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Abstract: The article is the first in a series of works presenting the potential and possibilities of using
for energy purposes wood waste and wood by-products generated at various stages of production
in companies of the wood industry. The management of all wood waste and wood by-products is
a pending issue due to the growing importance of the circular economy and broadly understood
environmental protection. It is the environmental aspects and the climate targets defined by the EU
that are the basis to determine the precise courses of action for the Member States and, as a result,
also for companies. The article proves that regardless of the decisions taken by governments of
individual countries in terms of broadly understood environmental protection, companies are free to
implement pro-environmental solutions as part of their business activity. Due to the broad subject
of the management of waste and by-products generated in different units of the wood industry, the
possibilities of their use in terms of energy in primary wood processing companies–sawmills—are
presented first. On the example of selected entities, the energy potential and possibilities of generating
energy from renewable sources taking into account the principles of circular economy are presented.
The possibilities of optimising production by improving redistribution of thermal energy, which may
result in improving the economic efficiency of the assessed enterprises, were indicated.

Keywords: circular economy; woody biomass; bioenergy; economic; environmental and social
benefits; energy independence

1. Introduction

Intense growth in production and consumption escalates the demand for natural re-
sources and negative impact on the natural environment. The above generates greater demand
for energy and is the reason for a growing amount of waste [1,2]. At the same time, many soci-
eties, mainly in Western Europe, become more and more aware of the negative consequences
of unrestricted use of the goods of nature. That refers not only to the increased demand for
raw materials but also to the level of environmental pollution formed as a result of the scale
of production and energy policy implemented by many countries around the world. The
outcomes of the research conducted by scientists prompt the authorities to make decisive
changes in that area [3]. The changes are implemented in two ways: “top-down”—based
on created legal regulations [4] and “bottom-up”—as a result of spontaneous decisions and
actions taken locally by producers and consumers whose environmental awareness is taken
into account while product decisions are made and company policy introduced. Efforts are
made to maximise the use of raw materials and consumables in the production process and
to transform from the linear to the circular economy, the so-called closed-loop economy, the
main maxim of which is “zero waste” [5–7]. The idea of maximising the use of raw materials,
especially renewable ones, mainly in the event of their shortage, has already become the way
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of thinking and the direction of actions of many institutions and entities in the processing
industry [8]. That innovative trend, due to the specificity and nature of raw materials used for
production, is applicable to the wood industry. The timber industry may be the best example
of the application of such solutions as there are opportunities for complete utilisation of raw
materials in that sector. Due to the nature of production, the waste and by-products that are
generated by the enterprises are used by that particular company or by other branches of
that industry. With regards to the wood industry, the framework of the circular economy is
determined by the cascading use of resources, which can be defined as: “the efficient use
of resources by using by-products and recycled materials to expand the total availability of
biomass within a given system” [9]. In practice, the above means: “manufacture of wood
products, extension of the useful life of products, reuse, recycling, generation of bioenergy,
and disposal of waste” [10]. As a result, a wood product, after its service life related to its
life cycle is extended to a maximum, can again become a source of valuable material [11,12]
which ultimately leads to a lower level of consumption of primary wood [13,14]. Finally, at
the last stage of the closed-loop economy applied to companies in the wood industry, there is
the energy aspect, which means that any product made from wood can, after going through
all phases of the life cycle, become a source of energy [15]. Such opportunities and actions
translate directly into economic and environmental benefits for the companies that apply those
solutions. Such solutions may also be implemented to compensate sectors of the economy
that are not environmentally neutral, e.g., the energy sector [16]. Therefore, it is extremely
important to apply at all stages of processing, finishing and protecting wooden elements,
materials and measures that are environmentally neutral or that reduce the harmful impact
of the entity on the environment, so that the combustion process takes place with the least
possible interference in the environment. With regards to the above, within the wood industry,
the greatest opportunities are in the sawmill industry. It is during the elemental processing of
wood that both finished products and by-products are generated which, due to the lowest
level of processing and chemical treatment, can be most easily used for energy purposes. The
goal of many sawmill companies is to search for and apply solutions that allow the wood
to be processed into environmentally friendly products that will not generate waste at any
stage of the value chain, starting with wood raw material to the final finished product [17].
The purpose of the activities is to constantly improve profitability with the application of
resource-efficient, innovative solutions. The key issue is the ability to adapt to the current
needs of the global economy in a flexible way and to fit into the latest trends in the market.
Hence, the response of wood-processing plants to global problems, e.g., the ability to provide
access to affordable, sustainable and green energy. However, in the majority of the cases, the
actions of the companies are mostly limited to ensuring their own energy independence. The
generated heat energy is always used, first of all, for the internal needs of the company, i.e.,
mainly to dry sawn timber in the drying rooms or to ensure the right temperature in the
buildings. Once the energy demand of the company is met, the surplus heat or electricity
goes to the local market. Thanks to such solutions, the local community benefits from green
energy and the quality of life of the residents improves due to clean air. Such courses of
action are also supported by scientific research. In Sweden, for example, simulation studies
have been performed with regards to heat and electricity demand with the use of different
technologies applied in sawmills. Based on the research, it was concluded that the widespread
implementation of energy recovery technologies available in Swedish sawmills can lead to
significant savings of biomass allocated for other purposes in society, which confirms the
economic as well as the environmental and social aspects [18].

The implementation of the aforementioned solutions contributes to the reduction in
the consumption of both electricity and heat from fossil fuels. Such real actions introduced
by companies, even on a small scale, are an opportunity to achieve better and better
environmental indicators on a global scale. The actions are also necessary due to the
fact that the values of those indicators are constantly increased by the EU authorities The
2030 climate and energy framework, adopted by the European Parliament, identifies three
key targets to be met between 2021 and 2030:
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– reduction in greenhouse gas emissions by at least 40% compared to the level in 1990
– ensuring the share of energy from renewable sources in the total energy consumption

at a minimum level of 32%
– increasing energy efficiency by at least 32.5% [19].

Those goals show the directions of development for the economies of the Member
States and, consequently, the directions for the enterprises that are involved in production
processes. Hence the decision to take up the topic, especially since there is no information
in the literature and scientific research on the economic balance of the use of wood biomass
for energy purposes. Most of the research is related to the utilisation of post-production
biomass and verification of energy demand in the processing of round wood by gasification
or combustion [20–25]. It can be assumed that annually, in Poland, the quantity of by-
products that are potentially suitable for energy purposes is approximately 40% of the
processed wood. Efficient utilisation of that raw material is possible thanks to technologies,
of combustion and its use to generate electricity and industrial heat. To effectively assess
the sustainability of the use of biomass, a resource abundance analysis and economic
calculation of biomass for electricity generation must be performed.

The purpose of this study is to indicate the options available of using wood by-
products to generate heat and electrical energy in sawmills. The assessment of justification
of the usage by-products of sawmill processing was carried out in relation to the conditions
of a selected Central European country with a significantly fragmented structure of sawmill
sector. The scope of the research indicated the economic justification for biomass usage for
both thermal energy and electricity production within the own circular activity of sawmills.

2. Materials and Methods

To assess the energy potential and energy costs, sawmills operating in Poland were
selected, as they are the first link in the round wood processing chain. In the article, the
sawmills are classified taking into account the quantity of processed wood. For the assessed
group of sawmills, different types of by-products generated during the production are
specified, their calorific value and approximate energy costs. The production structure
of the assessed enterprises was analysed from the point of view of the internal circular
economy of the processing of round raw material into sawn material and various types of
by-products. A simulation analysis was performed with regards to circulation of material
flow in the entities in terms of management of wood by-products and the possibilities of
implementation of such solutions in other enterprises of the wood industry were indicated.
To present the correlation between each data, a statistical method, Pearson’s r, was used.

With regards to the sawmill industry in Poland, addressing the issue of the use of
by-products generated during the production process for energy purposes is important,
i.e., because of the poorly-developed national energy policy and still too low, taking into
account the EU requirements, share of renewable energy in the national economy.

The conducted study made it possible to determine, i.e.,:

– the structure of fuels used to generate electricity and heat in Poland.
– the amount of obtained and processed wood as a source of biomass—including timber,

as well as export and import of wood.
– the amount of wood by-products generated in primary wood processing enterprises

and their use.
– the calorific value of individual groups of waste and by-products—to determine the

calorific value of by-products, the data on the calorific value of the main types of wood
and bark and their share in the processed material in national sawmills were used
(Table 1).

– the energy demand of sawmills and their ability to generate energy on their own
information on the demand for electricity was obtained from a direct survey conducted
in selected sawmills that represented one of the four groups specified depending on
the level of wood processing.



Energies 2022, 15, 1337 4 of 13

Table 1. Calorific value of selected wood materials with an average moisture content of 35%.

Type of Wood Calorific Value of Wood
[GJ/m3]

Share of Wood in Harvest
[%]

Pine 7.44 61.0

Spruce 7.08 10.0

Beech 10.09 6.9

Oak 10.09 6.6

Birch 9.03 4.7

other 7.08 10.8

Bark 0.0185 -
Source: Reproduced from [26,27]. Report on the State of Forests in Poland (2019).

Depending on the quantity of processed wood, sawmills were divided into four groups:

– group I—processing of up to 5000 m3/year.
– group II—processing of 5000–50,000 m3/year.
– group III—processing of 50,000–100,000 m3/year.
– group IV—processing of more than 100,000 m3/year.
– the electricity costs incurred by sawmills.
– the potential value of electricity generated from biomass.
– the potential value of thermal energy generated from biomass.
– the potential opportunities for sawmills to transfer excess energy to the local community.

To assess the impact of processed by-products on the energy potential of biomass, the
share and calorific value of bark obtained from the processed round wood were taken into
account. The indicator of the most popular type of wood in processing was used, i.e., pine
wood, in the case of which approximately 8% of bark is generated in relation to the quantity
of round wood (Table 2).

Table 2. Percentage share of bark in long wood.

Type of Wood Percentage Share of Bark

Pine 8.0

Spruce 8.5

Fir 10.0

Beech 6.3

Oak 21.2

Alder 21.8

Birch 11.5
Source: Reproduced from [28], Encyclopedia Polish Forests (2021).

In the assessments of biomass, an average content of moisture of 35% was assumed
and, due to the increasing efficiency of biomass combustion, the potential calorific value
of the fuel was set at the level of 100%, taking into account a 33% level of cogeneration of
electricity.

3. Results
3.1. Potential of Biomass Used as a Fuel for Heat Production

Based on the statistics, the share of energy generated from renewable sources, in-
cluding biomass, was significantly increasing in Poland in the period from 2015 to 2019
(Table 3). The above indicates a progressive reorganisation of the way in which energy
sources are used, forced by economic and environmental requirements, as well as the
growing awareness and interest of businesses in sources of energy alternative to fossil fuels.
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Table 3. Structure of fuels used to generate thermal energy in %.

Type of Fuel 2015 2016 2017 2018 2019

Black coal
74.6

73.35 72.21 71.27 69.88

Lignite 1.62 1.59 1.19 1.12

Light fuel oil
5.9

0.22 0.28 0.22 0.24

Heavy fuel oil 5.43 4.85 4.53 4.35

Methane-rich natural gas
7.8

5.29 6.87 6.8 7.54

Nitrogen-rich natural gas 1.9 1.66 1.82 1.93

biomass

7.4

7.42 7.42 7.99 9.23

biogas 0.03 0.05 0.03 0.04

other renewable energy sources 0.14 0.14 0.17 0.2

Municipal solid waste

4.3

0.46 1.18 1.46 1.73

Non-renewable industrial waste 0.15 0.09 0.24 0.24

other types of fuel 3.99 3.65 4.29 3.51
Source: own elaboration based on available publications [29–33].

Based on the data presented in Table 3, during the analysed period, not only is the
share of renewable energy in the fuel structure significant but there is also an increase in
the share of that type of energy over particular years. Taking into account the listed types
of fuel, it is renewable fuels such as, i.e., biomass that rank second after coal fuels. Since
wood biomass is included in the broadly understood biomass, which is an energy fuel, the
authors of the article focused on that particular type of fuel in further considerations.

3.2. Wood Biomass Resources from Sawmills

The starting point for further analysis was the comparison of the data on obtained
and sold wood—including timber, also exported and imported. The comparison covers the
period from 2010 to 2020 (Figure 1).
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Figure 1. Acquisition, sale, export and import of wood Source: own elaboration based on Statistical
Yearbooks of Forestry Source: own elaboration based on available publications [34–37].
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Based on Figure 1, the amount of obtained and sold wood steadily increased from
2010 to 2018, which also indicates an increasing share of wood biomass during this period.
The significantly higher quantity of obtained wood in the period from 2017 to 2019, is the
result of the works performed by foresters to clean up the large area of the forest after
the “hurricane of the century”. Due to the hurricane, trees were blown over by the wind
or broken and an additional 8.5 million m3 of wood was obtained (equivalent to 20% of
all-year acquisition of wood in the State Forests) [38]. Consequently, exports of wood
increased, and the quantity of imported wood was much lower during that time. However,
since 2018, there has been a noticeable decline in timber harvest.

To assess the possibilities of using the by-products that are generated at the initial
stage of wood processing, the amount of processed wood was determined first.

Dp = Ds + Di − De (1)

Dp—processed wood
Ds—wood allocated for sale by LP
Di—imported wood
De—exported wood

The amount of wood processed by timber companies in individual years is shown in
Figure 2.
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As can be seen in Figure 2, Poland currently processes approximately 40 million m3

of wood per year, of which sawmills process approximately 25 million m3 [34]. The
characteristic of changes in the acquisition of wood is not linear. It can be defined with
a formula: y = −71.157x2 + 1365.6x + 34726 which indicates a gradual decline in the
amount of processed raw material. The most popular and most widely processed wood
raw material is pine. It accounts for approximately 61% of the processed raw material.
Other popular types of wood are spruce 5.6%, fir 4.4%, beech 6.9%, oak 6.6%, and birch
4.7%, with the remaining ones accounting for a total of 10.8% [34].

Knowing the total amount of processed wood, it is possible to determine the amount
of wood by-products generated by sawmills. To do so, many factors must be taken into
account, including the type and grade of processed raw material or the type of production.
Thus, taking the above into account, as well as considering the yield of the raw material, it
is possible to indicate, with some simplification, the types of generated wood by-products
and their estimated quantity (Table 4).
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Table 4. Types and estimated quantity of generated wood by-products.

Type of Production Type of the Waste Estimated Quantity of By-Products as a Percentage Share
of the Initial Raw Material [%]

Sawmill industry
Bark

woodchips, sawdust, wood
pellets

approximately 8%
approximately 30 (wood chips approximately 18%)

10%

Source: own elaboration based on available publications [39–41].

Taking into account the quantity of wood processed by individual sawmills, the
intended use of wood by-products, the so-called woody biomass was determined (Table 5).

Table 5. Use of generated wood biomass.

Form of Biomass
Sawmills Processing Round Wood [m3/year].

up to 5000 5000–50,000 50,000–100,000 over 100,000

Bark Combustion Sale for horticulture Sale for horticul-
ture/combustion

Sale for horticul-
ture/combustion

Chunk wood waste:
wood chips, wood

shavings, wane
Combustion

Combustion/Sale to
wood panel plants

(wood chips)

Sale to wood panel
plants (wood

chips)/pellet, briquette
produc-

tion/combustion

Sale to wood panel
plants (wood

chips)/pellet, briquette
production

Sawdust and wood
shavings Combustion Combustion Combustion/Pellet

production
Combustion/Pellet

production

Source: own elaboration.

The profitability of processing waste and wood by-products depends on a number of
factors such as, e.g., quantity, form, market demand, transport costs, external energy costs
and energy demand of a given plant. Table 5 proves that the larger the sawmills, the greater
the possibility of selling by-products, e.g., to wood panel plants or converting them into
energy material: pellets or briquettes. In turn, in smaller business entities, the by-product
material is most often used directly for energy purposes.

Thus, to indicate the potential amount of woody biomass generated in the different
sawmill groups, it is necessary to consider their structure (Table 6).

Table 6. Quantity of processed wood and by-products generated in 2019.

Processed
Quantity

[thousand m3]

Sawmill Structure Wood
Consumption
[thousand m3]

Timber By-Products Desorption
Loss

[pcs.] [%] [thousand m3]
(55%)

[thousand m3]
(40%)

[thousand m3]
(5%)

up to 5 5678 93.33 5220.75 2871.4 2088.3 261.04

5.01–50.00 381 6.26 5670 3118.5 2268.0 283.50

50.01–100.00 15 0.25 1125 618.7 450.0 56.25

100.01– 10 0.16 4500 2475.0 1800.0 225.00

Total 6084 pcs. 100 16,515.75 9083.6 6606.3 825.79

Source: own elaboration based on available publications [42].

The largest group of sawmills in Poland are those with a processing capacity of up
to 5000 m3 (93.33%), the smallest group are sawmills with a processing capacity over
100,000 m3 (0.16%). However, the quantity of wood processed in both groups of sawmills
is very similar. That confirms the diverse technological and investment capability across
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the groups. Analysing other data from Table 6 and taking into consideration the types of
wood processed in Poland and the types of waste generated during processing (Table 4),
the types of generated by-products were determined (Table 7).

Table 7. Quantity of by-products generated by sawmills during wood processing.

Processed
Quantity

Wood
Consumption

By-Products

Bark
(8%)

Total by-
Products +

Bark

Total By-
Products +
Bark per

Unit

Total
(40%)

Chunk Wood Waste
(30%) Sawdust

and Wood
Shavings

(10%)

Wood
Chips
(18%)

Other
(12%)

[thousand m3]

up to 5 5220.75 2088.30 - 1566.23 522.08 417.66 2505.96 0.44

5.01–50.00 5670.00 2268.00 1020.60 680.40 567.00 453.60 2721.60 7.14

50.01–100.00 1125.00 450.00 202.50 135.00 112.50 90.00 540.00 36.00

over 100.01 4500.00 1800.00 1350.00 - 450.00 360.00 2160.00 216.00

Total 16,515.75 6606.30 2573.10 2381.63 1651.58 1321.26 7927.56 1.30

Source: own elaboration based on available publications [39,40].

3.3. Determining the Energy Potential of Woody Biomass

In the subsequent section of the article, the calorific value of particular by-products
generated during the initial stage of processing of wood was determined (Table 8). To
calculate the calorific value, conversion factors were used, taking into account the type of
wood from which by-products were generated (Table 1) and the moisture content of 35%,
which can be considered an average value for by-products generated by sawmills.

Table 8. Calorific value of by-products generated during wood processing by sawmills.

Processed
Quantity

Calorific Value of By-Products

Bark Total By-Products + BarkChunk Wood Waste Sawdust and
Wood ShavingsWood Chips Other

[thousand m3] [GJ] [GJ] [GJ] [GJ] [GJ]

up to 5 - 12,212,796 4,070,932 2,130,066 18,413,794

5.01–50.00 1025 5,305,487 4,421,239 2,313,360 12,041,111

50.01–100.00 1579 1,052,676 877,230 459,000 2,390,485

over 100.01 10,527 - 3,508,920 6660 3,526,107

Total 13,131 18,570,959 12,878,321 4,909,086 36,371,497

Source: own elaboration.

Knowing the caloric value of by-products (Table 8) and the number of sawmills, the
energy potential of wood by-products generated in sawmills of different processing capacity
was determined (Table 9).
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Table 9. Energy potential of wood by-products generated during wood processing by sawmills.

Processed
Quantity

Number of
Companies
Based on LP

Energy Potential of Wood
By-Products Per Unit + Bark

Energy Potential of Wood By-Products

BarkTotal By-Products
+ Bark

Chunk Wood Waste Sawdust and
Wood ShavingsWood Chips Other

[thousand m3] [pcs.] [GJ] [GJ] [GJ] [GJ] [GJ] [GJ]

up to 5 5678 3243 18,413,794 - 12,212,796 4,070,932 2,130,066

5.01–50.00 381 31,604 12,041,111 1025 5,305,487 4,421,239 2,313,360

50.01–100.00 15 159,366 2,390,485 1579 1,052,676 877,230 459,000

over 100.01 10 352,611 3,526,107 10,527 - 3,508,920 6660

Total 6084 546,823 36,371,497 13,131 18,570,959 12,878,321 4,909,086

Source: own elaboration.

3.4. Determination of the Potential Value of Electricity and Heat Produced from Woody Biomass

Taking into account the energy aspect, for further considerations, it is important to
determine the energy demand of each group of sawmills. The demand was determined
based on the capacity of installed equipment taking into account the average daily energy
demand and the operation of the devices 16 h per day, 20 days per month and 12 months per
year. Initial energy demand was determined based on information received from selected
sawmills and manufacturers of complete sawmill lines. For calculations, to standardise the
units, the following formula was used: 1 KWh = 0.0036 GJ (Table 10).

Table 10. Total energy demand of each group of sawmills.

Groups of Sawmills
Depending on the Quantity

of Processed Material
Total Energy Demand [kWh] Total Energy Demand [GJ]

Sawmills with the quantity of
processed material
up to 5000 m3/year

76,800 276.48

Sawmills with the quantity of
processed material

5000–50,000 m3/year
192,000 691.20

Sawmills with the quantity of
processed material

50,000–100,000 m3/year
1,920,000 6912.00

Sawmills with the quantity of
processed material over

100,000 m3/year
11,520,000 41,472.00

Source: own elaboration.

Knowing the estimated total energy demand of individual sawmills and having energy
potential of wood by-products and bark data, the share of electricity and heat that can be
obtained from the combustion of biomass was determined (Table 11).

The rates for 2020 and 2021 established by the Energy Regulatory Office in Poland,
which is the central body of state administration operating under the Energy Law of 10 April
1997, were used to determine the costs of thermal energy incurred by sawmills. According
to that institution, the average unit price for heat generation by licensed companies during
that period was PLN 44.33/GJ and the average unit transmission price for all heating
systems was PLN 19/GJ. In turn, the average price per 1 MWh according to the Energy
Regulatory Office in Poland in the last quarter of 2021 was PLN 255.99 [43]. That indicator
was used to calculate the average cost of electricity for sawmills taking into account
the formula:

1 MWh = 3.6 GJ

255.99 PLN/MWH = 71.11 PLN/GJ
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The share of electricity obtained from the combustions of biomass and the potential
value of electricity and heat generated from biomass (Table 11) indicate the profitability of
using power generators in all groups of sawmills. However, the decision on whether to
convert the generated heat energy into electricity depends largely on the market prices for
both types of energy and the costs associated with purchasing generators.

Table 11. Average energy costs incurred by sawmills per year.

Processed
Quantity

Total Energy
Demand

Average
Electricity

Costs
Incurred by

Sawmills

Energy
Potential of

Wood
By-Products

+ Bark
by Unit

Share of
Electricity
Obtained
from the

Combustion
of Biomass
(1/3)—by

Unit *

Potential
Value of

Electricity
Generated

from
Biomass

Quantity of
Heat

Energy—per
Unit at 100%

Efficiency

Potential
Value of

Heat Energy
Generated

from
Biomass

[thousand
m3] [GJ] [PLN] [GJ] [GJ] [PLN] [GJ] [PLN]

up to 5 276 19,660 3243 1081 76,868 2162 136,927

5.01–50.00 691 49,150 31,604 10,535 749,102 21,069 1,334,390

50.01–100.00 6912 491,501 159,366 53,122 3,777,409 106,244 6,728,773

over 100.01 41,472 2,949,005 352,611 117,537 8,357,852 235,074 14,888,006

Source: own elaboration. * assumed processing level for the generation of electricity was 33%.

4. Discussion

The performed analyses prove that the sawmill industry is able to make use of all
generated by-products at each stage of processing of raw wood or its main products. Based
on the aforementioned data, it is possible to indicate the estimated amount of heat energy
that can be used for the internal needs of a company and transmitted outside the entity,
e.g., to local consumers. The amount of energy generated by sawmills is appropriate to
be verified towards sharing the excess heat. Based on Table 11, average costs of electricity
incurred by sawmills, taking into account the electricity prices applicable to enterprises in
the market, although high, are lower than the value of electricity generated from biomass.
Hence, the potential self-sufficiency of sawmills concerning electricity demand. However, in
the calculations, 100% efficiency of power generators was taken into account. Most sawmills,
especially those with the smallest processing capacity, either do not own generators or their
efficiency is much lower (the latest generation of power generators assume efficiency of
approximately 90%). Moreover, due to the low level of processing of the input material
and, consequently, very high material costs incurred by sawmills, at the level of up to 60%,
buying a generator can be considered a financial burden for small companies. Nevertheless,
with rising energy prices, such an investment might be economically justified. In turn,
medium-size and large plants have the potential to secure industrial heat and convert
thermal energy into electricity and also to transfer significant surpluses of energy to the
local market. Biomass utilization rates are strongly correlated with modern combustion
technologies and by-product processing types. The processing of wood chips and sawdust
increases the performance indicators for high-temperature biomass combustion and enables
its high-efficiency application in the energy systems of wood industries [44,45]. Hence, the
main entities that can transfer heat and electricity outside of the company are sawmills
with a processing capacity of wood raw material over 50,000 m3 per year.

Figure 3 presents the correlation between the electricity demand in plants and the en-
ergy potential of the produced biomass. The ratio indicates a strong Pearson’s r correlation
for r = 0.959 and a significance level of p = 0.041. The above indicates the compatibility
of balancing the available energy potential to the level of demand for co-generation of
electricity with a significant share of recovery of industrial heat or heat for the local market.
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However, in the simulation analysis, the level of investment costs associated with convert-
ing energy generated during the combustion of biomass into electricity is not taken into
account, also, the share of consumption of industrial heat for drying and maintenance of
the necessary operating conditions in the plant is not considered. Nevertheless, the analysis
indicates the energy potential necessary to balance the demand of plants with regards to
electricity and heat energy while maintaining a surplus of raw material for distribution in
wood panel plants. The surplus of heat and electricity not allocated for technological needs
may constitute an added value in the energy balance of the local market.
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Figure 3. The ratio of electricity demand and potential use of biomass for energy and heat purposes.

The decision to incinerate waste or by-products generated during production is based
on both economic and logistical considerations. Hence, not only should the costs of storing
wood material for energy purposes, loading or transport be taken into account, but also
the possibility of the performance of such operations. By limiting the area to which “green
energy” is transferred for customers who live near the processing plant, in addition to the
reduction of the aforementioned costs, it is possible to assume easier management of such
an area in terms of energy demand. It is worth emphasising that certain decisions and
actions taken by the management of enterprises in the circular economy give a boost to
small communities. The effects of those actions are noticeable in the place of residence,
e.g., in the form of a lower level of environmental pollution. Specific activities of enterprises
combined with educating society and the introduction of tools enabling or facilitating the
implementation of such changes may contribute not only to better living conditions in the
area but also to the improvement of environmental parameters on a macro scale. Such
solutions prove that certain economic activities can be performed on a smaller scale for
global benefit.

The generation of energy from wood biomass in sawmills demonstrates the possibility
of the implementation of such solutions in other wood industries. However, the amount of
energy that can be allocated to the needs of the local community will depend mainly on the
level of technological development and the size of the plants. Regardless of the possibility
of local support of wood enterprises with regards to energy, it is always possible to manage
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post-production waste and by-products in such a way as to ensure a circular flow of raw
material and energy independence of companies that process wood.
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