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ABSTRACT

To achieve sustainable development, coherence of three key elements is necessary: economic growth, 
social inclusion and environmental protection. They are interconnected and all are extremely important for 
achieving the well-being of individuals and entire societies. One of the key drivers of sustainable economic 
growth is the furniture industry, which is related to the maximum optimization of production cost while main-
taining the high quality of the offered products. However, the expected material deficit may contribute to a 
significant weakening of growth dynamics. One of the possible solutions to this problem is harvesting timber 
from plantations of fast-growing trees that could supplement the increasing deficit of wood raw material. The 
research aimed to determine the cost-effectiveness of particleboard technology modification involving the 
change in the structure of raw material by introducing wood from fast-growing tree plantations. The research 
included an estimation of the unit cost of 1 m3 particleboard manufactured in the series production process. The 
analysis was carried out on the example of one of the leading particleboard suppliers for the Polish furniture 
industry and consisted in comparing the cost of production of particleboards based on wood from fast-growing 
tree plantations with the cost of particleboards, which are commonly available on the market. Three variants 
of the diversified raw material structure were taken into account: 100 % share (1), 50 % share (2) and 25 % 
share (3) of raw material from fast-growing tree plantations. The time range of the studies was adopted for the 
years 2014-2020. The research indicates that the introduction of wood from fast-growing tree plantations into 
the production of particleboards enables the production of material and energy cost savings at the level of 6 % 
(3rd variant) to even 17 % (1st variant). Variant 1 of material structure can lead to cost reduction at the level of 
US$ 13,0 million (in case of particleboards production capacity 570000 m3). 

Keywords: Fast-growing tree plantations, material unit cost, particleboards, production costs reduction, 
wood based panels.

INTRODUCTION

Research on alternative raw material resources in wood-based panel technology is stimulating the  
development of the furniture industry (Khalil et al. 2010, Nicewicz et al. 2012, Gatani et al. 2013, Varanda et 
al. 2013). Along with the development of the furniture sector, there is a clear increase in the demand for wood-
based panels (particleboards and fiberboards). Over the last 20 years, the Polish furniture industry developed 
dynamically, mainly due to pro-export initiatives. The Polish furniture branch sells 90 % of its production 
abroad (Grzegorzewska and Stasiak-Betlejewska 2014) and has the highest trade volume of any manufacturing 
industry.

It should be noted that the value of the sold production of the furniture industry annually increases by 
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several percent (Grzegorzewska and Wieckowska 2017, Augustyniak and Minska-Struzik 2018). Therefore, it 
is highly important to optimize the level of production in the wood industry, covering the demand for furniture 
production. Stimulating the growth of furniture production should be associated with the development of new 
products and the elimination of difficulties in access to lignocellulosic raw materials (Boruszewski et al. 2016, 
Boruszewski et al. 2017, Mirski et al. 2017, Padzil et al. 2018). Unfortunately, the problem of wood deficit 
has been affecting the wood industry and furniture production for many years, because wood is the basic raw 
material used in the production process in these industries. Due to the growing demand for wood from a lot of 
sectors, in 2015 the annual shortage of raw wood for wood-based composites industry in Poland reached the 
level of around (7,7 - 11,4) million m3. Wood consumption in the energy sector, with the dynamic development 
of the wood industry (including wood-based composites industry), can cause the European wood deficit to 
reach from 230 million m3 to even 500 million m3 in 2020 (Ratajczak 2013). This situation applies not only to 
Poland but also to other countries strongly focusing on the development of wood-based industries as the basic 
production raw material.

Contemporary research trends concern, among others, wood harvested from genetically modified trees 
(Flachowsky et al. 2009, Brunner et al. 2007, Strauss et al. 2004, Bradshaw and Strauss 2001). This creates 
the possibility to obtain raw material with chemical, physical and mechanical properties desired and useful 
for the industry such as low lignin content, a high degree of cellulose polymerization, increased resistance to 
biocorrosion and others (Dalton et al. 2011, Voelker et al. 2011, Park et al. 2004, James et al. 1998). The use 
of wood obtained from genetically modified trees seems to be (especially in Europe) a far-off future due to the 
insufficient cognitive aspect, ethical considerations and the lack of appropriate legal regulations (Gamborg and 
Sandoe 2010, Muhs 2010, Lang 2004, Strauss et al. 2000).

Insufficient at the current stage, knowledge in the field of genetically modified wood (especially in the 
utilitarian aspect) creates the necessity to develop new research directions in terms of diversification of the raw 
material base for the wood-based panels industry. The experience of foresters within the scope of cultivation 
of fast-growing trees can be extremely beneficial. The advantages of wood raw material from fast-growing 
tree plantations result not only from its high productivity but also from the possibility of access to a highly 
concentrated and preferably distributed material base. Based on research conducted for the last 50 years, it has 
been established that the most useful plantation species for the wood-based panels industry is poplar and larch 
(Johansson 2013, Zamora et al. 2013). The appropriability of these species results from the large width of the 
annual ring (thus a high share of earlywood followed by a lower density of wood in comparison to typical 
forest crops), therefore splitting into wood chips is much easier.

Classical forestry has a long tradition, but additional options and strategies to harvest enough wood to meet 
the still-increasing demand are needed. Wood plantations with fast-growing woody species and very short rota-
tion periods are one way to solve this problem (Bredemeier et al. 2015). In the world, intensive work is carried 
out on harvesting timber from plantations of fast-growing trees that could supplement the increasing deficit 
of wood raw material (Przybysz et al. 2018, Boruszewski et al. 2017, Boruszewski et al. 2016, Zajaczkowski 
2006). 

A potential area for fast-growing tree plantations depends on the available agricultural land with unfavou-
rable conditions for food production, climate conditions, and water supply (Szostak et al. 2013). The global 
increase in the area of fast-growing high-yield plantations has reached 3 million hectares, which is a small 
share of total forest area (Del Lungo et al. 2006), since 30 % of the land on the Earth is covered by forests and 
only 5 % of that area are plantations (Przybysz et al. 2018). Those fast-growing tree plantations can supply 800 
M tons of lignocellulosic biomass (Carle and Holmgren 2008). There are 363 plantations crops of fast-growing 
trees in Poland, which are located within 13 out of 17 State Forests Regional Directorates. According to data 
from the Central Statistical Office of Poland (2014), the area of plantations of fast-growing trees exceeds 143 
thou. ha, of which plantations on arable lands cover an area of approximately 8000 ha, and in forests more 
than 135000 ha. Presently, fast-growing tree plantations serve primarily experimental purposes (Szostak et al. 
2013).

According to data from Central Statistical Office of Poland (2010), with only 5 % use of sown area and 5 
% use of forest lands as well as boscage (wooded land and bushy land), it is possible to obtain approximately 
1 M ha of land for fast-growing tree plantations. In case of planting 50 % of these lands with larch and 50 % 
with poplar, and if 50 % capacity of the plantation is assumed, it will be possible to obtain nearly 10 M m3 of 
wood per year.

The use of wood from fast-growing tree plantations is highly efficient, may reduce the cost-intensity of 
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technological processes in terms of raw material prices and processing. Also, lower energy input needed to 
crumble raw material characterized by lower density and lignin content in comparison to wood from typical 
forest crops is very important from an economic point of view (Przybysz et al. 2018). The use of a new type of 
raw material in the wood-based composites industry (especially particleboards technology) requires absolute 
verification of economic profitability.

MATERIAL AND METHODS

The aim of the research was to determine the cost-effectiveness of particleboard technology modification 
involving the change in the structure of raw material as a result of the introduction of wood from fast-grow-
ing tree plantations. These analyzes consisted in comparing the cost production of particleboards based on 
wood from fast-growing tree plantations with the cost of particleboards which are commonly available on the 
market. The research included an estimation of the unit cost of 1m3 particleboards manufacturing in the series 
production process. The analysis was carried out on the example of one of the leading particleboards suppliers 
for the Polish furniture industry. The basic source of research material was data obtained from the prospectus, 
financial statements and reports on the activities of the Management Board of Company X and an analytical 
report on the company prepared by brokerage house BDM S.A. The time range of the studies was adopted for 
the years 2014-2020, whereas for the last 3 years the results have a prognostic dimension and were prepared 
based on some assumptions. The basic activities of Company X are the production of particleboards, laminated 
boards and other wood and wood-based composites, production of other wooden products and coating, paper 
and cardboard impregnation. The company offers a wide range of boards of varying quality and a wide spec-
trum of prices, from standard products to more expensive and more complex products with higher added value. 
These products go not only to the domestic market but also to more than 20 countries. Company X realizes 
the majority of its sales revenues from relatively large industrial customers, among which an important group 
belongs to the furniture industry.

Research procedure consisted of several steps. First, the annual volume of production and sales of parti-
cleboards was determined. Next, using the information on the average sale price of 1 m3 of particleboards, the 
level of sales revenues of this product in the analyzed company was determined.

Based on the available financial data and information obtained from the prospectus, Management Board 
reports on the company’s operations and an analytical report prepared by BDM S.A, cost of product sold was 
calculated. Cost of product sold is the expense incurred by a company to sell a product. It includes raw and 
packing material costs and production costs until the payment for the product is received. In other words, it is 
the cost of producing or buying a product, including the cost of selling it and indirect costs closely related to 
product sales. Based on the cost of product sold and the volume of sales of individual product ranges, the unit 
cost of sales per 1 m3 of particleboards was estimated.

Then the structure of the cost of product sold was estimated. The following categories of costs were dis-
tinguished: 

- costs of raw materials, 

- costs of energy,

- personnel costs,

- depreciation,

- other costs, i.e. cost of sales and general management costs, but those related to the sale of products.

In the next stage, the unit cost of materials (including traditional wood raw material) and energy, referred 
to analyzed Company X were determined. Then, based on the price difference between materials, typical raw 
wood and wood derived from fast-growing tree plantations, as well as lower energy consumption needed for 
the process (a result of the specific anatomy and chemical composition of wood from fast-growing trees), a 
comparison of their unit cost was made.

Economic analyzes were carried out for three variants of the raw material structure. Due to the low proba-
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bility of using 100 % share of wood from fast-growing tree plantations (1st variant of economic analysis) in the 
particleboards’ production, 50 % (2nd variant) and 25 % (3rd variant) were also taken into account. 

RESULTS AND DISCUSSION

Research material shows that Company X can produce 600000 m3 of particleboards in one year. The  
average manufacturing capacity utilization was set at 95 %. This means that the annual particleboards produc-
tion can easily reach the level of 570000 m3. 

For the years 2018-2020 the same capacity utilization, thus productivity and production volume was  
assumed. Due to the significant value of capacity (95 %), a further increase in production volume would be 
possible when new investments were made. However, to allow comparison, a decision was made to accept the 
data presented in the analytical report of the BDM S.A. 

As shown in Table 1, Company X sold 632000 m3 of wood-based panels in 2014, with the sales volume of 
particleboards at the level of 475000 m3. Earnings forecasts indicate that in 2020 Company X will sell 435000 
m3 of particleboards. This means a decrease in comparison to the base year (2014) by approx. 8 %. The change 
in the sales structure results, among others, from the expected increase in sales (by 18 %) of Melamine Faced 
Chipboard (MFC).

In 2014, the average selling price of particleboards reached the level of US$ 166,8 per 1 m3. By 2020, this 
price should increase slightly to US$ 173,8. It should be noted, however, that there was a decrease of US$ 1,6 
and US$ 2,2 in 2015-2016 from the 2014 price.  Additionally, it is worth noting that, in the case of particle-
boards, stable growth is expected year-to-year starting from 2017.

In the analyzed company, the cash revenue on sales in 2014 reached US$ 407,1 million. The prognosis 
assumes that, by 2020, the value of sales revenues will increase to US$ 453,4 million, which means an increase 
of US$ 46,3 million (11 %) since 2014. In 2018-2020, sales revenue is expected to increase by an average of 
1 % to 3 %. 

It should be emphasized that apart from particleboards, the analyzed company also generates revenues 
from the sale of MFC boards. At the end of the period under review, the revenues from the sale of this assort-
ment are expected to be at a level of US$ 170 million.

The expected reduction in production volume of particleboards will also lead to a decrease in revenues 
from the sale of this material. It is forecasted that a reduction in sales revenue of particleboards can be at a 
level of around 14 %.

Table 1:  Selected data on the sale of particleboards in 2014-2020.

*Prognosis. 
Source: own study based on Analytical Report of BDM S.A.
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Based on the analysis of the data obtained from the prospectus, financial statements and reports of the 
Management Board, as well as an analytical report prepared by BDM S.A., it was assumed that the cost of 
product sold constitutes about 80 % of total sales revenue. Table 2 shows that, in 2014, the cost of product 
sold was US$ 325,6 million. The prognosis is that by 2020 it will be by 11,4 % higher (US$ 362,8 million). 
In the case of particleboard production, the cost of product sold in 2014 was at the level of US$ 63,4 million. 
However, due to the expected reduction in the production of particleboards, it is forecasted that in 2020 the 
cost of product sold will reach US$ 60,5 million, which is about 4,6 % less than the value recorded in 2014. 

Based on the cost of product sold and sales volumes of individual product ranges, the unit cost of sales per 
1 m3 of the board was estimated. The analyzes show that in 2014 the unit cost of sales of particleboards was at 
US$ 133,5 per 1 m3. In the following two years, the value was lower by US$ 1,3 and 1,8 however, from 2017, 
a slight increase is forecasted (about 1 % annually). In 2020, the cost of sales will be at the level of US$ 139,2 
per 1 m3 of particleboards.

Table 2:  Cost of product sold (particleboards) in 2014-2020.

 

*Prognosis. 
Source: own study based on Analytical Report of BDM S.A. and reports of Management Board.

The analysis of the cost of product sold structure shows that the cost of raw materials has the largest share 
in the cost of sales (Figure 1). They represent nearly 2/3 of all costs. Further costs incurred by the company are 
personnel costs (11 %) and energy costs (10 %). The costs related to the depreciation of buildings, machines 
and tools constituted approximately 5 % of the cost of products sold with the costs of sales and general man-
agement around 8 %.

 
 

Figure 1: The structure of the cost of product sold in a Company X. 
Source: own study based on Prospectus Reports of Management Board.
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On the basis of the presented cost of product sold structure, the unit production cost (which does not 
include costs related to sales and general management) and unit cost of product sold, which includes these 
indirect costs was estimated. In 2014 the production cost of 1 m3 of particleboards was at the level of US$ 
122,8 (Table 3). 

Table 3:  Unit production cost and unit cost of product sold of particleboards.

 
*Prognosis. 

Source: own study based on Analytical Report of BDM S.A. and Reports of Management Board.

In the following two years, this cost dropped slightly, by US$ 1,2 and 1,6 per m3, respectively. The forecast 
assumes a slight increase in production costs in 2018-2020. The analysis shows also that the unit cost of sales 
of particleboards may increase by 4,3 % in the reviewed period from US$ 133,5 to 139,2 per m3.

Among the most important materials and energy used in the production process of particleboards, there 
can be mentioned: wood raw material, additives (including adhesives), paper and energy. The structure of 
material costs in the analyzed company is as follows: wood raw material - 37 %, additives - 30 %, paper - 16 
%, energy 13 % and other costs - 4 %. On the basis of the material cost structure, the unit cost of materials and 
energy in Company X was estimated (Table 4). At the beginning of the period under consideration, the cost 
of materials and energy was US$ 101,3 per m3 of particleboards. Specifically, the cost of wood was US$ 37,5 
per m3, additives (for example paraffin emulsion) US$ 30,4 per m3, paper US$ 16,2 per m3, energy US$ 13,2 
per m3, and other costs were US$ 4,0 per m3. The forecast indicates that in 2020 the unit cost of materials and 
energy will be US$ 4,6 per m3 higher than in 2014. 

Table 4: The unit cost of materials and energy in the production of particleboards.

*Prognosis. 
Source: own study based on Analytical Report of BDM S.A. and Reports of Management Board.
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Based on the available information, it was estimated that the cost of raw wood material used for the pro-
duction of 1 m3 of particleboards in 2014 amounted to US$ 37,5. For the production of 1 m3 of particleboards, 
approximately 1,4 m3 of wood raw material is consumed. This means that the cost of 1 m3 of timber is at US$ 
26,7. On the other hand, the average price of medium-sized timber in forest districts in 2014 ranged from US$ 
35,1 per m3 of alder to US$ 40,7 per m3 of spruce (pine cost 39,9 US$ for 1 m3) (Grzegorzewska et al. 2016).

It should be emphasized that the share of specific types of wood raw material in particleboards technology 
is individually selected by producers and often deviates from the assumptions given in the literature on the sub-
ject. According to the literature (Boruszewski 2012), the structure of the raw material is as follows: pulpwood 
(medium-sized wood) - 42 %, small wooden elements - 17 %, wood chips - 21 %, sawdust - 15 %, edgings - 4 
%, other 1 %. However, in economic practice, it is assumed that in the raw material structure:

- share of pulpwood should not be less than 10 %,

- share of sawdust should not be greater than 17 %,

- share of edgings should not exceed 37 %.

Due to the above, the unit cost of materials and energy in the particleboards technology was estimated, 
taking into account the use of better quality of wood raw material (medium-sized wood and wood chips). 
The cost of a better-quality raw material, based on information from the analytical report prepared by BDM 
SA, was assumed to be at US$ 48 per m3. Therefore, in 2014 the cost of materials and energy incurred for the 
production of particleboards would be US$ 131,1 per m3 (Table 5). This is due to the increase in wood raw 
material cost from US$ 37,5 to US$ 67,3.

Price forecasts for better quality wood (and thus the cost of wood raw material) for the following years 
were estimated based on the dynamics of price changes and dollar exchange rates acquired from BDM S.A.

The difference between production technology based on traditional wood raw material and raw material 
from fast-growing tree plantations concern mainly the cost of wood and energy. Therefore, the focus was on 
determining the unit cost of materials and energy. The following assumptions, confirmed by empirical studies 
on a laboratory scale, were adopted:

- price of 1 m3 of raw material from fast-growing tree plantations – US$ 31,9,

- consumption of wood raw material per 1m3 of particleboards - 1,4 m3,

- reduction of energy use by 15% in the case of raw material from fast-growing tree plantations in 
comparison to energy demand in the case of wood cutting processing from typical forest crops (based on un-
published results obtained in industrial tests). 

Table 5: The unit cost of materials and energy in the production of particleboards taking into account the use 
of better quality of wood raw material.

 
*Prognosis. 

Source: own study based on Analytical Report of BDM S.A. and Reports of Management Board.
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As shown in Table 6, the unit cost of materials and energy in the production of particleboards with a 100 % 
share of raw material from fast-growing tree plantations in 2014 would be US$ 108,3 per m3, being US$ 22,8 
per m3 lower than with currently-used technology (using traditional material from typical forest crops). This 
decrease is due to lower unit costs of wood raw material (US$ 46,4 against US$ 67,3) and energy consumption 
(US$ 11,2 against US$ 13,2). Replacement of traditional raw material with material from fast-growing tree 
plantations results in a material and energy saving of 17 %.

Due to the fact that the scenario assuming 100 % utilization of material from fast-growing tree plantations 
in the particleboards process is unlikely in the current technological conditions, the unit cost of materials and 
energy for the following two variants was analyzed (50 % and 25 % share).

Table 6:  The unit cost of materials and energy in the production of particleboards taking into account the use 
of wood raw material from fast-growing tree plantations.

 

 

*Prognosis. 
Source: own study based on Analytical Report of BDM S.A. and Reports of Management Board.

When using a raw material structure in which the share of traditional raw materials and from fast-growing 
tree plantations is equal (50 % share of each), the cost of materials and energy would be US$ 118,8 per m3, 
which is 9 % less than using only traditional wood raw material.

If the share of wood from fast-growing tree plantations in raw material structure is 25 %, the unit cost of 
materials and energy would be at the level of US$ 124,0 per m3. It means that the cost of materials and energy 
per 1 m3 would be almost 6 % less expensive than in typical production technology.

According to the analyzes, taking into account the production capacity of Company X at the level of 
570000 m3 of particleboards, application of a diversified raw material structure would reduce costs in the 
base year by US$ 13,0 million respectively for the first variant (100 % share), US$ 7,0 million for the second 
variant (50 % share), and US$ 4,0 million for the third option (25 % share of raw material from fast-growing 
tree plantations). Presented forecasts for 2020 show that assumed variants of raw material structure including 
plantation raw material would contribute to a reduction in the level of raw material and energy costs by US$ 
12,1 million (1st variant), US$ 7,9 million (2nd variant) and US$ 3,9 million (3rd variant).
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CONCLUSIONS

The research indicates that the introduction of wood raw material from fast-growing tree plantations into 
the production of particleboards enables the production of material and energy cost savings at the level of 6 
% (3rd variant) to even 17 % (1st variant). The study showed that the unit cost of materials and energy in case 
of varied raw material structure used in the production of particleboards can range from US$ 108,3 per m3 to 
US$ 124,0 per m3.

Changes in the current raw material structure in particleboards technology, through the use of new raw 
materials (wood from fast-growing tree plantations), will positively affect the continued growth dynamics of 
wood-based boards production. It should be noted, however, that the possibility of further sector development 
is related to the maximum optimization of production costs while maintaining the high quality of the offered 
products. Consumption of materials and energy (mainly wood) has a significant share in production costs.

Therefore, the idea of implementation of wood raw material from fast-growing tree plantations in particle-
boards technology results from the increasing difficulties in access to traditional wood raw material. Preserva-
tion a further dynamic growth in production in the wood industry forces the use of alternative material sources.
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