cumulative thermal exposure in 
the hot-press decreased the thickness swelling of the flakeboards. Similarly, the bending strenght was improved 
with increasing temperature from 170 to 190°C, but the bending strength decreased.  

Some novel modification techniques such as nitrogen, steam or oil are commercially used in the production 
of modified wood so that the amount of oxygen content is decreased in the kiln atmosphere (Militz, 2002). A 
process without special heating medium, but with an initial vacuuming step was developed at the Biotechnical 
Faculty, University of Ljubljana and reported by Rep et al. (2004). This technology is successfull used by a 
commercial company, Silvaprodukt, in Llubjana, Slovenia. 

One of the recent modification techniques is sandwich stacking which is a simple and smart process 
improvement. Decrease in the amount of the oxygen during the heat-treatment process is significant parameter.  
This new process is effective to limit or reduce oxygen content for specific products, especially wood veneers, 
wood lamella and wood-based panels. It can be easily applied to new and existing thermo process kilns. 
Sandwich stacking technique improves the quality of the product and decrease the production cost (Scheiding et 
al., 2012). 

Citric acid was used as a modifier to improve dimensional stability and mechanical properties of wood in a 
previous study by Hussain et al. (2012). They reported that the durability of modified wood was increased by 8.3 
times higher than unmodified. Furthermore, the thermal treatment did not give a significant improvement in the 
durability of the wood as compared to the citric acid treatment. In a previous study, wood materials were treated 
with chitoson oligomers and tested their antifungal performance. They found considerable improvement in the 
biological durability of the modified wood. 
 
 

CONCLUSIONS 
 

Wood is environmentally friendly material used in many industries from furniture to construction industry. It is 
natural and sustainable material. The use of wood is increasing in many sectors due to its significant advantages. 
However, the major drawbacks of wood are lower dimensional stability and biological degradation. When the 
wood is modified by different techniques, its service life can be increased. This is is because the wood will be 
durable to the biological attacks and its dimensional stability will increase. This can be achived by the decreasing 
free-hydroxyl groups, infilling of lumens, degrefation of hemicellulose, addition of some reactive oils and 
chemicals, etc. Some factors for the modification of wood and wood-based panels such as environmentally 
friendly method, non-toxic chemicals, cheaper and easy application in the process should be considered. 
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REDUCTION OF FORMALDEHYDE EMISSION FROM ENGINEERED WOOD PANELS 
BY FORMALDEHYDE SCAVENGERS – A REVIEW 

 
Antov, P., Savov, V., Neykov , N. 

 
 
Abstract: The increased environmental consciousness related to the sustainability of raw materials and final products, as 
well as the stricter legislative requirements to formaldehyde emission from wood-based panels are the main driving factors 
for shifting the industrial interest to production of eco-friendly wood composites. The common methods to reduce the 
formaldehyde emission from engineered wood panels have been to decrease the free formaldehyde in the adhesive by using 
low-emission or bio-based adhesives, and by applying suitable additives, called formaldehyde scavengers. This article 
presents a review and analysis of the current state of research in the field of formaldehyde scavengers for achieving lower 
formaldehyde emission from wood-based panels, such as urea, ammonia, ammonium salts, and some natural compounds, 
such as tannin and wood bark. Factors, affecting the amount of formaldehyde emissions from wood-based panels, have also 
been presented and discussed. 
Keywords: formaldehyde emission; formaldehyde scavengers, wood-based composites 

 
 

1. INTRODUCTION 
 

Formaldehyde emission from conventional thermosetting resins, such as urea-formaldehyde (UF), phenol-
formaldehyde (PF), melamine-urea-formaldehyde and melamine-formaldehyde (MF) resins, especially in indoor 
environments, is one the most negative aspects of engineered wood panels. At present, about 95% of the total 
wood adhesives, used in the production of wood-based panels, are formaldehyde-based resins (Kumar and Pizzi, 
2019). UF resins are the most predominant ones, accounting for nearly 85% of the total worldwide, followed by 
melamine, 10% and phenolics, 5% (Byung-Dae and Jae-Woo, 2008; Costa et al., 2013b; Kumar and Pizzi, 2019). 
Due to their high reactivity, chemical versatility, cost effectiveness, and technological performance regarding their 
adhesion strength and moisture resistance, these formaldehyde-based polycondensation adhesives have been 
widely used in wood-based panel industry (Dunky, 2003; Jin et al., 2010; Frihart, 2012; Zhang et al., 2013, Jivkov 
et al., 2013; Mantanis et al., 2018). However, they have one major disadvantage, i.e. the hazardous emission of 
volatile organic compounds, such as formaldehyde, from finished panel products, especially in indoor applications 
(Kelly, 1997; U.S. Consumer Product Safety Commission, 2013). Formaldehyde emission is caused mainly from 
the residual formaldehyde present in the resin and the hydrolytic degradation under moisture conditions of cured 
resins (Myers, 1983; Park and Jeong, 2011). It should be noted, that formaldehyde is a naturally occurring 
compound in wood, formed by its main polymeric components (i.e., cellulose, hemicellulose, and lignin) or 
extractives (Schäfer and Roffael, 2000; Birkeland et al., 2010; Salem and Böhm, 2013). 

Formaldehyde (CH2O; CAS no. 50-00-0)  is a highly-reactive, colourless, strong-smelling gas responsible for 
significant environmental problems and human health hazards at certain concentrations, such as skin and 
respiratory tract irritaiton, skin sensitisation, nausea, genotoxicity and cancer. There is sufficient evidence that 
long-term formaldehyde exposure can cause cancer of the nasopharynx and leukaemia. Also, a positive 
association has been observed between exposure to formaldehyde and sinonasal cancer (IARC, 2006; SCOEL, 
2016). Based on these serious human health hazards, in 2004 formaldehyde was re-classified from “probable 
human carcinogen” to “known human carcinogen“ (Group 1) by the International Agency for Research on Cancer 
(IARC, 2004). Since then, the formaldehyde limit values have steadily been lowered, e.g. in Germany the 
European E1 emission level of 0.10 ppm was decreased to 0.05 ppm (BMU, 2018). Thus, the growing social 
concern about free formaldehyde emissions from wood-based composites, along with the increased 
environmental consciousness related to the sustainability of raw materials and final products, have been the main 
driving factors for shifting the industrial and scientific interest from the traditional formaldehyde-based synthetic 
resins to the development of less toxic, renewable and bio-based adhesives for production of eco-friendly wood 
composites with acceptable physical and mechanical properties (Widyorini et al., 2005; Pizzi, 2006; Kües, 2007; 
Papadopoulou, 2009; Navarrete et al., 2010; Frihart, 2012; Ferdosian et al., 2017; Nordström  et al., 2017; 
Hemmilä et al., 2017; Mantanis et al., 2018; Hosseinpourpia et al., 2019; Antov et al., 2020a; Antov et al., 2020b; 
Taghiyari et al., 2020). However, reaching a 100% bio-based formulations for wood adhesives is challenging, 
mostly because of the deteriorated dimensional stability and mechanical properties of the composites. The other 
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common method for reducing the formaldehyde emission is by applying chemical additives, called formaldehyde 
scavengers. The aim of the present review is to summarize the current state of research in the field of 
formaldehyde scavengers for achieving lower formaldehyde emission from wood-based panels, such as urea, 
ammonia, ammonium salts, and some natural compounds, such as tannin and wood bark.  
 
 

2. FACTORS AFFECTING FORMALDEHYDE EMISSION FROM WOOD-BASED PANELS  
 
Formaldehyde emission from engineered wood panels depends on a number of factors, which can be 

classified into two groups, namely endogenic and exogenic factors. Endogenic factors are related to wood 
species, type of adhesive used, resin addition level, production conditions employed and type of hot press 
(Roffael, 2006; Mantanis et al., 2018; Kumar and Pizzi, 2019). Exogenic factors are related to the ambient 
conditions, i.e., temperature and relative humidity, under which the panels are tested (Peterson et al., 1974; 
Sundin et al., 1992; Roffael, 2006). In addition, ageing of the wood-based panels was reported to significantly 
decrease their formaldehyde release (Sundin and Roffael 1989; Roffael et al., 2010). Other exogenic conditions 
to which formaldehyde-based wood composites may be subjected to include heating or vibration during grinding, 
sanding, cutting, sawing, etc. (Kovatchev, 2018). The factors described can lead to increased formaldehyde 
emission in the air. The presence of formaldehyde-based materials in a closed environment (indoors) may 
increase the air pollution, depending on the following factors: room temperature and relative humidity, wood-
based panel properties, air exchange rate, air velocity at the emitting surface and the presence of reactive 
materials (sinks), removing formaldehyde over time (Liu et al., 2009; Kumar and Pizzi, 2019).  

Regarding the occupational exposure limits, the values, recommended by the EU Scientific Committee on 
Occupational Exposure Limits (SCOEL) and agreed by the members of the European Panel Federation (EPF) 
and the European Federation of Building and Woodworkers (EFBWW), are as follows: 8-hour time weighted 
average: 0.3 ppm (0.369 mg.m-3) and short-term exposure limit of 0.6 ppm (0.738 mg.m-3) (SCOEL, 2016; EPF, 
2018). 

 
 

3. FORMALDEHYDE SCAVENGERS FOR ENGINEERED WOOD PANELS  
 

The low formaldehyde limits, required by the new stricter environmental legislation, can be achieved by 
modifying the existing adhesives systems for wood-based panels by adding formaldehyde scavengers, often 
referred to as formaldehyde catchers (Mantanis et al., 2018; Hemmilä et al., 2019). These are chemical 
compounds, added to the adhesive mix or to the wood particles in order to decrease the formaldehyde emission 
from the finished wood-based panels (Dunky, 2003). One of the most widely applied formaldehyde scavenger is 
urea, mainly as aqueous solution, due to its low price and good performance (Park et al., 2008; Costa et al., 
2011). The addition of urea, often in combination with ammonium chloride, improves the stability and controls the 
pH of the UF resin. Funk et al., 2017 investigated the scavenging properties of an inorganic additive (nano-
mesoporous diatomaceous earth) with and without urea for reducing the formaldehyde emission in 
particleboards. 

In addition, the use of sodium metabisulfite (Na2S2O5) and ammonium bisulfite ((NH4)HSO3) as 
formaldehyde scavengers in particleboards, produced with UF and MF resin was studied (Costa et al., 2012; 
Costa et al., 2013a) with promising results. The use of propylamine (Boran et al., 2011; Ghani et al., 2017), 
ammonium pentaborate (Gao et al., 2015) and ammonium bicarbonate (Valyova et al., 2017) were also reported 
to reduce formaldehyde emission. The incorporation of Al2O3 nanoparticles into UF resin was reported to reduce 
the formaldehyde emission in MDF panels at environmental temperatures (de Cademartori et al., 2019).  

The use of natural or bio-based formaldehyde scanvengers, such as tannin powder, wheat flour, rice husk 
flour, and charcoal, to reduce formaldehyde emission from wood-based panels and improve the adhesion 
properties, has also been studied (Eom et al., 2006; Kim et al., 2006; Kim et al., 2007; Kim, 2009). The effect of 
tannin, extacted from the bark of white oak (Quercus alba) as formaldehyde scavenger in MDF panels was 
demonstrated by Boran et al., 2012. Hoong et al., 2010 indicated that condensed tannins have complex 
polyphenolic structure, giving higher reactivity towards formaldehyde, which makes them suitable for utilization in 
wood adhesives, resulting in finished products with low or nearly zero formaldehyde release after curing. 
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Bark flours, obtained from different tree species having high polyphenol content (walnut, chestnut, fir and 
spruce) also exhibited formaldehyde scavenging properties when added in the adhesive mixtures for bonding 
plywood (Aydin et al., 2017; Ružiak et al., 2017). The utilization of powdered beech bark was reported to reduce 
the formaldehyde emission from plywood by up to 74% while maintaining the good mechanical properties of the 
panels (Réh et al., 2019). Other studies were implemented to analyze bark formaldehyde absorption in 
particleboards (Colakoglu et al., 1993; Nemli et al., 2002; Sari et al., 2012; Salca and Hiziroglu, 2019), thermal 
insulation panels (Pásztory et al., 2017) and decorative boards, based on European larch (Larix decidua) bark 
(Tudor et al., 2020). The decrease in formaldehyde emission was attributed to the greater amount of polyphenolic 
extractives in bark than in wood. The effect of adding pine-cone flour into particleboards (Buyuksari et al., 2009) 
and MDF (Ayrilmis et al., 2009) on their formaldehyde release was investigated and significant decrease of 
formaldehyde emission was reported. 

 
 

4. CONCLUSIONS  
 
This article presents a review and analysis of the current state of research in the field of formaldehyde 

scavengers for achieving lower formaldehyde emission from finished wood-based panels. It was demonstrated 
that the addition of formaldehyde-scavenging compounds to the existing adhesive systems for wood-based 
panels is an efficient way to decrease formaldehyde emission levels from the finished products. It should be 
noted that performance of each scavenger is strongly dependent upon the formaldehyde test method and 
ambient conditions, namely temperature, relative humidity and air exchange rate, under which the panels are 
tested.  

Other technological methods for decreasing the free formaldehyde emission include adding formaldehyde 
scavengers to wood finishes, application of suitable coatings, replacement of formaldehyde with a less volatile 
compound, and development of sustainable, formaldehyde-free bio-based wood adhesives.  
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NEW APPROACH TO WOOD DEFECTS DETECTION 

 
Jambreković, B.; Veselčić, F.; Sinković, T.; Sedlar, T. 

 
 

ABSTRACT 
 

Modern wood processing requests access to wood with the aim of maximizing utilization of wood in 
qualitative and quantitative terms. One of main obstacle to this objective are wood defects which are unavoidable 
flaws in  tree growth and development of wood matter (knots, cracks, discoloration, etc.). The demand for cost-
effective and rapid production with as high economic utilization of raw materials led us to the development of 
high-tech scanners which identify the surface of wood elements more effectively than human eye. Information 
about identified errors from scanned surface of wood elements is instantly received. This information proposed us 
a model of cutting elements and associated classes with the aim of maximizing the qualitative or quantitative 
utilization. Considering that all wood defects from discoloration to cracks are computer programmed with 
objective view, we are left to assume that the observers will not just look at certain wood element as well as 
scanner. Their observation is subjective and a matter of the experience and perception of certain changes or 
anomalies on wood element. The aim of this study was to determine wood defects with industrial scanner as an 
objective observation and detecting wood defects with human eye as an subjective perception of certain wood 
defects having regard that human eyes also have its own limits. Wood defects were investigated on wood 
elements from Slavonian oak (Quercus robur L.). 
Key words: human eye scanning of wood, industrial scanning of wood, Slavonian oak (Quercus robur L.), wood 
defects 
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COST EFFECTIVENESS OF REINFORCING OAK WOOD SCANTLINGS  

BY COMPOSITE 
 

Živković, V.; Novosel, A. 

 
 

ABSTRACT 
 

This paper presents a comparative study of two types of metal reinforcements (aluminium and steel), two 
types of fibers and their combinations (carbon, glass) and two types of adhesives (epoxy and polyester) to 
improvement of flexural stiffness of oak wood laminated beams.  

Four point bending tests were executed on both, unreinforced and reinforced oak wood beams. Testing 
programme has consisted of two phases: 1. stepwise increase of load was interrupted with a 10 seconds break at 
4, 9, and 14 kN and gradual unload to nearly 0 kN, followed by 2. gradual increase of load until failure. The aim of 
such an approach was to enable a precise monitoring of the deflection at specific load and comparison of 
different reinforcing schemes at lower levels of load (within the elastic area). Monitoring the residual deflection 
after releasing of the load gave us insight of the efficiency of reinforcing system to short term load, and to serve 
as a pre-test for the phase 2: load to failure.  

Effectiveness of different materials presented in this paper is not only evaluated in terms of the improvement 
of mechanical properties of the beams (e.g. load – deflection, deflection after release of the load or at failure), but 
in terms of cost effectiveness of these materials as well. A term “cost effectiveness” here presents the relation 
between material cost and enhancement of mechanical properties of reinforced timber scantlings which should 
help at deciding on the selection of materials with adequate performance/cost ratio. 
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FACTORS AFFECTING THE SURFACE FINISHING  
OF OSB AND PARTICLE BOARDS 

 
Copak, A., Jirouš-Rajković, V., Španić, N., Miklečič, J. 

 

 

ABSTRACT  

 
The oriented strand boards (OSB) and particle boards (PB) have a wide range of applications because they 

are cheaper material than solid wood and most other engineered wood products. OSB is used in interior and 
exterior, while particle boards are mostly used in the interior. Furthermore, particleboards are commonly used in 
furniture production, while OSB is mostly used as sheathing for roofs and walls, subfloors, and single-layer 
flooring. Surface finish of OSB and PB with coating materials are very rare, and there is limited information about 
the interaction between coating and surface of OSB and PB. Moreover, OSB is most used as a non-finish board, 
while particle boards are mostly covered with overlay paper or foil. The objective of this paper was to study the 
interaction of different coating systems with OSB and PB surfaces. Three types of the board surface preparation 
were tested: raw, sanded and reheated in press. After surface preparation, board samples were finished with 
water-based and solvent-based coating systems. Methods for characterization of boards surfaces were hardness 
of a material, wetting angle and surface roughness. On finished samples, dry film thickness, adhesion, water 
absorption, and their aesthetic properties were measured. The results of this research showed significant 
differences between coated and uncoated samples and between different coating systems. 
Keywords: OSB, particle boards, roughness, adhesion, water absorption  
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SMART HOME AS CLEVER AND  
HEALTHY CO-LIVING CONCEPT FOR ELDERLY 

 
Kitek Kuzman, M., Ayrilmis, N. 

 
 

Abstract: Smart home as a clever co-living concept for elderly could be the future solution for the ageing population, while 
promoting healthy and safe ageing. It includes the wooden smart furniture, latest equipment, technical aids and rehabilitation 
technology, which improves the elderly with enriched quality of life and assure their optimal occupational, educational and 
social integration in society. Improving comfort, accessibility, functionality, and safety at home, at work and in society in 
general requires combining many disciplines together to develop solutions that integrate ICT, ergonomics, healthcare 
(psychological and physical), building, and community design. Since the built environment directly affects user health in 
many ways, wood is an ideal material for restorative environment and ergonomic design. A case study project, Smart Home 
'Independent Residing enabled by Intelligent Solutions', will be presented as a clever co-living concept.  
Keywords: smart home, elderly, furniture 

 
 

1. INTRODUCTION 
 

The number of senior citizens is rapidly increasing in many parts of the world, which consequently signifies 
an increase in the number of people having hampered mobility, sight, hearing, or memory difficulties, and the 
number of people who find increased difficulties processing information. These challenges and additional 
requirements have to be addressed by designers of living quarters for the elderly and disabled. In particular, how 
to facilitate movement for people with disabilities and how to improve their quality of life in general. The majority 
of flats are designed for young, fit, and active people. Many senior inhabitants do not possess the same 
attributes, meaning that even performing the simplest home tasks is more challenging for them. Furthermore, 
inappropriately designed housing space can lead to health issues, such as backache, injuries or accidents (West 
and Emmitt, 2004). 

Products today are designed for healthy and young, active people with normal physical abilities. Many 
elderly and disabled people do not have the skills to use such products to their full extent, therefore, house 
chores present greater strain and discomfort for them. Due to inappropriately designed living space, this causes 
additional health problems like back pain and injuries that emerge at accidents (Hrovatin et al., 2012).  

 
 

1.1. Aging population in a context of Megatrends 
 
The innovation pipeline is long and must be fed continually with new ideas to sustain multi-year new product 

development. Global megatrends represent changes in our world that have a sustained impact on everyone. 
There are many online references and reports that discuss their importance. Understanding how these 
megatrends impact business can provide insight and inspiration into future product portfolio. While one can argue 
which megatrend(s) will be  
the most influential, there is no doubt they paint an interconnected narrative that will have implications for product 
development. Drilling down into each megatrend can reveal opportunities for innovation (Androsch and Redl, 
2019). 

 Digitalization has brought us the internet-of-things, artificial intelligence, augmented reality, 3D printing, 
and sophisticated robots. These tools can strengthen brands by creating product visualization 
applications, enterprise manufacturing and quality systems, robotic painters, and new types of polymers 
to literally print a structure in-situ  

 The aging population has resulted in an increased focus on everyone staying healthy longer. Consumers 
are more concerned about the toxicity of things in their home, and this may influence their buying 
decisions.  

 The shift in global economic power has created wealth in previously poorer regions and changed supply 
chain logistics.  
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 Connected customers means on-demand access to information and products at the touch of a button. It 
has created the ability to instantly comparison shop and make decisions on what to purchase and how to 
pay for it.  

 The lower demand for oil and the increasing demand for alternative sources of energy from wind, solar, 
battery technology, and geothermal will continue. We already see a shift to more efficient means of 
transportation in battery-powered vehicles, self-driving cars, trucks and trolleys, and phone apps like 
Uber and Lyft, that provide us with convenient transport. 

 As climate change continues, natural disasters and abnormal weather patterns have resulted in water 
scarcity, flooding, forest fires, resource and food scarcity, and infrastructure damage.  

Understanding how these megatrends impact business and product development can provide a window into the 
future (Figure 1). 

 
 

 
 

Figure1.  Global megatrends represent changes, drive innovations in our world that have a sustained impact on 
everyone. 

 
 
 

1.2. Smart wood furniture 
 
It is important to identify the available technologies, the needs of the elderly, their behaviour, psychological 

and ergonomic needs in order to define key design aspects that need to be implemented in the design of smart 
furniture and its integration into a smart habitat. Smart furniture will help to create the most comfortable and cosy 
living space through innovative, trendy and well-designed solutions. 

There are many researches looking toward establishing a model for a participatory and integrative design 
when designing smart furniture which will be based on defined design criteria. This would enable the 
development of novel research ideas that generate fixed and moveable furniture. This would help the elderly to 
define their expectations and needs clearly, which will greatly help to identify design and performance issues at 
the earliest stage of design projects. Before we start to design the ambients with smart furniture for the elderly 
people we should take into consideration the following rules: 
‒ Appropriate materials considering the configuration, security, cleaning and manipulation of the funiture, 
‒ Incoporate the inteligent technology a much as possible, 
‒ The organisation of furniture elements in space has to be adapted with the requirements of the senior users in 
mind. 
‒ Future rooms/ambient design has to include robots, computer regulation, advanced mechanisms and modern 
nano films on surfaces to simplify everyday chores and ensure better hygiene standards. 
- Use wood as an element of restorative environment and ergonomic design (REED). Wood is an ideal material 
for REED because it satisfies both general tenets of the design paradigm: sustainability and a connection to the 
nature. Wood from healthy, well-managed forests is a sustainble material, and provides carbon storage in form of 
dutable products. When used in appearance applications, wood also provides a connection to nature. 
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2. A CASE STUDY PROJECT: SMART HOME IRIS,  
SOČA UNIVERSITY REHABILITATION INSTITUTE 

 
A case study project, Smart Home IRIS (Independent Residing enabled by Intelligent Solutions), will be 

presented as a clever co-living concept. Smart Home IRIS is equipped with state-of-the-art communication 
technology adapted to different types and levels of disability. The purpose of Smart Home IRIS at Soča University 
Rehabilitation Institute is to demonstrate adaptations of an elderly apartment and the use of contemporary 
technology and  equipment in the elderly’s home environment, as well as to demonstrate and enable testing of 
various assistive technologies and solutions that would enable the elderly to have maximum functional 
independence and safety in their home environment (Figure 2).  

 
 
 

 
Figure 2. Presentation of the latest equipment, technical aids and rehabilitation technology improving quality of 
life of elderly: living made easy adaptable wooden kitchen, working place, safety products in elderly bathroom. 

 
 

The CoLIVING ICT-based services address the three main areas of the elderly social interaction context: 1) 
care and wellness, 2) guidance as a daily tasks assistance and 3) mobility monitoring. 

As the development of assistive technologies and smart home technologies is spreading, and rehabilitation 
professionals all over the world are becoming aware of the benefits of assistive technologies, continued research 
in this area is essential (Encarnação et al., 2013). 
 
 

1.2. Future clever co-living concept- smart home 
 
‒ To provide an opportunity for people with disabilities and the elderly to try out and select technical solutions in 
the demonstration apartment for their respective disabilities in order to maximize functional independence in their 
home environment; 
‒ To advise elderly, along with their care givers, on the most rational and economic adaptation of their current 
living quarters with regard to their particular needs; 
‒ To provide equipment manufacturers and service providers, in the field of rehabilitation technology, the 
opportunity to promote and test their solutions in the integrated environment of the demonstration department; 
‒ To create new opportunities  for researchers and developers in the fields of e-accessibility and e-inclusion in 
Slovenia and elsewhere 
‒ To facilitate activities for the promotion of a e-accessibility policy in Slovenia and elsewhere. 
‒ To facilitate public access in Slovenia the demonstration of contemporary technology that assist people with 
diverse disabilities and the elderly (Figure 3). 

     The users of Smart home IRIS are people with different disabilities and elderly, professional 
organizations use the demonstration facility for training and planning of diverse activities for the users, the 
general public interested in familiarizing themselves with the requirements of patients and  elderly and the 
technical solutions for their needs as well as designers of similar facilities, especially architects, interior designers 
and suppliers of equipment, responsible for the technical documentation of new housing or adaptation of existing 
housing, to meet needs and demands of IRIS users; students of medicine, social services and supportive 
technology.  
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a                                                                                 b 
Figure 3: a) Health monitoring system b) Scheme of a home telecare system (Bujnowska-Fedak and Borkowska, 

2015) 
 
 

CONCLUSION 
 

Most elderly who would like to renovate their home in order for it being used for the rest of their lives, do not 
have enough information and experience to consider ergonomic adaptations for specific needs of old age. 
Manufacturers should design furniture systems that will allow for implementation adapted for special needs and 
should inform buyers more about the significance of an adequately furnished ambients, heeding the needs of 
advanced age. In spite of the initial high costs for technology, in the long run investment will reduce public 
expenditures for the social and medical care of elderly. Smart home as a clever, healthy co-living concept for 
elderly home is one possible example of future co-living concept for elderly. 
Immediate goals of presented Smart Home as a clever co-living concept are to facilitate greater independence 
among all user groups, to reduce the cost of home-care, to improve the user safety, to reduce the need for re-
location to retirement homes and other suitable institutions and to create modular solutions that can be applied in 
diverse user environments (private living quarters, social institutions, retirement homes, etc.). 
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CROATIAN TRADITIONAL CONSTRUCTION AND HERITAGE  

AS INSPIRATION FOR THE DESIGN OF CONTEMPORARY  
MODULAR DISPLAYS FOR PUBLIC EVENTS 

 
Lozančić, M., Janković, L., Roginić, R., Babić, K., Maršić, V., Domljan, D. 

 
 
Abstract: Globalization and the modern way of life has led to new type of pure architectural and aesthetics standards and 
along the way they removed the distinctive elements of tradition in the interiors and exteriors of rural and urban buildings. 
The value and appreciation of traditional building and interior design based on rich and specific heritage in Croatia is often 
neglected today as well. At the same time, local public events such as Advent events, Christmas fairs, summer festivals or 
other themed events usually need small movable cottages/displays used as a booth for all kind of shops for goods and 
services. Those booths are often impersonal so the tourists can't feel the impression of culture or heritage of the city. The 
aim of the paper is to collect and present visual, aesthetic and particularly wooden constructional details used in traditional 
constructions in different Croatia regions as the main inspirations for the next step in design concepts of local stands. To 
reach the goal, different literature and data will be reviewed, photos will be collected and a few experts in the field of heritage, 
traditional construction and interior design will be interviewed. The data presented will be used as the main inspirations for 
the design of a small and movable contemporary stand for public spaces based on stylistic, aesthetic and structural 
components specific to each studied region of Croatia. 
.Keywords: traditional wooden construction, heritage, design, small houses, contemporary displays 

 
 

1. INTRODUCTION 
 

In a relatively small geographical area such as Croatia, there is a great amount of different types of buildings 
that represent the vast variety of traditional heritage (Živković, 2013). The main reason for this variety is the 
specific geographical location and availability of materials for the construction of residential and commercial 
buildings. The traditional architectural heritage of the Republic of Croatia is rich, yet often a neglected topic in 
many places. The current literature discovers and describes numerous examples of Croatian traditional 
architecture (Freudenreich, 1972; Salopek et al., 2006; Živković, 2013), but there are no examples in which 
traditional knowledge is applied in modern design solutions for the construction of public buildings. 

Over the centuries, a specific way of building houses and farm buildings has developed in Posavina, which 
in terms of form has resulted in a certain autochthonous architectural expression (Somek, 2013). Without major 
foreign influences, the construction of residential and commercial buildings in Posavina is primarily the result of 
function, available material and the craftsmanship of assembling wooden elements (Salopek et al., 2006). 

Builders and creators of traditional houses are anonymous today, but we know that they were carpenters, 
masons, trained peasants, taught by tradition and guided by the functional requirements of living and aesthetic 
understandings of the rural environment. However, a touch of individuality is often apparent, that is, it is present in 
many specific details and solutions on the structures and which emphasize the creative power of the individual 
(Somek, 2013). In the 19th century, there were entire branches of local independent craftsmen in Croatia. These 
were more skilled craftsmen from villages who were taught craftsmanship and knowledge by older generations. 
They mastered old techniques due to tradition and sometimes even learned some methods originating from urban 
environments or other neighboring cultures (Marković, 1989). 
 
 

1.1. The aim of the research 
 
The aim of the paper is to collect and present visual, aesthetic and particularly wooden constructional details 

used in traditional constructions in Croatian Sisak-Moslavina County and Lonjsko polje regions as the main 
inspirations for the next step in design concepts of local stands. 
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2. MATERIALS AND METODS  
 

The research was conducted in June 2020 at the sites of the Sisak-Moslavina County of the Republic of 
Croatia, in the area of Lonjsko polje park and the Čigoč and Krapje villages. 

The two main methods of collecting data in this research were the collection of photo documentation for its 
later analysis and an interview with a specialized guide at the Lonjsko polje site. The interview helped to explain 
the details and history of traditional architecture found in the observed locations.  

All pictures presented in the paper are made by co-author Robert Roginić. 
 

 

3. RESULTS AND DISCUSSION 
 

The collected results of the site survey are shown in Figures 1 - 5 and analyzed below. It can be seen that 
the plots of family farms in Krapje and Čigoč are rectangular in plan, where the narrower side is located along the 
street, and the longer side is perpendicular to the street. That kind of plot shape had conditioned the shape of the 
family houses, which are narrow and long (Figure 1). 

According the founded literature and interviewing the guide, residential houses (cro: hiža, iža, kuća na trem, 
čardak) in Posavina are mostly two-story, but can also be single-story houses with different floor plan dimensions 
and room layouts. The vertical development of houses in the area occurred due to floods that occurred several 
times a year until the regulation of river flows that began in the second half of the 19th century (Živković, 2013). 
Vertically, the house is divided into the following areas: ground floor as an area used for all kinds of work 
purposes or as a craft room, first floor as a residential area and an attic. 

The rooms on the ground floor were never used for housing, nor for storing produce or more important 
household items. The ground floor was used to store items that would not be damaged by the flood such as: 
tools, plows and other equipment used for farming, which could be easily evacuated if necessary in the event of a 
flood. Only recently have some owners, who have decided to live in their old wooden houses, adapted the ground 
floor rooms for the kitchen and living room for easier access to the yard. 

 
 

 

Figure 1. Traditional house in Krapje 
 
 
Upstairs, the room nearest to the street is the largest. It was also known as the family room (Živković, 2013). 

The other part of the room was the kitchen and on the opposite side, there was a smaller pantry room which was 
used for storing food. The toilet is usually upstairs, at the end of the hallway, and protrudes from the volume of 
the house. It is designed in this way so that faeces can fall through a hollow trunk or through space surrounded 
by vertical planks into the toilet pit next to the house. The attic was never used for housing. 

There are two ways of vertical connection of the living space on the first floor with the ground floor, i.e. with 
the yard. It is always connected with straight wooden stairs, more often with exterior (always covered), less often 
with interior stairs. In the latter case, the staircase, in addition to its roof, connects the access space on the first 
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floor, and sometimes a special small roof at the beginning as well, which gives the house a special air of 
playfulness or spaciousness. In the design of houses, the main feature is a covered hallway or a porch (cro: 
ganjek, gank), which extends along the courtyard façade of most houses, and serves for communication between 
the interior and exterior. The porch, usually with wooden columns, can be completely open to the outside, 
enclosed by a wooden fence (semi-enclosed) or completely enclosed by wooden paneling. 

The roofs of Posavina houses are two-sided, and are covered with so called biber roof tiles if they have 
been renovated in recent times. They have a steep slope (from 45 to 60 degrees) and are built with common 
rafters with a distance of about 1 m. In such a structure, the roof load is transferred to the outer longitudinal walls, 
and a wooden ceiling beam transversely connects them and stabilizes the roof structure. The longitudinal beam 
that extends longitudinally in the middle of the house (cro: tram, sleme) supported the ceiling beams and was 
indispensable to the Posavina houses. The beam protrudes slightly on the external side of the façade at the front, 
main gable facing the street and it is characteristically decorated. A sacral sign and/or year of construction, initials 
of the owner or carpenter etc. were often engraved onto the beam in the middle of a large house. 

In the case of two-story buildings, eaves (cro: krovci) were built around the perimeter on the level of the 
ground floor ceiling to protect the ground floor walls from rainfall (Figure 2). Roof rafters usually lean on the 
purlins which are typically decorated with moulding on the drip side. The purlins rest on the cantilevered ground 
floor ceiling beams. The same applies for the protective eaves in the floor ceiling area. In more modest buildings, 
the roof rafters rest on the wall of the house over the short diagonal struts. 

The inside walls of the house are lined with a mixture of clay and chaff which was put on the prior placement 
of willow or hazel branches. The clay plaster was painted with lime. The floors are boarded with a compacted 
earth layer for thermal protection. 

 Posavina houses are also characterized by excellent artistic design, which is especially evident in the 
decorations made by a jour carving or cutouts painted with regular or stylized geometric motifs. Decorations most 
often embellish porches, gables, window frames and the main longitudinal beam (cro: sleme). 

 
 

 

Figure 1. Traditional house in Čigoč 
 

 
In the Posavina area, the buildings were made out of pedunculate oak, which could be cut in forests that 

spread in flood-prone areas along the Sava, Lonja, Odra and other streams of these rivers. In the past, the 
peasants had certain rights to use these forests, which is why they could cut as much construction wood as they 
needed to build a house (Freudenreich, 1972). 

The basic building elements were oak planks that were stacked horizontally and joined with wooden 
wedges. The planks were previously sawn and then processed with a hand planer. Angular joints were made in 
two ways, the so-called Croatian or German type of joint, shown in Figures 3 and 4. 

 



13th International Scientific Conference WoodEMA2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

308 

 

Figure 3. "German" joint, Čigoč 

 

 

Figure 4. "Croatian" joint, Čigoč 

 
If the planks were not long enough, which was often the case, then the elements were joined lengthwise to 

the oblique fold shown in Figure 5. 
 
 

 

Figure 5. Longitudinal joining of planks 
 
 
Originally, the houses were built above the ground on wooden, or sometimes stone columns called bapke to 

protect against floods. They were later replaced by brick pillars, and eventually, the foundations were built entirely 
out of brick (Živković, 2013). 

 
 

4. CONCLUSION 
 
Croatian traditional heritage is rich in wooden elements and construction details that give the buildings a 

recognizable visual aesthetics and design, depending on the locality in which it was built. This paper represents 
the first analyzed location in a series of a few other locations in the Republic of Croatia, and includes Sisak-
Moslavina County and the area of Lonjsko polje and surrounding villages. In these villages, Čigoč and Krapje, 
Croatian traditional houses are still preserved, worth mentioning, observing and further analysing in order to apply 
in the designing contemporary solutions for buildings of modern purpose. Traditional construction is an 
underrated topic in the contemporary context. Through adequate analysis of existing solutions and consideration 
of modern requirements, an appropriate solution could be reached that will simultaneously meet the needs of 
people and preserve cultural identity. 

The collected photo documentation and knowledge presented in this paper will be used in the future design 
of contemporary modular displays for public events. 
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EDUCATIONAL FURNITURE FOR UNDERDEVELOPED COUNTRIES 
 

Šimek, M. 
 

 
Abstract: School furniture is one of the most needed item that is still missing in underdeveloped countries. Education of our 
children makes the society more competitive and adjustable to new situations. Those who are in need of educational 
furniture are mostly located in Africa, south-east Asia, south and central Americas but also in some European countries or 
countries in desperate need of resources caused by war or natural disasters. Current World wide pandemic situation makes 
the situation even worst therefore some communities may need this kind of furniture as well. Goal of this article is to present 
possible way of “self-made” furniture based of very fundamental technologies and local resources. In the past when our Earth 
was not so dependent of global economy and transportation of goods we were able to help ourselves. Therefore the solution 
can be found either in the history or in the skilled people homes that did not forgot their knowledge and traditions. Example of 
construction and techniques presented in this article was designed for Africa (Zambia). It demonstrates what different 
material and skills out of industrial world can be useful and to help those who desire to be educated. 
Keywords: furniture, education, chair, Africa 

 

"Man is a tool-using animal. Without tools he is nothing, with tools he is all."  

 Thomas Carlyle (1833) 

 

 

1. INTRODUCTION 
 

To introduce the problem, Jeníček and Srnec (2012) stated: more than 75% of the total world population live 
in developing countries, the higher proportion of which live in South Asia, and the least in Arabic countries. There 
is no specific definition of developing or an underdeveloped country to tell us which one is developing, being 
underdeveloped and which ones is already developed. In the past, there was a big emphasis on the economic 
and industrial growth. The most wide-spread tool is the Human Development Index (HDI). HDI reflects both 
economic and social aspects of development. It includes education levels, the average life expectancy and „the 
standard of living which is measured by the income per 1 inhabitant, represented by the GDP (Gross Domestic 
Product) per capita and year in the purchasing power parity.“ Therefore, we may state that a developing country 
is a country with low living standards of the population, undeveloped industry and a low HDI. 

There is a persistent shortage of school furniture because it is one of the most expensive components of 
child education. It has the lowest priority as far as budgets are concerned. As well as its quality is usually very 
bad and it needs a frequent replacements. The service life of the furniture is usually from one to three years 
(Haviarova, 2000). 
Further, we will focus on Africa, specifically Zambia. Here are some of the findings about Africa that may change 
our perception. Africa is not all about poverty, as many people things. It is extremely rich in resources both human 
and natural. People often give money in an attempt to make them feel good. The governments are often 
incompetent and corrupt. The intended recipients of aid are not at fault. One of the best ways to help is 
empowering a local individual. Invest time in teaching and learning with that person so he can pass the 
knowledge on to others in the community. 

More than 2 trillion US$ of foreign aid has been transferred from rich countries to poor over the past fifty 
years – Africa the biggest recipient, by far. Yet regardless – aid has failed to deliver the promise of sustainable 
economic growth and poverty reduction. (Moyo, 2009) 
Zambia is known for the largest waterfalls, the wild Zambezi River, beautiful lakes and wetlands, many birds and 
wildlife and unspoiled wilderness. Approximately 57% of Zambia's land area is forested, although there is no 
primary forest remaining. It was one of the top 10 countries for deforestation between 2000 and 2006,  (Njovu, 
2004). 

Primary education is available for most young people. More than 75% of adults are literate. Lower education 
in Zambia is divided into three levels; primary (1st - 7th grade), junior secondary (8th -9th grade) and upper 
secondary (10th – 12th grade). However, schooling is only free up to year seven and most children drop out then. 
Both government community and private schools exist in Zambia. Private schools operate under either the British 



13th International Scientific Conference WoodEMA2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

312 

or American way of schooling. Most Zambians can’t afford higher education. Cecily's Fund is one of the 
supporters of education in Zambia, funding the school courses of over 11,000 children (Nkamba and Manyika, 
1998). 

 
 

2. THE GOAL  
 

There is a need to design furniture that would be specifically suitable to school needs and that can be 
constructed from locally available resouces by local industry using only low-technology processes. The 
construction techniques presented in this work are not limited to the designs. They can be applied to a wide 
variety of designs as long as the basic principles presented are followed. 
 
 

2.1. Construction and technology 
 
Mortise and tenon joinery has been used for furniture construction through the ages. It is one of the oldest 

methods of joining wood developed many centuries before metal was used as a fastener. Most people think of a 
mortise and tenon joint as a square peg in a square hole, but there are also round pegs in round holes. The 
mortise and tenon joinery method produces one of the strongest joints in woodworking for angled joints. A simple 
mortise and tenon joint consists of a protrusion (the tenon) that is inserted into a hole of corresponding size (the 
mortise), which has been cut or drilled in the mating piece of wood. The secret to a well formed joint is the 
snugness of the fit. The tenon must be a neat fit into the mortise for the joint to be strong. A rule of thumb says 
that the tenon width should be one third the width of the timber into which it is to be fitted. There are different 
types of mortise and tenon cuts, but they serve the same purpose Some designs are stronger than others, and 
different cuts are used to conceal joint construction. 

Rounded joint version has been used for years in the construction of Shakers Furniture. For our construction 
it would be the most suitable to use the round tenon and mortise joints as well as they are simple to cut with deep 
hole saws and mortises are simple to machine with conventional wood bits. Moreover those are relatively easy to 
fit together. Additionally, shrink and swell fit construction might be used to get strong and durable furniture. This 
method of construction is effective both in constructing very strong side frames and in joining side frames 
together to form complete chair or table frames. Performance tests showed that properly designed chairs 
constructed with round mortise and tenon joints were both strong and durable. What is even more important that 
they were highly resistant to cyclic loading that would be associated with high level of usage (Haviarova and 
Eckelman, 2006). 

On the low industry production level, a simple table saw and a device for cutting round tenons are needed. 
Although a drill press or wood lathe may be substituted for the latter device. A small jointer is extremely useful as 
it can also cut rabbets, tapers, bevels, and chamfers. A small thickness planer is also useful, but not essential. 
The chairs can be constructed in batches by semi-skilled student labor under conditions similar to those that 
might be expected in “cottage” industries. Although the process is low technology, it is most labor intensive. The 
small parts could be machined from sawmill waste. Parts such as table legs and back posts of chair might be 
sawn from small stems. 

 
 

2.2. Furniture design 
 
The furniture should be modular in design, with many interchangeable parts so that any desired functional 

design can be assembled from a common pool of parts. The design should also by appropriate to the production 
technology of the region. Many parts as well as some complete pieces can be produced by local cottage industry, 
whereas other parts and completed pieces could be designed to utilize factory production. 

The chair would have either a straight or angled back. However practical considerations prefer to use 
straight rather than angled back post. The seat should have a slight front to back slope. The seat should cover 
the tops of the front posts. The design is based on round and mortise construction as it is strong, durable, easy to 
assemble and manufacture. The furniture would be designed for children in the 9 – 10 year-old (height of the seat 
about 355 mm), but essentially it can be scaled to size of all grades. The chair would have three side stretchers 
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and a front stretcher and front rail to ensure requiring strength. The last but not least the chair would have a back 
stretcher and top and bottom back seat rails, a top rail and a back seat. Construction must be kept simple, as 
there is limited equipment. 

Presumably, most of the furniture constructed of squares would be of stretcher and post construction in 
which stretchers with turned pin ends are used to join the posts together to form three-dimensional frames. This 
construction has many advantages. Individual parts are easy to machine from stems. Construction of joints is 
relatively simple. Holes must be drilled in the posts at the appropriate locations and pins must be turned or cut on 
the ends of the stretchers. The walls of the holes are coated with adhesive, and finally, the frame is assembled 
with a „swell“ fit between the tenons and the posts. A tight fit between these parts is useful in that it eliminates the 
need to clamp the assembly while the adhesive dries (Haviarova, 2000). 

 
 

2.3. Material 
 
The furniture can be manufactured from local woody materials, wood residues, pallet deckboards or 

plantation thinning. Parts needed for the construction of the chair, desk and table may be cut from conventional 
sources of material such as lumber obtained from sawmills. Most of the parts may be cut from wood waste 
discarded by sawmills, while other parts may be fabricated from low-cost semi-processed wood materials such as 
pallet deck boards. When portable thin-kerf sawmills are available, woody plantation thinnings may be processed 
into slats, boards, and squares that are suitable for converting into furniture parts.  

When none of these sources are available, school furniture can be constructed from small round woody 
stems, obtained either from natural growth or from small tree plantations planted specifically to provide such 
material. The most common material, particularly in remote regions would be small woody stems obtained from 
plantations (Eckelman et al, 2001). The problem might be that the smaller the stem, the greater the waste is. This 
type requires that stems are largely free of growth stresses, have low shrinkage coefficients, and exhibit minimum 
juvenile wood characteristics. Ideally the wood should also have good steam bending characteristics. The 
moisture content of the parts at time of machining and assembly is recommended to be at 7 - 8 percent. 

 
 

3. DESIGN FOR ZAMBIA 
 
In Zambia there are over 55 000ha of industrial forest plantations. The species used have mainly been Pine 

(79%) and Eucalyptus (20%). Currently the commercial plantations are being reduced, as there has not been 
enough replanting and expansion.  

The major consumers are the industrial sector and households, although the utilization rate has been very 
slow due to a number of factors such as weak domestic demand and undeveloped export markets (Sekeli, P.M. 
and Phiri, M. 2002). Dry forest resources are important engines for growth and poverty reduction in Zambia. 
These could possibly provide the basis for sustainable development and improve rural livelihood (Jumbe, 2004). 

Final design of the furniture for educational needs was therefore constructed out of Pine. Pinus Oocarpa and 
Pinus Kesyia is spreaded in south Zambia, region Choma, where our project started. Dimensions (in mm) and 
design is shown on Figure 1. 

 
 

4. CONCLUSION 
 
Concerned by increasing poverty and social exclusion around the World, and by the inadequate emphasis 

so far placed on skills and training as a critical component of any strategy for tackling the problem it was decided 
to offer training facility to teach carpentry and craftwork in Africa. 

In the context of mass poverty in most developing countries, the critical role of training in furnishing badly 
needed skills to improve productivity, incomes and equitable access to employment opportunities seems 
particularly obvious and straightforward. 
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Figure 1. Chair design for educational purposes 

 
As we found out Zambian government would probably not welcome our attempt to help as it is very 

protective of their own training programs. If possible, it is effective to start by encouraging the authorities to 
participate in that development process. There is also enormous risk of health problems and bureaucratic 
scrambles that needs to be taken into account.  
 
 
Acknowledgements: We wish to thank all volunteers and donors that support the local development in Africa 
and other countries/territories/communities. 
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SENSORS IN OFFICE WORK CHAIRS - DETECTING SITTING POSITIONS AND 

SITTING HABITS 
 

Jaković, M., Vlaović, Z. 
 
 
Abstract: Sitting excessively on a chair that is not user-friendly or sitting in a position that is not favourable to our body is 
detrimental to human health in the long-term. The paper shows that active sitting, which has been imposed as a lifeline in 
recent years, does not justify this role. The paper is based on literature searched through available databases. Articles 
related to work chairs that have built-in sensors for detecting seating patterns and habits are included. Some papers are 
based on measuring the contact pressure between the body and the chair and reading the seating position. A number of 
papers are based on the fact that in addition to detecting body pressure and defining positions, they also detect other 
parameters, such as heart rate, activities of certain muscle groups, etc., and showing how certain postures during sitting 
affect, for example, the heart rate. Based on that information and using algorithms, the user can be instructed in a less 
harmful way of sitting, without compromising the comfort of sitting. 
Keywords: Smart chair; sensor chair; smart seating; sensors 
 
 

1. INTRODUCTION 
 

Prolonged sitting on a chair that is not suitable for the user or sitting in a position that is not favourable for 
our body, is harmful to human health in the long run. A 2002 study by the Journal of the American Medical 
Association estimates that U.S. residents spend nearly $ 86 billion a year on surgeries to reduce neck and low 
back pain, MRI scans, doctor visits, and X-rays and medications. Also, it is estimated that more than 93 million 
working days that workers spend at home on sick leave are lost due to low back pain (Spear, 2012). After 
reviewing recent literature, the paper shows that active sitting, which has been imposed in recent years as a kind 
of salvation, does not actually justify this role. 
 
 

2. MATERIALS AND METHODS 
 

The paper is based on literature searched through available databases, such as Scopus, Web of Science or 
Google Scholar. The paper clearly explains the process of searching by databases, which keywords, language 
and other parameters were used to make the search repeatable. All databases were searched by keywords, then 
the obtained result was checked to determine the compliance of the obtained works with the topic of the paper, 
and all papers that did not meet the criteria were rejected. The criteria were that the paper must not be older than 
2010, that the language is English, that it contains some of the key words ("sensor chair" and / or "smart chair") 
and that the papers are available free of charge. After these first criteria, it was important that the paper study the 
human body while sitting, measure and record the behaviour of the human body with sensors, and that this data 
can be processed. It was primarily office chairs, but if the work satisfied, studied sitting and implemented some 
other sensor that is not related necessary for office work, but is potential for something else such as the example 
of voice chair control (Puviarasi and Greeshma, 2019), it was accepted and processed. Also, all duplicates of 
previously obtained articles were rejected. Articles related to work chairs that have built-in sensors for the 
purpose of observing the manner and habits of sitting are included. 
 
 

3. RESULTS AND DISCUSSION  
 

This paper, which include selected citations of relevant literature dealing with the use of sensors, presents a 
part of the wider research conducted for the purposes of the diploma thesis. 

Most of the processed papers (Lee, Saidy and Fitri, 2019; Zhang et al., 2019; Sifuentes et al., 2019) are 
based on measuring the contact pressures between the user’s body and chairs and reading and recognizing the 
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sitting position, there are several types of sensors that record this. There are several pressure reading sensors 
that are commercially available, while in several papers (Zazula et al., 2015; Zhang et al., 2019; Hu, Tang and 
Tang, 2020) a sensor was designed and compared with an existing one. Almost all works are based on the fact 
that sensors in addition to reading body pressure and determining the current position, they also read other 
parameters, such as heart rate, activity of individual muscle groups, breathing, assessment of blood oxygen 
levels, and showing how certain sitting positions affect e.g. heart rate per minute, respiration and the like. Given 
that while sitting, few of us know how to sit properly and how the current sitting position will affect our health, 
there is a need for the chair to be equipped with various types of sensors that will assess the current situation in 
real time, analyze it and in relation to our habits to display all relevant data. Based on this data and with the help 
of algorithms, the user can be instructed in a less harmful way of sitting, without compromising the comfort of 
sitting. Comfort can refer to both a feeling of comfort and a feeling of discomfort. 

This preliminary paper mostly points to this, there are several processed articles (Sifuentes et al., 2019; 
Prueksanusak, Rujivipatand and Wongpatikaseree, 2019; Flutur et al. , 2019) who have a holistic approach to 
existing issues. There is prototype of the chair that measure heart rate, blood pressure, respiration, assess blood 
oxygen levels, define the position we sit in and how long we sit in which position. All this happens without the user 
being aware, and he just takes some sort of smart device (e.g. smartphone) and sees the current data, daily and 
weekly average, etc. through the application. Also, one study (Woo, Lim Kim and Lim, 2019) shows an 
experiment where a sensor has been developed that mounts to the user's neck but has been discarded due to 
impracticality. It is interesting how many researchers have developed a number of systems for observing and 
defining sitting position, pulse, respiration, and processing and interpretation of the obtained data. In papers 
dealing with comparing and defining sitting positions (Prueksanusak, Rujivipatand and Wongpatikaseree, 2019; 
Lee and Lee, 2018), sensors with accompanying algorithms have an accuracy of more than 90 %, with some 
papers that accuracy exceeds 97 %. Which means that if we sit on a chair 100 times in different positions, it will 
recognize at least 97 times on which part of the chair we are sitting on, in which position and what action we are 
doing (working on the computer, watching movies, eating, coughing, reading a book, etc.). 

Several processed papers (Flutur et al., 2019; Prueksanusak, Rujivipatand and Wongpatikaseree, 2019; 
Hesse et al., 2017; Lee, Saidy and Fitri, 2019) explain the importance of algorithms, their types and what are the 
advantages and disadvantages of each type of algorithm. In a significant part of the work, the force sensitive 
resistor (FSR) is used, which is a sensor that measures the resistance to a force and is thus used as a sensor for 
monitoring and defining a sitting position. A potential disadvantage of such sensors is that even if they were used 
to measure working hours, or how many hours an employee spends in the workplace, an object could be placed 
on a chair instead of a person. This problem is addressed by adjusting the sensor to sense and recognize the 
breathing pattern (measures the resistance created by the chest in the backrest when breathing) or even the 
heartbeat. A special sensor is often placed to accurately measure heart rate. 
 
 

4. CONCLUSION 
 
With the problem of improper sitting and its impact on human health we will struggle for many years to come, but 
it turns out that using modern technology and a better understanding of sitting using various sensors and 
applications can act preventively in most situations. This paper serves as an introduction to the main research in 
which a review of recent literature was conducted, from which 11 articles were selected, and their topics were 
briefly explained in the previous chapter. 
During the research, various sensors were processed, and some of them are: force sensitive resistor (FSR), heart 
rate sensor, respiratory monitoring sensor, voice control sensor and acceleration sensor. The system for 
observing the way of sitting, collecting data and their processing, and displaying it in real time brings the most 
results, because in that way it directly influences the user to change the position or keep it. 
For the future sequel of this preliminary paper, there is a need to compare the sensors, the used methods and the 
obtained results in order to observe in which direction the devolpement of those kinds of seating furniture will go 
on. 
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ANALYSIS OF PRECONDITIONS FOR DESIGN OF SENSORY ENVIRONMENT IN 

CZECH, BULGARIAN, MACEDONIAN AND CROATIAN KINDERGARTEN 
 

Domljan D., Šimek M., Dijanošić I., Iliev B. 
 

 
Abstract: In order to increase children's creativity and well-being, it is necessary to provide quality didactically designed 
products that will develop and maintain children’s sensory integration. Such objects are needed for healthy children, and 
especially those suffering from sensory integration disorders. The aim of the paper is to analyze interiors of kindergartens in 
the Czech Republic, Bulgaria, Macedonia and Republic of Croatia in order to determine the quality and conditions of the 
environment for the application of sensory integration of children. The results in the paper are to stimulate further research on 
this topic and to define requirements of new design solutions in furniture and didactic products design as an integrated part of 
the most important educational interiors - kindergarten playrooms. 
Keywords: children, didactic products, furniture design, educational environment, sensory integration 
 

 

1. INTRODUCTION 
 

In the pre-school education program, kindergarten is a place of joyful living: socializing, playing, learning, 
educating children and adults in achieving quality of life together, and the educator is a leader and facilitator in the 
play, learning and development of the child (Stokesi Szanton, 2000; cited in: Mlinarević, 2004). Unfortunately, not 
all children have the same conditions of growth and development in organized educational facilities (Domljan et 
al, 2015). Modern research has shown that the number of children suffering from sensory integration disorders is 
steadily increasing, mostly because of the lack of appropriate interior design and designed products (e.g. toys) in 
kindergartens. All children, healthy and those with health problems or disorders, need to be provided with quality 
didactically designed objects that will develop sensory integration (Popović Miočinović and Šimunović, 2004). 

One of the methods that aims to encourage and develop the functional abilities that a child needs in daily life 
is occupational therapy for children (OT).Occupational therapy of sensory integration strengthens and supports 
the educational goals of children and develops the skills needed to cope with the demands of the environment 
(Hemphill-Pearson,1988). Occupational therapy uses the basic children's activity - play and various products such 
as toys (Popović Miočinović and Šimunović, 2004). 

Figure 1 illustrates sensory toys and wood products made for the combination of access: sensory-integration 
approach, developmental and / or cognitive, that is, types of wooden aids for the development of sensory 
perception and fine motor skills. All children benefit from toys and aids in the development of sensory integration. 

Many producers offer interesting and good designed products aimed to develop sensory integration in 
children. Unfortunately, not many kindergartens can afford such products, mostly due to the higher prices.  

 
 
 

 

Figure 2. Sensory wall. Source: Web 1 
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1.1. The aim of the research 
 
This research was done with the intention of identifying appropriate products, furniture, equipment and toys 

in kindergartens in the three countries. The aim was to analyze interiors of kindergartens in the Czech Republic, 
Bulgaria, Macedonia and Republic of Croatia in order to determine the quality and conditions of the environment 
and related products which apply sensory integration of children. 

The paper presents a part of wither research conducted in kindergartens in four countries and their main 
towns.  
 
 

2. MATERIALS AND METHODS  
 

In order to compare the levels of furnishing, safety, creativity and functionality of furniture and to gain an 
insight into the real situation regarding the design of furniture and other products related to development of 
children's sensory integration in kindergartens, the research covered several methods, types of respondents and 
polygons. 

 
 

2.1. Materials 
 
2.1.1. Polygons 

 
The survey was conducted from 2017-2019 in four countries: Republic of Croatia (RH), Republic of North 

Macedonia (MK), Bulgaria (BG) and the Czech Republic (CZ), in four cities: Zagreb (HR), Skopje (MK), Sofia 
(BG) and Brno (CZ). In total, fifteen (15) kindergartens (polygons) were included in the research: three (3) in RH, 
eight (8) in MK, three (3) in BG and one (1) in CZ. 

 
 

 

2.2. Methods 
 
2.2.1. Observing and photographing 

 
When observing the equipment of kindergartens and schools, the furniture and functionality of the furniture 

were photographed, that is, its adaptation to the needs of the educational process. An overview of the current 
state of the observed objects was made. The aim of this method was to investigate whether the furniture is 
functional, encourages creativity in children and sensory integration. 

 
 

3. RESULTS AND DISCUSSION 
 

Due to shortage of the paper, the results of the research include a few photographs of the observed 
polygons. Photographs of the recorded polygons are taken as „exemplar“ and show the actual situation of playing 
and working conditions, as well as the quality and design of the kindergartens' interiors in Zagreb (HR) (Figures 2 
and 3), Skopje (MK) (Figures 4 and 5), Sofia (BG) (Figures 6 and 7)and Brno (CZ) (Figures 8 and 9). 
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Figure 2. Kindergarten Medo Brundo, 
Zagreb, HR. 

 

Figure 3. Kindergarten Medveščak, Zagreb, 
HR 

Figure 4. Kindergarten 11, Skopje, MK. Figure 5. Kindergarten Park, Skopje, MK. 

 

Figure 6. Kindergarten Bratya Mormarevi 1, 
Sofia, BG. 

 

Figure 7. Kindergarten Bratya Mormarevi 2 
Sofia, BG. 

Figure 8. Kindergarten Ponny 1, Brno, CZ  Figure 9. Kindergarten Ponny 2, Brno, CZ 
 
 
Examples of interiors (Figures 2 - 9) show a creative approach to equipping kindergartens and different 

functional elements of furniture and equipment. All interiors are equipped with colored products (furniture, toys, 
accessories, equipment etc.) made of different types of materials. Only in Brno there are painted walls with 
cartoon or story characters. However in the most observed kindergartens in all four cities/countries the furniture 
and equipment are old and traditionally designed (e.g. “four legged” chairs and tables), it is evident that the 
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interiors are equipped with colorful sensory elements and toys, made of different materials such as textiles, 
foams, wood and plastic.  

Based on former results (Iliev and Domljan, 2016; Dijanošić et al, 2019; Iliev et al, 2019), furniture doesn’t 
follow contemporary educational methods and anthropometric dimensions of furniture and children is in mismatch 
which reflects to children’s body positions, their growth and health. Thanks to great teachers’ enthusiasm and 
efforts, interiors in observed kindergartens give the impression of potentially greater possibilities for the free, 
healthy and creative development of children. 

The photographs shown in the paper just grabbed the topics of problems of sensory integration and 
equipment in kindergartens. These short results are to stimulate further research on this topic and to define 
requirements of new design solutions in furniture and didactic products design as an integrated part of the most 
important educational interiors - kindergarten playrooms. 

 
 

4. CONCLUSION 
 
The lack of sensory integration of children and the consequences that occur are a major problem for today's 

children. These difficulties are attempted to be reduced by occupational therapy (OT). For the full quality growth 
and development of the child, as well as for the quality of the implementation of occupational therapy in the 
institutions and places where such development or therapy takes place, it is necessary to provide quality aids and 
facilities.  

This paper points to the need for sensory furniture, toys and didactic devices that will stimulate creativity in 
children's work and play areas. The authors hope that photos of real-life environments as well as the opinions of 
teachers and educators will encourage further exploration of this topic and the design of new solutions, where 
furniture starts to be integrated sensory-didactic product, not only a “traditionally designed piece of furniture”. 
Authors hope as well that in the future, these solutions will be an integral part of the rooms most children stay in - 
kindergarten living rooms in many other countries worldwide. 
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ANALYSIS OF THE IMPACT OF TECHNOLOGICAL INNOVATION  

ON IMPROVING THE QUALITY OF DOOR JOINERY 
 

Knop, K., Ulewicz, R. 
 

 
Abstract: The article presents the results regarding the impact of the technological innovation - change in door wrapping 
technology on the "soft" technology on improving the quality level of manufactured products. The old, standard technology 
was compared with the new one. The surveyed company - the manufacturer of interior doors and its passion for innovation 
were presented. The research results concerned the comparison of production at the stage of wrapping with PVC foil of raw 
wooden doors made of HDF boards of various sizes in terms of obtained production incompatibilities that arose in both old 
and new "soft" technology. Ten-day production of five types of doors of various sizes from "60"-"100" was analyzed. The 
scale of decrease in the share of production non-conformity was shown considering individual types of non-conformity and 
due to the door sizes produced. The analysis showed that the largest share of nonconformity created during the production 
process by old technology concerned the bulges formed during door wrapping, resulting from getting various types of 
particles, impurities under the veneer, which in the case of new production technology has been decreased to a minimum 
level. The biggest decrease in non-conformity level after switching to the new technology concerned the "100" and "60" size 
doors. Additional benefits associated with the implementation of the technological innovation have also been underlined. The 
article shows that by implementing technological innovation in the manufacturing process with appropriate organizational and 
procedural changes, the quality of manufactured products and overall company productivity can be significantly improved. 
Keywords: technological innovation, wrapping technology, nonconformity level, quality improvement 

 
 

1. INTRODUCTION 
 

Innovation is a series of activities leading to the production of new or improved products, technological 
processes or organizational systems [1]. Designing and implementing innovations is an obligatory activity of 
enterprises that want to conduct business and compete effectively in a turbulent environment [9]. Innovation can 
relate to different areas, including new technology application, production methods [7]. One of the types of 
innovations, due to the area of application, are technological (process) innovations consisting in modification of 
factors and properties of manufacturing processes [3, 6]. These methods can rely on making changes to devices 
or in the organization of production, they can also be a combination of these two types of changes or be the result 
of using new knowledge. They may be aimed at producing or supplying new or improved products that could not 
be manufactured or delivered by conventional methods [13]. The installation of new or improved production 
technology, or new equipment associated with the production of new or improved products is an example of this 
type of innovation [4, 15]. Innovations within processes can be aimed at reducing unit costs of production or 
delivery, increasing quality, production or supplying new or significantly improved products [10]. As research 
proves [8], along with the increase in the size of the company, its innovation grows, measured by the number of 
innovations implemented in the last 3 years. Polish enterprises in terms of innovations is based mainly on 
accumulating new products and new technologies [5]. 

Innovations for the degree of their novelty are divided into radical and incremental. Radical innovations are 
connected with the introduction of new, previously unused solutions [11, 12]. Sources of innovation can be 
external (from the market) or internal (use of enterprise resources) [17]. The increase in the company's 
competitiveness through the purchase of innovative machines from the market is the result of using external 
sources of innovation [14]. The scope of the introduced innovation in the enterprise can be considered for the 
number of workstations in which the introduced innovation could be used - the smaller the number, the smaller 
the range [16]. 

The purpose of the article is to analyze the impact of low-range radical and external technological innovation 
- the implementation of a new soft door wrapping technology on the quality level of manufactured products 
compared to the quality level obtained with the old, standard technology and to determine the benefits of 
introducing the technological innovation. 
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2. RESEARCH METHODOLOGY  
 

The examined company is a medium-sized door woodwork manufacturer from Poland with over 25 years of 
experience in the market. The company's activity consists in the production, sale, wholesale, retail and internet 
trade of doors and their components. Interior doors and their components in the form of door frames, door 
frames, banding strips, skirting boards and door handles are delivered to individual and wholesale customers in 
Poland and abroad. Most of the production (about 60%) is sold in Poland, the remaining part goes to the German, 
Czech and Slovak markets. The company is a precursor to the introduction of new technologies and ecological 
production solutions. As the first company in Poland, it produced moldings, MDF profiles covered with foils and 
briquettes from MDF dust. 

The subject of research are internal wooden doors made of HDF board. It is a board made of wood chips, 
fiber bonding resin and wax, which is added to increase moisture resistance. The internal strengthening of vertical 
stiles are stiffening beams. Between the stile frames and plywood beams, there is a "honeycomb", which is made 
of cardboard and mounted vertically, thanks to which the door has additional protection -  resistances to bending 
and compression. The leaf is filled with perforated chipboard (reinforced door) or cold-glued plywood. This design 
increases the sound insulation of the sash as well as its strength, rigidity and durability. The frame (along with the 
filling) is veneered on both sides with HDF board. 

The process subjected to qualitative analysis is the process of wrapping doors. The analysed company was 
realising this process according to the old technology with the use of edge banding machines on narrow and wide 
surfaces, after which it decided to implement technological innovation - soft type wrapping technology by 
purchasing the Barberan PUR-81 wide surface edge banding machine. The factor determining the 
implementation of technological innovation was the desire to increase the company's competitiveness by 
shortening the product production cycle, increasing the scale of production, as well as the company's profitability. 
It was also expected in increasing the quality level by reducing nonconformities in the areas of "machinery and 
equipment" and "working method". 

The previous method of wrapping the door with PVC foil (standard method) consisted in covering the door 
with PVC foil using two machines - edge wrapping machines for narrow and wide surfaces in four places, which 
resulted in the need to change over the machines, whereby orders were extended. The "soft" method involves 
covering doors with PVC foil in one piece (and the joining is only done in two places that are not exposed to dirt 
as a result of using the product) using one machine - the wide surface edge wrapping machine. The vertical 
edges of the soft doors are rounded and do not have sharp edges, which is an aesthetic and very modern look. 
Comparison of both technologies is shown in Fig. 1. 

 
 

vs   
Figure 1. „Soft” wrapping technology vs standard technology 

 
 

The expected benefit of implementing the new wrapping technology was to be an increase in the quality 
level of manufactured products. To assess whether this happened, a comparison was made of the level of 
production defects in old and new technology. Tests were carried out at various intervals. Archived data on the 
quality of production in the old technology allowed for a comparison of both technologies. The new door wrapping 
technology was used using the same materials as the old technology. The study concerned the door production 
process, which covered two weeks of enterprise work (10 days of plant operation). For the comparative analysis 
of results, data on quality from individual working days were used, distinguishing on the door sizes produced (5 
dimensions of the door leaf: "60", "70", "80", "90", "100").  

An assessment was made of the improvement in the quality of manufactured products - doors as a result of 
the introduction of a new wrapping technology. The research consisted of checking production at the stage of 
wrapping with PVC foil of raw wooden doors made of HDF boards of various sizes in terms of production 
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nonconformities that arose in standard (old) and new technology. The comparative analysis was made in 
distinguishing between the door dimensions produced, as well as due to the types of non-conformities found. 

 
 

3. RESULTS 
 

A comparative analysis of the results in the field of door production defects for 2 weeks was performed while 
the plant was operating with the old and new wrapping technology  (Fig.2). 

The analysis allowed to state that the most non-conformities in the production process realised with the old 
technology concerned bulges formed during door wrapping as a result of various types of particles and impurities 
getting under the veneer (5.63%). In the new production technology, it was possible to reduce this quality problem 
to the level of 0.76%. The second non-conformity in the old production technology was the cracking of the PVC 
film due to loosening on the rollers, as well as a decrease in the adhesive temperature on the film (3.74%). 
Thanks to the new technology, non-conformities have been reduced to 0.85%. The third non-conformity due to 
share in the old technology was overgrowths and discoloration on the veneer, which was the result of the wrong 
selection of temperature parameters, the wrong type of PVC film, as well as the storage of wood in the hall with 
high humidity. The share of this non-conformity in the old technology was 3.18%. The new, "soft" technology 
reduced the occurrence of this non-conformity to 0.85%. The last in the list quality problem was production 
damages caused by incorrect transport of pallets with ready-made veneered doors, as well as poor product 
segregation, with a share of 1.73% in old technology. In the new production technology, this non-conformity was 
limited to 0.55%. Comparing the old and the new production technology in terms of the frequency of non-
conformity in the door wrapping process, it should be stated that every quality aspect of the finished product has 
been improved as a result of the implementation of the new wrapping technology. Particularly, it was possible to 
reduce the bulges and PVC foil cracks mismatches by 4.87% and 2.89%, respectively. A comparison was made 
of results in the field of production defects, distinguishing different types of doors (doors leaf dimensions) and 
applied wrapping technologies (Fig.3). 

 
 

 
Figure 2. The share of non-conformity in the distinction between its individual types and applied wrapping 

technologies 
 

 

 
Figure 3. The average share of non-conformities in the distinction between different types of doors and applied 

wrapping technologies 
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Analyzing Fig. 3, it should be stated that for all types of doors produced in the new "soft" technology, during 2-
week studies, the production defect level decreased. The largest decreases were recorded in order for the door 
size: '' 100 '' - a decrease of 15.71%, with defect level in "soft" technology amounting 3.13%; '' 60 '' - decrease by 
13.1%, with the new level of defectiveness amounting 2.89%; '' 90 '' - decrease by 9.88%, defect level in "soft" 
technology amounting 2.84%; '' 70 '' - a decrease of 9.47%, new defectiveness amounting 3.57%; '' 80 '' - 
decrease by 8.83%, defect level in "new" technology amounting 2.63%. 

The effect of a reduced share of nonconformities should not be associated only with the new machine, but 
also with the introduced organizational and procedural changes as a result of the implementation of the new 
technology. This happened. The employees have been trained in the operation of the machine as well as in basic 
maintenance. Service deadlines have been created, which currently indicates what machine elements should be 
maintained, with what frequency and who should do it (division into tasks for operators and employees of the UR 
department), thanks to which the machine failure rate is now low. 

The implementation of technological innovation in the form of soft door wrapping in addition to a clear 
decrease in non-conformities also allowed the company to achieve other benefits. The production cycle has been 
significantly shortened by reducing changeover times, unplanned stoppages, reduced speed drops and the 
machine micro-stoppages. The level of productivity was also increased - the number of doors manufactured 
based on the new technology doubled compared to the old technology. 

 
 

4. CONCLUSIONS 
 
This article concerned the analysis of the impact of implementing the technological innovation - a new 

technology of "soft" door wrapping on the quality level of manufactured door joinery. The results of manufacturing 
defects were compared before and after the introduction of the new technology. As was shown in the research 
results, due to the introduction of innovative soft wrapping technology, the door joinery manufacturer significantly 
reduced the share of non-conformities in the production process. The achieved effect should be directly linked to 
the implementation of a new Barberan PUR-81 wrapping machine (activity in the "machine" area) made of the 
highest quality components. Modern technology alone (machine) without proper service and its proper 
maintenance will not ensure high-quality products. The management of the company realized this, hence the 
company conducted training in operating the new machine, its proper maintenance for machine operators and 
maintenance department employees, and made procedural changes (new standards). To further reduce non-
compliance, actions were taken to limit the impact of other factors of the production process variability (beyond 
machine and method), i.e. material, human, management, measurement, environment. Greater attention was 
paid to the factor that largely influences the quality of the final product, namely the quality of the material. 
Adequate conditions for transporting the material to the plant and inside the plant were provided, its loading and 
unloading processes, material storage processes (proper drying parameters) were standardized and the material 
was protected against fungi, insects, pests. As a result of the detection of non-conformities, causative analyzes 
are performed as part of teamwork, paying attention to all problem categories (5M + E), corrective actions are 
indicated and their effectiveness is determined. This contributes to a continuous decrease in the level of 
production defects in the company.  

Striving to achieve error-free production, the company continues to improve its product and process by 
conducting research and development, thoroughly analyzing cause and effect relationships of appearing quality 
problems (Ishikawa diagram, 5WHY method), taking care of its machine park, motivating employees to give 
comments and suggestions for improvement and implementing Lean Manufacturing concept to reduction of time 
and costs of door production process [2]. The changes made after the implementation of the analyzed 
technological innovation have contributed to increasing the quality of manufactured products and to increase the 
company's competitiveness on the market. 

 
 
 
 
 
 
 
 



13th International Scientific Conference WoodEMA2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

331 

 
REFERENCES 

 
1. Begg, D., Fisher, S., Dornbush, R. (2008): Economics, McGraw-Hill Education, Maidenhead. 
2. Czerwińska K., Pacana A. (2020): Analysis of the internal door technological process. Production Engineering 

Archives 26 (1), pp. 44-47. DOI: 10.30657/pea.2020.26.06. 
3. Diaconu, M. (2011): Technological Innovation: Concept, Process, Typology and Implications in the Economy. 

Theoretical and Applied Economics XVIII, No. 10(563), pp. 127-144.  
4. Dodgson, M. (2000): The Management of Technological Innovation: An International and Strategic Approach. 

Oxford University Press, New York. 
5. Glin, W. (2018): Problems of Polish Enterprises in the Field of Innovation. Production Engineering Archives 21, pp. 

44-47. DOI: 10.30657/pea.2018.21.10. 
6. Knop, K., Ulewicz, R. (2019). Assessment of technology, technological resources and quality in the manufacturing 

of timber products, in Digitalisation and Circular Economy: Forestry and Forestry Based Industry Implications - 
Proceedings of Scientific Papers, 2019, pp. 251-256. 

7. Kogabayevm, T., Maziliauskas, A. (2017): The definition and classification of innovation. Holistica 8 (1), pp. 59-72. 
DOI: 10.1515/hjbpa-2017-0005. 

8. Kraśnicka, T. (2013): Innowacyjność przedsiębiorstw – uwarunkowania organizacyjne. Studia Ekonomiczne / 
Uniwersytet Ekonomiczny w Katowicach 136, Transformacja współczesnej gospodarki jako przedmiot badań: pp. 
165-179. 

9. Lendel, V., Varmus, M. (2011): Creation and implementation of the innovation strategy in the enterprise. 
Economics and Management 16: pp. 819-825. 

10. Lugovoi, I., Andritsos, D. A. (2018): Process Innovation in the Pharmaceutical Industry. SSRN Electronic Journal, 
pp. 1-31. DOI: 10.2139/ssrn.3272776 

11. Meeus, M., Edquist, Ch. (2006): Introduction to Part I: Product and process innovation, [in:] Hage J. and Meeus M. 
(ed): Innovation, Science, and Institutional Change: A Research Handbook. Oxford University Press, pp. 23–37. 

12. O`Sullivan, D., Dooley, L. (2009): Applying Innovation. SAGE, California. 
13. Pypłacz, P., Liczmańska-Kopcewicz, K. (2018): Process Innovation as a Factor for the Development of Small 

Enterprises in Poland. International Business Information Management (IBIMA), Mediolan, Italy, pp.  3156-3165.  
14. Smith, D. (2006): Exploring Innovation. McGraw-Hill Education, UK. 
15. Stasiak-Betlejewska, R., Ulewicz, R. (2016): The effectiveness of selected machinery and equipment in the 

woodworking joinery, Path Forward For Wood Products: A Global Perspective, Proceedings Of Scientific Papers, 
2016, pp. 149-156. 

16. Tomczak-Horyń, K., Knosala, R. (2018): Ocena poziomu wprowadzonych innowacji w wybranych 
przedsiębiorstwach, [w:] Knosala R. (red.): Innowacje w Zarządzaniu i Inżynierii Produkcji. Oficyna Wydawnicza 
Polskiego Towarzystwa Zarządzania Produkcją, Opole, pp. 130-138. 

17. Wu, AH, Su, JQ, Wang, H. (2013): Internal innovation or external innovation? An organizational context-based 
analysis in China. The Journal of High Technology Management Research 24 (2), pp. 118-129. DOI: 
10.1016/j.hitech.2013.09.006. 

 
 

Authors address: 
Knop, Krzysztof1*; Ulewicz, Robert2 

1,2 Department of Production Engineering and Safety, Faculty of Management, Czestochowa University of 
Technology, Czestochowa, Poland 
*Corresponding author: krzysztof.knop@wz.pcz.pl 
 
 
  



13th International Scientific Conference WoodEMA2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

332 

  



13th International Scientific Conference WoodEMA2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

333 

 

 
BARREL MAKING TECHNOLOGY 

 
Kalogjera, R., Vlaović, Z., Mihulja, G. 

 
 
Abstract: Barrel making, as one of the oldest human woodworking activities with a millennial tradition, dates back to 2600 
BC, and the first barrels discovered in Europe date from the Iron Age. Although closely related to the production of wine and 
spirits, wooden barrels were used in many ways – from the production, transportation and storage of food to the maturation 
and storage of different types of alcoholic beverages. Nowadays, wooden barrels have remained an indispensable part of the 
alcoholic beverage ware due to their unique characteristics that affect the quality of the product. Today, barrels are still an 
expensive end-product because of their specific and relatively complicated method of production, and therefore alternatives 
are being found in other materials that seek to achieve the same quality and aroma of alcoholic beverages. Although the use 
of alternative solutions has been successful in some segments, there is currently no way that completely replaces all the 
characteristics that a good wooden barrel gives to its product as it matures. In addition, due to the specific method of 
production of the wooden barrel, precisely determined by the raw material and technique, the method of their production has 
remained unchanged for centuries. In history, everything was made entirely by hand, using a specific tool to facilitate part of 
the design process. Nowadays, we see an increasing use of automated technology and CNC machines, with a small 
proportion of manual work. This paper presents an overview of the production process and the advancement of wood barrel 
production technology throughout history, as well as its contemporary appearance and capabilities in today's modern 
facilities. 
Keywords: barrel, barrel making, barrique, coopering, technology 

 
 

1. HISTORY OF BARREL MAKING 
 

Wine conservation and aging is practice that has been used since antiquity. Coopering is traditional 
process of making watertight containers out of separate pieces of wood called staves. This is a highly skilled craft 
and was much in demand in past times. Traditionally, coopers were apprenticed, studying under a master cooper 
for a considerable time, until they had learnt the craft sufficiently and were able to work independently. However, 
it is tightly related with wine and alcoholic beverages, wooden vessels made by coopers were used widely – for 
manufacturing, transportation and storage of food to all kinds of alcoholic beverages. They influence the product 
that they contain and give the final product (alcohol) distinct characteristics like flavours, aroma and colours. The 
most common barrel size in winemaking is the French style 225 litres called barrique, and the American style 190 
litres. Barrique is distinct for its use of oak as a primary material and special charring process, which gives wine 
it's unique characteristics. In the past, people did not think of charring as a part of the process that gives positive 
qualities to barrels and wine. Although we can notice greater use of stainless steel than wooden casks in today's 
times (mostly because of its lower price), oak barrels have remained irreplaceable vessels for aging quality wines 
(Lucić, 2017; Kilby, 2004; Vivas, 2005). 

 
 

1.1. About the barrel 
 
The factors that people considered many years ago when they had to choose the tree species to use for 

wine storage were its wood strength, large trunk diameter for economical production, straight and clean wood 
with no defects or knots to enable clean-cut staves with low chance of leaking, good flexibility and absence of 
negative undesirable extraction components which might be transmitted from the wood into the wine. The 
ultimate wood, which meets all the mechanical factors as well as the desired aroma, is oak (Margalit, 2012; 
Feuillat and Keller, 1997). While building a barrel, cooper can use American or European oak. Species of 
European oak that is most commonly used for building a barrique barrel is pedunculate oak (Quercus robur L.), 
because of its unique microscopic and chemical characteristics. It has tight grain, high concentration of water-
soluble extractable compounds and a great content of extractable tannin, which gives a spicier character to 
wines. Only two 225 l barriques can be manufactured from the heartwood of a tree of 80 – 120 years of age. 
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Larger barrels have thicker staves, giving better insulation and less permeability (***, 1995; Miller et al., 1992; 
Clarke and Bakker 2004; Snowdon et al., 2006; Spillman et al. 1997; Towey and Waterhouse, 1999). 

 

 

Figure 1. Wooden barrel and part names (source: Web 1) 

 

The starting point in barrel construction are long pieces of oak called staves. Not all staves in a barrel have 
the same width. The widest stave in a barrel (or one of the widest) is the one where bunghole is drilled later in the 
process. This is where liquid enters and exits the barrel. Bilge, quarter and head hoops fastened around the 
staves by rivets are what keep casks intact (Kilby, 2004; Vivas, 2005). 

 
 

2. COOPERS TECHNOLOGY 
 

In the past, the whole production process was done manually, by hand. Figure 2 shows some of the tools 
used by coopers. Nowadays, almost everything can be done by machines, i.e. automatically. 

 

Figure 2. Tools used by a cooper in the past - A. hollow knife; B. cresset; C. adze; D. backing knife; E. axe; F. 
hammer and driver; G. trussing adze (source: Kilby, 2004) 

 

 
The whole process can be done by programmable robots (even transportation and manipulation of barrels) 

(figure 3). The only part of the process that stayed more or less manual is checking the barrels water tightness. 
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Figure 3. Robots used for barrel manipulation (source: Web 2) 

 

2.1. Splitting, drying and shaping the staves 
 
First, the trunk is sawn into logs of the desired stave length of about 90-95 cm for the 225 l barrels. 

European oak must be split rather than sawn to preserve water tightness (which is not the case with American 
oak because of their anatomical differences). Each log is then split radially with hydraulic wedge or an axe at the 
cross section of the log, so that sections are split along the natural rays of the wood. Splitting the wood prevents 
leaking from medullary rays, but it is much more expensive than sawing because it is a manual operation and 
also produces more waste materials than exact cutting with a saw. The lumber is required to be quarter cut or as 
shown in the figure 4. This cut ensures that the orientation of the growth tings is in the right direction and the 
barrel has enough stability and leakproofness. It also divides the boards into wide and narrow pieces. The short 
pieces will become ends and the long will become staves from which the curvature of the cask is made. Only the 
heartwood is used for making the staves. The quarts are then being split to staves, so that from each quart 
several staves can be produced (Kilby, 2004; Lucić, 2017; Margalit, 2012; Maršić, 2009; Tao et al., 2013). 

The staves are seasoned outdoors (open air drying with exposure to rain and sun) for two to three years 
before being carefully shaped. It is because of the tannins, which are polyphenolic biomolecules that bind to and 
precipitate proteins and various other organic compounds including amino acids and alkaloids, that are 
responsible for bitterness (Miller et al, 1992; Clarke and Bakker, 2004). They are seasoned outdoors so rain, wind 
and sunlight can naturally influence the wood and wash excess tannins away. The staves are dried to a residual 
moisture content of 16-18 % (Margalit, 2012). If the wood is not dried enough when the barrels are made, they 
will shrink later and will not hold wine without leakage. This process is not suitable for drying kilns. 

 
Figure 4. Macroscopic characteristics of trunks cross section (source: Kilby, 2004)  

 
In smaller production workers examine each piece of wood for significant knots or thin spots that might 

compromise barrel integrity. Today, that can be done with a machine that automatically classifies undesirable 
wood defects (using cameras and lasers). The exact shape of the staves is vital, because when they are brought 
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together and curved into shape, the barrel must be watertight, without any gluing or mechanical fixing of the 
staves.  

First, the surfaces of the wood are planed. This brings back the lighter colour of the wood and removes all 
the dirt from the outer layer of the staves. The cross section of the final stave is a trapezoid, because the 
circumference of the barrel inside is smaller than the outside. The top and the bottom of the stave is narrower 
than the middle, because the barrel is wider in the middle than on the ends. This can be done using two different 
machines, automatic stave planer and CNC stave jointing machine, or by an automatic stave planer and jointing 
machine. In the past, all of this was done by hand using specialised tools (figure 2), and it required a lot of skill 
and practice (Kilby, 2004; Lucić, 2017; Maršić, 2009; Vivas, 2005).  

 

 
Figure 5. Macroscopic characteristics of trunks cross section (source: Web 3) 

 
 

2.2. Shaping the cask 
 
Cooper assembles wide and narrow staves into a temporary steel ring that holds the staves into place. He 

has to make sure that the wide and narrow staves are distributed evenly around the circle otherwise, the forces 
that hold the barrel together will also be uneven. In that case, the areas with less pressure are likely to leak (Kilby, 
2004; Lucić, 2017; Maršić, 2009).  

Heat or steaming is used to help bend the staves, in conjunction with pressure from metal hoops. If one 
would just bend the barrel into shape, the staves would break, and the barrel would be lost. The raised barrels 
are put upside down with the wide end to the bottom, and then treated with hot steam which is blown trough the 
staves to make them closer to plastic state. A worker can then put on the second temporary steel ring. Another 
two thick steel rings are added, and the barrel is heading for the heat treatment (charring). This part of the 
process is still done manually. Once the barrel is constructed, it is charred over a flame. Headless barrels are 
placed over small fires to be “toasted” on the inside. Customers determine their desired level of toast. The level of 
toast matters in terms of the flavour impact on the wine that will be stored in it. The lighter the toast, the higher the 
tannin impact with lighter-tone flavours: amaretto, vanilla, pastry. As the toast is longer or at a higher temperature, 
the tannin impact is reduced and there are even lower-tone flavours: brown sugar, caramel, toffee, and as you get 
into a heavy toast, dark chocolate and coffee (Herjavec et al., 2005; Clarke and Bakker, 2004; Snowdon et al., 
2006; Spillman et al., 1997; Towey, 1997). This was done with a cresset which was put in the middle of the cask 
in which fire was lit using wood waste made in the production process (figure 6 – left) (Kilby, 2004). Today, it can 
be done with a charring machine, which uses natural gasses to produce fire, while the barrel is automatically 
rotated in place (figure 6 - right).  
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Figure 6. Charring with a cresset and a charring machine (source: Web 3/left; Web 5/right) 
 
 

2.3. Barrel head and hoops 
 
A worker crafts the heads, which are fitted onto the barrel and sealed in the groove, or the “croze”, with a 

natural or food – grade synthetic paste. First, the surfaces of the wood are planed. This was done by hand with a 
tool called bench plane. Today we use automatic surface planer machine. Afterwards a machine drills holes into 
the sides of the planks and wooden dowels are inserted on one side. This can be done manually, or by a 
programmable robot. In the past, coopers used a hand drill or a dowelling stock to drill out the holes for the 
dowels (Kilby, 2004). Pieces of wood can now be fitted together. This is done with the help of sliding clamps or, in 
today's times, a hydraulic press machine. These pieces are dowelled to a square shape of flat oak wood. This 
square is then cut into a perfect circle with a rounded edge. This was done by hand with a handsaw or a bow 
saw, but today, we can use a vertical band saw machine or a CNC machine (Lucić, 2017; Maršić, 2009). The 
heads can be charred (but not necessarily) in the open flame oven for about 90 seconds.   

Galvanized iron is used to form the hoops comes in coils that are run through a machine that cuts them to 
the proper length, punches holes for the rivets, and slightly flares the iron (figure 7, right). In smaller productions 
this is done by hand (figure 7, left) (Kilby, 2004).  

 

  
Figure 7. Bending barrel hoops by hand (left) and mobile hoop splayer (right) 

(source: Kilby, 2004/left, Web 6/right) 

 
 

3.  FINAL ASSEMBLY OF A BARREL 
 

After charring, barrel has to be cool down before production process can be continued. During the cooling, 
the barrel shrinks. If the hoops would be put on before it cools down, the barrel would shrink and the hoops would 
fall off, resulting in the collapse of the barrel (Margalit, 2012). The hoops are removed from the middle of the 
barrel and the outside is sanded. This was or can be done by hand, using sandpaper, but in these days 
producers use hand grinders (belt grinders) or machines specialised for sanding a barrel (figure 8/left). 
Temporary hoops are being replaced with 6-8 galvanized iron hoops and knocked into position. This was done 
manually with a hammer and a chive. Today, we have machines that can press hoops back into place. That kind 
of machine is called the hooper (figure 8/middle). When the barrel is assembled, it must be crozed for the heads 
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to be put in the place. This is done by the heavy-duty barrel crozer (automatic or manual) (figure 8/right). In the 
past this was done with a chiv and a hose (Kilby, 2004). 

Once a barrel is assembled, heads are placed at both sides and a bunghole is drilled into one of the wider 
staves, right in the middle between the heads. This was done manually with a hand drill. Today, a laser can be 
used to mark the point where the bunghole will be drilled. After the bunghole is in place, the barrel undergoes 
pressurized water testing to detect leaks (Kilby, 2004). Water is filled into the barrel, and it is then rotated so that 
the water touches all the staves and the barrel become wet on the inside. Air pressure is added (1-2 bar) and the 
barrel is checked to see if there are any leakages (Lucić, 2017). If there is a leak, water bubbles will be formed on 
the surface. It is important to keep the barrel wet, because if the barrel dries out, the wood shrinks, and the 
stability and airtightness of the barrel is in danger. From there it is off to a final inspection station. If it passes, it is 
loaded onto a truck and shipped to the distillery, where it is filled with raw wine almost immediately. If a barrel 
does not pass the airtightness test, it goes of the cooper station. Here the most experienced workers of the plant 
repair the broken barrels. Cracks can appear if the barrel is not properly manipulated during the production 
process. Heads are being replaced as a whole or the trenches are cut a bit deeper. If a stave is cracked, they 
replace the individual stave. Small leaks are repaired, and the cask is returned to the testing station. 

 

        
Figure 8. Barrel sanding machine (left), the hooper and heavy-duty barrel crozer (right) 

(source: Web 7/left; Web 5/middle; Web 6/right) 

After the barrel has been tested, the production process is over. The rest depends on the winemakers and 
their maintenance.  

 

4. DISCUSSION AND CONCLUSION 
 

Although the whole process can be automatized (except fixing the cracks and leaks which has to be done 
by a master cooper), every barrel is unique and should be treated that way. High automatization of the production 
process is beneficial for the producer, from the financial point of view and produced quantity, but this influences 
the final product which requires individual approach. Some of the actions like shaping the stave, planning, crozing 
and sanding are time saving if done by a machine, but selecting better side of a stave, charring and fixing the 
leaks cannot be done without appropriate human intervention. A wine barrel is a very expensive final product, and 
it should be treated that way during the manufacturing process. There’s no better tool than human experience 
when producing a wooden wine barrel. The moment of truth comes a few years later, when the sum of all the 
time, hard work, and attention detail that went into making the barrel reveals itself inside the glass. You cannot 
just computerize it, you can use some automation, but in the end, every barrel is going to be a little different. 
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DESIGN AND CONSTRUCTION OF A MULTIFUNCTIONAL EXHIBITION ELEMENT 

USING 3D PRINTING 
 

Tauber, J., Svoboda, J., Holouš, Z. 
 

 
Abstract: The aim of this work is the design and construction of a multifunctional exhibition element used for presentation 
purposes of a particular organization JMK (South Moravian Region, CZ). It is an exhibition of a multifunctional product 
(cube), which can be used for various purposes. The construction of the cube is made of plywood. The structural joint uses 
corner binding in combination with 3D printing. Neodymium magnets are inserted into the side surfaces of the individual 
walls. The magnets enable to add additional features to the product. To use magnets to connect "cubes" vertically or 
horizontally into individual variable units. The graphic solution (relief CNC milling, 3D printing and colour drawing) of the 
exhibition element is based on the logo – the manual of the particular company. Basic strength tests according to EN 16139 
and stability EN 1022 were performed on the product prototype in an accredited Furniture Testing Laboratory with the aim of 
verifying the dimensioning of structural joints and safety in use. 
Keywords: furniture design, 3D printing, prototype 

 
 

1. INTRODUCTION 
 

The project assignment stemmed from the request of JMK to make a new multifunctional exhibition product 
which would serve various purposes, mainly promotion. It is a multifunctional product – a cube of miscellaneous 
variations – see the picture attachment. The basic, and main, use of the product is using it either as a seating 
item with or without upholstery, a coffee table or a display wall. 

 

    

Figure 1. Photo of a designe of the exhibition element (elevated seating + a coffee table) 
 
 
 

2. THE DESIGN – INITIAL REQUIREMENTS  
 
Among other given initial requirements, it was demanded to use 3D print and such print filament, which is 

ecological and made of cornflour. This way, the ecological standard is guaranteed where, apart from wooden 
materials which have low energetic demands, also the components of 3D print will have low energetic demands 
as it is expected that they will decompose spontaneously in the wild. This is caused exactly due to the 
composition of the filament whose base is made of cornflour. 
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The size of the cube:     380 mm x 380 mm x 380 mm    
The size of the cube with gliders:       380 mm x 380 mm x 390 mm 
The size of the cushion:                     400 mm x 400 mm x 60 mm 
The size of the coffee table boards:   600 mm x 600 mm, 1500 mm x 600 mm 
 
 

 

Figure 2. 3D The Printing Centre at Mendel University in Brno - Department of Furniture, Design and Habitation 
 
 

 

Figure 3. A corner construction item and its mounting 
 
 
Further added value of this product is placing neodymium magnets to all surface parts of the cube. All sides 

of the cube are mounted by magnets or metal counterparts. Due to using neodymium magnets, which are small 
but of great pressure power, it will be possible to compose the cubes into bigger items. For example, using 
magnets will enable to attach an upholstered seating cushion to the cube and make upholstered seating. Also, 
the magnets will enable to attach a table board to the cube and make a small table. By embedding magnets into 
the surface around the perimeter, it will be possible to compose and attach the cubes by power next to each other 
and even one on another. 
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Figure 4. and 5. The photo of multi-purpose exhibition item (in the shape of M and square perforation) 
 

 

 

Figure 6. The photo of multi-purpose exhibion item (seating a table) 
 
 

 

3. DRAWING DOCUMENTATION  
 
Drawing documentation was set up to make the product the way which enabled to make prototypes on a 

CNC wood-working machine and laser. The drawing shows the basic size and neshape of the product, including 
processing single details. 

 

 

Figure 7. The photo of the drawing – exhibition item (the front view and the view from the top) 
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Figure 8. Graphical and material variants of the exhibition item 

 
Figure 9. Miscellaneous variants of attaching cubes together by magnets (1 next to each other, 2 on one 

another) 
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4. THE DESIGN OF THE PRODUCT 
 

The construction of the cube – corner joining was accomplished by mitre joint with wooden plates of 30 mm, 
the middle part was embedded into the rabbet in the middle of the inner space of the cube, all joints were being 
glued (it is recommended to use polyurethane wood glue), the corner plastic design item, which partly strengthen 
corner joining, is milled into the surface and glued by polyurethane adhesive material. The construction of the 
cushion – the base is made of foam polyurethane, glued around by natural fleece and put into a sewed fabric 
cover with a sewed-in zip and magnets to attach it to the upper surface of the board. All the outer edges of all 
parts were rounded Rmin. 2,5 mm, solid construction parts glued. Surface alteration – water dilutable 
polyurethane paint – semi matte rendition. The tearing force of the magnets is 8 kg and together with the counter 
plate they are finished out by polishing to the high gloss. Originally, a magnet of 2,5 kg was considered, but its 
tearing force was insufficient. 

 
 

5. VERIFYING FUNCTIONALITY – TESTING THE PRODUCT IN THE ACCREDITED TESTING 
LABORATORY FOR FURNITURE 

 
Verifying the basic item, the cube, was conducted in the accredited Testing Laboratory for Furniture, which 

belongs to Testing Laboratory for Joinery Products and Furniture n. 1030.1, accredited entity according to ČSN 
EN ISO/IEC 17025:2005, accredited entity n. 1030.1, which is part of Faculty of Forestry and Wood Technology 
at Mendel University in Brno. 

The cubes serve primarily as pieces of furniture at exhibition events in South Moravian region and might 
even serve as subjects of occasional seating. For this purpose, it is possible to attach an upholstered cushion to 
the upper surface by magnets.  

According to the aim of use, three basic tests were chosen on condition that the cubes do not serve for 
permanent seating. The tests were carried out with a cushion and a metal glider ø20 x 7 mm, attached by 
magnets to the bottom surface. The tests were carried out on a cube of middle stiffeners, which is the less 
suitable variant in contrast to the cubes with the front sides and stiffeners. 

First, a stability test was conducted according to ČSN EN 1022:2020 Furniture - Seating - Determination of 
stability,  Article 7.3.1 Forwards overturning. This norm contains some changes in comparison to the previous 
edition in 2005 so that it refers to seating of all use.  

The test was conducted according to the technical procedure of Testing Laboratory for Furniture PP 12. The 
load in the seat at the spot of 60 mm from the edge of the load-bearing structure is 600N, overturning power is 
20N. 

During testing it was found out that with using gliders the testing item tends to tilt towards the direction of the 
power effect and leans against the bottom part of the construction (Figure 10), but does not turn over, which is 
described in the above mentioned norm as unsatisfactory condition. However, it is not possible to state clearly if 
the item meets the requirements of the norm or not. On the other hand, testing without gliders showed that the 
item is completely stable and meets all the requirements of the norm (Figure 11). 

Based on the above mentioned stability tests, it was decided not to attach the gliders by magnets but to 
embed them into the bottom surface. 

The mechanical tests to verify strength were conducted according to ČSN EN 16139:2013 Furniture - 
Strength, durability and safety - Requirements for non-domestic seating. Due to the assumed way of use, two 
tests were chosen: according to Table 1, the level of loading 1 (common use) according to the stated norm, more 
precisely testing the seat by static loading and testing the seat by shock. The tests were conducted in 
configuration set by the norm ČSN EN 1728:2020 (Furniture - Seating - Test methods for the determination of 
strength and durability). Given the results of the stability test and the recommendation that gliders should not be 
used, the tests were conducted without them. 

During static load testing the seat was loaded by 100 mm from the edge of the construction in the axis of the 
item 10 times by the force of 1300 N over the smaller seat loading pad . The load always had impact for 10 
seconds (Figure 12). 
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The impact test of the upper surface of the seat was conducted by an impact body of the weight of 25 kg 
with the height of the fall of 240 mm (Figure 13). 

The tested item showed no sign of damage and meet the requirements of the stated norms at both tests. 
 
 

 

Figure 10. The stability test with gliders          Figure 11. The stability test without gliders 

 

 

Figure 12. The static load test                   Figure 13. The impact test 
 
 

The results of the tests verified that the construction is convenient from the point view of strength. 
Furthermore, due to some insecurities in the overturn test with gliders, the gliders were decided to be attached 
differently, more precisely it was decided to embed them into the bottom surface with minimum overlap of 2 mm. 
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6. CONCLUSION 
 

This paper shows some possible use of current modern technologies on constructing a multiple-purpose 
product, which is remarkable for its added utility and aesthetic value given by the technology of the neodymium 
magnets and corner items of the 3D print. The biggest portion of plastic is on the design corner items, which are 
made by 3D print from PLA (polylactic acid made from starch by enzymatic hydrolysis). This material is fully 
biodegradable (e.g. composting plants). During manufacturing prototypes it was found out that the magnets, 
which connect the cubes into sets and attach cushions must have 2,5 – 3 times bigger towing force than it had 
been stated in the documentation. Three types of prototypes of the cubes were made in total varying in the 
middle piece. The final product is multi-purpose, interesting in construction and playful. 
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THE POSSIBILITY OF PROCESSING WASTE WOOD BIOMASS  

FOR FERMENTATION PURPOSES  
 

Horváthová, V., Nováková, R., Vadkertiová, A. 
 

 
Abstract: Wood biomass is a renewable source of energy. It is produced forestry and wood-processing industry. It is 
referred to as lignocellulosic biomass because it is composed mainly of cellulose, hemicellulose and lignin. Processing 
consists in splitting the mutual bonds and hydrolysis of cellulose and hemicelluloses to fermentable saccharides, which can 
be further fermented to bioethanol or biogas. Waste wood biomass includes mainly pieces of soft or hard wood, waste from 
stands, stumps and roots, sawdust, wood shavings, but also special fast-growing undemanding wood species. Due to the 
appropriate chemical composition as well as the timber production rate and yield, poplar wood appears to be a suitable 
biomass for further biotechnological processing, but also pine, spruce, fir, mulberry, oak, eucalyptus or aspen are also 
promising. The complex structure of woody biomass requires the use of various physical, chemical or biological methods, 
often in combination. After breaking the bonds between cellulose, hemicellulose and lignin, the biomass is ready for the 
subsequent enzymatic cleavage of cellulose and hemicellulose into fermentable carbohydrates. The fermentation step is also 
more complicated because it is necessary to use microorganisms capable of fermenting hexoses (C6) and pentoses (C5 
carbohydrates) as well. It is precisely for this that the fermentation use of lignocellulosic biomass for ethanol or biogas is the 
subject of intensive research worldwide. 
Keywords enzymatic hydrolysis, fermentable saccharides, pre-treatment, renewable energy, waste wood biomass 

 
 

1. INTRODUCTION 
 

The production of energy from renewable resources is increasing worldwide, in the framework of low-carbon 
economy implementation. Biomass is also a renewable energy source, because the energy of solar radiation is 
stored in its chemical bonds. From here it can be released back chemically, biologically, resp. biochemically. 
Wood biomass belongs to lignocellulosic biomass. We consider forest wood waste, wood processing waste and 
fast-growing wood species to be waste wood biomass. Wood from poplar (Yin et al., 2019, Cornejo et al., 2019, 
Mirmohamadsadeghi et al., 2016), pine (Linganiso et al., 2019, Cornejo et al., 2019, Mirmohamadsadeghi et al., 
2016), spruce, fir (Linganiso et al., 2019), mulberry (Mirmohamadsadeghi et al., 2016) or wood of oak, 
eucalyptus, aspen (Tian et al., 2019) are suitable for further biotechnological processing. 

The conversion of biomass into various value-added bio-chemicals (including biofuels) is demanding 
process, which requires state-of-the-art technology on an industrial scale. Before fermentation, it is necessary to 
divide the wood biomass into its basic components (cellulose, hemicellulose and lignin) and to obtain fermentable 
saccharides from cellulose and hemicellulose by enzyme hydrolysis. 

 
 

2. COMPOSITION OF WOOD BIOMASS 
 
Wood biomass is an alternative source for several industrial applications (Siracusa et al., 2008, Yin et al., 

2019). From the point of view of its fermentation use, an important part is the cell wall, the main function of which 
is the natural protection of the cell and the maintenance of the cell turgor. Cellulose, hemicellulose and lignin are 
the main components of the plant cell wall (Tab.1, Hernández-Beltrán et al., 2019). 
 

Table 1. Composition of the cell wall in plants 

Composition Primary wall (%) Secondary wall (%) 

Cellulose 9 – 25 40 – 80 

Hemicellulose 25 – 50 10 – 40 

Lignin -- 5 – 25 

Pectins 10 – 35 -- 

Proteins 10 -- 



13th International Scientific Conference WoodEMA2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

350 

 
Cellulose and hemicellulose are potential sources of fermentable saccharides, but hight content of lignin is 

one of the major impediments to their produce (Lee and Yu, 2020). Lignin coats cellulose and hemicellulose, 
giving them greater chemical, mechanical and biological resistance. This resistance also conditional by the 
presence of crystalline sites of cellulose and the hydrophobicity of lignin (Isikgor and Becer, 2015). The lignin 
content in softwood is usually higher than in hardwood (Sjöström and Westermark, 1999). Soft and hard woods 
have their specifics not only in the anatomical structure but also in the chemical composition. Some chemical 
differences are summarized in the following table (Tab.2, Sjöström and Westermark, 1999). 
 

Table 2. Content of cellulose, hemicellulose and lignin in soft and hard wood  

Chemical component (% of dry matter) Soft wood Hard wood 

Cellulose 37-43 39-45 

Hemicellulose 

Glucomannan * 2-5 

Galactomannan 15-20 * 

Glucuronoxylan * 15-30 

Arabinoglucuronoxylan 5-10 * 

Lignin 25-33 20-25 

Extractive components 2-5 2-4 

 
* The value was not determined  
 
 In addition to these major components of plant cells, each plant contains a number of other components 
synthesized by complex metabolic pathways from primary metabolites. Most of them are tannins, monomeric 
flavonoids, lignans, alkaloids, terpenes, terpenoids and fatty compounds. Various acids, salts and inorganic 
substances are also present in small amounts (Hamelinck et al., 2005). 

Pine sawdust are one of the main wood residues. This is an attractive low-cost lignocellulosic biomass, it 
has high hexoses content and broad availability, but it didn´t exhaustively study, mainly because of the high 
crystallinity of cellulose and the high lignin and extractives content. A typical chemical composition of Pinus elliottii 
is about 41–44 % of cellulose, 28–31 % of lignin, 27–33 % of hemicelluloses, and 2–4 % of extractives (Stoffel et 
al., 2017, Kruyeniski et al., 2019). 
 
 

3. PROCESSING BEFORE FERMENTATION 
 

The value of any feedstock for fermentation process depends on the ease, which you can obtain 
saccharides from it. Cellulose and hemicellulose in wood are in such mutual interaction (and with lignin), which to 
prevent direct hydrolysis using enzymes (Zhang et al., 2007). For that is necessary to perform pre-treatment of 
wood biomass before enzyme hydrolysis (Njoku et al., 2012; Cardona et al., 2014; Zabed et al., 2016; Cavalett et 
al., 2017). The pre-treatment methods are focused to separate the cellulose, hemicelluloses and lignin and to 
increase the accessibility of them for the subsequent processing steps. Pre-treatment methods should avoid the 
formation of inhibitors for enzyme hydrolysis and fermentation, too. 
 
 

3.1. Pre-treatment and enzyme hydrolysis 
 
Current research of pre-treatment is targeted towards developing processes which are mild, economical and 

environment friendly facilitating subsequent saccharification of cellulose/hemicellulose and their fermentation. The 
basic methods of lignocellulosic biomass pre-treatment can be divided into mechanical (grinding, milling, 
chopping), chemical (using acids, alkalies, H2O2), thermal (hydrothermal, steam explosion) and biological (using 
actinomycetes, bacteria, fungi). In order to achieve the desired result and to keep the environmental burden of the 
technology used to a minimum, pre-treatment methods are often combined (Kumari and Singh, 2018). Very 
effective and well-known pre-treatment process is hydrolysis in diluted sulfuric acid combined with high 
temperature and pressure. Cornejo et al. (2019) described the processing of pine and poplar chips for glucose 
production and they combined three parameters at different levels - temperature, residence time and 



13th International Scientific Conference WoodEMA2020 
31st International Scientfic Conference ICWST 2020 

SUSTAINABILITY OF FOREST-BASED INDUSTRIES IN THE GLOBAL ECONOMY 

351 

acid/feedstock ratio. Yin et al. (2019) described pre-treatment of poplar chips with hot water (180 – 210°C) 
followed by enzymatic hydrolysis. Hydrothermal pre-treatment described by Alvira et al. (2010) as a promising 
method because it is easy to carry out and, in addition, it never produces enzyme hydrolysis and fermentation 
inhibitors (furfural, 5-hydroxymethylfurfural, phenolic compounds). On the other hand, hydrothermal pre-treatment 
alone is not efficient enough and in the next step requires increased dosing of enzymes (Nitsos et al., 2016). Lee 
and Yu (2020) dealt with acacia wood processing. The pre-treatment was conducted with 0.05% sulfuric 
acid/deionized water at 200 °C for 5 min and 30 min. Dilute sulfuric acid pre-treatment increased the surface area 
and pore volume of acacia wood and improved the enzymatic hydrolysis of cellulose. Kruyeniski et al. (2019) 
evaluated the effect of different pre-treatments on enzymatic hydrolysis of pine sawdust (Pinus elliottii). Diluted 
acid, steam explosion and slight alkali treatments revealed to be not effective to enhance enzymatic hydrolysis. 
On the contrary, strong alkali treatments promoted the lignin removal, thus increasing the accessibility of the 
material for enzymatic hydrolysis. Borrega et al. (2013) used water or limited amount of acid/alkaline for pre-
treatment of hardwood chips. Technological procedures for cooking with sodium carbonate/sulphite/magnesium 
hydroxide/hot water were also verified (Tian et al., 2019). Li et al. (2019) discuss the use of extraction methods in 
pre-treatment processes. The application of extraction methods alone are insufficient for wood biomass. Saritha 
et al. (2012) reported biological pre-treatment methods using by lignolytic microorganisms. Such organisms are 
abundantly found in forest leaf litter/composts and especially include the wood rotting fungi, actinomycetes and 
bacteria. Authors also reported pre-treatment of hardwood and softwood residues with Streptomyces griseus 
isolated from leaf litter. Lignin loss observed was 10.5% and 23.5% in case of soft wood and hard wood, 
respectively. Delignification of wood biomass by physicochemical pre-treatments is also advantageous because it 
improves the following enzyme hydrolysis and lignin can be recovered as a co-product with potential higher-
added value (Wang et al., 2019). However, pre-treatment of lignocellulosic biomass can lead to degradation 
products with an inhibitory effect on the enzymatic hydrolysis and fermentation process. Inhibitors (furfural and 5-
hydroxymethylfurfural, various phenolic compounds, acetic acid, acid resins, tannins and terpenes and heavy 
metal ions) arise as result of high temperature in combination with the long retention time and aggressiveness of 
the chemicals (Harmsen et al., 2010). Therefore, it is important to find optimal methods and conditions for pre-
treatment.  

Enzyme hydrolysis is an effective and green process to production of monosaccharides from polymeric 
sugars for further bioprocesses. The effective enzyme hydrolysis is dependent upon a few factors, important is 
using enzymes with high catalytic activity and stability (Maleki et al., 2020). The enzyme hydrolysis of cellulose 
and hemicellulose are need highly specific enzymes. It requires the synergistic effect of at least three major 
classes of enzymes: endoglucanases (EC 3.2.1.4), exoglucanases (EC 3.2.1.91) and β-glucosidases (EC 
3.2.1.21). However, the complete enzymatic hydrolysis of these polysaccharides requires the combined action of 
different enzyme activities (Berger et al., 2014). Conditions for enzyme hydrolysis are usually mild, temperature 
about 30-60°C and the hydrolysis time 1 - 4 days. Cornejo et al. (2019) report that in the processing of poplar and 
pine chips, more drastic pre-treatment conditions lead to more efficient enzyme hydrolysis and higher 
saccharides yields. Similar results describe Yin et al. (2019) in the processing of poplar chips. Lee and Yu (2020) 
monitored the effect of the amount of enzymes added on glucose yield. They found that the optimal dose was 
10FPU/g of glucan, higher doses of enzymes did not adequately increase glucose yield. 
 
 

4. CONCLUSION 
 

Waste wood biomass is a renewable energy source. Its modifying is possible to obtain fermentable 
saccharides, from which can be prepared several substances with higher-added value (including biofuels). 
However, the conversion of wood biomass into fermentable saccharides is a demanding technological process 
and is therefore the subject of intensive research. The research focuses on finding the optimal technology that will 
be highly efficient and environmentally friendly as well. 
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INFLUENCE OF DIFFERENT MACHINING ON THE SURFACE  

ROUGHNESS OF BEECH WOOD SAMPLES  
 

Jovanović,  J., Smajić, S., Beljo Lučić, R. 
 

Abstract – The quality of machined surfaces is an important parameter for the quality of wood products. Especially, the 
surface roughness has an effect on bonding quality and surface treatment of wood products. This paper presents the 
research on the surface roughness of beech  wood samples machined by two different processes and the influence of 
machining parameters on surface roughness. The samples with radial grain were planed and sanded in combination with 
milling. Tools for planing had four blades and feed rate was 10, 15, 20, 25, and 30 m·min-1. The depth of the planing was 
1.00 mm and blade rake angle γ = 15°. The tool diameter was Φ = 125 mm and rotational frequency 8000 min-1. The other 
machining process was performed on the automatic milling and wide belt sanding machine with a head of milling tool with a 
diameter of Φ = 250 mm and sanding roller with P80 granulation. The rake angle of blades was γ = 15° and feed rate 10 
m·min-1. The depth of milling and sanding was 1.50 mm. Surface roughness was measured using an electro-mechanical 
profiler Mitutoyo SJ-500. Measured parameters are Ra, Rz, and Rq, according to ISO 1997 standard. The lowest roughness 
had samples planed at a feed rate of 10 m·min-1. The differences between the obtained values of surface roughness are 
significant. The highest roughness had samples which were machined on automatic milling and widebelt sanding machine. 
Measured results showed that the surface roughness obtained by sanding closest corresponds to the roughness obtained by 
planing at a feed rate of 30 m·min-1. 

Keywords: surface roughness, feed rate, planing, sanding, processing conditions. 
 
 

1. INTRODUCTION 
 

In the technological processes of wood processing, surface quality takes an important place. It significantly 
affects on quality and strength of the bonded joint and also on the subsequent surface treatment.  The surface 
roughness of wood and deviations from the ideal overall geometric shape are geometric irregularities (Aydin, 
2003). Surface geometry is always defined on the basis of irregularities resulting from macroscopic, microscopic, 
and submicroscopic characteristics (Dornyak, 2003). Surface roughness depends on the inherent morphological 
structure of wood and the way of processing (Temiz et al., 2005).  The quality of the milled wood surface depends 
on the anatomical structure and the type of wood section, and processing parameters (cutting depth, feed rate, 
cutting speed and blade angle). It is assumed that the surface roughness of the cut hardwood surface,  increases 
with increasing of the blade radius (Keturakis, 2007). Previous research has shown that the size of the grain 
during grinding affects the surface roughness (Aslan, 2008). In his researches Škaljić (2010) concluded that with 
increasing feed speed surface roughness increases. The way the wood was machined and wood species are the 
factors that significantly affect surface roughness (Laina, 2017). 
This paper presents the research of the surface roughness of beech (Fagus sylvatica L.) wood samples 
machined by two different processes and the influence of machining parameters on the surface roughness. 
Beech wood is mostly used for the production of finger-joint panels and surface quality of beech elements is 
important for the bonding process. 
 
 

2. MATERIALS AND METHODS 
 

Measurements for this research were carried out on beech (Fagus sylvatica L.) wood samples. Dimensions 
of the samples before planing were: 42×47×550 mm. The average moisture of samples was 9%, before planing 
they were conditioned at 20 °C, in relative humidity of 65 ± 5%. The samples were planed and sanded in 
combination with milling on the radial section.  

The first group of samples with radial grain was processed with planing (peripheral milling). 
Peripheral milling is one of the most common methods of wood machining that are widely used in wood 

processing as well as wood-based products processing (Kvietkova., 2015). The samples were planed on a 
Weinig POWERMAT 600 machine. Tools for planing had four blades and feed speed was 10, 15, 20, 25, and 30 
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m·min-1. Feed speed has an important influence on the roughness of the machined surface (Varrano, 2002; De 
Moura and Hernandez, 2006). The depth of the planing was 1.00 mm and the blade rake angle was  γ=15°. The 
tool diameter was Φ = 125 mm and rotational frequency 8000 min-1.  The second group of samples with radial 
grain were machined on the automatic milling and wide belt sanding machine. Milling head had a tool with a 
diameter of Φ=250 mm and four spirally twisted rows of cutting blades. In one row there were 180 cutting inserts 
with dimensions 14×14×2 mm. The rake angle of blades was γ=15° and feed speed 10 m·min-1. Sanding roller 
with P80 granulation was working with pressure of 6 kg/cm2. Granulation of sanding tool takes an important role 
in the sanding process and directly affects surface roughness (Gurau, 2005). The depth of milling and sanding 
was 1.5 mm. 

Surface roughness is considered as the main parameter for assessing surface quality after planing or 
sanding (De Moura and Hernandez, 2005). After machining the samples, surface roughness was measured using 
an electro-mechanical profilometer  Mitutoyo SJ-500.  The device consists of a central measuring console with a 
vertically placed test needle, with a radius of 10 μm. The test needle moved at a constant speed of 1 mm/s, 
converting a vertical displacement of 17,5 mm into an electrical signal. Table 1 shows the main technical data of 
the device for roughness measurement, with recommended cut-off value of 2,5 mm with 7 sampling lengths. 

 
Table 1. Setup of measuring device for roughness testing (Mitutoyo SJ-500) 

Evaluation length 17.50 mm 

Cut-off value 2.5 mm 

Number of sampling lengths 7  

Traverse speed 1.00 mm/s 

Stylus tip radius 10.00 μm 

Stylus tip angle 90° 

 
 

The roughness measurement was performed in six tracing lengths on one sample, and the total sum of 
samples for each feed rate was five. The parameters Ra, Rz, and Rq were measured, according to the ISO 
4287:1997 standard. This method can be used to compare and assess the difference in surface roughness 
created by planing and grinding (Kilic, 2006). 

  

3. RESULTS   
 

Table 2 shows the values of the measured surface roughness on samples of beech wood, planed on Weinig 
Powermat 600, and samples machined on an automatic machine with aggregates for milling and sanding. The 
values of standard deviation are also given in the same table.  

 
 

Table 2. Measured values of surface roughness, Ra, Rq, Rz and 
standard deviation of beech (Fagus sylvatica) samples  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Descriptive Statistics Surface Roughness 

  
N Ra [µm] 

Means 
Ra [µm] 
Std. Dev. 

Rq [µm] 
Means 

Rq [µm] 
Std. Dev. 

Rz [µm] 
Means 

Rz [µm] 
Std. Dev. 

10 m/min 30 4,470333 0,995547 5,794667 1,295956 29,60133 6,722552 

15 m/min 30 5,303667 0,990568 6,957000 1,288440 36,76600 6,975347 

20 m/min 30 5,802000 1,141093 7,467333 1,428428 36,93333 6,549912 

25 m/min 30 5,699000 0,863890 7,431000 1,080601 39,32033 6,819919 

30 m/min 30 6,120667 0,973971 7,924000 1,247700 40,57167 6,394470 

Sanding P80 30 6,597333 1,507766 8,516667 1,838037 45,32667 9,133802 

All Grps 180 5,665500 1,272126 7,348444 1,605741 38,08656 8,514009 
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Figure 1, 2 and 3 show diagrams with summary results of measured roughness parameters Ra, Rq and Rz 

of beech samples processed at different feed speeds, and machined on automatic machine with aggregats for 
planing and sanding (Viet opera). 

 
 

Categ. Box & Whisker Plot: Ra [µm]
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Figure 1. Statistical values of surface roughness Ra andstandard error of the mean value of beech samples 

 

 
Categ. Box & Whisker Plot: Rq [µm]
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Figure 2. Statistical values of surface roughness Rq and 

standard error of the mean value of beech samples 
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Categ. Box & Whisker Plot: Rz [µm]
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Figure 3. Statistical values of surface roughness Rz and 

standard error of the mean value of beech samples 

 
 

The Analysis of Variance is presented in table 3. Table 4 shows results of Tukey test. Every marked 
difference is significant at p <0.05. 

 
 

Table 3. Analysis of Variance of surface roughness measured values Ra, Rq, Rz 
 

 
 
 
 
 
 
 
 
It can be seen that all observed parameters of surface roughness increase with increase of feed speed. 
Tukey THD (Honestly Significant Difference) test result shows us single step multiple comparisons between 

observed surface roughness of samples machined at different feed speeds and samples sanded with the 
granulation of P80 on Viet Opera. As shown, there is a significant difference in surface roughness when the 
samples were milled and sanded with granulation P80 in comparison with samples machined by planing at feed 
speeds 10 and 15 m/min. Also, planing of samples at feed speeds 20 and 30 m/min did not give statistically 
significant different surface roughness than sanding with granulation of P80. This means that the quality of the 
wood surface is approximately the same but with significantly higher capacity in the process of wood planing. 

 
 
 
 
 
 
 
 

Analysis of Variance, Marked effects are significant at p <0,05000 

Variable 
SS 

Effect 
dS 

Effect 
MS 

Effect SS Error 
dF 

Error 
MS 

Error F P 

Ra [µm] 79,638 5 15,9275 210,039 174 1,20712 13,1946 0,00000 

Rq [µm] 128,532 5 25,7065 333,002 174 1,91380 13,4321 0,00000 

Rz [µm] 4055,69 5 811,139 8919,71 174 51,2627 15,8231 0,00000 
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Table 4. Tukey Honestly Significant Difference test results 

Tukey HSD test; Variable: Ra [µm]  

Feed speed 

[1] 
M=4,4703 

 

[2] 
M=5,3037 

 

[3] 
M=5,3037 

 

[4] 
M=5,6990 

 

[5] 
M=6,1207 

 

[6] 
M=6,5973 

 

10 m/min [1]   0,038856 0,000057 0,000229 0,000020 0,000020 

15 m/min [2] 0,038856   0,494089 0,731005 0,045891 0,000091 

20 m/min [3] 0,000057 0,494089   0,999179 0,871891 0,056869 

25 m/min [4] 0,000229 0,731005 0,999179   0,673050 0,019241 

30 m/min [5] 0,000020 0,045891 0,871891 0,673050   0,544892 

Sanding P80 [6] 0,000020 0,000091 0,056869 0,019241 0,544892   

 
 
 

4. CONCLUSION  
 

If we look at the surface roughness in relation to the change of the feed speed during planing, then we see 
that beech samples planed at feed speed of 10 m·min-1 have the lowest measured roughness. 

The next value of the measured roughness is at feed speed of 15 m·min-1, then at feed speed of 20 m·min-1. 
At feed speeds of 25 and 30 m·min-1, the measured roughness was the highest, which is mostly the expected 
research result. 

On the second technological process of wood machining, on an automatic machine with aggregates for 
milling and sanding (Viet opera), the measured roughness of beech samples was the highest, which can be seen 
from diagrams shown earlier. Also much higher producivity could be achieved by planing at feed speed 20 and 30 
m/min with the same wood surface quality. 

By analyzing the variances, we see that there is a significant diffrences between the roughness of measured 
samples. After analysing the roughness results of different group of beech wood samples with the Tukey test, we 
can see significant differences between individual groups. 

Based on the obtained results, research should be continued with involving new parameters of machine 
processing control, increasing of number of samples or possible dislocation of  testing samples in two or more 
independent different production with the same machining parameters. 
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ENERGY EFFICIENCY OF WOODWORKING MACHINES AND SURFACE 

ROUGHNESS OF MACHINED SURFACES IN THE SECONDARY PROCESSING 
PLANT OF SPAČVA D.D., VINKOVCI 

 
Đukić, I., Jovanović, J. 

 
 
Abstract: The article presents the results of a research on the energy efficiency of woodworking machines and surface 
roughness of machined surfaces after machining on the machines in the secondary processing plant of the company Spačva 
d.d., Vinkovci. As a part of the project, the aim of this part of the research was quantification of energy efficiency and surface 
roughness of every machine in the secondary processing plant that is used for production of the elements that are used in 
later processing stages for door production. The electrical power and electrical energy requirements were measured on 
every machine during representative working conditions and surface roughness was measured in laboratory conditions on 
the representative samples of workpieces from the production. From the measured electrical power the average specific 
cutting energy and average total energy needed for unit production was calculated. For roughness assessment the Ra, Rq 
and Rz parameters were measured and for waviness the Wa, Wq and Wz parameters were measured. The results show that 
most of the machines that were inspected have specific cutting energy that is in line with previous research. Some of the 
machines are overloaded with intermittent high spikes of electrical current. The results of surface roughness and  waviness 
show great deviation of the results (on one sample and between samples) and poor surface quality. The results indicate that 
the main driver of surface roughness in this case is not the kinematics of cutting (tooth marks on the machined surface), but 
other factors such as tool geometry, lateral cutting forces, errors in workpiece feed. 
Keywords: wood cutting, secondary wood processing, energy efficiency, surface roughness. 
 

 

1. INTRODUCTION 
 

In order to quantify the efficiency of wood machining systems, different methodologies can be used. The 
machinability is often used, but there is no standardized, widely accepted procedure for machinability 
determination. Generally, machinability can be defined as the property of the material to be processed by chip 
removal process (Šavar, 1990). As a criteria for machinability determination several parameters are usually 
measured and machinability of a given material can be expressed as a combination of those variables, usually in 
relation to some reference material, e.g. wood species. Parameters that are usually measured are the cutting 
force (power) and machined surface roughness (“quality”), but according to literature (Šavar, 1990) other 
parameters as the tool life, tool temperature or chip type are also useful, but in wood machining research, this 
parameters are rarely measured. It is obvious that there is a difference between what is generally meant by 
efficiency and the efficiency of wood machining expressed through machinability. According to Astakhov (2014) 
this “old notion” of machinability can mean “all things to all men”, so the new concept of machinability was 
proposed, which has a dual meaning.  

The machinability of work material, which is directly related to the properties of work material and process 
machinability, which is related to specific machining process, should be distinguished. The machinability of work 
material should be quantified through some material property that is relevant to quantification of machinability and 
fracture energy is proposed. If there is no change of material in the experiment, then machinability of work 
material can be assumed to be constant. 

The machinability of work material is directly correlated to process machinability. On the other hand, process 
machinability depends on a lot of variables (cutting speed, feed speed, tool geometry, tool material, etc.) and can 
be used as a measure of machining economy. 

Astakhov (2014) suggested the specific cutting energy (En) as a quantity that can be used to represent the 
correlation between work material and process machinability, e.g. as a quantity that represents process 
machinability. 

Specific cutting energy represents the average energy consumed for cutting in relation to unit production 
(Goglia, 1994). Different formulas for the calculation can be used (Goglia, 1994), but from standpoint of theory of 
cutting (Šavar, 1990) and according to recommendations,  specific cutting energy can be calculated as 
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(1) 

Pc - average cutting power, 
Vh - material removal rate. 

It can be shown that specific cutting energy is directly proportional to specific cutting pressure (kc) (Goglia, 
1994) which is defined as 

 

  

(2) 

Fc - cutting force, 
As - undeformed chip cross section. 

Specific cutting pressure has also been introduced into engineering practice as a quantity that could 
represent resistance of the material to cutting (Zdenković, 1965) and it has also been in use for many years in 
wood machining (Afanasjev, 1962). This connection enables us to compare old results with new results obtained 
on newer machinery, with new tool materials and in cutting conditions that were not available before. 

 In order to determine energy efficiency of the whole machine, the total energy required for machining of 
given unit production (Eb) can be used. In accordance with expression (1) it can be calculated as  

 

 

(3) 

Ptot - average power required for machining (usually it is the average electrical power required by the machine for 
a given unit production). 

 
This total energy required for machining of given unit production is used by some authors (Wittstock and 

Paetzold, 2013) as a parameter for energy efficiency classification of machine tools in accordance with the ISO 
14955. The combination of specific cutting energy and total energy required for  unit production can be used for 
comparison of energy efficiency of different types of machines used for the same wood machining operation 
(Đukić, 2005). Different versions of equation (3) can be used in engineering practice and the main difference is in 
the denominator which can represent different measures of unit of production, depending on what is practical for 
given machining operation  (Faletar et al., 2016). So, one has to be careful not to compare different things, 
because the wrong conclusions can be drawn. 

The other quantity that is usually measured as a parameter for wood machinability is surface roughness, 
which is also used as a measure of a “quality” of machined surface. The standard procedure for surface 
roughness measurement relies on contact profilometers, which can only be used offline and measurements are 
relatively slow. In order to incorporate the machined surface roughness as a parameter for on-line control of wood 
machining operations non-contact methods can be used and research on implementation of this type of 
measurement and its implementation in industry has been going on for some years now, but it is still not 
incorporated as a standard part of quality control in wood machining (Lemaster and Dornfeld, 1982; Nasir and 
Cool, 2019; Sandak et al., 2020). In the interpretation of surface profile obtained by contact or non-contact 
methods, the same parameters in accordance with ISO 4287 are usually used. 

As a part of the project with company Spačva d.d., Vinkovci, in order to quantify the energy efficiency and 
surface roughness of machined surfaces after machining on the machines in their secondary part of primary 
processing plant, the measurements of electrical power and surface roughness were conducted. 
 
 

2. MATERIALS AND METHODS 
 

Measurements were carried out during representative working conditions on the woodworking machines 
according to the Fig. 1, on the workpieces from common oak (Quercus robur L.) e.g. Slavonian oak, as this is the 
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primary material that is processed on that line. The moisture content of the wood was above the fibre saturation 
point, 50 % moisture content on the average. All of the machines, except optimizing cross-cutting saw Dimter 
OptiCut 350-4, were 30 or more years old. For the measurements newly sharpened saws were used and all the 
parameters needed for the calculations were measured on the tools and the machines.  
 

 

Figure 1. Ground plan with the machine layout in the secondary part of primary processing plant of Spačva d.d. (1 
- radial arm saws (PKP), 2 - single-blade circular saws for edging and ripping (AC), 3 - bandsaws (TP9), 4 - 

pendulum saw (BKP), 5 - optimizing cross-cutting saw (OPC)) 

 
On the radial arm saws (PKP) the circular saw blades with spring set teeth were used with parameters: - 

saw diameter D = 390 mm, plate thickness a = 2,8 mm, set amount e = 0,6 mm, the cutting width b = 4,0 mm, 
number of teeth z = 80, rake angle � = 17°, clearance angle � = 28°, rotational frequency nv = 2992 min-1. Main 
electrical motor power P = 5,2 kW. On the single-blade circular saws for edging and ripping (AC) the circular saw 
blades with spring set teeth were used with parameters: - saw diameter D = 390 mm, plate thickness a = 2,8 mm, 
set amount e = 0,4 mm, the cutting width b = 3,6 mm, number of teeth z = 36, rake angle � = 20°, clearance angle 
� = 12°, rotational frequency nv = 2993 min-1. Main electrical motor power P = 15 kW. On the pendulum saw (BKP) 
the circular saw blades with spring set teeth were used with parameters: - saw diameter D = 350 mm, plate 
thickness a = 2,8 mm, set amount e = 0,6 mm, the cutting width b = 4,0 mm, number of teeth z = 80, rake angle � 
= 16°, clearance angle � = 26°, rotational frequency nv = 2997 min-1. Main electrical motor power P = 1,1 kW. On 
the optimizing cross-cutting saw (OPC) the circular saw blade with tungsten carbide (TCT) teeth with alternate 
bevel was used with parameters: - saw diameter D = 400 mm, plate thickness a = 2,5 mm, the cutting width b = 
3,6 mm, number of teeth z = 96, rake angle � = 5°, clearance angle � = 13°, rotational frequency nv = 4750 min-1. 
Because main electrical motor power could not be determined, only the total machine power of P = 22 kW was 
known. On the bandsaw (TP9) the bandsaw blades with spring set teeth were used with parameters: - blade 
width B = 65 mm, blade thickness a = 1,2 mm, set amount e = 0,3 mm, the cutting width b = 1,8 mm, tooth pitch t 
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= 20 mm, rake angle � = 20°, clearance angle � = 12°, cutting speed vc = 28 m/s. Main electrical motor power P = 
7,5 kW. Only optimizing cross-cutting saw and single-blade circular saws for edging and ripping had mechanized 
feed and all other machines had manual feed. 

 
On every machining group measurements of electrical power during cutting were conducted on 10 

workpiece samples. Dimensions of samples were measured and average cutting height on all of the machines 
was between 27 mm and 30 mm. Samples were also taken for further analysis of surface roughness in the 
laboratory. 

 
 

2.1. Electrical power measurement 
 
The electrical power was measured with Fluke 435-II Three Phase Power Quality and Energy Analyzers. 

The measurements were conducted on the main electrical motor, except on the optimizing cross-cutting saw 
(OC), where it wasn’t possible in the given circumstances, so the total electrical power of the whole machine 
(which during cut is dominated by power required for cutting) was measured. As all of the main drive electrical 
motors were induction motors, the average power required for cutting, e.g cutting power (Pc) was calculated as  

 

   (4) 

Ptot - average power during cutting, 
P0 - average power required for idling of the machine. 

 
Average power during cutting (Ptot) and average power required for idling of the machine (P0) were 

calculated from the measured electrical active power during cutting and idling, by converting measured electrical 
power to mechanical power on the output of electromotor with the help of approximate linear relation between this 
two quantities, based on circle diagram of induction motor. 

 
 

2.2. Roughness measurement 
 
Roughness and waviness of machined surfaces were measured with surface roughness tester Mitutoyo 

SurfTest SJ-500.  Stylus tip radius was 10 �m. Filter cut-off for roughness measurements was 0,8 mm and 
evaluation length was 4,0 mm. For waviness measurements filter cut-off was from 0,8 mm to 8,0 mm and 
evaluation length was 40,0 mm. The stylus was traced over surfaces in the direction opposite of feed speed, but 
parallel to it (perpendicular to the tooth marks). For roughness and waviness, in accordance with ISO 4287, the 
Ra, Rq, Rz, Wa, Wq and  Wz parameters were calculated. Those parameters were chosen because they are 
usually used, but their usefulness in determination of tool and machine impact on wood machined surface 
roughness, especially on ring-porous species may be questionable, because of high impact of structural 
roughness of wood on final results (Csanady and Magoss, 2011).  On every sample taken from production, five 
measurements of roughness parameters and five measurements of waviness parameters were measured. From 
those measurements the mean value and standard deviation of the sample mean were calculated for every 
workpiece in order to see the variability on one sample and between samples. 

 
 

3. RESULTS AND DISCUSSION 
 
From measured electrical power during cutting and idling, maximum mechanical power required during 

cutting for all of the samples and for every machine was recorded. This power was required just for a short period 
of time. The results can be seen in Table 1. 

If the results from Table 1. are compared to nominal power of electromotors for all of the machines, it can be 
seen that for single-blade circular saws for edging and ripping (AC) and bandsaw (TP9) the main drive provided 
more than enough power, even under the greatest load, so it can be concluded that the main motor is oversized 
for production requirements and its efficiency in accordance with that is lower than what it could be if the proper 
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electromotor was chosen. For other machines, e.g cross-cut saws the situation is different and especially for 
radial arm saws (PKP) the peak power is much greater than rated electromotor power. For the optimizing cross-
cutting saw (OC) the results are given as a maximum value that was required during the period in which the 
measurements were conducted and it can be seen that even under the highest load the machine had enough 
power. 

 
 

Table 1. Maximum required power during cutting for every machine group tested 

Machine 
Maximum required power during 

cutting, (kW) 

TP9 2,6 

BKP 3,5 

OPC 23,8 

AC 5,2 

PKP 9,7 

 
 
The average power required for cutting (Pc) on every machine tested can be seen in Figure 2. It can be seen 

that for cross-cut saws with manual feed there is a great variation in average power required for cutting, so 
automatic feed should be preferred. 
 
 

 

Figure 2. Average cutting power (Pc) required for sawing on all of the machine groups that were tested  

 
In order to evaluate the energy efficiency of the machines, specific cutting energy (En) was calculated, 

according to formula (1) where material removal rate (Vh) for sawing is calculated as  
 

   (5) 

vf - feed speed, 
h - cutting height, 
b - cutting width. 

 
The results can be seen in Figure 3. 
If the results obtained from required cutting power and specific cutting energy are compared, we can see 

that, although the bandsaw on the average required the least power, it is not very efficiently used. It has one of 
the highest energy expenditures per unit of removed solid wood and from the analysis of measurements it was 
concluded that the main driver for this is low feed speed, which results in thin chip thickness. The same was 
concluded for a pendulum saw. Although the radial arm saws had high power requirements, because the feed 
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speed was high enough to have more favorable chip thickness and despite using climb cutting, the required 
specific cutting energy was quite low. In the case of single-blade circular saw for edging and optimizing cross-
cutting saw, it can be seen that despite their higher power requirements, that power is pretty efficiently used. The 
results for optimizing cross-cutting saw should be taken with reservation, because of the measurement method 
that was used, which was different than for other machines, and because of the measurement equipment 
limitations due to the smallest averaging interval of 0,25 s which was used and the time required for one cut. The 
possible impact of this limitation on the accuracy of cutting power measurements on optimizing cross-cutting saw 
remains to be determined. 

 
 
 

 

Figure 3. Specific cutting energy (En) for all of the machine groups that were tested  
 
 

The total energy required for machining of given unit production was calculated in order to see what is 
machine efficiency in given machining conditions and to have a base for cost calculation, which can be easily 
done by multiplying that value with electricity cost per kWh. The results can be seen in Figure 4. 

 
 

 

Figure 3. The total energy required for machining of given unit production (Eb) for all of the machine groups that 
were tested  

 
The ratios of specific cutting energy and total energy required for machining of given unit production, which 

represent the machine efficiency in given machining conditions can be seen in Table 2. 
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Table 2. The ratios of specific cutting energy and total energy required for machining of given unit production for 

every machine group tested 

Machine 
Machine efficiency in given 

machining  conditions 

TP9 0,3 

BKP 0,8 

OPC 0,5 

AC 0,7 

PKP 0,7 

 
 
From this data it can be seen that bandsaws have poor efficiency which is the result of small feed speeds 

and oversized machines for machining that is carried out on this group of machines. For the optimizing cross-
cutting saw, again, because of the measurement setup and machining conditions obtained data should be further 
checked, but lower values were expected, because the total energy expenditure on this machine accounted also 
for the whole transportation line and auxiliary equipment that is part of the machine and was included in 
measurements. Actually, what we are looking for from this data is to have the smallest possible value of specific 
cutting energy realistically possible in given circumstances and the smallest difference between specific cutting 
energy and total energy required for machining. 

Results of measured machined surface quality, expressed through roughness parameters Ra and Rz, and 
waviness parameters Wa and Wz can be seen in the next figures. 
 
 

  

Figure 4. Machined surface quality for all inspected machine groups expressed through roughness parameters Ra 
and Rz 

 
 

From theoretical perspective, surface roughness after sawing should be defined as tooth marks left on 
machined surface and a measure of surface roughness could be given by maximum tooth mark height which is a 
function of feed per tooth (fz) and radial clearance angle, so the z or t parameters associated with roughness or 
waviness could be used. From measured data it can be seen that the same conclusions about machined surface 
roughness in this case  can be drawn, if one uses Rz or Ra parameter. The worst surface roughness was for 
cross-cutting saws as was expected, but there is very high variability of measured values between samples and 
also on each sample. This is the result of wood surface structure, especially wood pores in oak wood, where the 
results are highly dependent on the selection of surface section for roughness measurements  and in this case 
buy surface fuzziness and surface irregularities caused by poor feed movement and non optimal tool parameters. 

It is well known that other factors that affect the lateral movement of saw blades, inaccuracies in feed 
movement and others, have even larger influence on surface quality and their wavelength is usually longer than 
what can be measured with roughness parameters. From measured waviness we can conclude that there is no 
significant difference in surface quality between inspected machines. 
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Figure 5. Machined surface quality for all inspected machine groups expressed through waviness parameters Wa 
and Wz 

 
 

This data can be used as a reference if changes in tool or machine parameters are to be changed in order 
to get better surface quality, but the authors would be cautious when comparing this data with data obtained in 
other machining conditions or on another wood species because of known problems with interpretation of surface 
roughness measurements, especially on ring-porous wood species. 

 
 

4. CONCLUSIONS 
 

From conducted research it can be concluded that specific cutting energy can be used as a parameter for 
energy efficiency and machinability evaluation of woodworking machines. Especially in combination with cutting 
force or power and total energy required for machining of unit production volume, it can give valuable insights into 
machining process efficiency. The fact that specific cutting energy is directly related to specific cutting pressure is 
also of great help in the analysis of results, because of all the data that is provided by previous research on 
impact of material and machining variables on specific cutting pressure. 

After the analysis of given parameters on the machine groups in the secondary processing plant of the 
company Spačva d.d. it was easy to show which machine groups would benefit most from further optimization. 
The bandsaws had lowest efficiency and it was concluded that the main driver for such low efficiency is low feed 
speed and oversized machine. 

For the optimizing cross-cutting saw there still remains the problem with measurement of cutting power, 
because of the very short time period in which the cut takes place. The best solution for such measurement would 
be to make measurements with measurement equipment that has higher sampling frequencies and shorter 
averaging periods, but that would increase cost of measurements, so it would be beneficial to develop a test 
procedure for power measurements with standard equipment in order to get the data with satisfactory accuracy 
on this type of machine. 

The surface roughness quantification still remains a challenge, especially on the ring-porous species. From 
measured parameters of roughness and waviness, it was concluded that the main drivers of bad surface finish in 
the given machining conditions were faults in feed movement and tool parameters. 
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