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Abstract: The aim of this research was to present the changes in biomass production, especially
pellets in Poland, in the context of world’s and European Union’s (EU) climate and energy policy,
compared to other renewable energy sources. We also analyzed the law concerning the biomass
production in the EU. Finally, we have elaborated the prognosis of the pellet production on the world
scale. We have used different methods to achieve the goals, among which the most important are the
Generalized Autoregressive Conditional Heteroscedasticity (GARCH model) and prognosis. We also
compared the results of pellet production in different countries in the European Union. The results
were presented in tabular and graphic form. We have received the data from Eurostat and the Main
Statistical Office (MSO) in Poland. Our research proves the increase of biomass and pellet production
on the global scale. Moreover, global wood pellet production increased by 972% in the years 2005–
2018. We can conclude that this increase was the result of increasing demand for renewable energy
sources. The first research hypothesis assumed that the changes in the European Union Policy have
impacted the increase of biomass production in the world. Our prognosis confirmed the second
hypothesis that the development of pellets will increase as the result of increasing global demand. The
use of more renewable energy sources is necessary to decrease the degradation of the environment.

Keywords: biomass production; pellet production; Poland; climate and energy policy; renewable
energy sources

1. Introduction

In 1997, the European Council and the European Parliament adopted the “White
Paper for a Community Strategy and Action Plan”. It is worth mentioning that the share of
renewable energy sources (RES) in gross internal energy consumption in the EU in 1997
was 6%. Then, the EU proposed an integrated Energy and Climate Change package in 2007.
Moreover, in 2009, the EU established the Renewable Energy Directive (RED) promoting
renewable energy sources. As a result, the EU established a goal of a reduction of 20% of

Energies 2021, 14, 3587. https://doi.org/10.3390/en14123587 https://www.mdpi.com/journal/energies

https://www.mdpi.com/journal/energies
https://www.mdpi.com
https://orcid.org/0000-0002-6616-7140
https://orcid.org/0000-0001-6256-2680
https://orcid.org/0000-0003-0111-3149
https://orcid.org/0000-0003-3356-2643
https://orcid.org/0000-0002-6725-6292
https://doi.org/10.3390/en14123587
https://doi.org/10.3390/en14123587
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/en14123587
https://www.mdpi.com/journal/energies
https://www.mdpi.com/article/10.3390/en14123587?type=check_update&version=2


Energies 2021, 14, 3587 2 of 22

GHG emissions by 2020 compared to 1990, the increase of energy efficiency, and a 20%
target of RES in final energy use, including 10% for biofuels [1]. Another goal in the energy
policy is energy security, which is an important issue not only for countries and regions,
but also for consumers [2].

The problems of climate change and pollution can be improved by renewable energy
sources. Moreover, fossil fuels pollute the environment and contain substances that are
hazardous for human health. The data from Eurostat [3] confirmed that renewable energy
sources accounted for 17.5% of final energy consumption in the European Union in 2018 [4].
Biomass is the main source of renewable energy and it is produced mainly in rural areas. It
also has a positive impact on the economic situation of farmers and forest owners [5].

Biomass is the largest potential source of energy in the world, including Poland [6].
The energy obtained from biomass accounts for 15% of the world’s energy consumption,
and it varies greatly depending on the country, ranging from 2–3% for developed countries
and about 35% in the developing countries [7,8]. Biomass is everything that exists on
Earth in the form of organic matter, all biodegradable substances of plant or animal origin.
Biomass is left over from agricultural production, forestry residues, and industrial and
municipal waste [9].

The main source of biomass is agriculture. Biomass can be a product from plant and
animal production. It contains cellulose, hemicellulose, lignin and other ingredients. It
contains major organic components useful in the production of fuels and chemicals [10].
Biomass in the literature is described as the whole organic matter that is biodegradable,
including waste products from agriculture and other sources [11]. The surplus of biomass
in agriculture can be considered an energy source. The vast majority of biomass is used in
agricultural production. Poland, as well as Europe, are considered to be major sources of
biomass [12]. Agriculture is also an energy consumer. The reduction of energy demand in
agriculture can be achieved by optimizing “agricultural operations and deploying produc-
tion technologies that are best suited to the cultivated crops and local conditions” [13,14].
Agricultural biomass is the key substrate in the production of solid biomass and first-
generation biofuel [15–19].

Energy security is an important issue worldwide. It can be described as the avail-
ability of energy in any time and in different forms. It can have internal and external
characteristics [20,21].

Biomass is a major source of renewable energy in the world. Particular attention was
paid to solid biomass (woody biomass) that can be generated directly from harvest [22].

The differences of biomass and the possibility of its processing mean that it can
be useful for energy production, mainly in local factories [23,24]. Biomass is the main
source of renewable energy used for heat production, electric energy, and transport [25].
The most important producers of biomass are agriculture and forestry. Biomass includes
biodegradable fractions of different products [26].

Biomass is processed into different products such as pellets and briquettes, and can
be delivered worldwide [27]. One of the most important products from solid biomass are
pellets. The market for pellets began in the 1980s. Not all countries entered the market at
the same time. Some countries, for example, Poland, entered the market 15 years later. This
had an impact on the state of the development of the market, which is not mature in many
countries [28].

The improvement of energy security, reduction of greenhouse gases (GHG), and lower
levels of fossil fuel usage can change the European economy into a more bio-based economy
that will help to better manage natural resources and environmental benefits [29].

The largest region that influences world environmental policy is the European Union.
The modern European Union (EU) is the only existing group of states that have arisen
in the process of regional economic and environmental integration, which is near the
stage of full integration [30]. The EU environmental policy must consider the diversity of
environmental problems in different regions of the European Union.
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In general, the range of instruments for the environmental direction of European
policy has significantly expanded in recent years [31].

The aim of the paper was to present the changes in solid biomass utilization in Poland
in the context of world and European environmental protection policies, especially pellets.
To achieve this goal we needed to answer following questions:

1. What is the renewable energy mix in Poland, the EU, and the world?
2. What is the state of law concerning the renewable energy sources?
3. What is the prognosis of pellet production in Poland and the world?

From the literature and methods we have withdrawn the following hypotheses:

Hypothesis 1 (H1). The changes in European Policy have impacted the increase of biomass production.

Hypothesis 2 (H2). The development of pellets will increase as the result of increasing global demand.

The rest of the paper is organized as follows. We present a Literature Review pointing
out the renewable energy regulations including the United Nations Framework Con-
vention on Climate Change, the Kyoto Protocol, and the Paris Agreement. Then, we
present Materials and Methods, and Research Results with Discussion. The final part
contains Conclusions.

2. Climate and Energy Policy
2.1. United Nations Framework Convention on Climate Change (UNFCCC)

The problem of climate change was first included in the political agenda of the
international community in the mid-1980s. Scientists from different countries drew their
first conclusions about the relationship between climate change and human activity. It was
ratified by 195 countries [32]. The problem of climate change is global. The concern about
the environment forced national governments to undertake actions to reduce the emission
of greenhouse gases [33]. Climate change is becoming a priority issue [34]. Only policy
intervention can reduce the crises that can be created by climate pollution [35].

The Convention was opened for signature on 4 June 1992 at the United Nations
Conference on Environment and Development held in Rio de Janeiro, and came into force
on 21 March 1994.

Currently, more than 190 countries are parties to the Convention. It was the first
attempt to cap carbon emissions [36]. This includes all industrialized countries, all countries
with economies in transition, and most developing countries [37].

2.2. The Kyoto Protocol

The further process of developing an international agreement on climate change refers
to December 1997, when the Kyoto Protocol was adopted by delegates from more than
160 countries. The main provisions of the Kyoto Protocol included the determination of
the permissible amount of greenhouse gas emissions in 2008–2012 for all industrialized
countries participating in this agreement.

Over recent years, 55 million tons of gas emissions were sold in deals. In 2005, the
European Union introduced the system of trade in quotas. After exiting the Kyoto Protocol,
Russia, which generates 17% of gross greenhouse gas emissions, has become one of the
largest suppliers of emission permits [38].

Since different countries had different degrees of interest in implementing the Kyoto
Protocol, its ratification faced serious obstacles. In March 2001, the United States announced
its decision not to participate in the Kyoto Protocol, and its ratification was threatened.
The US position, in particular, was voiced at the UN conference on climate change in
Buenos Aires in 2004, where the head of the US delegation, Harlan Watson, stated: “The
Kyoto Protocol is not a scientific document, but a political one, so we are not going to
participate” [39,40].
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2.3. Post-Kyoto System of International Relations

The negotiations on a new post-Kyoto agreement for the period after 2012, that began
in 2007, was unprecedented for the complexity and difficulty of problems covered, and the
impact on the economic development of individual countries and humanity as a whole.

In August 2009, another round of international climate talks took place in Bonn
(Germany). Negotiations in Bonn were carried out within the framework of two working
groups. The first group, working under the aegis of the United Nations Framework
Convention on Climate Change, was preparing a new text for the post-Kyoto agreement.
The second action was a discussion of the possible extension of the Kyoto Protocol for the
second period and the commitments of developed countries after 2012. Negotiations in
Bonn were held in the form of informal meetings, focusing on convergence of the positions
of the two groups in agreeing on a single text for the future agreement [41,42].

2.4. Paris Agreement

The implementation of the 2015 Paris Agreement requires support of the development
of renewable energy not only in the EU, but also worldwide. The EU is playing an important
role in the decarbonization of the EU according to the Paris Agreement [43]. The EU is
trying to keep the rise above two degrees of Celsius below levels [44,45]. The legal norms
play a key role in energy security. The energy policy is regulated by numerous documents
and laws [46].

3. Materials and Methods
3.1. Data Sources

We used different sources of information. First, we presented the gross energy avail-
ability from solid biofuels in the EU. Further, we have examined the share of individual
renewable energy carriers in obtaining energy from renewable sources in 2005–2018 in
Poland. In the research section, we have also analyzed the changes in pellet production in
the world and the EU. The sources of information were data obtained from Eurostat and
Statistics Poland. We also used the Global Status Report 2019 to analyze the changes in
RES in the world.

3.2. Methods

To analyze the changes in pellet production, we used the Augmented Dickey–Fuller
test (ADF) to determine if the pellet production is non-stationary [47].

Finally, we calculated Generalized Autoregressive Conditional Heteroscedasticity
(GARCH) models that were elaborated by Engle [48] and Bollerslev [49] to analyze
time series.

One of the most important applications of GARCH models is the description and
forecasting of volatility, understood as a measure of uncertainty. In the case of GARCH
models, such a measure of uncertainty is conditional variance or conditional standard
deviation. GARCH models are the most commonly used models of variation. This is
primarily because they allow the description of most of the empirical properties of the
analyzed time series. In order to avoid problems related to the estimation of parameters of
the ARCH model, the GARCH model is used. The GARCH model has all the advantages
of the ARCH model, and also describes the variability of most time series better [50].

The models are widely used for risk management, and they can capture both volatility
clustering and unconditional return distribution [51]:

σ2
t = α0 + α1y2

t−1 + β1σ2
t−1. (1)
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In the GARCH notation, the first subscript refers to the order of the y2 terms on the
right side, and the second subscript refers to the order of the σ2 terms [44]. The GARCH is
used to analyze conditional variance. The process of variance is not stationary [51]:

yt = ϕ0 +
p

∑
i=1

ϕiyt−i + et (2)

et|ψt−1 ∼ t(υ, 0, ht) (3)

ht = α0 + α1e2
t−1 + β1ht−1 (4)

where ψt−1 denotes series history up to time t− 1, t(υ, 0, ht) is a Student t distribution
with υ degrees of freedom (υ > 2), and ht is the conditional variance. Given the regularity
conditions, α0 > 0, α1 ≥ 0, β1 ≥ 0, the required stationarity condition is α1 + β1 < 1.
Additionally, due to the presence of autocorrelation, the roots of the polynomial zp −
ϕ1zp−1− ϕ2zp−2− . . .− ϕp = 0 lie inside the unit circle. According to the GARCH models,
the residual depends on the previous period’s mean and variance [51]. The GARCH model
can satisfactorily explain the volatility of an analyzed series [52].

The authors of the paper limited the analysis to the class of models AR (1)—GARCH
(1,1) because it was dictated in previous research, as well as the fact that in most of the
cases analyzed in the literature on the subject, process order selection autoregression at the
AR (1) level and the GARCH process at the GARCH (1,1) level are sufficient to capture the
autoregressive effect and heteroscedasticity [50,53].

We could not use the threshold GARCH (TGARCH) model because the defined
conditional variance was not a linear piecewise function [54].

4. Results
4.1. Pellet Production in the World

The global supply of biomass was 55.6 EJ in 2018. Solid biomass plays an important
role and constitutes 47.6% of total biomass. The solid biomass mainly includes wood chips,
wood pellets, and traditional biomass sources. The next positions in biomass mix are taken
by liquid biofuels (3.98%), municipal and industrial waste (1.45%), and biogas (1.36%)
(Table 1). Such structures demonstrate the strong position of solid biomass in the energy
mix [55]. A global increase of biomass was observed in 2005–2018. The biggest increase
was observed in liquid biofuels (355.2%), biogas (166.70%), and industrial waste (151%).
The solid biofuels recorded the smallest increase (11.20%) in the period.

Table 1. The supply of biomass globally in 2005–2018 (EJ).

Years Total Municipal Waste Industrial Waste Solid Biomass Biogases Liquid Biofuels

2005 45.60 0.96 0.45 42.80 0.51 0.87
2010 50.50 1.18 0.77 45.10 0.85 2.53
2015 53.20 1.38 0.90 46.20 1.29 3.45
2016 54.30 1.42 1.04 46.90 1.30 3.58
2017 54.90 1.44 1.07 47.30 1.33 3.72
2018 55.60 1.45 1.13 47.60 1.36 3.98

Change
2005–2018 (%) 21.90 51.00 151.00 11.20 166.70 355.20

Source: Own elaboration based on Ren21 Renewables. Global Status Report 2019.

The growth forecasts for renewable energy investments in the next 10 years are very
optimistic. It is even estimated that the renewable energy market will be one of the fastest
growing energy sources in the world, and its impact will be cross-sectoral [56].

According to Rokicki [57], the most important obstacles in production of renewable en-
ergy sources are the high costs of installation. Another obstacle can be the high investment
cost in production facilities [58].
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The growth for renewable energy is a consequence of economic development. Fore-
casts expect the demand for energy will increase in accordance with the population growth,
automation, and modernization. The global demand for energy will increase worldwide
about 1.6% each year. Renewable energy sources are very important in satisfying future
demand for energy. These energy sources are emission-free and they contribute to world-
wide power with fewer emissions of greenhouse gases (GHC) [59]. The concentration
of greenhouse gases in the 21st century caused a rapid rise in the global temperature.
Coal-fired power stations are considered to be the source of the pollutants. Most were built
two decades ago and are responsible for 80–85% of pollution [60].

Renewable energy sources contribute to sustainable energy development worldwide,
which include economic, technical, political, and social factors. Economic factors are linked
to regional economic development. Technical factors indicated that the development of
renewable energy sources will require new technologies. The political factors are the
effects of policy solutions. Social factors are focused on social resources and ecological
awareness [61]. To meet the environmental protection concerns, it is necessary to invest
in renewable energy sources. These investments can help reduce greenhouse gases and
increase energy security [62]. The renewable energy sources can replace fossil fuels that are
estimated to be depleted in less than 50 years, and are responsible for most of greenhouse
gas emissions [63].

As we can see from Figure 1, global wood pellet production has increased from
5.2 MMT (million metric tons) in 2005 to 55.7 MMT (million metric tons) in 2018. The
increase reached 971% in the period. Such an increase is the effect of the increasing demand
for renewable energy sources in the world.

Energies 2021, 14, x FOR PEER REVIEW 6 of 23 
 

Change 2005–2018 (%) 21.90 51.00 151.00 11.20 166.70 355.20 
Source: Own elaboration based on Ren21 Renewables. Global Status Report 2019. 

The growth forecasts for renewable energy investments in the next 10 years are very 
optimistic. It is even estimated that the renewable energy market will be one of the fastest 
growing energy sources in the world, and its impact will be cross-sectoral [56]. 

According to Rokicki [57], the most important obstacles in production of renewable 
energy sources are the high costs of installation. Another obstacle can be the high invest-
ment cost in production facilities [58]. 

The growth for renewable energy is a consequence of economic development. Fore-
casts expect the demand for energy will increase in accordance with the population 
growth, automation, and modernization. The global demand for energy will increase 
worldwide about 1.6% each year. Renewable energy sources are very important in satis-
fying future demand for energy. These energy sources are emission-free and they contrib-
ute to worldwide power with fewer emissions of greenhouse gases (GHC) [59]. The con-
centration of greenhouse gases in the 21st century caused a rapid rise in the global tem-
perature. Coal-fired power stations are considered to be the source of the pollutants. Most 
were built two decades ago and are responsible for 80–85% of pollution [60]. 

Renewable energy sources contribute to sustainable energy development worldwide, 
which include economic, technical, political, and social factors. Economic factors are 
linked to regional economic development. Technical factors indicated that the develop-
ment of renewable energy sources will require new technologies. The political factors are 
the effects of policy solutions. Social factors are focused on social resources and ecological 
awareness [61]. To meet the environmental protection concerns, it is necessary to invest 
in renewable energy sources. These investments can help reduce greenhouse gases and 
increase energy security [62]. The renewable energy sources can replace fossil fuels that 
are estimated to be depleted in less than 50 years, and are responsible for most of green-
house gas emissions [63]. 

As we can see from Figure 1, global wood pellet production has increased from 5.2 
MMT (million metric tons) in 2005 to 55.7 MMT (million metric tons) in 2018. The increase 
reached 971% in the period. Such an increase is the effect of the increasing demand for 
renewable energy sources in the world.  

 
Figure 1. Global wood pellet production MMT (million metric tons). Source: Own elaboration based on Ren21 Renewables. 
Global Status Report 2019. 

5.2
7.6

9.7
11.7

14.5
15.7

18.3
22.4

24.93
30.09

34.39
40.75

48.81
55.7

0 10 20 30 40 50 60

2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018

Figure 1. Global wood pellet production MMT (million metric tons). Source: Own elaboration based on Ren21 Renewables.
Global Status Report 2019.

4.2. Gross Energy Availability from Solid Biofuels in the EU

The policies concerning climate and energy in the European Union encouraged the
development of renewable energy sources including biomass, biogas, and others. The
basic benefits include support schemes for renewable energy sources. Moreover, using
RES delivered economic and environmental benefits [1]. Each country of the EU included
bioenergy policy in environmental policy. Furthermore, the production of biomass is also
linked to agricultural policy [64].
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Biomass is an organic substance created in the process of accounting solar energy [6].
Biomass also includes processed forms, such as pellets and briquettes [65]. Poland ranks
seventh in terms of gross energy availability from solid biofuels in the EU (approx.
6.2 Mtoe) (Figure 2)
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In 2017, the production of basic energy from renewable sources in the EU-28 amounted
226.5 million tons of oil equivalent (toe). Compared to 2004, this is an increase of 66% in
the amount of renewable energy produced in the EU-28, which corresponds to an average
annual increase of 4.7% [66].

Among renewable energy sources in the EU-28, the most important source is wood
and other solid biofuels, which accounted for 42% of primary renewable energy production
in 2017. Wind energy is on second place in terms of share of the renewable energy mix
(13.8%), followed by hydropower (11.4%). Biogas accounts for 7.4% of the share in the
production of energy from renewable sources, liquid biofuels were 7.4%, and solar energy
was 6.4%. The thermal energy of the environment (captured by heat pumps) was 5%,
geothermal energy was 3%, and the share of renewable waste increased to 4.4% [67].

In recent decades, the development of renewable energy sources (RES) has become
one of the main goals of the energy policy of the EU countries, including Poland, where
biomass receives special attention [64].

The decreasing energy sources of fossil raw materials and the need to reduce green-
house gas emissions, especially CO2, indicate the need to use RES [68].

The independence of the economy from fossil fuels and the reduction of greenhouse
gas emissions are the main reasons for introducing renewable energy sources. Self-
combustion of coal causes a significant deterioration of air quality through the emission of
toxic substances such as SO2, NO2 and CO2 [69].

Combating climate change and the desire to reduce CO2 emissions and other harmful
gases have made the EU’s policy of counteracting the increase in pollutant emissions a
priority task. As a result, a number of EU industry policies were subordinated and a
common agricultural policy was launched, which is responsible for the functioning of the
agricultural sector to support renewable energy. It has been contractually assumed that
renewable fuels for the purposes of the climate package have zero emission [70].

Biomass requires considerably less investment than other types of renewable energy to
produce a unit of energy. In economically developed countries, there is an over-production
of food products, thanks to which, it is possible to use a part of agricultural land for the
production of biomass for non-food purposes. Biomass is a solid fuel that can be stored
compared to wind or solar energy. Creation of a new direction of agricultural production
creates new jobs in agriculture and its surroundings, and increases agricultural income
which stimulates the development of local industry and rural areas [71].

Renewable energy sources have lower emission of hazardous substances. The modern
concept of bioeconomy includes the production of biofuels and other renewable energy

www.ec.europa.eu
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sources [72]. Solid biomass is mainly used for heat and electricity, whereas biofuels can be
used in transport.

Solid biofuels account for 44.6% of all RES consumed in the European Union and
are the main source of clean energy [73,74]. Solid biomass is a very important stock
for the production of heat and electricity (Table 2). Total gross heat production (ktoe)
produced from solid biomass achieved the biggest increase (151.2%), the next highest was
gross electricity production (100.6%) and gross inland consumption (49.3%). The smallest
increase was achieved by primary energy production (43%).

Table 2. The production of heat and electricity from solid biomass in EU in the 2005–2019 (all plants).

Year Total Gross Heat
Production (ktoe)

Gross Electricity
Production—CHP

Plants (GWh)

Primary Energy
Production (ktoe)

Gross Inland
Consumption (ktoe)

2005 2844 29,891 67,757 68,715
2006 2882 33,837 69,423 70,950
2007 3089 34,642 72,889 74,202
2008 3373 37,373 76,795 78,127
2009 3535 41,275 79,507 81,460
2010 4786 46,932 86,238 89,016
2011 4585 49,146 82,271 84,851
2012 5432 53,202 88,845 91,188
2013 5794 49,878 90,616 93,761
2014 5723 51,225 87,341 91,211
2015 5803 50,557 91,881 95,586
2016 6276 54,269 93,662 98,183
2017 6603 56,688 64,691 99,592
2018 6771 55,708 95,284 100,371
2019 7144 59,976 96,896 102,596

Changes 2005–2019 (%) 151.2 100.6 43.0 49.3

Source: https://www.eurobserv-er.org/online-database/ (accessed on 11 June 2021).

In 2016, domestic primary energy production amounted to a total of 2,804,263 TJ
(terajoules), of which renewable energy from solid biomass amounted to 265,780 TJ, giving
a total of 265 petajoules (PJ) [75].

Reflecting the availability and current use of biomass compared to others, as carriers
of renewable energy, gives us a picture of the advantage of this raw material over other
sources of renewable energy in Poland.

4.3. Gross Energy Availability from Solid Biofuels in Poland

Poland has enormous potential, consisting of forest biomass, agricultural products,
extensively used grassland, and special purpose crops as willow and poplar. On the other
hand, the main source of biomass is forestry and the wood industry, as well as agriculture—
partly derived from by-products and waste [74]. The technical potential of biomass in
Poland is estimated at about 900 PJ/year [76].

Due to favorable climatic and soil conditions, Poland is obtaining energy from renew-
able sources of approx. 70% from biomass [77]. This is much more than the EU average
for obtaining energy from biomass as a single carrier from renewable energy sources.
Solid biofuels dominate other energy carriers, including the most popular wind energy,
overtaking it by almost four times.

In order for biomass to be used in the process of conversion to secondary energy
carriers, it is necessary to incur low material and energy expenditure for its acquisition. It
can be used to produce heat, transport fuels, or electricity. The use of this raw material is
increasing rapidly [76].

Poland’s task is to meet the environmental protection requirements resulting from in-
ternational obligations and agreements. This contributes to the increase in the amount of en-

https://www.eurobserv-er.org/online-database/
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ergy produced from renewable sources, including from biomass. The production of energy
from biomass undoubtedly contributes to the reduction of environmental pollution [69].

Directive 2009/28/EC of the European Parliament and of the Council of April 23,
2009, on the promotion of the use of energy from renewable sources, obliges European
Union countries, including Poland, to share renewable energy in the final gross energy
consumption at the level of 15%. This is lower than the overall EU level (20%) [78]. In
Poland, the share of energy from renewable resources in the overall energy balance is
still too low, which is a problem [69]. The diversity of biomass and the possibilities of
its processing make it ideal for the production of thermal energy, especially on the local
market, as part of distributed and cogenerated energy [79].

The use of renewable energy sources in Poland is slowly becoming economically
viable. Renewable energy sources in the country could play an important role in the
economy, and biomass, especially from agriculture, should play a significant role in this,
while contributing to the development of rural areas and agriculture [79].

Solid biomass production is strongly linked to rural areas. Poland is a country with
great possibilities for the development of biomass because 93% of the total area is rural.
The arable land share is 65% of the country, which shows the possibilities. Moreover, lower
quality land including 34% of class V and VI can be used for energy crop production [80].

Finally, we have analyzed the renewable energy carriers from renewable energy
sources in Poland (Table 3). As we can see, solid biofuels have the biggest share in Poland
in the years 2005–2019. However, the share of solid biofuels decreased 26%, which raises a
question about how much of the market will stay in solid biofuels. In the same period, the
share of wind energy increased almost 4700%, fluid biofuels 385% and biogas 250%. Water
energy decreased its share by −43%.

Table 3. Share of individual renewable energy carriers in obtaining energy from renewable sources in 2005–2019 in
Poland. (%).

Specification 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

%

Solid
biofuels 91.6 90.8 91.1 87.4 85.7 85.0 85.2 82.4 79.8 76.1 74.2 70.6 67.8 68.1 65.5

Solar
energy 0.0 0.0 0.0 0.02 0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.7 0.9 1.4

Water
energy 4.2 3.7 3.4 3.4 3.3 3.6 2.7 2.1 2.4 2.3 1.7 2.0 2.4 1.9 1.7

Wind
energy 0.3 0.5 0.9 1.1 1.5 2.0 3.7 4.8 6.0 8.1 10.5 11.9 14.0 12.2 13.7

Biogas 1.2 1.3 1.3 1.7 1.6 1.6 1.8 2.0 2.1 2.5 2.5 2.8 3.0 3.2 3.1
Liquid

biofuels 2.6 3.5 2.3 5.4 7.0 6.6 5.8 8.0 8.1 9.1 9.1 10.1 10.0 10.0 10.3

Geothermal
energy 0.2 0.3 0.2 0.23 0.24 0.2 0.2 0.17 0.22 0.25 0.24 0.24 0.25 0.3 0.2

Municipal
waste 0.0 0.0 0.0 0.00 0.01 0.04 0.4 0.4 0.39 0.45 0.45 0.85 1.01 1.1 1.0

Heat
pumps - - - 0.27 0.30 0.31 0.30 0.31 0.44 0.55 0.55 0.58 0.62 2.4 2.6

Source: https://www.eurobserv-er.org/online-database/ (accessed on 11 June 2021).

The data in Table 3 are very optimistic for Poland because problems with energy exists.
For example, most of the buildings in rural areas are old and have not been modernized,
as well as having poor thermal installation. That is why the usage of biomass for heating
rural homes is important [81]. The share of renewable energy sources in the energy balance
will increase in Poland as result of requirements and development of the sector [82].

The production of heat and electricity from solid biomass in Poland is presented in
Table 4. As we can see, the solid biomass production in Poland increased in the years
2005–2019. The highest increase was observed in total gross heat production (628.3%),

https://www.eurobserv-er.org/online-database/
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gross electricity production (339.1%), primary energy production (149%) and gross inland
consumption (158.3%).

Table 4. The production of heat and electricity from solid biomass in Poland in 2005–2019 (all plants).

Year Total Gross Heat
Production (ktoe)

Gross Electricity
Production—CHP

Plants (GWh)

Primary Energy
Production (ktoe)

Gross Inland
Consumption (ktoe)

2005 60 1375 4166 4166
2006 63 1822 4326 4324
2007 89 2253 4417 4395
2008 118 3214 4739 4751
2009 233 4691 5190 5190
2010 252 5663 5866 5866
2011 318 6862 6351 6351
2012 450 8552 6988 6988
2013 373 5718 6837 6837
2014 334 7269 6180 6755
2015 297 7069 6597 6884
2016 319 6913 6415 6620
2017 279 3893 6211 6341
2018 320.1 3833 6146.9 6347.2
2019 377 4662.8 6208.4 6596

Changes 2005–2019 (%) 628.3 339.1 149.0 158.3

Source: https://www.eurobserv-er.org/online-database/ (accessed on 11 June 2021).

Solid biomass is the most important source of renewable energy, not only in Poland
but also in Europe and the world. Poland has good conditions for the production of solid
biomass. It has 2 million hectares of less productive land that can be useful in biomass
production. Poland is a major source of solid biomass because the farmland area per person
is 0.41 ha., whereas in EU-15 the area is 0.19 ha. Biomass is mainly used for heat production
in Poland [12]. It can be used for pellet and briquet production, too. The storage and
transport of pellets and briquets have many advantages mainly because of saving time, as
well as surface storage and lower costs of transport [83].

Forests play an important role as the pellet source in the process of conversion of
woody biomass into conventional. Forests also play an important role in the process of
carbon dioxide absorption from the atmosphere. The value of forests can be estimated in
its role in culture, tradition, and aesthetic and spiritual values [84]. The proper utilization
of forests can improve the sustainable management of this natural resource and also
sustainable development of society [85].

However, the development of renewable energy sources meets many obstacles in
Poland. The main problem is imports of cheaper biomass from markets outside the EU.
Pellets from biomass from Russia, Ukraine, and Belarus are cheaper compared to the Polish
production. Moreover, strict requirements of biomass combustion factories including
average and long-term contracts are also factors hindering the development of biomass in
Poland [86].

The production of biomass in Poland is particularly important in the context of fossil
fuel usage. Poland is the second largest EU coal consumer after Germany [87]. Poland, as
a country, is an important producer of hard coal (70.7 million tons in 2016) and importer
(8.3 million in the same period) [88]. Most of the electricity is produced in Poland from
hard coal (92%) and heat (about 89%) [89].

One main product of biomass is pellets. They can be produced both from wood and
straw. The data in Figure 3 show that wood pellet production increased from 160 thousand
metric tons (TMT) to 1300 (TMT) in 2005–2019. The increase of more than 800% shows the
possibility of potential production in Poland.

https://www.eurobserv-er.org/online-database/


Energies 2021, 14, 3587 11 of 22

Energies 2021, 14, x FOR PEER REVIEW 11 of 23 
 

2017 279 3893 6211 6341 
2018 320.1 3833 6146.9 6347.2 
2019 377 4662.8 6208.4 6596 

Changes 2005–
2019 (%) 

628.3 339.1 149.0 158.3 

Source: https://www.eurobserv-er.org/online-database/ (accessed on 11 June 2021). 

One main product of biomass is pellets. They can be produced both from wood and 
straw. The data in Figure 3 show that wood pellet production increased from 160 thou-
sand metric tons (TMT) to 1300 (TMT) in 2005–2019. The increase of more than 800% 
shows the possibility of potential production in Poland. 

 
Figure 3. Pellet production in Poland (thousand metric tons—TMT). Source: https://www.eurobserv-er.org/online-data-
base/ (accessed on 11 June 2021). 

4.4. Descriptive Statistics of Wood Pellet Production in the World and EU 
Table 5 shows the descriptive statistics of global pellet production. As we can see, the 

coefficient of variation reached a high level of 89.06%. The average global wood pellet 
production was 18.59 million metric tons. 

Skewedness and kurtosis measure the asymmetry of the data [51,52]. However, kur-
tosis is useful in thin tails. For example, in the normal distribution, skewedness describes 
the extent to which the analyzed distribution is different from the normal distribution. 
The skewedness was positive, whereas kurtosis was negative. 

Table 5. Descriptive statistics of global wood pellet production in 2005–2018 (MMT). 

Statistics Value 
Average 18.59 
Median 14.50 
Minimal 1.70 
Maximal 55.70 

Standard deviation 16.56 
Coefficient of variation 89.06 

Skewedness 0.88 
Kurtosis −0.32 

Source: Own elaboration based on Ren21 Renewables. Global Status Report 2019. 

0

200

400

600

800

1000

1200

1400

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Figure 3. Pellet production in Poland (thousand metric tons—TMT). Source: https://www.eurobserv-er.org/online-
database/ (accessed on 11 June 2021).

4.4. Descriptive Statistics of Wood Pellet Production in the World and EU

Table 5 shows the descriptive statistics of global pellet production. As we can see,
the coefficient of variation reached a high level of 89.06%. The average global wood pellet
production was 18.59 million metric tons.

Table 5. Descriptive statistics of global wood pellet production in 2005–2018 (MMT).

Statistics Value

Average 18.59
Median 14.50
Minimal 1.70
Maximal 55.70

Standard deviation 16.56
Coefficient of variation 89.06

Skewedness 0.88
Kurtosis −0.32

Source: Own elaboration based on Ren21 Renewables. Global Status Report 2019.

Skewedness and kurtosis measure the asymmetry of the data [51,52]. However, kurto-
sis is useful in thin tails. For example, in the normal distribution, skewedness describes the
extent to which the analyzed distribution is different from the normal distribution. The
skewedness was positive, whereas kurtosis was negative.

Europe is a very important producer of renewable energy. However, the production of
renewable energy sources are diversified in Europe. Iceland (70.551%), Norway (64.717%)
and Sweden (48.446%) achieve the largest average share of renewable energy sources
(Table 6). The Eurostat data [4] show that the smallest average share of renewable energy
sources was achieved in Malta (3.1353%), Luxemburg (3.8492%) and Netherlands (4.7304%).

Increasing climate change, which goes hand in hand with the increase in population,
contributes to air pollution through the use of conventional fuels. This causes a continuous
increase in energy demand. The steps taken by the EU offer a chance to improve the
situation, as well as the possibility of dealing with research issues and taking appropriate
steps to prevent future actions of states in its harmful contribution to the devastation of
our planet.

https://www.eurobserv-er.org/online-database/
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Table 6. Descriptive statistics of share of renewable energy sources in Europe in 2005–2019 (MMT).

Country Median Minimum Maximum Std. Dev. Coefficient of
Variation Skewed-Ness Kurtosis

15.29 9.63 19.73 3.30 21.89 −0.26 −1.27
European Union 28

countries 14.03 8.56 18.88 3.35 24.06 −0.18 −1.27

Belgium 6.68 1.89 9.92 2.76 44.76 −0.25 −1.39
Bulgaria 14.99 9.09 21.56 4.49 30.24 −0.08 −1.51
Czechia 11.88 6.77 16.24 3.41 29.11 −0.18 −1.55

Denmark 24.43 14.84 37.20 7.53 30.06 0.18 −1.35
Germany 12.99 6.20 17.35 3.34 26.97 −0.34 −0.92
Estonia 25.33 15.97 31.89 5.13 21.29 −0.27 −1.24
Ireland 6.79 2.38 11.98 3.08 45.67 0.10 −1.22
Greece 12.45 7.16 19.68 4.35 34.91 0.13 −1.48
Spain 14.07 8.34 18.36 3.49 25.48 −0.30 −1.31
France 12.97 9.34 17.21 2.63 20.34 0.05 −1.32
Croatia 26.07 21.99 28.97 2.49 9.71 −0.20 −1.53

Italy 14.23 6.32 18.27 4.10 29.78 −0.49 −1.15
Cyprus 6.69 3.07 13.90 3.51 46.96 0.43 −0.81
Latvia 35.01 29.62 40.98 3.77 10.78 0.00 −1.33

Lithuania 20.69 16.48 26.04 3.61 17.00 0.04 −1.54
Luxembourg 3.02 0.89 8.97 2.19 56.98 0.82 0.01

Hungary 12.67 4.36 16.20 3.50 29.78 −0.71. −0.69
Malta 2.35 0.10 8.49 3.10 98.99 0.47 −1.28

Netherlands 4.59 2.03 8.77 1.81 38.21 0.55 −0.18
Austria 32.10 22.55 33.81 3.58 11.70 −1.08 −0.11
Poland 10.66 6.89 12.16 2.06 21.21 −0.39 −1.54

Portugal 24.59 19.21 30.87 4.21 16.42 −0.02 −1.39
Romania 22.83 16.81 25.03 2.98 13.64 −0.63 −1.13
Slovenia 21.22 18.40 23.16 1.53 7.33 −0.41 −0.95
Slovakia 10.24 6.36 16.89 2.81 27.88 0.60 0.26
Finland 33.50 28.81 43.08 4.88 13.99 0.25 −1.44
Sweden 49.08 38.68 56.39 5.45 11.27 −0.32 −1.09
Iceland 72.15 58.84 78.19 5.81 8.24 −0.99 −0.16
Norway 64.13 57.10 74.63 5.28 8.16 0.26 −1.07

United Kingdom 4.43 1.09 12.34 3.68 67.32 0.49 −1.05

Source: https://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do (accessed on 11 June 2021).

The coefficient of variation informs us about the changes that took place in renewable
energy sources in European countries. As we can see, the largest changes were found in
Malta (99%), Luxemburg (56.97%) and Ireland (45.68%).

The highest share in renewable energy sources has solid biomass. It is mainly produced
from straw, wood and other ingredients. It can be used in the combustion or as a source to
produce different products such as pellet.

Table 7 presents the descriptive statistics of wood pellet production in the EU. Germany
(2.0871 Mtoe), Sweden (1.4286) and Poland (730.00 Mtoe) achieved the highest average
production of pellet in the European Union. The coefficient of variation was the highest in
Latvia (172.80%), France (93.43%) and Austria (79.71%).

A normally distributed variable can be described by skewedness and kurtosis near
zero [90,91]. Skewedness was negative for Germany, Sweden, France, Austria, Estonia, and
Spain, which means that the mean of negatively skewed data was less than the median.
Kurtosis was negative in all countries. Our results depend only on stationarity and the
existence of some moments as it was achieved by other authors [51].

Europe is also an important pellet producer. Table 7 shows the main pellet producers in
the EU. Poland is in seventh place as the producer of pellet with the amount of 950 million
metric tons. The biggest producers in 2017 were: Germany (2.250 million metric tons),
Latvia (1.55 million metric tons) and Sweden (1.42 million metric tons). The average

https://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
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pellet production in the EU increased 50.5% in 2011–2017. The biggest increases of pellet
production were observed in Estonia (189.5%), Spain (129.2%) and France (127.3%). Only
Portugal recorded a decrease in pellet production in 2011–2017 (−48.7%).

Table 7. Descriptive statistics of wood pellet production in the EU in 2004–2018 (MMT).

Country Average Median Minimum Maximum Standard
Deviation

Coefficient
of

Variation
(%)

Skewed-
Ness Kurt-Osis

Germany 2.08 2.10 1.88 2.25 0.15 7.34 −0.16 −1.57
Latvia 242.44 1.55 1.10 980.00 418.94 172.80 1.06 −0.72

Sweden 1.42 1.42 1.31 1.55 0.10 7.18 0.12 −1.65
France 419.06 550.00 1.04 950.00 408.37 97.45 −0.03 −1.69
Austria 534.75 893.00 1.00 962.00 499.64 93.43 -0.28 −1.91
Estonia 467.44 500.00 1.00 900.00 372.60 79.71 −0.13 −1.34
Poland 730.00 610.00 600.00 950.00 161.66 22.15 0.38 −1.73
Spain 396.43 410.00 240.00 550.00 134.62 33.96 −0.01 −1.64

Portugal 653.57 700.00 500.00 800.00 112.20 17.17 −0.48 −1.05
Total 12.53 13.10 9.47 14.25 1.86 14.89 −0.65 −1.07

Source: Eurostat. Energy. Share of energy from renewable sources (nrg_ind_ren). https://appsso.eurostat.ec.europa.eu/nui/show.do?
dataset=nrg_ind_ren&lang=en (accessed on 11 June 2021).

4.5. Stationarity of Solid Biomass and Pellet Production in the World and Poland

In order to analyze changes in total gross heat production and pellet production, the
Dickey–Fuller test was carried out, which examines the stationarity of time series [92]. The
results presented in Table 8 show that the p value is quite large, which does not justify
rejecting the hypothesis H0 which states that the series is non-stationary due to the presence
of the unit root. The values of the mean, variance and autocorrelation function change over
time, which proves that the time series are not stationary. On the other hand, the H1 time
series hypothesis is stationary, i.e., static and dynamic properties remain unchanged at
any time shift, and therefore, the mean value and variance of the time series elements are
constant [93].

Table 8. ADF test for total gross heat production from solid biomass and pellets.

Specification Coefficient of
Autocorrelation p Value t Statistics

Total gross heat production from solid biomass 0.032 0.525 −1.456
Global wood pellet production in the world −0.041 1.000 4.394

Wood pellet production in Poland −0.010 0.998 1.408
Source: Own elaboration based on Ren21 Renewables. Global Status Report 2019.

Finally, we conducted the ADF test with intercept, and with intercept and trend
(Table 9). We took the differences and did the ADF test once again and achieved the
stationary variables. Autocorrelation of the first-order suggests that the variables were
stationary. The ADF test proved the existence of unit root.

The empirical evidence suggests that there is no serial correlation for the total gross
heat production from solid biomass because the α1 < β1, which suggests that the condi-
tional variance is independent from previous observations (Table 10).

According to our prognosis, the wood pellet production in the world will slightly
decrease (Table 11). This can be the effect of looking for cheaper and cleaner sources of
renewable energy.

https://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nrg_ind_ren&lang=en
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Table 9. ADF test for total gross heat production from solid biomass and pellet with differences.

Specification

ADF Test with Intercept ADF Test with Intercept and Trend

Coefficient of
Autocorrelation p Value t Statistics

Autocorrelation
of

First-Order
Residuals

Coefficient of
Autocorrela-

tion
p Value t Statis-

tics
Autocorrelation of

First-Order Residuals

Total gross heat
production from solid

biomass
−0.925 0.056 −3.048 0.001 −1.003 0.145 −3.106 −0.029

Global wood pellet
production in the world 0.099 0.989 0.597 −0.336 −0.807 0.126 −3.141 −0.069

Wood pellet production
in Poland −0.805 0.077 −2.845 0.069 −1.494 0.016 −3.819 0.007

Source: Own elaboration based on Ren21 Renewables. Global Status Report 2019.

Table 10. Generalized Autoregressive Conditional Heteroscedasticity (GARCH) model of total gross
heat production from solid biomass.

Specification Coefficient Std. Error z p Value

Constant 326.48 14.96 21.82 0.000
Alpha (0) 460.03 674.87 0.68 0.50
Alpha (1) 0.34 0.30 1.14 0.26
Beta (1) 0.45 0.20 2.25 0.02

Arithmetic mean of the dependent variable—258.80
Standard deviation of dependent change—122.24

Likelihood log—89.39
Akaike’s information criterion—188.77

Bayesian Schwarz criterion—192.31
Hannan–Quinn criterion—188.73

Unconditional variance of model error—2269.56
Likelihood-ratio test for the (G) ARCH: Chi-square (2)—11.7486 [0.031]

Source: Own elaboration based on Ren21 Renewables. Global Status Report 2019.

Table 11. Prognosis of global wood pellet production.

Years Prognosis Std. Error 95% Confidence Interval

2019 377.0 330.4 (295.2–450.8)
2020 377.3 52.54 (274.3–480.3)
2021 375.6 68.95 (240.4–510.7)
2022 374.2 77.82 (221.7–526.7)
2023 373.1 73.11 (210.2–536.0)

Source: Own elaboration based on Ren21 Renewables. Global Status Report 2019.

Table 12 presents maximum-likelihood estimates for the Generalized Autoregressive
Conditional Heteroscedasticity (GARCH) model.

The empirical evidence suggests that there is no serial correlation for the analyzed
series. The conditional t distribution is distinctly fatter-tailed than the normal. For global
wood pellet, the α1 < β1 which suggests that the conditional variance is independent from
previous time series.

Our final step was to prepare a prognosis of global wood pellet production. Our prog-
nosis suggests that the global wood pellet production will increase almost 81% (Table 13).
Even though other renewable energy sources will increase their share in the energy mix,
the pellets, which are organic, increase also.

Poland is an important producer of wood pellets in Europe. Polish pellet production
reached 1.3 million metric tons. Most were used by residential consumers, 25% by commer-
cial or industrial entities, and 13% by commercial stakeholders to produce energy for heat
for sale [94].
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Table 12. Generalized Autoregressive Conditional Heteroscedasticity (GARCH) model of global
wood pellet production.

Specification Coefficient Std. Error z p Value

Constant 15.61 3.36 4.65 0.000
Alpha (0) 9.70 17.56 0.55 0.58
Alpha (1) 0.91 0.61 1.50 0.13
Beta (1) 1.000 0.52 1.93 1.00

Arithmetic mean of the dependent variable—24.26929
Standard deviation of dependent change—15.73396

Likelihood log—52.05360
Akaike’s information criterion—114.1072

Bayesian Schwarz criterion—117.3025
Hannan–Quinn criterion—113.8114

Unconditional variance of model error—111.913
Likelihood-ratio test for the (G) ARCH: Chi-square (2)—11.7486 [0.00281081]

Source: Own elaboration based on Ren21 Renewables. Global Status Report 2019.

Table 13. Prognosis of global wood pellet production.

Years Prognosis Std. Error 95% Range

2019 64.79 0.73 (63.35–66.23)
2020 75.25 0.74 (73.79–76.70)
2021 87.33 0.75 (85.85–88.80)
2022 101.27 0.76 (99.76–102.77)
2023 117.36 0.79 (115.82–118.91)

Source: Own elaboration based on Ren21 Renewables. Global Status Report 2019.

Table 14 presents the Generalized Autoregressive Conditional Heteroscedasticity
(GARCH) model of wood pellet production in Poland. The empirical evidence suggests
that there is no serial correlation for the analyzed series. The conditional t distribution is
distinctly fatter-tailed than the normal. For global wood pellet, the α1 < β1, which suggests
that the conditional variance is independent from previous observations.

Table 14. Generalized Autoregressive Conditional Heteroscedasticity (GARCH) model of wood
pellet production in Poland.

Spcification Coefficient Std. Error Z p Value

Constant 609.73 58.67 10.39 0.00
Alpha (0) 7895.39 8796.84 0.89 0.36
Alpha (1) 0.83 0.50 1.65 0.09
Beta (1) 1.05 0.461 0.00 1.00

Arithmetic mean of the dependent variable—621.2500
Standard deviation of the dependent variable—333.3042

Log-of-Plausibility—109.9101
Akaike’s information criterion—229.8201

Bayesian Schwarz criterion—233.6831
Hannan–Quinn criterion—230.0179

Unconditional variance of model error—46 712.7
Likelihood-ratio test for the (G) ARCH: Chi-square (2)—10.4431 [0.00539905]

Source: Own elaboration based on https://www.eurobserv-er.org/online-database/ (accessed on 11 June 2021).

Table 15 shows the prognosis of wood pellet production in Poland. As we can see, the
production of wood pellets could increase as the result of changing policy, increased de-
mand for renewable energy sources, and the development of the wood processing industry.

https://www.eurobserv-er.org/online-database/
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Table 15. Prognosis of wood pellet production in Poland (TMT).

Year Prognosis Error 95% Range

2020 1450.91 60.85 1331.64–1570.18
2021 1613.48 80.72 1455.27–1771.69
2022 1792.17 99.57 1597.01–1987.32
2023 1988.56 118.40 1756.49–2220.63
2024 2204.42 137.762 1934.41–2474.43

Source: https://www.eurobserv-er.org/online-database/ (accessed on 11 June 2021).

Poland, an important producer of pellets in the EU, is responsible for a reduction of
emissions of greenhouse gases into the atmosphere. The projection of pellet development
will undoubtedly decrease the gas emissions that are responsible for global warming which
creates losses for the environment and the economy as a whole [95].

Poland is achieving more energy from renewable energy sources each year because
the EU imposed a duty to adjust emissions in all countries. Poland’s aim was to achieve
15% of renewable energy sources of gross energy consumption in 2020. Poland has a good
climate and soil conditions for plant cultivation for energy purposes. Many lands can be
devoted to cereals, rapeseed, straw, and forest. The forest cover in Poland is over 30%
and it is a basic source for timber waste. Basket willow and other energy plants can be
harvested in Poland for energy [96].

5. Discussion

The development of renewable energy sources depends on global demand from clear
energy. Its development is also regulated by law.

The European Union established the necessary reduction of GHG gases (greenhouse
gas) emission reduction by 80–95% by 2050. Such an ambitious goal can be achieved by
using renewable energy sources which could be increased between 55% and 75% in gross
final energy consumption in 2050. Moreover, changing to a competitive green economy
requires constant changes in law concerning climate, environmental pollution levels, and
renewable energy sources [1].

However, to achieve these ambitious goals, the EU must make significant invest-
ments. In some EU countries, the investment levels are insufficient and actions should be
taken to avoid shrinking the green economy [97]. Such an investment should amount to
60–70 billion euros to achieve the planned development of a green economy, which is very
important for humans [98].

This green economy based on biomass instead of fossil fuels will generate constant
changes in agricultural, economic, and social systems. This economy can also be called
a bio-based economy “or a knowledge-based bio-economy”. This approach generates
many benefits for sustainable development, and perspectives for people and the environ-
ment [29]. This economy is described as a low-carbon and resource-efficient strategy that
will improve energy security and human well-being [99]. According to this concept, the
use of raw materials, innovation development, and biotechnology in different sectors is
necessary [100].

The European Union enabled each member state to decide its own ways to increase
renewable energy use. This bottom-up approach gives independent choice for each member
state to elaborate its way to meet the goal, and the European Commission is monitoring
the activities. The production of biomass plays an important role in policies of member
states [97].

Biomass has an important role in EU strategies that restrict energy security and climate
change reduction. It can contribute to the decrease of carbon dioxide concentrations in the
atmosphere. Supporting plant production enables carbon dioxide storage in vegetation
and substitution of fossil fuels [101].

Sustainable agricultural production and biomass utilization require intensive, produc-
tive technologies to enable high yield achievements from plants. The increasing demand
for energy and rational use of energy sources are of particular interest in the European

https://www.eurobserv-er.org/online-database/
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Union. The changing of replacement of traditional fossil fuels are inhibited by high costs of
new technologies and low pace of legislations [11].

Moreover, the increase of biomass can be achieved by using land that is not valuable
for agricultural production. Willow, miscanthus, and other plants deliver solid biofuels
and do not require good land. The further utilization of existing resources and intensi-
fication of current production can also be the source of the development of bioenergy
production [102]. This can create a competition between good quality lands that can be
used for food production and for renewable energy crops. Another reason that can create
the market for renewable energy sources are production costs. Lower costs of biomass
compared to fossil fuels can stimulate the development of renewable energy sources [103].

The development of bioenergy requires an evaluation of the bioenergy potential. This
should be done not only globally but also on a regional scale. Each EU country has different
potential for different renewable energy sources and the strategy should be adjusted to
existing resources [104].

The usage of biomass has advantages and disadvantages. The most important advan-
tages include: the safety of transport compared to gas, a low balance of carbon dioxide,
the possibility of using low quality lands for energy purposes and the possibility to create
jobs in rural areas. The most important disadvantage is the low energy value of biomass,
and some parts of biomass are only accessible seasonally [105]. The other barriers to the
development of biomass include: small biomass markets, poor subsidies for crops devoted
to energy purposes, or the lack for emission control systems for energy installation [106].

In many countries, the development of alternative energy is stimulated, including a
partial transition to biofuels and the deployment of capacity for its production. The conse-
quences of this step are ambiguous as intensive production of biofuels might significantly
raise the price of food, deplete the soil, and increase water scarcity. Already, the production
of biofuels is called as a cause of rising grain prices.

However, all these steps are not sufficient to keep the Earth’s temperature at a relatively
safe level [107].

Solid biomass is a major source of renewable energy mainly used for heating in Poland
and Europe. However, its share in renewable energy sources is decreasing. The future
of solid biomass in Poland and the European Union will depend on various factors such
as wood and straw access. It is worth mentioning that the possibility of using straw in
biomass production and using it in heating depends on agriculture development and its
utilization in animal production. Some regions of Poland suffer from the lack of straw
because of intensive cow production [12].

The solid biomass can help the countries to achieve planned goals. In China, non-
fossil energy in primary energy consumption should be increased from 15% to 20% in the
2020–2030 [108]. In the EU-28, the achievement is of 40% mitigation in domestic GHG
emissions over the period 2021–2030. Moreover, the contribution of renewable energy
sources in total energy consumption should reach about 32% by 2030. Finally, the target
of about 32.5% increase in energy efficiency in 2030 at EU level should be reached [109].
Global actions should be taken to secure a likely chance of meeting the 2 ◦C target in the
future. A 2030 target of 67% below 1990 for the EU-28, a 2025 target of 54% below 2005 for
the USA or a 2030 target of 32% below 2010 for China should help to solve the problem of
achieving a fully decarbonized world [110,111].

6. Conclusions

The usage of energy from renewable sources is increasing worldwide. Biomass is
actually the most important source of renewable energy. Pellets can be a good example
of solid biomass. The international market for biomass and pellets is increasing. The
European Union is an important producer and consumer of biomass [105]. The further
development of the biomass market requires a proper climate and energy policy.

In general, environmental policy remains the most important activity of the European
Union. In this area, an extensive system of environmental legislation has been formed, the
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norms of which are successfully implemented in practice. Each member state should adjust
its own policy to the general requirements of the EU [38].

Our research demonstrates the development of solid biomass production in the world,
EU, and Poland. Such an increase can demonstrate the increasing demand for renewable
energy sources created by environmental policy.

Poland is an important biomass and pellet producer in the EU. It has large potential
for solid biomass production. However, the further development of solid biomass depends
not only on agriculture and forestry, but also the pace of other renewable energy source
developments [84]. However, about 28% is distributed on the domestic market. It can be
the result of a small investment in burning installations, as well as instability of prices and
supply [112]. Most of the pellet and biomass are achieved in Poland from forest waste.
However, biomass can be obtained from perennial energy crops, such as Salix coppice
(Salix spp.), Sida hermaphrodita (Virginia mallow) and Miscanthus giganteus, which can
be cultivated on poorer quality agricultural land [113]. The market for pellets is increasing
because the EU is importing about one third of the pellets used [114]. The largest producer
of pellets in the EU is Germany, and the largest consumers are the United Kingdom and
Italy [115].

Our prognosis demonstrates that wood pellet production will increase in the world
and Poland. Such a result can be achieved by the support of renewable energy in European
policy. Climate change and environmental protection will play an important role in
world policy.

Our research confirms both hypotheses positively. Environmental policy is becoming
stricter and requires an increase of global awareness by society. Our common environment
is in danger and the policy should protect it.

The analysis of the wood pellet production in the EU proved that kurtosis was negative
in all countries. Skewedness was negative for Germany, Sweden, France, Austria, Estonia,
and Spain, which means that the mean of negatively skewed data was less than the
median [116,117].

The ADF test proved that the analyzed variables were not stationary. That is why we
took the differences and did the unit root test, achieving the stationary variables.

Moreover, the GARCH model confirmed that there is no serial correlation for the
analyzed series. The conditional variance is independent from previous observations.
Based on the obtained results, it can be concluded that modeling the series of pellet
production by means of models is entirely sufficient AR (1)—GARCH (1,1) with conditional
normal distribution [118–120].
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25. Bartosiewicz-Burczy, H. Ekonomika wykorzystania energii źródeł odnawialnych do produkcji energii elektrycznej. Energetyka

2002, 7, 458–463. (In Polish)
26. Rokicki, T.; Perkowska, A.; Klepacki, B.; Bórawski, P.; Bełdycka-Bórawska, A.; Michalski, K. Changes in energy consumption in

Agriculture in the EU countries. Energies 2021, 14, 1570. [CrossRef]
27. Faaij, A. Modern biomass conversion technologies. Mitig. Adapt. Strateg. Glob. Chang. 2006, 11, 343–375. [CrossRef]
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Poland, 2013; pp. 396–397. Available online: https://journals.pan.pl/Content/97228/mainfile.pdf?handler=pdf (accessed on 11
June 2021). (In Polish)

75. Ile Energii w Polsce Wytwarzamy z OZE? Available online: https://www.green-projects.pl/energia-oze-wytwarzanie-polska-
statystyki/ (accessed on 11 June 2021). (In Polish).

76. Bartoszewicz-Buczy, A. Potencjał i Energetyczne Wykorzystanie Biomasy w Krajach Europy Środkowej; Instytut Energetyki, JEN:
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Mineralnymi i Energią Polskiej Akademii Nauk 2018, 105, 75–84. (In Polish) [CrossRef]
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