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Abstract: This article presents how selected factors related to forest biomass affect enterprise de-
velopment in rural areas. The study used a multivariate analysis of variance (ANOVA), as well
as the AHP operational research method. The following factors were selected for analysis: conifer
timber harvesting, sales of renewable fuel in the form of briquettes to selected customers, and the
number of the given company’s regular customers. Their selection was determined by the fact that
using plant material for energy purposes has become significantly more popular in recent years.
This particularly includes forest biomass, which is increasingly used as an energy commodity in
the Polish heating industry. Forest biomass is a biodegradable raw material generated in the form
of waste during wood production and processing, as well as during sanitation cutting. The study
was conducted using a diagnostic survey method with a survey questionnaire in the first quarter of
2020. It included 614 owners of small and medium-sized enterprises operating in various rural areas
across all of Poland’s voivodeships. The study was conducted using the CATI method. Analyses
defining the dependence of specific factors on the examined parameters and supporting the priority
nature of the given actions may show the development of particular pro-ecological actions in a
given area. In one case, the critical level of significance determining the assignment of the analyzed
factor to a specific homogeneous group was below 0.05. This means that there was a correlation
between the sales of renewable fuel in the form of briquettes to selected customers and the number of
enterprises in the voivodeship. Therefore, due to the sales of renewable fuel in the form of briquettes
to selected customers, the greatest development prospects for wood industry companies existed in
the Małopolskie, Mazowieckie, Śląskie and Wielkopolskie Voivodeships.

Keywords: environmental; biomass; briquette; farms; Poland; rural areas

1. Introduction

In recent years, there have been many improvements in the heating and power in-
dustry thanks to innovative green solutions [1]. This is due to the obligation to adapt the
national energy policies to the targets of the European Union (EU). Based on the current
legislation, biomass is partially used in heating and power plants. Such actions are directly
related to reducing greenhouse gas emissions using “clean development” mechanisms [2].
The idea of limiting adverse environmental impacts was ratified at the United Nations
conference in Kyoto, which contributed to the enactment of Directive 2003/87/EC aimed
at limiting the exploitation and overuse of fossil fuels.

In the era of a fuel crisis, global sanctions, ever-increasing energy demand, and climate
disruption, bioenergy is the most prominent and fastest-growing economic direction [3].
Bioenergy development makes it possible to use renewable raw materials as an alternative
fuel, creating local competitiveness and enabling independence from other countries [4].
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Biomass from biodegradable waste, as well as forestry and agricultural by-products,
is a resource featuring a significant energy potential [5]. Most of the research results
included in the literature concern the densification of three generally available biomass
types, i.e., energy crops, wood industry (sawmill) waste, and small-size raw materials
harvested in forests.

Sustainable development efforts resulting from the EU policy have increased interest
in the possibilities of using and managing generally available, environmentally friendly
waste material from forest areas, both in Poland and the rest of the world [6]. Such material
includes natural waste generated on forest land, as well as waste residues from raw material
processes conducted by the forestry products industry. The collected forest wastes resulting
from logging operations have been referred to as forest biomass [5]. It includes, among
others, firewood in the form of chips and smallwood forestry waste such as branches,
treetops, poles, bushes, brushwood and snags, as well as wood industry waste (chips,
sawdust). An increasing interest in waste materials that have never been commonly used
for fuel and energy purposes is also noticeable in forest management. Considering their
small size, such materials are typically made and used by local residents or resold for token
sums of money [7].

The terminology concerning this resource has not been standardized. The literature
defines it as logging residue, post-logging residue, or logging smallwood [8]. Logging
residue is the material created while harvesting timber [9]. After harvesting (logging),
branches and treetops should be cleaned and gathered in piles in the harvest area or near
export roads to prepare the area for reforestation; additionally, they can be shredded and
mixed with the soil using specialized machinery [10]. Logging residues are characterized
by high bark and needle contents [11].

The literature review indicated that Poland’s current forest areas amount to about
9.2 million hectares, which corresponds to about 29.6% of its total territory. The climatic
and habitat conditions are conducive to the development of conifers, which account for
69.6% of the total forest area [12]. The most common and most frequently harvested tree
species in Polish forests is the Scots pine (Pinus silvestris L.), also called the European red
pine [13]. The timber industry’s potential can be expressed by its production capacity. A
total of 31,688,773 m3 of coniferous timber was harvested in Poland in 2019 (Figure 1).
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Figure 1. Conifer timber harvesting in Poland in the 2002–2019 period. Source: [14].

Large quantities of waste are generated during the logging process, including logging
residues [15]. Logging residues are mainly branches and treetops [16]. The proportion
of logging residues varies, although is typically about 15%. Estimates show that about
5.5 million m3 of logging residues are generated in the process of felling 31.5 million m3

of coniferous timber [17]. The wood material is processed by turning it into chips using a
chipper [18]. Table 1 shows the percentage share of individual wood parts in the total mass
of a pine tree, as described in the literature.
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Table 1. The percentage share of individual wood parts in the total mass of a pine tree.

Item Properties Reference

1

- longitudinal thickness: 64%

[19]

- stacked thickness: 8%

- general limb: 5%

- brushwood: 7%

- roots: 16%

2

- wood arrows: 61%

[20]

- bark arrows: 8%

- branches: 12%

- needles: 3%

- snag: 16%

3

- treetops, branches, needles: 20%

[20]- branches thinner than 40 mm and needles: 15%

- branches thicker than 40 mm: 5% *

4

- trunk 69%

[21]- treetop, branches 16%

- stump, roots 15%
* Refers to biomass that is the aboveground portion of the harvested wood. Source: [19–21].

The percentage share of individual wood parts in the total pine tree mass indicates
the volume of forest biomass created when harvesting the timber. The estimated amount
of logging residues indicates that the methods of managing them should be discussed.
Although logging residues can be left in the harvesting area to act as a fertilizer, using
them as solid fuel makes it possible to create an additional renewable energy source [22].
Forest residues are also a by-product and represent fully renewable resource, as a potential
source of fuel. Their usage is ecologically justified, because during direct combustion, they
can reduce the air pollution. This has huge importance in installations using fossil fuels,
because according to the forecast, some coal sources in Poland may be exhausted in the
near future [22].

Theoretically, fossil fuel can be replaced by forest residues, although their energy
content will not correspond to the energy value of coal. In Poland, about 38 million m3 of
wood (thick wood) are harvested. Based on the literature values [8], it can be concluded
that roughage constitutes about 72% of the total harvested wood. The remaining 15% is
roots and stumps, while 13% is small-sized wood, including forest residues. The estimated
potential of small-sized wood mass is about 4.9 million m3. Assuming that the energy
value of forest residues in the natural state is about 12 MJ·kg−1 and the density of pine is
550 kg·m−3, 32,340 TJ of pure energy can be obtained from the forest residues.

Taking action aimed at managing forest residues is justified by the insufficient data
on the possibilities of their use, and as such, analyzing this issue will make it possible to
gather more information.

2. Literature Review

Rural development is the subject of much research in various scientific disciplines due
to its multifaceted and multidimensional nature [23–39].

One of the reasons for it is the opportunities offered by rural areas due to the presence
of natural resources [40]. The importance of agriculture is yet another vital aspect of rural
research, because agriculture goes beyond the economic dimension and also involves
social and environmental aspects, with its characteristics and transformation directions
also affecting the scope of implementing sustainable rural development concepts [41–46].
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Apart from providing quality food, the goals of sustainable agriculture include pre-
serving agricultural resources, protecting biodiversity, ensuring the economic viability
of agriculture and the local communities, maintaining rural cultural values, as well as
contributing to the overall sustainable development. Forestry has similar goals [47].

The published research results show that the importance of using forest products and
their intermediates for the given community depends on many factors, including economic,
institutional and demographic aspects, as well as forest resource structures [48,49]. Their
importance is increasingly often recognized, but it has not been fully examined.

The company environment is strictly dependent on two-stage cooperation. In the first
environment (micro-environment), for example, we have to deal with the different types of
companies and businesses. In second environment (macro-environment), the country’s
economy must be considered, i.e., the economically autonomous region. The environment
of the production system affects the functioning of the system, just as the production system
affects the nature of this environment. The two-stage company environment is presented
in Figure 2.
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Figure 2. The two-stage company environment.

In the first-degree environment, we can list various factors influencing the organization
of the system. These factors are formed naturally, enabling the functioning of the company
environment along with the processes taking place in it. Factors can be divided into soft
factors that interfere with the substantive features of the enterprise (such as knowledge
or information), and hard factors, such as material, raw material, or finished product. An
example of soft factors could be executive and management staff employed, where the
knowledge of CEOs or decision-makers managing the company plays a fundamental role.
Conducted research and development projects or grants are equally important, because
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thanks to them the company has a chance to implement new products, and therefore to
penetrate new market areas. Possession of technologies for storage, information processing,
and data transmission, especially in terms of logistics during production processes, it is
undoubtedly an important aspect of a properly functioning system in every enterprise.
Among the soft factors, economic and accounting services stand out as a supporting process
that maintains the proper flow of capital in the enterprise.

The use of forest biomass for energy purposes should be based on sustainable forest
management. Sustainable forest management can be based on the use of forest biomass
for energy purposes [50]. Moreover, it is vital to take care of environmental resources and
minimize production risks at the same time. Therefore, showing the impact of selected
factors on the possibility of managing forest biomass and utilizing it for energy purposes
may be an interesting issue.

Today, global civilization development is causing a high and steadily growing demand
for energy. At the same time, the rising awareness of the need to care for the environ-
ment and prevent climate change means that developing renewable energy sources and
increasing the share of renewable energy are among the key strategic activities aimed at
ensuring energy security in European Union countries, including Poland [51]. This is a
difficult task for Poland because the Polish energy sector is primarily focused on using
hard coal and lignite, with renewable energy being treated merely as an alternative to
fossil fuels. As indicated in the literature [52], wood is a natural and ecological resource
and remains so at each stage of its production process—from harvesting to processing
to creating end products to its decommissioning—and it is also one of the oldest energy
commodities. This duality, which is characteristic of woody biomass, defines the areas
of its possible application. As indicated by [53–55], this raises a dilemma related to the
rationality of using wood for alternative purposes, i.e., deciding whether it should be used
as a production material or for energy purposes.

The substitution of competitive non-environmentally friendly materials by wood in
structures also contributes to the direction of climate change mitigation. Energy production
is the last option among the utilization applications of forest biomass (through a biorefinery
approach). Nevertheless, significant amounts of residues can still become the feedstock of
biofuel production.

This is mainly due to the efforts to prevent adverse climate change, as well as the
goal of increasing energy security and diversifying the energy sources available in the
international arena. The current EU energy policy and Member State national strategies
establish more and more legislative frameworks and commence actions to accelerate the
renewable energy source development process to find alternatives to conventional sources,
including increasing the use of woody biomass as an energy commodity [56]. In Poland,
plant materials for energy purposes have gained popularity in recent years, particularly
forest biomass, which is being used as an energy commodity in the Polish heating industry
more and more often (Figure 3).

Due to their significant fuelwood capacity, forest areas require supervision to regulate
forest resources and ensure a steady supply of renewable energy resources. As an institu-
tionalized form, the market of woody biomass for energy purposes is relatively new, and
its emergence is a consequence of the need to replace traditional fossil fuels with renewable
energy sources. In economic terms, it refers to all relationships between the participants
of woody biomass buying and selling transactions. The wood, energy and agricultural
markets are all directly related to the market of woody biomass for energy purposes, while
also conditioning its operation at the same time. In turn, the market’s supply side includes
all suppliers of biomass that can be processed to obtain energy, whereas the demand is
driven by energy generators interested in purchasing such biomass, i.e., households and
commercial, industrial, and municipal energy providers. The intermediaries in the sale and
purchase transactions are also part of the market of woody biomass for energy purposes.
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Figure 3. Forest biomass sources. Source: [57].

Woody biomass is an important renewable energy commodity obtained by natural
processes. Energy from other renewable sources is also increasingly often used in Poland,
e.g., solar radiation, wind power, geothermal, aerothermal and hydrothermal energy,
non-woody biomass, etc., based on the location, terrain and climatic conditions. Woody
biomass is classified as solid biomass, and along with biogas and bioliquids, belongs to
the general category of biomass. Generating energy using biomass is deemed to be low
capital-intensive and is considered the fastest way for Poland to meet its international
commitments for the production of heat and electricity using renewable sources. Biomass
production is essentially spontaneous and occurs through the reaction of solar radiation
and photosynthesis, resulting in 470 kJ of chemical energy being accumulated in carbo-
hydrates synthesized from one mole of CO2 [57]. The advantage of wood as an energy
commodity lies in its specific technical and functional properties; therefore, tree biomass is
predominant among energy commodities classified as solid biomass. Firstly, this is due to
its relatively high calorific value and low emissions (generating the same amount of CO2
in the combustion process as that which was absorbed during vegetation). Secondly, it is
thanks to its relatively low content of non-flammable minerals and trace content of sulfur
compounds, as well as the high melting point of the ash produced by combustion. As
stated before, the very nature of wood results in woody biomass for energy purposes being
obtained primarily from the forestry and wood sectors (including the timber industry and
its auxiliaries, the pulp and paper industry and the furniture industry). Agriculture is yet
another source of such biomass. The literature [51,58,59] indicates that woody biomass of
various types, i.e., roundwood, wood by-products (forestry and wood processing waste),
as well as post-consumer wood waste, may be used as an energy commodity. It may vary
in form and size. Firstly, it can be in unprocessed (e.g., rolls, billets, edgings), shredded
(e.g., chips, sawdust, bark), processed (logs) or compacted (pellets, briquettes) forms. How-
ever, it must be pointed out that woody biomass for energy purposes may significantly
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differ in regard to its density, moisture content, calorific value, chemical composition and
impurity content (mineral, chemical, etc.), depending on its form, type, degree of process-
ing and place of generation, even though the chemical composition of woody biomass does
not present high variations.

The energy conversion process requires biomass of stable quality, both in terms of
physical (moisture content) and chemical properties (volatile ingredients, calorific value), as
well as of adequate fineness and homogeneity, and without impurities [57]. The process can
take the form of direct combustion, co-combustion with coal, or thermal disposal combined
with pyrolysis and gasification, focused on either heat or heat and power production [56,57].

During the production processes, along with the flow of the processed element, there
are continuous changes aimed at using the available input resources, and then processing
them into factors supplying subsequent processes or finished products. Repetitive produc-
tion activities create the concept of a production system with the possibility of interfering
with some of its stages [60]. This system is understood as a set of interrelated elements
that interact with each other, and this interaction usually takes the form of a feedback. The
production system itself is a deliberately designed and organized energy and information
system, exploited to produce specific goods (products or services) in order to satisfy the
various needs of consumers. According to the literature, the production system consists of
five basic elements [61]:

• Input vector X, which includes all factors of production;
• Output vector Y, which includes products, services, and various types of harmful waste;
• Input vector through processes into the output vector, called the production process;
• System management process;
• Material, energetic and informational interfaces between the above-mentioned com-

ponents of the production system.

Generally speaking, a production system is a system of constituent elements and
relationships between them, and relationships of the transformation of input factors to exit
factors of the system. The ordered form of the system relates to a set of activities (operations,
activities) aimed at producing specific products, as a result of which the recipient (potential
user) receives products (product or service). Among the listed elements, some processing
or production subsystems, as well as the production process management subsystem can
be distinguished [62]. The elements of the system, in which we can specify the input vector
X, the output vector Y, the processing processes taking place between them, as well as the
material, energy and information interfaces taking place in the process, are collectively
called the processing or production subsystem. The system elements responsible for the
system management process and information feedback are referred to as the management
subsystem [63].

The operation of the production system is strictly dependent on the two-stage system
environment. In the first environment (micro-environment), for example, we have to
deal with the different types of companies and businesses. In the second environment
(macro-environment), we take into account the country’s economy, i.e., the economically
autonomous region. The environment of the production system affects the functioning of
the system, just as the production system affects the nature of this environment.

Woody biomass is the most widely used energy commodity among the commercially
available types of plant biomass [64]. This is because it has the greatest technical potential
of all renewable energy sources. The development of the market of woody biomass for
energy purposes may affect regional development, because it enables the efficient use of
existing local resources (land, forest areas, human resources) [65]. The development of
renewable energy sources, including woody biomass for energy purposes, is conditioned
by legal and economic aspects and requires active support through legal and financial
instruments to make renewable technologies competitive in the energy markets [66].

As previously indicated, developing alternative energy sources to fossil fuels is a
necessity, and the production and use of renewable energy—including woody biomass—is
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becoming a sustainable development determinant, not only in environmental but also in
social and economic dimensions [67].

In Poland, wood by-products have been used as an energy commodity for many years;
however, they are mainly used in the wood sector and to some extent in households, small
municipal boiler plants and public utility institutions (e.g., schools, hospitals, residential
facilities, etc.). Recent years have shown that along with the increasing role of renewable
energy sources in the energy industry, wood by-products have become an important energy
commodity in the energy sector. It should be emphasized that despite the significance of
wood by-products in economic practice, until recently there was a major information gap
regarding their supply and usage for energy purposes, as is the case with other woody
biomass energy commodities [64].

3. Research Objectives and Methodology

This article presents how selected factors related to forest biomass affect enterprise
development in rural areas. The study used a multivariate analysis of variance (ANOVA),
as well as the AHP operational research method. The result of the ANOVA was confirmed
using Duncan’s post hoc test to assign the results to a specific homogeneous group. The
following factors were selected for the analysis: conifer timber harvesting, sales of renew-
able fuel in the form of briquettes to selected customers, and the number of the given
company’s regular customers. The factors selected belong to both the closer and wider
environment. Factor selection was determined by the fact that plant materials used for
energy purposes have become widely known in recent years. This particularly includes
forest biomass, which is increasingly often used as an energy commodity in the Polish
heating industry. The study was conducted using a diagnostic survey method with a
survey questionnaire in the first quarter of 2020. The research was conducted using the
CATI (computer-assisted telephone interviewing) method and included 614 owners of
small and medium-sized enterprises (SMEs) operating in rural areas across all of Poland’s
voivodeships, which accounted for 2% of the total number of enterprises in the category
analysis. The enterprises for the study were selected in a purposive manner.

Using shredded logging residues fits into the concept of entrepreneurship [68] because
it can prove to be a venture with high economic potential [69]. Implementing the concept
of utilizing shredded logging residues requires analysis, which in the case of this article
was conducted using the methods available. Table 2 summarizes the data used in the
analysis, broken down by the province of Poland. The data describe factors that can affect
business growth.

3.1. Using ANOVA to Measure the Selected Factors

A multivariate analysis of variance (ANOVA) was used to develop the results. This
method explains the probability with which the extracted factors can cause differences
between the observed group means. The analysis of variance technique was created in the
1920s by Ronald Fisher. The method makes it possible to determine how selected factors
(τ, ϕ) affect the output parameter f and the mutual relationships between the parameters
analyzed, assuming that the remaining factors are constant, i.e., all else held constant,
which is shown in Equation (1).

ω = f (τ, ϕ) (1)

The value α, which indicates the level of significance, was considered during the
analysis to express the probability of error when selecting the confidence coefficient [70].
The assignment of a factor to a particular homogeneous group is determined by the critical
significance level. The test probability value α was taken to be 0.05, representing the
difference between unity and the confidence coefficient F with a value of 0.95, i.e., F = 1 − α.
The “nature of the problem” and the accuracy of the distribution of averages affected the
results of the analysis as well [71]. Determining the resulting between-group error involved
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calculating the ratio of the sum of the between-group squares to the number of degrees of
freedom [72]. The between-group error can be determined using Equations (2)–(4).

SST =
a

∑
i=1

mi(y(i) − y(...))
2 (2)

d fT = a − 1 (3)

MST =
SST
d fT

(4)

where:

mi—The number of units in each group;
a—The number of groups compared in the analysis of variance, the number of levels of
the factor;
y(...)—The overall mean, for all observations;
y(i)—The mean average for a given level of the factor, for the study group;
SST—The sum of squares between the subjects and between the groups;
dfT—Degrees of freedom between the subjects and between the groups;
MST—Between-group variance.

Using a multi-class analysis of variance made it possible to examine the impact of
factor effect combinations on the population. Equation (5) shows the theoretical model of
the analysis.

Xijk = xsr + ai + bj + ck + (ab)ij + (ac)ik + (bc)jk + (abc)ijk + eijkl (5)

where:

Xsr—Overall mean, for the entire population;
ai—The effect of factor A at level i (i = 1, 2, ..., n);
bi—The effect of factor B at level i (i = 1, 2, ..., k);
ck—The effect of factor C at level i (i = 1, 2, ..., m);
(ab)ij—Interaction effect of factors A and B at levels i and j, respectively;
(ac)ik—Interaction effect of factors A and C at levels i and k, respectively;
(bc)jk—Interaction effect of factors B and C at levels j and k, respectively;
(abc)ijk—Interaction effect of factors A, B and C at levels i, j and k, respectively;
eijkl—Random error with normal distribution, mean equal to zero and constant variance.

In the case studied, the ANOVA method makes it possible to determine how the
individual factors affect the output parameter, as well as to determine the mutual rela-
tionships between the parameters analyzed. The numerical interval, estimated with an
assumed probability as a confidence interval, contained the true, unknown value of the
parameter belonging to the general population, which was characterized by vertical bars
with a value range of 0.95. Confidence intervals can be determined for the arithmetic mean.
The probability of determining the actual location of the specific parameters was defined
by a confidence coefficient (1 − α) (percentage confidence interval 100 (1 − α)). The critical
significance level, based on which a factor is assigned to a particular homogeneous group,
should be less than 5%.
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Table 2. Summary of data on selected factors by the province of Poland.

Voivodeship
Number of All

Enterprises in the
Voivodeships

Number of
Enterprises
Surveyed

Coniferous Timber
Acquisition, m3

Sales of Renewable
Fuel Briquettes to

Selected Customers
(SME) (PLN)

Number of Regular
Customers in the

Enterprises
Surveyed

Dolnośląskie 2541 40 2,760,541 24,333.4 22
Kujawsko-pomorskie 1628 26 2,428,896 27,516.5 59

Lubelskie 1521 24 1,332,704 38,115.4 37
Lubuskie 1005 16 3,050,218 15,579.6 28
Łódzkie 2078 33 1,170,489 26,045.8 72

Małopolskie 5943 93 864,462 31,444.0 24
Mazowieckie 5095 80 1,865,031 55,008.5 49

Opolskie 1007 15 1,054,616 10,504.8 13
Podkarpackie 2285 36 1,583,928 21,122.9 30

Podlaskie 1008 16 1,626,952 26,673.5 63
Pomorskie 2154 34 4,801,999 22,720.0 30

Śląskie 4552 71 1,308,918 24,756.4 36
Świętokrzyskie 1059 16 1,108,281 17,491.7 20

Warmińsko-Mazurskie 1105 17 2,669,944 22,360.0 46
Wielkopolskie 4661 73 3,336,411 41,042.1 69

Zachodniopomorskie 1533 24 3,388,714 19,849.3 16

Source: [14].

3.2. Using the AHP Method for Factor Analysis

Determining the final results requires the construction of an appropriate structure
of the example to be solved, as well as modelling the correct problem hierarchy scheme.
The AHP method by Thomas Saaty was used to develop a selection alternative from
among the alternatives analyzed. This method requires the construction of an appropriate
structure of the example to be solved, as well as modelling the correct problem hierarchy
scheme. During the analysis, all elements are compared, forming a variable criteria matrix.
Decision suggestions are defined by features located at the successive levels of the problem
structure. The accuracy of the alternative solutions increases proportionally to the degree
of advancement of the scheme adopted [73,74].

The AHP method can be used in many areas, such as management, political science,
sociology, manufacturing and transport. The method belongs to the American school of
multi-criteria decision making (MCDM) [74].

The AHP method compares all elements to form a matrix of variable criteria, which
expresses the value of specific features. The assigned element values will be written out
and compared using the square matrix. The specific features correspond to numerical
values, assigned according to priority discretion. Intermediate and even inverse values
and are also allowed during the analysis. Inversion occurs when the second element is
more important than the first. A specially prepared nine-point rating scale, corresponding
to the equivalent factor rank, facilitates assigning the proper numerical values [74]. Table 3
shows the standardized 9-point rating scale.

Table 3. Feature values of the objects analyzed.

Importance Degree Explanation

1 Both elements have the same weight
3 The first element is slightly more important than the second
5 The first element is much larger than the second
7 The first element is much more important than the second
9 The first element is decisively more important than the second

Source: [75].

The “AHP method” calculation software module was used to process the results. The
program was developed in the Delhi environment. It features a calculation module in the
form of a matrix algorithm that conducts a diagnostic and comparative evaluation of the
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criteria analyzed. The analysis using the AHP method was performed based on selected
factors affecting logging residue management in Poland.

4. Results

For the ANOVA method, three main output factors and parameters obtained via the
surveys were selected. Input parameters (factors) that were selected in the further part
of the study were analyzed. The basis for the division of the grouping factor in Table 4
results from the specificity of the ANOVA method, because three basic input parameters
and input factors obtained during the survey were selected. The basis for the division of
the grouping factor into low, medium and high is an arithmetic division into three sets,
with the division consisting of distinguishing three sets whose values were between the
minimum and maximum value. The creation of three collections was the assumption in the
methodology from the very beginning. Extracting a larger number of sets allows for a more
accurate measurement of the analyzed parameters. In the analyzed case, the identification
of three sets (low, medium and high) resulted from the value between the maximum and
minimum value. The analyzed output factors and parameters are presented in Table 4.

Table 4. Analyzed output factors and parameters.

Output Parameter Factors

Number of enterprises—subclass 16.29.Z, Manufacture of other
wood products
Grouping factor:
• Low, <20 enterprises in the voivodeship;
• Average, 20–40 enterprises in the voivodeship;
• High, >40 enterprises in the voivodeship.

Coniferous timber acquisition, (in m3)

Sales of renewable fuel briquettes to selected customers (small
and medium companies—SME) (in PLN)

Number of regular customers in the enterprises
surveyed—Average number of customers (pieces)

Source: Own study.

The factors presented in Table 4 are the number of enterprises—production of other
wood products, acquisition of coniferous wood [in m3], sale of briquettes from renewable
fuels to selected recipients, small and medium-sized companies [in PLN]—and the number
of regular customers in the surveyed enterprises—average. The number of customers [in
items] has a significant impact on the development of forest biomass production. These are
economic factors that show the essence of the functioning of the forest biomass market.

The article presents a model approach with the selected statistical tools usage (AHP
and ANOVA). The analysis was carried out in a basic form, which means that the selected
factors presented only some of the parameters that can be analyzed in the two-stage
company environment. The method can be further developed based on other factors.

The results of the analysis (using the ANOVA method) made it possible to determine
how coniferous timber harvesting, sales of renewable fuel in the form of briquettes to
selected customers, and the number of regular enterprise customers affect the number
of wood processing enterprises. The analysis showed no impact of coniferous timber
harvesting on the number of enterprises. The significance level was greater than 0.05, with
p = 0.659. The empirical value of the statistic was F(2, 13) = 0.43139. Figure 4 shows the
relationship between the number of enterprises and conifer timber harvesting.

This was different in the case sales of renewable fuel briquettes to selected customers
affecting the number of enterprises. Level of significance: p = 0.034, where the empirical
value of the F(2, 13) statistic was 4.4565. Based on the significance level, the analysis
showed a partial effect (medium and high) of renewable fuel briquette sales to selected
customers on the number of enterprises. The characteristics of the relationship between
the number of enterprises and renewable fuel briquettes sales to selected customers are
presented in Figure 5.
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In the latter case, the results of Duncan’s analysis indicated a significant effect on
the number of enterprises. There was an increase in business interest in the processing
of wood material among enterprises. Table 5 shows the identified homogeneous group
relationships between the number of enterprises and sales of renewable fuel briquettes to
selected customers.
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Table 5. The relationship between the number of enterprises and renewable fuel briquettes sales to
selected customers.

Number of Enterprises Homogeneous Group Based on Duncan’s Analysis

1 2

Low X
Average X

High X

Analysis of the sales of renewable fuel briquettes to selected customers did not show
a significant effect of the studied factor on the number of enterprises established. The
analysis showed a significance level of p = 0.759, for an F(2, 13) empirical statistic value
of 0.28230. The analysis conducted (using ANOVA) showed that the number of regular
customers had no effect on the number of enterprises. Figure 6 shows the characteristics of
the relationship between the number of enterprises and the number of regular customers
of an enterprise.
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Applying the analytic hierarchy process (AHP) according to the methodology requires
constructing a square matrix along with the assigned factor characteristics. The upper-right
corner of the matrix contains the values of the features analyzed. The analysis shows
that the highest weight affecting business development among the factors analyzed is
the sales of renewable fuel briquettes to selected customers. Table 6 shows the pairwise
comparison matrix.
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Table 6. Pairwise comparison matrix.

Criteria Preferences
Sales of Renewable Fuel

Briquettes to Selected
Customers (PLN)

Coniferous Timber
Acquisition

Number of Regular
Customers in the Enterprises

Surveyed

Sales of renewable fuel
briquettes to selected

customers (PLN)
1 7 3

Coniferous timber acquisition 1/7 1 1
Number of regular customers

in the enterprises surveyed 1/3 1 1

Source: Own study.

It must be noted that the selected example is merely a model, because potential
enterprise development is affected by a much larger number of factors (both in the closer
and wider environment) than just the variables selected for the example. Other factors
may also affect the development of the enterprise. For example, this could be competitors,
suppliers, customers, producers of substitutes, political and legal factors, technological
factors, or knowledge of the market by the enterprise owner. The analysis determined
that the maximum eigenvalue of the matrix was 3.0803. The consistency index (C.I.) was
0.0401499, meaning that it satisfied the consistency condition (λmax − n)/(n − 1) ≤ 0.1.
Figure 6 shows the weight values.

Using the AHP method makes it possible to characterize the case study objectives
adopted. Sales of renewable fuel briquettes to selected customers had the highest value,
which means that this factor is of the highest importance. Other factors, such as coniferous
timber acquisition and the number of regular customers, were at a similar level. The weight
values of the AHP method are presented in Figure 7. Weight values can provide the basis
for investment activities in this type of enterprises, which entail specific outlays. The
development implementation strategy is the result of enterprise investing activity. Mostly,
it is a condition for responding to customer expectations, reacting to the actions of the
competition, but also increasing the internal potential.
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5. Conclusions and Discussion

Plant materials for energy purposes have recently become very popular—particularly
forest biomass, which also belongs to this group. Forest biomass in the form of logging
residues is now used for energy purposes as well [76,77]. It must be emphasized that wood
by-products are both a valuable alternative raw material for the wood processing sector
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(alternative to harvesting trees specifically for this purpose), as well as an energy source
that is an alternative to fossil fuels in the energy sector [76–79].

The analyses conducted show that there are a group of factors that influence the devel-
opment of enterprises operating in the field of logging residue management. The following
factors were selected for the analysis: conifer timber harvesting, sales of renewable fuel
in the form of briquettes to selected customers, and the number of the given company’s
regular customers. Based on the analyses conducted using ANOVA, it was determined
that the number of enterprises in the voivodeship was only significantly affected by the
number of renewable fuel briquettes sold to selected customers. Therefore, due to the sales
of renewable fuel in the form of briquettes to selected customers, the greatest development
prospects for wood industry companies existed in the Małopolskie, Mazowieckie, Śląskie
and Wielkopolskie Voivodeships. The AHP method also showed that the sales of renewable
fuel briquettes to selected customers are the biggest influencing factor.

On the other hand, the analysis did not show that coniferous timber harvested in the
given voivodeship and the number of regular customers affected the business prospects in
the voivodeships analyzed. However, it is worth noting that the number of renewable fuel
briquettes sold was significantly positively correlated with the number of customers. In
turn, the lack of impact of coniferous timber harvesting in the given voivodeship on the
number of enterprises in it may be due to such things as the ease of transporting timber
to other locations, as well as logging residues. As emphasized in the study by Schnorf
et al. [80], transporting wood is more efficient than transporting manure, for example,
which is also used for energy purposes. Moreover, they also report in their study that wood
chip transportation distances may be as large as 477 km. In the case of Poland, this would
mean transporting them across nearly the entire country.

The issue described in the article is in line with research concerning business de-
velopment in rural areas. Further analysis using different methods is also required. An
interesting research direction could be to analyze the wood biomass spatial diversity
potential with the cluster analysis method. Conducting detailed analyses of selected com-
panies, including spatial analyses concerning suppliers and customers alike, could be an
interesting second direction for future research. For this purpose, gravity models in the
determination and analysis of locations should be used. This would make it possible to
determine the optimal locations for establishing wood processing enterprises supplying
wood for energy purposes.
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biopaliwa]. Тaллиннский технический университет. Тaллинн 2005, 147.

21. Nurek, T.; Gendek, A.; Roman, K. Forest Residues as a Renewable Source of Energy: Elemental Composition and Physical
Properties. BioResources 2018, 14, 6–20. [CrossRef]

22. Grosse, T.; Hardt, Ł. Sektorowa czy Zintegrowana, czyli o OPTYMALNEJ Strategii Rozwoju Polskiej wsi; Pro Oeconomica-Fundacja
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