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Abstract. This article attempts to identify and analyze the factors influencing the shaping of regional energy policy in the West Pomera-
nian Voivodeship, with particular emphasis on the potential for the development of renewable energy based on biomass. The aim of the
publication is to determine the potential for the development of biomass resources, taking into account the criteria of sustainable develop-
ment, i.e. economic, ecological and social aspects. So far, few researchers have dealt with this subject in a comprehensive way, and so
far there has been a lack of detailed research on the potential of biomass in the West Pomeranian Region. The presented analyses are an
important contribution to the development of knowledge about alternative energy sources in the energy sector. The research material used
in the article comes from various sources, both domestic and foreign, including empirical data from scientific institutes of energy and fuels
and regional institutions dealing with energy.
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1. Introduction

Polish’s energy policy is an integral element of the management system of the country’s development process,
based on the Long-Term National Development Strategy, the Medium-Term National Development Strategy
and nine Integrated Strategies. The main objective of this policy is to create the conditions conducive to steady
and sustainable progress in the energy sector. This progress is expected to contribute to the growth of the na-
tional economy, ensure the country’s energy security and meet the energy needs of enterprises and households.
Three equivalent operational objectives have been defined in order to effectively achieve the main objective,
including: ensuring the country’s energy security, increasing the competitiveness and energy efficiency of the
national economy within the EU’s internal energy market, and reducing the negative impact of the energy sec-
tor on the environment (Ryghaug et al. 2018).
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Poland, being an active member of the European Union, actively participates in shaping the Community energy
policy and implements its main objectives in specific national conditions. The priorities of the Polish energy
policy include improving energy efficiency, increasing the security of fuel and energy supplies, and diversify-
ing the structure of electricity generation. These lines of energy policy are closely linked. Improving energy
efficiency contributes to reducing the demand for fuels and energy, which in turn increases energy security by
reducing dependence on imports. In addition, such efficiency works to the benefit of environmental protection
by reducing emissions. Similar benefits are brought by the development of the use of renewable energy sources
(Chilvers, Longhurst 2016).

In the implementation of activities in line with these directions, the energy policy aims to increase the country’s
energy security, while observing the principle of sustainable development of renewable energy sources. The
aim of the publication is to determine the potential for the development of biomass resources, taking into ac-
count the criteria of sustainable development, i.e. economic, ecological and social aspects. So far, few research-
ers have dealt with this subject in a comprehensive way, and so far there has been a lack of detailed research
on the potential of biomass in the West Pomeranian Voivodeship. The presented analyses are an important con-
tribution to the development of knowledge about alternative energy sources in the energy sector. The research
material used in the article comes from various sources, both domestic and foreign, including empirical data
from scientific institutes of energy and fuels and regional institutions dealing with energy.

2. Literature review

The reconstruction of the energy sector is necessary to achieve the goal of climate neutrality by 2050, as ap-
proved in December 2019 on the basis of the Paris Agreement by the Member States of the European Union. In
all countries the transition to a low-carbon energy system can be challenging, requiring supporting policies and
community involvement (Burningham et al., 2015; Naimoglu & Kavaz, 2023; Ntshangase et al., 2023; Zecca
et al., 2023).

Until recently, society was seen in a regressive way: as passive consumers using centralized energy systems,
powered mainly by nuclear, coal, gas, or hydroelectric power plants. Humans have often been seen as an ob-
stacle to the development of new clean energy technologies due to a lack of awareness of the environmental,
social, and economic benefits that can result from these new technologies (Perger et al., 2021). Efforts to imple-
ment renewable energy have been portrayed as a “NIMBY” situation (Burningham et al., 2015).

In the context of the European Union’s current initiatives for clean energy for all citizens, different forms of
energy citizenship can be considered to make the energy transition more inclusive, fair and democratic. This
conceptualization builds on the theories of energy citizenship by Ryghaug et al. (2018) and Devine-Wright
(2007), differentiating energy citizenship as performative and discursive. Energy citizenship in society can gen-
erally be understood as a spectrum of agencies ranging from limited power to full civic power, which translates
into the role of energy consumer/user, environmental citizen, and critical citizen (Am, 2015; Neves et al., 2015;
Melica et al,2018).

Directive 2001/77/EC defines biomass as “biodegradable product fractions, waste and residues of agricultural,
forestry and related industries, as well as biodegradable fractions of industrial and urban waste” (Biomass
2012).

On the other hand, the Regulation of the Minister of Economy and Labour of 9 December 2004 defines bio-
mass as “solid or liquid substances of plant or animal origin, biodegradable, derived from products, waste and
residues from agricultural and forestry production, as well as the industry processing their products, as well as
parts of other waste that are biodegradable” (Janowicz 2006).

The Energy Regulatory Office, on the other hand, classifies as biomass all organic substances of plant or animal
origin, including those processed by humans, which can be used for energy production. Biomass is a store of
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solar energy accumulated in the process of photosynthesis, and its resources, under the influence of solar radia-
tion and metabolic processes, have the ability to regenerate. Although biomass is not an inexhaustible source of
energy, it is completely renewable (Pisarek 2006).

3. Biomass as a source of renewable energy

Biomass is the oldest and most widely used source of renewable energy. This resource includes both household
waste and residues from pruning green areas. It consists of residues from agricultural production, forest resi-
dues, industrial and municipal rejects, constituting all organic matter present on Earth. When organic matter is
burned, the CO2 emissions are equal to the amount of CO2 that the plant absorbed during growth, resulting in
a zero CO2 balance. The potential of biomass is enormous, making it an economical and ecological source of
energy (2018 Report).

Energy from biomass can be obtained by burning plant biomass, producing fuel oil from oilseeds, alcoholic
fermentation of m.in potatoes, sugar cane or other fermentable materials to produce ethyl alcohol to power
engines. For energy purposes, excluding organic matter from primary raw materials, plants from energy crops,
wood and wood waste, sewage sludge, agricultural products and waste, as well as waste wood from the wood
industry, such as wood chips, shavings, bark, wood briquettes, wood chips, sawdust or pellets, may be used.
However, it is worth remembering that not all waste wood is suitable for energy purposes, due to the potential
presence of unhealthy chemicals used in wood processing in a given plant, which may negatively affect the
emission of gases into the atmosphere during combustion (Rabe 2017; Piccinetti et al., 2023).

Energy crops, rich in cellulosic compounds, are characterized by significant annual growth, high calorific
value, resistance to diseases and parasites, low soil requirements, as well as the possibility of automation of
agrotechnical works related to the establishment of plantations and harvesting the crop. Energy crops enable
the effective management of inefficient or degraded agricultural areas. The useful life of energy crops is on
average 15-20 years, and they can be used to produce briquettes or pellets or burn them whole. There are four
main groups of energy crops:

(a) annual crops such as maize, cereals, hemp, oilseed rape, Sudanese sorghum, sunflower, reed;
(b) fast-rotation woody plants such as aspen, eucalyptus, poplar, willow;

(c) fast-growing perennial grasses, e.g. Miscanthus giganteus;

(d) slow-growing tree species (Nowak 2017).

The introduction of plants, such as willow, on agricultural land makes it possible to obtain biomass for energy
purposes, as well as to develop areas of low agricultural usefulness, currently not used for agriculture, obtaining
heat energy from ecological sources and reducing unemployment in rural areas. In addition, these plants can be
used for direct combustion or processed. Energy willow also contributes positively to environmental protection
by reclaiming degraded land, regulating water relations and protecting against erosion (Ptocharski 2017).

Pennsylvania mallow grows in all substrate classes except class V and VI. The areas intended for its cultiva-
tion must be free of weeds, and the woody and dried stems harvested each year can be harvested for a period
of 15-20 years.

The tuberous sunflower is easy to grow, resistant to drought and frost. It can be grown in waterlogged soils,
which contributes to soil drainage. The dried parts of the plant can be directly burned or processed and burned
in the form of briquettes or pellets, and this plant can be grown for 15-20 years (Turnip 2018).

Miscanthus giganteus, as a grass species, is characterized by a high dry matter production of 8 to 25 t/ha.

Despite its low soil requirements, it is sensitive to low temperatures, especially in the first year after planting,
which requires crop protection.
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Agricultural products and waste are also produced in agriculture, one of which is straw as one of the raw ma-
terials for heating purposes. Although it is commonly used as bedding, fodder or fertilizer, modern agricultural
production methods, with limited livestock production, contribute to reducing the need for straw, which means
that straw is often burned in the field. Nevertheless, there are significant opportunities to use straw as a biofuel
(Jasiulewicz, Janiszewska 2018).

Thanks to innovative technologies of straw combustion and modification, its excess can be effectively used as
a fuel for energy purposes in the combustion process. Straw is characterized by high productivity of about 24
t/ha and high calorific value. However, its high humidity, oscillating between 50 and 70%, is a challenge. The
calorific value of straw depends on its species, moisture content and storage technology. It is preferable to use
the so-called grey straw, which is characterized by better energy properties and lower emissions of sulphur
and chlorine compounds compared to yellow straw, i.e. freshly cut straw. Straw intended for heating purposes
should remain on the field for a certain period of time under natural conditions, which makes it possible to re-
duce the content of alkali metals and chlorine, as well as to increase the calorific value.

Straw as a fuel is characterized by low density, but at the same time it contains a large amount of volatile frac-
tions, which can lead to some problems during combustion. Ash left after combustion can be a problem for the
boiler room as a residue of non-flammable substances (Kawatko, Olek 2008).

4. Potential for the development of energy from biomass in the West Pomeranian Voivodeship

Important documents used to analyse the progress in the power sector in Poland are the applicable acts of the
European Union law, national legal acts and government directives. The key document is the Polish Energy
Policy until 2030 and the Act of 10 April 1997 on energy law (Journal of Laws of 2006, No. 69, item 625, as
amended). The analysis of the biomass potential in the West Pomeranian Voivodeship also took into account the
Draft Energy Policy Polish until 2040 of 23 November 2018 and the Draft Energy Policy Polish 2050 presented
in August 2015.

In the context of the area of the West Pomeranian Voivodeship, regional and local documents are also taken
into account, such as the Report on the Potential and Use of Renewable Energy Sources in the Production of
Electricity and Heat in the West Pomeranian Voivodeship. This document was published by the Regional Office
for Spatial Management of the West Pomeranian Voivodeship in November 2018, as well as the Energy Sector
Development Programme in the West Pomeranian Voivodeship until 2015 with an outlook to 2030.

The analysis of the possibilities of obtaining energy from biomass in the West Pomeranian Voivodeship is a
challenge, mainly due to the consideration of many variables. It is worth paying attention to potential conflicts,
such as competition for agricultural space between agriculture and energy, or conflict between the natural func-
tions of forests and their use for energy purposes. In addition, technical requirements, technological processes
and complex financial aspects are important.

Despite possible conflicts, there is potential to use biomass for energy production. However, it is important
to strike a balance between the energy aspects and the original purpose of biomass production. In the case of
energy crops such as Pennsylvania mallow, energy willow, rose or Miscanthus, their economic potential has a
significant impact. In practice, in order to exploit the potential of biomass, farmers need to get the right price
for the feedstock, taking into account the risks associated with new production.

In the West Pomeranian Voivodeship, where class I and I soils occupy about 10,000 ha, it is possible to estab-
lish energy crop plantations on soils of class IV (51.1%), class 111 (20.8%), class V (20.5%) and class VI (6.6%).
These plants, due to their low environmental requirements, can be grown in areas of different quality, which

makes them suitable for a region with over 300 thousand hectares of soils of V and VI class.

At the end of 2016, the West Pomeranian Voivodeship had an area of 954.2 thousand hectares intended for
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agricultural purposes. The report on “Potential and Use of Renewable Energy Sources in the Production of
Electricity and Heat in the West Pomeranian Voivodeship” predicts that 15% of this area will be allocated to the
production of energy from biomass, while the rest will be used for commodity production. The report assumes
that an average of 50,000 kWh can be obtained from one hectare of energy crops.

143.13 thousand hectares x 50,000 kWh = 7,156,500,000 kWh.

It is estimated that the West Pomeranian Voivodeship has a relatively high biomass potential, in the form of
7156.5 GWh.

There are a number of key elements that shape the structure of agriculture in the West Pomeranian Voivodeship,
ranging from a large area of farms, a favourable proportion of people working in the agricultural sector, and a
focus on crop production, especially potatoes, cereals and sugar beets. At the end of 2018, the average size of
agricultural area per farm was 30.67 hectares.

Due to the important role of organic fertilisers, such as slurry or manure, as substrates for the production of
agricultural biogas, it is necessary to analyse the number of livestock in the region. The leading livestock are
pigs, cattle, and poultry. According to the Central Statistical Office, the number of cattle and pigs is decreasing,
while the number of poultry is increasing.

Investment in the construction and operation of agricultural biogas plants may contribute to reversing this
downward trend. Nevertheless, it is worth noting that the location of a biogas plant in a specific area must be
supported by the availability of suitable raw materials for biogas production. Therefore, animal husbandry in
the immediate vicinity of the plant should be compacted or carried out on large farms (Report ROSM, 2018).

In addition to livestock production, there is great potential for biogas production in plants that process agricul-
tural products, such as sugar factories, distilleries, breweries, slaughterhouses and fruit and vegetable process-
ing plants.

In the West Pomeranian Voivodeship, the area of meadows and pastures is also decreasing — from 157.2 thou-
sand hectares in 2016 to 143 thousand hectares in 2018 (Ryghaug, Skjolsvold, Heidenreich, 2018). Assuming
that 10% of this area will be used for energy purposes, we forecast to obtain about 11.4 million m3-year-1 of
biogas.

In the context of the operation of a biogas plant, cereals are also used, which are harvested at the appropriate
stage to be used as an additional substrate in the form of silage. Maize silage is considered to be the optimal
plant material for agricultural biogas plants (Rzepa, 2018).

The areas of maize cultivation in the West Pomeranian Voivodeship are gradually increasing. In 2016, the area
under maize cultivation was 9.2 thousand hectares, while in 2017 it was almost 22 thousand hectares. At the
same time, beet cultivation decreased slightly — in 2017 the area under cultivation amounted to 12.1 thousand
hectares, compared to 11.4 thousand hectares in 2016. Despite the smaller cultivation area, the sugar beet har-
vest in 2017 was higher than in 2016.

Assuming that the area of 13.2 thousand hectares in the region can be used for the cultivation of maize for
energy purposes, it is possible to achieve an annual biogas production of 56.4 million m3. In addition, by al-
locating sugar beet leaves to silage production, it is potentially possible to obtain around 39.6 million m3 of
biogas per year.

It is estimated that the potential of the West Pomeranian Voivodeship, based on available resources such as

waste from the agri-food industry, organic fertilisers, grasses from permanent grassland, sugar beet leaves and
maize, creates the possibility of obtaining about 638.7 GWh of electricity from biogas plants.
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Table 4. is presented below, illustrating the energy potential of the West Pomeranian Voivodeship.

Type of renewable energy Energy Potent?al of thfe West
Pomeranian Voivodeship GWh
wind turbines 26600,0
installations generating energy from biogas 638,7
biomass energy installations 7 156,5
solar power generation installations 393,2
run-of-river hydroelectric power plants 14,3

Source: In-house analysis based on the model.

5. Summary

The assessment of the possibility of obtaining energy from biomass in the West Pomeranian Voivodeship is a
difficult issue, mainly due to the need to take into account numerous variables. Among other things, you should
pay attention to:

» apotential conflict between the agricultural and energy uses of agricultural space;
* potential conflict between the natural functions of forests and their exploitation for energy purposes;
» specific technical requirements and technological processes;

» complex financial considerations.

Despite potential conflicts between the energy use of biomass and the agricultural or forestry function, it is pos-
sible to use the resulting biomass for energy purposes. It is extremely important to maintain the right balance
between the energy and the primary purpose of its production. In the case of strictly energy crop plantations, the
economic potential of biomass has a great impact. In practice, the theoretical potential is conditioned only by the
presence of appropriate soil quality and other similar factors. In order for this potential to be realised, farmers
need to obtain the same price for biomass as they receive for their current food production and, in addition, a
premium for the risks associated with new production. For this reason, biomass is the most expensive source of
renewable energy. In addition to investment costs, energy installations using biomass as fuel are accompanied
by constant, high operating costs (costs of production and delivery of biomass). The technical and economic
potential is of great importance for biomass from forests, urban green areas, orchards, etc. The main problem,
both for customers involved in both direct combustion of biomass and its processing, is to ensure the continuity
of supply of the raw material.
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