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Introduction 
 

 

 

The need for coordinated global efforts to 

mitigate climate change is well recognized, 

particularly in the wake of the Paris 

Agreement, which aims to limit global 

temperature rise to well below 2°C above pre-

industrial levels [1]. Given that approximately 

80% of greenhouse gas (GHG) emissions 

originate from the energy sector, a transition 

to renewable energy (RE) is essential [2]. The 

European Union (EU) has taken significant 

steps toward achieving this goal, as 

exemplified by the establishment of the 

European Energy Union and the adoption of a 

resilient energy strategy [3].  

According to the Intergovernmental Panel on 

Climate Change (IPCC), renewable energy 

sources are expected to supply between 70% 

and 85% of global electricity by 2050 to 

achieve the 1.5 degrees target [4]. Recent 

technological advancements and cost 

reductions have significantly accelerated the 

global shift toward renewables. Between 2010 

and 2019, the costs of key clean energy 

technologies plummeted. The costs for solar 

energy dropped by 85% and for wind energy 

by 55%, driving substantial deployment 

increases across multiple regions [5]. This 

trend continued in 2023, when global wind 

and photovoltaic (PV) capacity additions 

soared to nearly 540 gigawatts, 

 

 

 

 

 

 

 

 

marking a 75% increase from 2022 [6]. That 

same year,  

non-bioenergy renewables accounted for 

nearly 30% of global electricity generation, 

with wind and solar alone contributing 13.2% 

[6]. 

A particularly promising area for regional 

energy cooperation is the South Baltic Sea 

Region (SBSR), where strong economic and 

environmental ties exist between countries. 

The Baltic Sea Region (BSR) as a whole has 

already demonstrated success in energy 

cooperation, especially in the Nordic 

countries, where electricity trade and 

integration efforts have facilitated a more 

resilient and sustainable energy system [7]. 

However, a systematic analysis of the 

potential for a green energy transition in the 

Renewable energy sources 

are expected to supply 

between 70% and 85% of 

global electricity by 2050 
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SBSR is still lacking. With an abundance of 

renewable energy resources—including 

biomass (Sweden, Finland, and Lithuania), 

hydropower (Norway, Sweden, andFinland), 

wind (Denmark, Sweden, and Norway), and 

solar (Denmark, Southern Sweden, Estonia, 

Latvia, and Lithuania)—the SBSR is well-

positioned to accelerate the shift towards a 

100% renewable energy system. 

 

Despite these opportunities, several 

challenges remain. The maritime economy 

plays a crucial role in the SBSR, contributing 

significantly to employment and economic 

output. The so-called “Blue Economy” in the 

EU accounts for approximately 5.4 million jobs 

and generates nearly 500 billion EUR annually 

[8]. The SBSR, in particular, holds a leading 

position in maritime industries, but limited 

cooperation and promotion activities hinder 

the competitiveness and sustainable 

development of the region [9]. Additionally, 

the lack of international support mechanisms 

for small and medium-sized enterprises 

(SMEs) further impedes progress toward a 

green transition [9]. 

 

 

 

This report explores the potential for 

expanding renewable energy use in the SBSR 

and proposes a joint green policy strategy to 

enhance energy security, economic growth, 

and sustainability. A coordinated approach, 

leveraging regional strengths and increasing 

cross-border collaboration, could significantly 

contribute to reducing carbon emissions while 

fostering innovation in green technologies. 

Furthermore, the integration of energy 

storage solutions and sector interconnections 

will be crucial in ensuring a stable and flexible 

energy supply, particularly given the 

intermittency challenges associated with wind 

and solar energy. 

 

By fostering stronger regional cooperation 

and implementing a joint green policy 

framework, the SBSR has the opportunity to 

become a model region for sustainable 

energy development, balancing economic 

growth with environmental responsibility. 

 

 

Study Area & 

Scope 
 

 

GERMANY 
 

 

The study area encompasses independent 

cities such as Wismar, Rostock, Stralsund, and 

Greifswald, and counties like 

Nordwestmecklenburg, Bad Doberan, 

The BSR Region generated in 

2015 an annual GDP of  about 

2.000 billion EUR, which is 

equivalent to 12.5% of the EU-28 

economy [10] 
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Nordvorpommern, Ostvorpommern, and 

Uecker-Randow. Mecklenburg-Western 

Pomerania is notable for its extensive 

agricultural land, having the largest average 

farm size in Germany. As of 2023, the average 

farm size in the region was 283 hectares, 

considerably larger than the national average 

of 65 hectares [10]. 

In 2023, there were a total of 4,750 farms in 

Mecklenburg-Western Pomerania. These 

farms were categorized into different size 

classes. Small farms (Class I) with less than 5 

hectares made up 6.3% (299 farms), while 

Class II farms (5-10 hectares) comprised 12.1% 

(574 farms). Medium-sized farms (Class IV, 50-

200 hectares) accounted for 21.2% (1,007 

farms), and Class V farms (200-500 hectares) 

represented 17.3% (822 farms). Large farms 

(Class VI, 500-1,000 hectares) made up 11.3% 

(537 farms), and Class VII farms (>1,000 

hectares) constituted 7.4% (352 farms) [11]. 

The primary crops cultivated in Mecklenburg-

Western Pomerania in 2023 included cereals 

and oil crops, which together accounted for 

70.1% of the arable land. Specifically, cereals 

covered 50.5%, while rapeseed, for which the 

state led nationally, occupied 19.1% of the 

arable land. Root crops were grown on 4.3% 

of the land, while vegetables and strawberries 

were of minor importance, covering just 0.3%. 

Plants for green harvesting, including fodder 

and energy crops, were grown on 16.2% of the 

land [12]. 

The region generated significant amounts of 

crop residues, including cereal straw, 

rapeseed straw, grain maize straw, and root 

crop residues. Germany's sustainable straw 

potential ranges between 8 and 13 million 

tons of fresh matter (tFM) annually, with 

Mecklenburg-Western Pomerania 

contributing notably to this figure. The cereal 

straw growth in the region was 2,839 t FM, 

with potential straw yields varying based on 

different methods of humus balancing [13]. 

In 2016, Mecklenburg-Western Pomerania 

had substantial livestock populations, 

including 547,414 cattle, 782,396 pigs, and 

9,814,583 chickens. The region produced 

significant quantities of solid manure from 

various livestock, including cattle, pigs, horses, 

sheep, and poultry [14]. 

The region has been utilizing waste for biogas 

production and other purposes. The number 

of biogas plants and the use of rapeseed press 

cake for energy generation highlight the 

efforts toward efficient waste management 

and utilization [12]. 

The primary energy sources used in German 

farms are fuels and electricity. About 40% of 

total energy consumption in agriculture is 

attributable to fuels, with approximately 30% 

coming from fossil fuels such as heating oil 

and gas. Among the energy consumption 

from fossil fuels, 30% is used for heating 

stables, while 70% is required for greenhouses 

[15].   

A significant portion of energy consumed on 

farms is derived from renewable sources. 

Photovoltaic (PV) systems are widely used in 

agriculture, as many farm buildings have 

suitable roof surfaces for solar panel 

installation. The efficiency of these systems 

depends on factors such as location and 

orientation, with average yields in Germany 

ranging between 900 and 1,100 kWh of 

electricity per kWp of installed capacity per 

year. Economically, self-supply with PV 

electricity is beneficial, as current electricity 
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generation costs are lower than electricity 

purchase prices. Small wind turbines, however, 

are only profitable under optimal conditions. 

Due to low feed-in tariffs, feeding electricity 

into the grid does not typically cover costs. In 

good locations with high average wind speeds 

and minimal obstructions in front of turbines, 

the levelized cost of electricity (LCOE) can be 

lower than the purchase price, making self-

generated electricity economically viable. 

Additionally, combined heat and power (CHP) 

plants play a key role in agricultural energy 

use. These systems generate both electricity 

and heat on demand, balancing fluctuations 

from solar and wind sources. CHP units are 

becoming increasingly important as non-fossil 

power generation expands, offering a more 

cost-effective and simpler alternative to 

electricity storage [15,16].  

The development of renewable electricity 

generation in Mecklenburg-Western 

Pomerania in the first half of 2021 included 

biomass contributing 390.9 GWh (with a net 

expansion of 7.6 GWh), solar radiation energy 

at 2,688.8 GWh (net expansion of 247.1 GWh), 

wind energy from land sources at 3,514.6 GWh 

(net expansion of 27.5 GWh), offshore wind 

energy at 48.3 GWh, and landfill gas at 8.1 

GWh [17].   

 

 
 

Energy consumption in dairy farms varies 

according to farm size. The smallest dairy 

farms, averaging 44 cows per farm, are 

primarily found in Bavaria. Medium-sized 

farms, which typically keep around 70 dairy 

cows, have slightly higher energy demands. 

Large farms are more common in 

Mecklenburg-Western Pomerania, where 

farms average 284 hectares in size—

significantly above the 2010 national average 

of 59 hectares. The largest dairy farms in 

Germany are found in this region, averaging 

244 dairy cows per farm. As the number of 

livestock per farm increases, the overall 

number of farms decreases, with only 6% of 

farms keeping more than 200 dairy cows 

[18,19].   

 

Major energy-consuming activities on farms 

include fuel usage (accounting for 

approximately 40% of total energy 

consumption) and electricity use for 

operations such as hay drying, hot water 

treatment, barn ventilation and air 

conditioning, milking equipment, and milk 

cooling. Fossil fuels contribute about 30% to 

energy consumption, particularly for heating 

 [20] 
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purposes, with 30% of that used for stable 

heating and 70% for greenhouses [15]. 

 

Peak energy demand periods vary depending 

on the type of agricultural operation and the 

energy-consuming installations in use. Factors 

such as ventilation, feeding, feed preparation, 

infrared lamps, lighting, cleaning, and heating 

equipment all play a role in energy demand. 

Ventilation is a particularly high-energy 

consumer, with its usage increasing in hot 

weather, leading to greater energy 

consumption. Other activities like feed 

preparation, feeding, and cleaning also 

contribute significantly to energy demand, 

which is dependent on daily operational 

needs [19].   

 

The major contributors to peak energy 

demand are closely related to farm types. 

Livestock farms generally have higher energy 

requirements than crop-based farms, except 

for fruit-growing operations, which are 

relatively less common in northern Germany. 

Dairy farms, pig production, and finishing 

farms also require high energy consumption, 

particularly for piglet rearing. Notably, 

electricity consumption per dairy cow 

decreases as the number of animals increases 

due to economies of scale in energy use [19].   

 

LITHUANIA 
 

 

The studied region in Lithuania covers the 

western part of the country, including 

Klaipėda County (5,209 km²), which borders 

Latvia to the north, the Baltic Sea to the west, 

Tauragė County (4,411 km²) to the south, and 

Telšiai County (4,349 km²) to the east. Tauragė 

County is bordered by Klaipėda County to the 

north, the Russian exclave of Kaliningrad to 

the west, Šilalė District to the south, and 

Jurbarkas District to the east. Telšiai County 

borders Latvia to the north, Klaipėda County 

to the west, and Šiauliai County to the south 

[20]. 

 

In Lithuania, farms are classified based on their 

economic size: the smallest category includes 

farms over 1 hectare, while the largest 

category includes agricultural enterprises 

exceeding 500 hectares [21]. The average farm 

size has increased from 13.8 hectares in 2010 

to 22.2 hectares in 2020 [21]. The total number 

of farms in Klaipėda, Telšiai, and Tauragė 

counties is 12,778, 10,028, and 12,966, 

respectively. However, the number of medium 

and large farms in these regions is not 

specified [21]. 

Crop production accounted for 68% of total 

agricultural output in 2023, with cereals 

making up 34.9%, rapeseed 12.1%, fodder 

crops 7.4%, and vegetables 3.9%. Livestock 

production contributed 32% to total 

agricultural output, with livestock and poultry 

accounting for 14.5%, milk yields for 12.9%, 

and milk production for 12.9% [22]. 

 

Regarding crop residue utilization, 

approximately 20% of straw remains in the 

fields, another 20% is used for feed and 

bedding, and about 60% of the total crop 

potential can be used for energy production. 

The estimated energy potential from crop 

residues in Klaipėda County is 65,770 tons, in 

Telšiai County 44,297 tons, and in Tauragė 

County 31,033.8 tons [20]. 
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Livestock manure is another important 

resource for energy production. The total 

biogas potential from livestock and poultry 

manure in Klaipėda District Municipality is 

1,191,935 m³, while in Telšiai District 

Municipality, it is 1,641,118.56 m³. Data for 

Tauragė County is not available [20]. 

 

In Lithuanian agriculture, livestock manure is 

the primary source of biogas production. 

Large farms, particularly those with thousands 

of pigs, hundreds of cattle, or tens of 

thousands of poultry, have the highest 

potential. Wood and forest waste also serve as 

significant sources of biomass for energy 

production. Logging residues from forestry 

operations, sawdust, wood chips, and 

agricultural waste from orchards contribute to 

biomass utilization. These resources are used 

in various energy production systems, 

including biogas plants, to maximize their 

energy potential [20]. 

 

 

 

Lithuanian farms are adopting several 

sustainability and environmental initiatives to 

promote renewable energy generation. Many 

farms have installed biogas production 

systems to convert livestock manure and 

organic waste into biogas for electricity and 

heat. Solar panels are increasingly used on 

farm buildings to harness solar energy, 

reducing electricity costs and feeding excess 

power back into the grid. Some farms have 

also set up small-scale wind turbines in 

regions with favorable wind conditions. 

Biomass heating systems, using wood chips, 

pellets, and agricultural residues, provide an 

alternative to conventional fuels. [23].  

 

Sustainable forestry practices, such as 

selective logging and reforestation, are being 

implemented to ensure a continuous supply 

of biomass. Agroforestry practices, combining 

agriculture and forestry, help improve 

biodiversity and provide additional biomass 

resources. Some farms are also cultivating 

energy crops like miscanthus and switchgrass 

specifically for bioenergy production. 

Comprehensive waste management strategies 

ensure that agricultural residues and organic 

waste are efficiently utilized for energy 

production, reducing landfill waste [20]. 

Farm management structures and stakeholder 

involvement vary depending on individual 

entities. 

 

The primary energy sources used in Lithuanian 

farms include biofuels, natural gas, and LPG 

gas [24]. A significant share of the energy 

consumed in agriculture is derived from 

renewable sources. The share of renewable 

energy in total electricity consumption varies 

by region: Klaipėda reported a 20.2% share in 

2020 [20], Telšiai recorded 59.27% [25], and 

[23] 
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Tauragė reached 76.7% [26]. 

 

Lithuanian farms are increasingly adopting 

renewable energy systems to enhance 

sustainability and reduce dependence on 

fossil fuels. Many farms operate biogas plants 

that convert livestock manure and organic 

waste into biogas through anaerobic 

digestion, producing both electricity and heat. 

Large dairy and pig farms are typical adopters. 

Solar panels are installed on farm buildings to 

generate electricity, reducing grid 

dependency and lowering costs. Some farms 

also participate in net metering, selling excess 

electricity back to the grid. Additionally, small-

scale wind turbines are set up in windy regions 

to supplement other renewable energy 

sources. Biomass boilers burning wood chips, 

pellets, and agricultural residues are 

commonly used for heating, replacing 

conventional fuels. Some farms engage in 

sustainable forestry to maintain a continuous 

supply of biomass while preserving forest 

health. Others cultivate high-yield energy 

crops like miscanthus and switchgrass for 

bioenergy production. Furthermore, 

agricultural residues and organic waste are 

increasingly being used for energy 

generation, minimizing landfill waste. The 

Lithuanian government supports these 

initiatives through subsidies, grants, and 

favorable feed-in tariffs, encouraging 

investment in renewable energy [27,28]. 

 

Energy consumption varies by farm size. Small 

farms consume approximately 50-100 MWh 

per month, medium-sized farms use 150-200 

MWh, and large farms require between 300-

500 MWh per month [29]. The major energy-

consuming activities on farms include 

irrigation systems, machinery operation, 

heating and cooling, lighting, ventilation, feed 

processing, milking and dairy processing, 

refrigeration, processing, and packaging [22]. 

 

The peak energy demand period in Lithuanian 

agriculture spans from March to November, 

which corresponds to the active agricultural 

season [28]. Several factors contribute to peak 

energy demand. In spring (March to May), 

energy consumption rises due to planting 

activities, requiring extensive use of 

machinery and irrigation systems. During 

summer (June to August), high energy 

demand continues due to irrigation, 

machinery use, and increased cooling needs 

for livestock and stored produce. In autumn 

(September to November), harvesting 

activities further drive up energy use, 

particularly for machinery, processing, and 

storage [28]. 

 

Poland 
 

The Pomeranian Voivodeship, covering an 

area of 18,310.34 km², is the northernmost 

voivodeship in Poland. It is bordered by West 

Pomeranian Voivodeship to the west, Greater 

Poland and Kuyavian-Pomeranian 

Voivodeships to the south, Warmian-

Masurian Voivodeship to the east, and the 

Baltic Sea to the north [30]. 

Farms in the region can be categorized into 

small, medium, and large farms. Large farms 

are extensive, intensive, and commercial 

institutions that operate in a mechanized 

manner. Medium-sized farms are often 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

13 

1
3

 

transformed from small farms, typically 

inherited within families, and are increasingly 

developed for commercial viability. Small 

farms, however, are disappearing as 

agricultural production solely for personal use 

has become unprofitable due to market 

pressures favoring larger farms [31]. 

 

The average farm size in the Pomeranian 

Voivodeship in 2023 was 20.35 ha [32]. 

According to 2020 data, the structure of 

agricultural land size was as follows: up to 1 ha 

(22.4%), 1-2 ha (11.3%), 2-5 ha (14.3%), 5-10 

ha (11.6%), 10-20 ha (9.9%), 20-50 ha (8.2%), 

and over 50 ha (4.7%) [32]. Regional variations 

exist, with smaller farms dominating in 

Kashubia and larger farms more common in 

Żuławy [33]. 

 

Small farms, defined as those with less than 15 

ha, comprised 71.9% of farms in the region in 

2020. Within this category, 36.4% had up to 5 

ha, and 35.5% were between 5 and 15 ha. 

Interestingly, the number of small farms has 

slightly increased since 2010, with the most 

significant growth occurring among the 

smallest farms (under 5 ha) [30]. 

 

Medium-sized farms, defined based on land 

area and production value, accounted for 

17.7% of farms (15-30 ha) and 6.4% (30-50 ha) 

in 2020, totaling 9,201 farms. Based on 

production value, 23.7% of farms (9,082 farms) 

were classified as medium-sized in 2021 [30]. 

 

Large farms, those with 50 ha or more, 

represented 9.2% of farms in the Pomeranian 

Voivodeship, totaling 4,011 farms. These 

farms had an average size of 151.2 ha and 

employed an average of 7.2 people. The 

breakdown by land area category was: 50-100 

ha (48.5%), 100-200 ha (28.8%), and over 200 

ha (22.7%) [30]. 

 

The region's agricultural sector is diversified in 

both crop production and livestock farming. 

The primary livestock includes cattle, pigs, and 

poultry. Among cultivated crops, cereals 

dominate, including wheat, barley, triticale, 

corn, rye, oats, and buckwheat. Additionally, 

potatoes, sugar beets, oilseed rape, 

vegetables, and fruits are cultivated, with 

wheat and sugar beets thriving in fertile soils 

such as those found in Żuławy Wiślane [34]. 

 

Crop residue generation varies by crop type: 

potatoes produce approximately 10% residue, 

cereals and rapeseed 20-25%. Cereals 

generate 3-5 tons of dry matter per hectare, 

rapeseed 10-12 tons, and corn 5-6 tons in 

silage farming and 10-15 tons in grain 

farming. Straw from cereals, rapeseed, and 

legumes is also considered crop residue [35]. 

 

Livestock residue is a significant byproduct in 

the region, with annual manure production 

estimates as follows: cattle (1,500,000 t/year), 

pigs (1,125,000 t/year), and chickens (325,000 

t/year), totaling approximately 2,950,000 

t/year [36]. 

 

Waste management in the region includes 

both on-farm and off-farm practices. On-farm 

methods include composting, anaerobic 

digestion, and proper manure storage and 

land application. Off-farm waste management 

involves processing facilities, waste-to-energy 

plants, and landfilling, though the latter is 
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considered a last resort due to environmental 

concerns. Government regulations, economic 

factors, environmental impact, and 

technological advancements all influence 

waste management strategies [37–39]. 

 

Renewable energy generation in the 

Pomeranian Voivodeship is an emerging 

trend. Several farms have adopted biogas, 

solar, wind, and geothermal energy solutions. 

Notable examples include the Biogazownia 

Kołczygłowy and Biogazownia Brusk for 

biogas production, agritourism farms such as 

"Pod Lipami" and PPHU "EKOM" using solar 

energy, and wind farms like "Kociewie" (45 

MW) and "Żarnowo" (25 MW). Geothermal 

projects, including those in Kościerzyna and 

Lębork, contribute to sustainable energy 

efforts in the region [40,41]. 

 

The farm management structure in the 

Pomeranian Voivodeship consists of small, 

medium, and large farms with varying degrees 

of stakeholder involvement. Farmers and their 

families manage daily operations, while 

government agencies like the Polish Ministry 

of Agriculture and Rural Development provide 

policies, subsidies, and advisory services. 

Regional authorities, industry associations, 

financial institutions, input suppliers, 

processors, retailers, and environmental NGOs 

also play crucial roles in shaping agricultural 

practices in the region [42]. 

 

 
 

Energy consumption in farms within the 

Pomeranian Voivodeship is influenced by 

multiple factors, including farm size, 

production type, and seasonality. The primary 

source of energy used by most farms in the 

region is grid electricity due to its accessibility 

and versatility. It powers essential farm 

operations such as lighting, ventilation, 

milking parlors, and grain drying. However, 

some farms utilize secondary energy sources 

such as biogas and solar energy to offset grid 

electricity dependence. Farms with biogas 

plants benefit from converting agricultural 

waste into energy, while solar panels are 

increasingly installed to support irrigation and 

lighting needs. Other energy sources like 

diesel and propane are used in specific cases, 

such as for farm machinery and backup 

generators, though they are not the primary 

sources due to cost and environmental 

concerns [39,41]. 

 

A significant portion of energy consumed in 

agriculture comes from renewable sources, 

with national estimates suggesting that 10-

15% of total energy consumption in Polish 

farms is derived from renewables. Solar 
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photovoltaic (PV) installations allow some 

farms to cover up to 30% of their electricity 

needs, while biogas plants can contribute 50-

100% of a farm's energy requirements, 

depending on the scale of production. 

Biomass, including wood chips and straw, is 

also commonly used for heating purposes 

[43–47]. Renewable energy systems in farms 

typically include solar panels, wind turbines, 

water energy, and biomass-based heating 

solutions [37]. 

 

The energy consumption of farms varies by 

size. Small-sized farms in the Pomeranian 

Voivodeship consume approximately 750-

1400 kWh per month. This includes electricity 

for lighting, heating, cooling, machinery 

operation, and water pumping. Crop farms 

generally consume less energy than livestock 

farms, which require more power for heating 

and ventilation. Energy-efficient technologies 

can help reduce consumption significantly 

[37]. Medium-sized farms have higher energy 

demands due to increased mechanization and 

production needs. While definitive 

consumption figures are difficult to ascertain, 

these farms require more power for irrigation, 

cooling, and specialized machinery [37]. Large 

farms consume around 10,000 kWh per 

month, as they operate extensive livestock 

facilities, advanced irrigation systems, and 

processing units [38]. 

 

Agricultural energy use is divided into 

domestic and operational purposes. Domestic 

uses include lighting, heating living spaces, 

and powering household appliances, whereas 

operational energy is used for farm buildings, 

machinery, produce drying, cooling, and 

ventilation systems [37]. The peak energy 

demand periods for farms occur during the 

winter months (December–February), driven 

by the need for heating livestock buildings, 

greenhouses, and farm offices. Ventilation 

also requires more power to maintain air 

quality while preserving warmth. Larger farms, 

particularly those engaged in intensive 

livestock farming, experience the highest 

energy peaks during this period. The severity 

of peak demand is influenced by farm size, 

insulation efficiency, and the presence of 

renewable energy systems like biogas, which 

can reduce grid dependency [38,48]. 

 

The major contributors to peak energy 

demand include heating systems, ventilation, 

and, to a lesser extent, lighting and machinery 

use. Heating accounts for a significant portion 

of the increased winter energy demand, 

especially in livestock buildings and 

greenhouses. Ventilation is another major 

factor, as proper airflow is necessary for 

maintaining animal health and preventing 

moisture buildup. Poorly insulated farm 

structures exacerbate energy consumption by 

increasing heating requirements, whereas 

farms with energy-efficient systems can 

mitigate peak demand more effectively 

[49,50]. 
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Solar Power 

Potential 
 

 

GERMANY 
 

 
 

Figure 1: Long term average Direct Normal 

Irradiation (DNI) (kWh/m²) in Germany [51] 

 
 

Figure 2: Long term average photovoltaic output 

(kWh/kWp) in Germany [51] 

 

Mecklenburg-Vorpommern has a moderate 

solar potential, with an annual average of 

1,647 hours of sunlight. Seasonal variations 

are significant, with the highest solar 

availability in June (236 hours) and the lowest 

in December (37 hours) [52]. The region 

receives an annual solar radiation of 

approximately 1,000 to 1,050 kWh/m² [53], 

making it suitable for photovoltaic (PV) 

installations. Currently, the installed PV 

capacity in Mecklenburg-Vorpommern stands 

at around 1,400 MW, contributing to 

approximately 14% of the total electricity 

generation from renewable energy sources 

[54]. 

 

Looking ahead, Mecklenburg-Vorpommern 

aims to expand its solar capacity to support its 

climate neutrality goals by 2035. To meet this 
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objective, the region needs to reach a total 

solar capacity of approximately 22,750 MW, 

with an annual expansion target of 1,500 MW 

[45]. 

 

Germany as a whole has made substantial 

progress in solar energy deployment, with a 

cumulative installed PV capacity of around 81 

GWp as of 2023 [55]. Farmland plays a crucial 

role in this development, accounting for 

15.9% of the total PV installations, which 

corresponds to approximately 12,870 MWp 

[56]. The electricity generated from PV 

systems on farms is estimated at 9.52 TWh 

[56], considering the total solar electricity 

production in Germany reached 59.9 TWh in 

2023. Of this amount, 53.5 TWh was fed into 

the public grid, while 6.4 TWh was used for 

self-consumption [57] . 

 

Germany has significant potential for 

expanding solar energy installations, with a 

vast amount of available rooftop and ground 

space. The estimated total rooftop area 

suitable for solar panel installation is 

approximately 670 square kilometers. This 

includes built-up settlement areas but 

excludes roads and railways. If fully utilized, 

this space alone could provide a technical 

potential of 59 GWp. Moreover, Germany has 

around 40 million buildings, and the 

combined technical potential of rooftops and 

facades is estimated at 1,000 GWp. However, 

currently, less than 10% of the rooftop 

potential and less than 0.1% of the facade 

potential is being used for photovoltaic (PV) 

installations [58]. 

 

Beyond rooftops, large areas of land are also 

theoretically available for ground-mounted 

PV systems. In total, around 13 million 

hectares—roughly 37% of Germany’s land 

area—could be used for solar installations. Of 

this, 4.3 million hectares are particularly 

suitable for agrivoltaic systems, which 

integrate solar energy production with 

agricultural activities [59]. 

 

To support solar energy expansion, Germany 

has been rapidly increasing its battery storage 

capacity. In the first half of 2023, 1.7 GW of 

new storage was added, bringing the total 

installed battery storage capacity to 5.6 GW, 

with 8.3 GWh of energy storage. By the end of 

2023, this capacity was projected to increase 

to 10–11 GWh [60]. 

 

Photovoltaic (PV) technology remains the 

preferred choice for solar installations in 

Germany, given its efficiency and widespread 

adoption. For agricultural purposes, electricity 

prices vary, but in the second half of 2023, the 

average electricity cost for non-household 

consumers was €0.189 per kWh [61]. 

 

Government incentives are further driving the 

adoption of solar energy. Households and 

businesses installing solar storage systems 

under 30 kW can receive subsidies covering 

up to 30% of their battery costs [62]. 

Additionally, the 19% VAT on PV systems has 

been eliminated, making solar installations 

more cost-effective [63]. A feed-in tariff of 

8.20 cents per kWh is guaranteed for 20 years, 

encouraging investment in solar power 

generation. Moreover, in May 2024, additional 

solar funding opportunities will be available, 

providing further financial benefits for those 
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who install PV systems [63]. 

 

 

 

The adoption of solar energy requires careful 

consideration of environmental and 

infrastructural aspects. Environmental 

sustainability is a key factor, especially for 

ground-mounted PV systems, which must be 

integrated into the landscape. Measures to 

ensure this include limiting PV module use to 

a maximum of 60% of the available area, 

implementing a care concept to promote 

biodiversity, ensuring accessibility for animal 

species, and incorporating biotope elements. 

Additionally, operations must be conducted in 

a soil-friendly manner to minimize 

environmental impact [64]. 

 

Another important factor is land use. Special 

feed-in tariffs encourage the dual use of 

arable land by combining PV modules with 

agricultural activities [65]. Furthermore, the 

maximum bid volume for tenders for ground-

mounted PV plants has been permanently 

increased from 20 MW to 50 MW to enhance 

the efficiency of such projects [64]. 

 

Grid connection is crucial for integrating solar 

energy. Net metering is a promising solution 

for efficiently feeding surplus electricity into 

the grid. While systematic maintenance of PV 

installations is not legally required, it is 

strongly recommended. On average, 

operational costs account for 1–2% of the 

initial investment [66]. An annual inspection 

by specialists, along with a full system check 

every four years according to DIN EN 62446-1 

VDE 0126-23-1:2019-04, ensures long-term 

performance. Regular cleaning may also 

enhance efficiency [67]. 

 

The integration of smart technologies 

significantly improves solar system 

performance. Artificial intelligence (AI) 

enables more accurate solar energy 

forecasting through deep learning models, 

particularly by combining an LSTM neural 

network with an autoencoder to analyze 

temporal and spatial features [68]. Smart grid 

technologies play a key role in renewable 

energy integration by providing advanced 

metering infrastructure, automated grid 

management, and flexible demand response 

systems [69]. Additionally, IoT-powered solar 

installations enable real-time monitoring and 

fault detection [70], while intelligent energy 

monitoring systems optimize the efficiency of 

renewable energy utilization [71]. 

 

The operational lifespan of solar photovoltaic 

(PV) panels in Germany is estimated to be 

around 30 years. As solar adoption increases, 

effective end-of-life (EOL) waste management 

becomes crucial [72]. Germany has 

established a comprehensive regulatory 

framework to manage e-waste, including PV 
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panels, following the extended producer 

responsibility principle. Under this system, 

producers finance waste management and 

delegate the recycling and disposal of PV 

panels to specialized waste management 

sectors. Advanced recycling facilities have 

been developed, allowing for the efficient 

recovery of major PV panel components. This 

framework aligns with the national 

implementation of the EU Waste Electrical and 

Electronic Equipment (WEEE) Directive, 

ensuring sustainable solar waste management 

[72]. 

 

To support the growth of solar energy, 

Germany offers specialized training programs 

for professionals in the field. The Renewables 

Academy (RENAC) AG provides both online 

and in-person courses covering various 

aspects of renewable energy, including PV 

system design and protection mechanisms 

[73]. The Green Solar Academy Network 

(GSAN) focuses on vocational training, 

particularly for rural solar PV applications [74]. 

The SMA Solar Academy offers global training 

in complex PV systems, covering installation, 

maintenance, and system design [75]. 

Additionally, TÜV SÜD provides certification 

programs addressing regulatory trends, 

quality, and safety requirements for solar 

projects [76]. 

 

Despite Germany’s leadership in solar 

energy, several regulatory barriers still hinder 

wider adoption. Challenges include grid 

connection and integration issues, reductions 

in feed-in tariffs, complex administrative and 

permitting processes, high grid access fees, 

and restrictive land-use and zoning 

regulations. Additionally, market design and 

access constraints pose difficulties for project 

developers. In response, Germany has 

introduced policy reforms, grid modernization 

initiatives, and renewable energy auctions to 

enhance market efficiency and integration 

[72]. 

 

 

LITHUANIA 

 

 
 

Figure 3: Long term average Direct Normal Irradiation 

(DNI) (kWh/m²) in Lithuania [51] 
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Figure 4: Long term average photovoltaic output 

(kWh/kWp) in Lithuania [51] 

 

Lithuania experiences an average of 1,850 to 

1,950 sunlight hours per year, depending on 

the region. Klaipėda records 1,940 hours, 

Telšiai 1,850 – 1,900 hours, and Tauragė 1,900 

- 1,950 hours of sunshine annually [25,26,77]. 

Seasonal variations are notable, with 

December and January having the least 

sunlight, at 9 and 14 hours, respectively. 

Spring sees an increase, peaking in May with 

347 hours, while summer remains consistently 

high, with June reaching 312 hours. Autumn 

sunlight is highest in September (257 hours) 

but declines through October (86 hours) and 

November (38 hours) [78]. 

 

Assessments of solar potential have identified 

significant opportunities for solar collector-

generated heat. In Klaipėda, the centralized 

heating system supplied 43,730 MWh of heat 

energy in 2020, with 9,000 MWh (774 TOE) 

being the estimated solar potential. 

Generating this amount would require 19,150 

m² (1.9 ha) of solar collector fields [20]. 

Similarly, Telšiai's centralized heating system 

supplied 45,389.28 MWh in 2021, with 

9,077.86 MWh (780.70 TOE) estimated as the 

solar potential [25]. Tauragė has an annual 

solar heat energy potential of 148,560 MWh 

(12,773.9 TOE), including 18,371 MWh 

(1,579.6 TOE) from municipal installations [26]. 

 

Lithuania has approximately 3,000 

photovoltaic (PV) installations ranging from 

50-1000 kW in farms, with 44 large-scale PV 

farms exceeding 1000 kW. The total installed 

PV capacity on farms is estimated at 50 MW, 

generating 4,689.7 MWh in Klaipėda, 3,599.75 

MWh in Telšiai, and 4,006 MWh in Tauragė 

[79]. There is substantial available space for 

further solar expansion. Klaipėda has 

1,518,990 m², Telšiai 568,175 m², and Tauragė 

327,514 m² of available rooftop space for solar 

installations. Additionally, large ground areas 

are available, with 4,157 ha in Klaipėda, 

5,452.71 ha in Telšiai, and 1,794 ha in Tauragė 

[80,81]. 

In terms of electricity storage, excess energy is 

typically sent to the grid, where it is stored and 

can be retrieved at a later time based on the 

producer’s chosen tariff structure [82]. 

 

Lithuania's solar market includes both self-

funded and subsidized projects. PV systems 

under 100 kW are not regulated. Subsidized 

projects, such as those funded by the APVA 

fund, must comply with EU standards. Solar 

modules must be new, unused, and meet 

ecological labeling requirements. A 10-year 

product warranty and a 25-year 80% efficiency 

warranty are required for solar modules, while 

inverters must have a 5-year warranty [83]. 

 

The average cost of electricity for agricultural 
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purposes in Lithuania is 60.2 € per MWh [84]. 

Government incentives are available to 

support solar projects. Several types of 

support measures are available through the 

Environmental Project Management Agency 

(APVA) in Lithuania. These include financial 

incentives for the installation of new solar 

power plants by private individuals on 

residential properties, as well as support for 

increasing the capacity of existing solar 

installations. These programs aim to 

accelerate the adoption of renewable energy 

at the household level and contribute to the 

country’s broader sustainability and energy 

independence goals [77]. 

 

From an environmental perspective, building 

permits and green certificates are required. A 

key criterion for subsidies is the CO2 reduction 

efficiency per Euro spent, prioritizing projects 

that achieve greater CO2 savings [85]. 

 

Lithuania allows 100% of generated solar 

energy to be connected to the grid. However, 

recent regulatory changes propose a shift 

from net metering to net billing for 

businesses, requiring them to sell excess 

electricity on the market and repurchase it 

later, potentially exposing them to market 

price fluctuations [86]. 

 

 
 

Solar installations require systematic 

maintenance to ensure efficiency and 

longevity, with costs ranging from €199 to 

€299 per kW [87]. The integration of smart 

grid technologies plays a crucial role in 

optimizing solar power generation. These 

technologies help efficiently manage energy 

distribution and integrate different sources, 

particularly benefiting rural and remote areas 

by improving access to energy and reducing 

dependence on large infrastructure [88].  

 

Lithuania is steadily advancing in the 

deployment of smart grid technologies. As 

part of a nationwide modernization effort, 

over 300,000 smart meters (Advanced 

Metering Infrastructure – AMI) have already 

been installed, with full national coverage 

expected by 2026, led by the energy 

distributor ESO [89]. In more remote regions, 

such as Molėtai and Ignalina, microgrid 

projects are beginning to emerge, supported 

through the National Energy and Climate Plan 

(NECP) and EU funding mechanisms [90]. New 

photovoltaic (PV) systems are now required to 

include smart inverters and are increasingly 

paired with energy storage solutions. Battery 

storage is being piloted on farms through 
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support from the Environmental Project 

Management Agency (APVA), helping to 

enhance self-sufficiency and grid stability [91]. 

These smart farm pilots also utilize Energy 

Management Systems (EMS) to monitor and 

optimize energy use in real-time. The 

integration of advanced battery technologies, 

ranging from lithium-ion to emerging lithium-

glass, enables more efficient storage and 

distribution of solar energy, ensuring greater 

reliability during periods of low generation or 

peak demand [91]. 

 

In parallel, Poland is also investing in the 

development of a smart grid infrastructure 

capable of accommodating the variable 

nature of renewable energy sources such as 

solar. This includes the rollout of advanced 

metering infrastructure and intelligent grid 

management systems that incorporate 

artificial intelligence (AI) and Internet of 

Things (IoT) technologies to optimize 

performance and enhance energy resilience 

[92]. 

 

In terms of lifespan, manufacturers state that 

solar PV modules maintain 85-90% of their 

efficiency after 25 years. Depending on the 

brand, these modules come with a guarantee 

of up to 25 years, while power inverters 

typically have a warranty of up to 10 years [93]. 

However, the end-of-life waste management 

of PV panels remains a regulatory challenge. 

At the EU level, PV panels are classified under 

the Waste Electrical and Electronic Equipment 

(WEEE) Directive, which governs their disposal 

and recycling. Solar cell manufacturers must 

comply with legal recycling requirements to 

ensure that solar panels do not become an 

environmental burden, leading to the 

development of dedicated recycling 

technologies [94]. Education and training are 

essential for professionals working in solar 

energy. Regional training opportunities 

include private courses, vocational training, 

and specialized schools where electricians can 

requalify for solar energy projects [80]. 

Additionally, solar power and other renewable 

energy sources are actively promoted and 

encouraged by state governments and local 

authorities, ensuring awareness of relevant 

regulations at local, regional, and national 

levels [94]. However, certain regulatory 

barriers still exist, particularly concerning 

territorial security considerations, which may 

influence the adoption of solar power in 

specific regions [25]. 

 

POLAND 
 

Poland receives an average annual solar 

irradiance ranging between 900-1000 

kWh/m², making it a viable location for solar 

energy generation [95]. The distribution of 

solar radiation is uneven throughout the year, 

with approximately 77% of the total solar 

energy received between mid-April and early 

October. The highest levels of sunlight occur 

in the summer months, when daylight can 

exceed 16 hours per day, and in spring, with 

day lengths of 12-15 hours. The peak 

insolation is observed in May, June, and July, 

whereas in autumn, daylight duration drops 

below 12 hours, and in winter, it is limited to 

just 7-8 hours [96]. 
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Figure 5: Long term average Direct Normal 

Irradiation (DNI) (kWh/m²) in Poland [51] 

 

 
 

Figure 6: Long term average photovoltaic output 

(kWh/kWp) in Poland [51] 

 

Poland’s technical photovoltaic potential is 

estimated at 153.484 PJ (42.634 TWh), which 

could cover approximately 26.04% of the 

country’s electricity demand [97]. As of June 

2023, in the Pomeranian Voivodeship alone, 

there are 132 PV installations within the 50-

1000 kW range and seven installations 

exceeding 1,000 kW. Nationally, there are 

3080 smaller and 148 such large-scale PV 

systems [97,98]. There is currently no precise 

data on how many of these installations are 

located on farms or the total electricity they 

generate [99]. Despite this, agrivoltaic (Agri-

PV) solutions, which integrate solar energy 

production with agricultural activities, are 

gaining traction in the region. These systems 

optimize land use by allowing for 

simultaneous farming and energy production, 

potentially enhancing farm income and 

sustainability. 

 

In terms of available space for further solar 

development, Poland has significant potential. 

The estimated total rooftop area suitable for 

solar panels is around 118,563 square meters 

[100]. Additionally, various ground sites have 

been identified for potential PV installations, 

including 3.169 MW on wastelands, 0.836 MW 

on closed municipal waste landfills, 1.037 MW 

on landfills planned for closure, 4.350 MW 

along highways and expressways, and 75.160 

MW near railway lines [100]. 

 

In Poland, energy storage is increasingly 

recognized as a crucial component for 

integrating renewable energy sources and 

ensuring grid stability. The preferred storage 

methods include both battery energy storage 

systems (BESS) and pumped hydro storage. 

Battery storage is gaining momentum, with 

companies like PGE investing in large-scale 

projects, such as a 200MW/820MWh battery 

facility integrated with the Żarnowiec pumped 

hydro plant to stabilize power from nearby 
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wind farms. Pumped hydro remains a key 

solution due to its ability to provide large-

scale energy storage, with plans to further 

expand the Żarnowiec facility in combination 

with battery technology. Recent regulatory 

changes have also facilitated the development 

of energy storage, making both battery and 

pumped hydro solutions more attractive to 

investors [101,102]. 

 

When it comes to solar technology, 

photovoltaic (PV) panels are the dominant 

choice in Poland. The country’s new solar 

capacity installed in 2020 was entirely based 

on silicon PV technology, underscoring its 

preference over other solar solutions like 

concentrating solar power (CSP) [103]. 

 

Financially, the cost of electricity for 

agricultural purposes is approximately 0.6980 

zł/kWh or 0.17 EUR/kWh [104]. To encourage 

solar investments, the government has 

introduced various incentive programs, 

including Mój Prąd and Energia dla Wsi. These 

initiatives provide grants and financial support 

for micro-installations and renewable energy 

projects in rural areas, promoting solar 

adoption across different sectors [105–107]. 

 

From an environmental perspective, 

photovoltaic projects in Poland may require 

an environmental decision as part of the 

administrative process. This regulation 

ensures that solar installations comply with 

local environmental standards before 

construction begins [108,109]. Additionally, 

land use is a critical factor for ground-

mounted solar farms, as they require 

significant space. To minimize competition 

with agricultural land, it is recommended to 

utilize degraded areas, brownfields, or 

marginal lands that are less suitable for 

farming or other essential activities [110]. 

 

Regarding grid connection, the process is 

regulated under Polish Energy Law. For 

projects connected to grids with voltages 

below 1 kV, the Distribution System Operator 

(DSO) must issue connection conditions 

within 30 days from the application date. For 

projects with voltages above 1 kV, this period 

extends to 150 days, provided the applicant 

has made a prepayment [111,112]. 

 

Poland’s solar market has historically relied 

on net metering to encourage distributed 

generation. However, in April 2022, the 

country transitioned from net metering to a 

net billing system for PV micro-installations 

up to 50 kW. This shift aims to better regulate 

the influx of renewable energy into the grid 

and promote self-consumption at the point of 

generation rather than excessive feed-in 

[46,113]. 

 

 
 

The maintenance and operational costs of 

[77] 

 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

25 

2
5

 

solar installations in Poland vary depending 

on system size. For small-scale systems, such 

as a 1.5 kW installation, annual operating 

costs—including future repairs—can be as 

high as 10-15% of the system’s value, 

making maintenance a significant expense 

[114]. 

 

Smart technologies are playing an 

increasingly important role in optimizing solar 

power generation. Advanced battery storage 

solutions, including lithium-ion and emerging 

lithium-glass technologies, are enhancing 

energy storage efficiency by allowing surplus 

solar energy to be stored and utilized during 

periods of low production or peak demand. 

Poland’s energy strategy is also focused on 

integrating a smart grid infrastructure, which 

includes advanced metering infrastructure 

(AMI) and AI-driven grid management 

systems to improve the reliability and 

performance of renewable energy sources like 

solar [115–117]. 

 

The operational lifespan of photovoltaic (PV) 

systems in Poland is generally expected to be 

between 25 and 30 years under typical 

climatic conditions, ensuring a long-term 

return on investment [100]. However, end-of-

life waste management remains a challenge. 

Under the EU’s Waste Electrical and 

Electronic Equipment (WEEE) Directive, PV 

panels are classified as electronic waste, 

meaning that manufacturers must register 

with the BDO (Register of Entities Introducing 

Products, Packaged Products, and Managing 

Waste) and prepay for recycling costs based 

on the weight of the equipment. While these 

measures are in place, the specifics of future 

waste collection processes remain unclear, 

with national regulations still lacking detailed 

guidelines [118]. 

 

Training and education for solar industry 

professionals in Poland are supported by 

multiple organizations [106]. The Network of 

European Funds Information Points in the 

Pomorskie Voivodeship provides training on 

funding opportunities and project 

implementation in the renewable energy 

sector [119]. Additionally, the Energy Center 

offers specialized training on the design, 

installation, and maintenance of PV systems, 

ensuring that participants are well-versed in 

relevant standards and optimization 

techniques [120]. Solar Building Poland, 

accredited by the Office of Technical 

Inspection, provides hands-on training with 

state-of-the-art tools for aspiring PV installers 

[121]. 

 

From a regulatory standpoint, the 

development of solar energy in Poland is 

governed by the Renewable Energy Sources 

Act (RES Act), which establishes support 

mechanisms such as auction systems and 

feed-in tariffs. Recent amendments in 

December 2024 have further streamlined 

investment processes, offering improved 

conditions for prosumers and aligning 

national policies with EU directives. Local 

regulations also play a role, as spatial planning 

authorities designate areas for solar 

installations, and certain projects may require 

building permits and Environmental Impact 

Assessments (EIAs). Moreover, tax incentives, 

including exemptions for holding structures 

involved in solar projects, provide financial 
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benefits for investors [100].  

 

Despite these regulatory frameworks, there 

are significant barriers to solar adoption in 

Poland. One of the primary challenges is grid 

congestion, as the existing infrastructure 

struggles to accommodate the increasing 

influx of renewable energy. This results in 

delays and additional costs for grid upgrades, 

impacting the feasibility of larger projects. 

Furthermore, frequent changes to renewable 

energy policies, including modifications to net 

metering and feed-in tariff structures, create 

an unstable investment environment, making 

long-term financial planning difficult for 

investors [122]. 

 

Wind Power 

Potential 
 

GERMANY 
 

 

 
 

Figure 7: Long term mean wind speed (m/s) at 

100m in Mecklenburg-Vorpommern (Germany) 

[123,124] 

 

 

The region under study exhibits a varying 

wind profile throughout the year, with wind 

speeds averaging above 20 km/h during the 

winter months and around 10-15 km/h in the 

summer [125]. This seasonal fluctuation 

results in lower wind speeds between May and 

September, potentially influencing energy 

generation during these months. Despite 

these variations, the region is generally 

considered suitable for wind turbine 

installations, as it meets the necessary wind 

speed criteria for effective energy production. 

 

As of April 2024, approximately 246 smaller 

wind turbines (50-1000 kW) remain 

operational in the SBS region. These turbines 

were predominantly installed in the 1990s and 

early 2000s, and many are currently being 

decommissioned or repowered. It is important 

to note that smaller wind installations below 

10m in height are not required to be 

registered, meaning their exact numbers 

remain unknown [126]. 
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Figure 8: Mean wind power density at 100m 

(W/m²) in Germany [123,124] 

 

Larger wind turbines (>1000 kW) have seen a 

different trajectory, with around 1,015 

currently in operation. The peak of wind 

energy installations was reached in 2020, 

when nearly 2,000 turbines were recorded. 

However, due to the gradual phasing out of 

older and less efficient turbines, this number 

has been declining. Offshore wind farms 

account for 232 of these installations, 

contributing a total capacity of 1,096 MW 

[127]. The total wind energy capacity installed 

on farmland in the SBS region is estimated at 

1,302 MW, although there is no direct registry 

for installations exclusively on agricultural 

land. Typically, farmers either lease their land 

to energy companies for up to 30 years or 

establish wind parks independently or in 

partnerships [128]. 

 

The potential for wind energy expansion is 

influenced by zoning regulations and land 

availability. Under federal regulations, at least 

2.1% of the land area must be designated for 

wind energy by 2032, which equates to 

approximately 269.7 km². However, if all 

exclusion criteria are applied, wind power may 

be feasible on up to 4% of the region’s area, 

or 513.8 km². These exclusions include nature 

reserves, important forests, and drinking 

water protection areas. Additionally, minimum 

distance regulations require turbines to be 

placed at least 1,000 meters from towns and 

800 meters from individual residences [129]. 

 

The preferred turbine technology in the 

region is the horizontal-axis wind turbine. 

Over the years, there has been a shift toward 

larger and taller turbines, with newer 

installations often exceeding hub heights of 

170 meters. Older installations from the 1990s, 

which typically have hub heights around 70 

meters, are gradually being replaced with 

more efficient and powerful models [130]. 

 

All wind turbines must be connected to the 

grid, as the “Bundesnetzagentur” oversees 

the sale of electricity generated by renewable 

energy sources. The feasibility of grid 

connection is generally high, though it 

requires strategic planning to ensure 

adequate regional distribution of wind energy 

sites. The aim is to allocate 2.1% of the land 

area evenly across different regions for wind 

energy expansion [131].  
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The cost of installing wind power varies, with 

an estimated range of 770 to 1,030 euros per 

kW. However, additional expenses such as 

accessibility improvements, grid connection, 

foundation work, environmental reports, and 

ecological compensation measures 

significantly increase the total installation 

cost, often by approximately 125-135% above 

the system price [132]. 

 

To support wind power development, the 

Federal Ministry for Economic Affairs and 

Climate Protection (BMWK) provides financial 

incentives, particularly for local citizen energy 

companies. Funding is available for 

preliminary planning, feasibility studies, legal 

consultations, and land-use adjustments, 

covering up to 70% of eligible costs, with a cap 

of €200,000. However, if a project receives 

subsidies under the Renewable Energy 

Sources Act (EEG 2023), these grants must be 

repaid [133]. 

 

There are also two primary remuneration 

models under EEG regulations: the market 

premium and the feed-in tariff. The market 

premium is calculated monthly and 

supplements the price achieved on the 

electricity market. For onshore wind turbines, 

the applicable value is determined through 

bidding processes. Smaller systems under 750 

kW, however, are subject to fixed reference 

values based on previous auction results. 

Alternatively, the feed-in tariff model allows 

system operators to sell all generated 

electricity to transmission system operators at 

a legally guaranteed rate [134]. Investments in 

wind power generally yield an annual return of 

4-8%, depending on factors such as turbine 

capacity, wind conditions, and maintenance 

costs. While profitability varies by project, 

wind energy remains a stable and promising 

sector for long-term investment [135]. 

 

Wind turbines in the region follow a 

systematic maintenance cycle, with scheduled 

servicing occurring twice a year. Maintenance 

costs represent a significant portion of 

operational expenses, accounting for up to 

40% of total operating costs. These expenses 

range between 10.5 and 14.7 €/MWh, making 

long-term financial planning crucial for 

project viability [136]. Most wind power plants 

in the region are equipped with remote 

control and supervision systems, allowing for 

efficient monitoring and operation. The 

integration of smart technologies has 

enhanced system performance by optimizing 

maintenance schedules, predicting failures, 

and ensuring real-time data analysis for 

improved energy output [137]. 

 

The estimated operational lifespan of wind 

turbines in the region is approximately 20 

years, after which repowering or 

decommissioning may be required [132]. 

 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

29 

2
9

 

 

The current status of end-of-life waste 

management for wind turbines remains a 

challenge, with limited regulations in place to 

ensure sustainable disposal and recycling. 

Efforts are being made to enhance waste 

management strategies, particularly for 

turbine blades and other non-recyclable 

components [132]. 

 

As of February 2023, all environmental 

considerations related to wind energy projects 

have been consolidated under land-use 

impacts. This regulatory adjustment aims to 

streamline the approval process while 

ensuring that environmental concerns are 

effectively addressed [138]. 

 

Wind turbine installations are subject to strict 

land-use regulations. A minimum settlement 

distance of 1,000 meters is required from 

areas designated under §§ 30 and 34 BauGB, 

which include residential, recreational, 

tourism, and health-related functions. 

Additionally, a buffer of 800 meters must be 

maintained from individual houses and 

splinter settlements. Other restrictions include 

protected nature and landscape areas, forest 

conservation zones, designated water 

protection areas, and infrastructure-sensitive 

zones such as military properties, airports, and 

weather radar stations. These regulations 

ensure that wind energy expansion does not 

interfere with critical ecological and 

infrastructural functions [138]. 

 

Environmental mitigation measures are 

incorporated into land-use impact 

regulations. These include strategies for bird 

and bat protection, noise reduction 

technologies, and adaptive turbine operation 

to minimize environmental disturbances 

[138]. 

 

Currently, there are no region-specific training 

programs available for personnel involved in 

wind power projects. However, industry 

stakeholders often rely on general wind 

energy certification programs and technical 

training offered at the national level [139]. 

Public participation in wind energy projects is 

mandatory under the Citizens' and Municipal 

Participation Act, which came into effect on 

May 28, 2016. This law requires project 

developers to offer participation 

opportunities to residents within a 5 km radius 

of any new wind turbine installation that falls 

under the Federal Emission Control Act [140]. 

 

Regulatory challenges include high zoning 

requirements and lengthy approval processes 

managed by the ministry. These factors 

contribute to delays in wind energy project 

implementation, creating bottlenecks that 

hinder expansion efforts [140]. 
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LITHUANIA 
 

 

 
 

Figure 9: Long term mean wind speed (m/s) at 

100m  in Klaipedos (Lithuania) [123,124] 

 

 
 

Figure 10: Mean wind power density at 100m 

(W/m²) in Lithuania [123,124] 

 

The average annual wind speed in Lithuania 

varies across different regions, with an overall 

national average of 3.1 m/s. In specific 

locations such as Klaipėda, the wind speed 

reaches 5.5 m/s, in Telšiai it is 4.4 m/s, and in 

Tauragė it stands at 5 m/s [141]. When 

considering wind turbine installations, 

planners must adhere to the regulations 

established in the Order of the Commander of 

the Lithuanian Armed Forces No V-217 of 

February 2016, which specifies areas where 

wind power plants may be restricted due to 

national security concerns and other legal 

stipulations [142]. Seasonal variations also 

play a role in wind energy production, with the 

windiest months occurring between 

November and February (3.4-3.6 m/s), while 

the lowest wind speeds are recorded in July 

and August (2.4-2.5 m/s) [143]. 

 

While exact figures for wind turbines in the 

50–1000 kW range are difficult to obtain, it is 

evident that Lithuania hosts a significant 

number of installations within this capacity 

bracket, contributing meaningfully to the 

country's renewable energy portfolio. Wind 

turbines in the 600–2000 kW range, along with 

smaller-scale turbines, are particularly 

common and continue to play a vital role in 

the expansion of Lithuania's wind energy 

sector [144]. 

 

As of 2024, Lithuania's total wind power 

capacity, including turbines exceeding 1000 

kW, reached approximately 1,740 MW, 

marking a significant increase from 946 MW 

at the end of 2022. According to the Interreg 

Baltic Sea Region, wind power generation in 

Lithuania totaled 1,703.1 GWh in the first half 

of 2024 alone, highlighting the rapid growth 

and contribution of wind energy to the 

national power mix [142]. 

 

Lithuania has made significant progress in 

wind energy development, with a total wind 

turbine installation capacity of 946 MW [3]. Of 

this, 6 MW are situated on wind farms, with 

803 MW connected to the transmission grid 

and 143 MW integrated into the distribution 
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grid as of 2021 [143]. 

 

The total available land for wind turbine 

installations in Klaipėda is approximately 

1,773.7 hectares, while Telšiai has 1,374.81 

hectares. However, Tauragė has no available 

land for new installations due to existing 

regulations. The Tauragė region falls under 

the jurisdiction of the Exclusive Economic 

Zone and other regulations, requiring 

renewable energy producers to enter 

agreements with the Lithuanian Armed Forces 

regarding national security investment 

reimbursements and related costs [20,25,26]. 

 

Land-use considerations for wind farms 

include selecting areas with minimal 

vegetation and tall buildings to maximize 

wind exposure. Wind farms are predominantly 

developed in sparsely populated agricultural 

areas, maintaining a minimum distance of 440 

meters from residential buildings as per 

regulations. Landscape identity and 

recreational potential are also taken into 

account, as highlighted by a 2006 study from 

Vilnius University. Cultural heritage sites are 

avoided to prevent visual and physical 

disruptions. Additionally, proximity to existing 

transmission lines (35kV to 330kV) is a key 

factor to ensure efficient grid connection and 

capacity management [145]. 

 

The preferred wind turbine technology in 

Lithuania is the Enercon E82 model, which has 

become a standard choice for installations. 

This model is selected based on its suitability 

for local wind conditions and energy efficiency 

[146]. 

 

The feasibility of grid connection varies by 

region. Klaipėda currently hosts 90 wind 

power plants with a combined capacity of 180 

MW. Tauragė has 64 wind power plants 

generating 14.4 MW, while Telšiai operates 72 

wind power plants with a total capacity of 143 

MW [147]. 

For infrastructure requirements, horizontal-

axis wind turbines are recommended for farms 

with distant neighbors due to their efficiency. 

For areas where neighbors are within a 100-

meter radius, vertical-axis wind turbines are 

preferred because they generate less 

operational noise. Additionally, small wind 

turbines under 10 meters in height do not 

require building permits, making them more 

accessible for smaller-scale applications 

[20,25,26]. 

 

Several technical challenges affect wind power 

implementation in different regions. In 

Klaipėda, local governance has not prioritized 

renewable energy expansion, leading to a 

stagnation in new installations since 2012. 

Tauragė falls under the V-217 Armed Forces 

regulation, necessitating special permits for 

construction. In Telšiai, the combination of 

relatively low annual wind speeds and limited 

available land makes wind energy 

development less economically viable [148]. 

 

While specific solutions have not been 

identified, addressing these challenges would 

require policy incentives, regulatory 

adjustments, and infrastructure investments 

to facilitate wind energy expansion in these 

regions. 

 

Lithuania has been actively investing in wind 
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power as part of its renewable energy 

strategy. The budget for wind power 

installation is structured to support projects of 

up to 6 MW, though funding is provided 

specifically for up to 3 MW of installed 

capacity. The cost calculation is based on a 

fixed unit rate of €1608.65 per kW, ensuring a 

structured approach to financing wind farm 

installations [149]. 

 

To encourage investment in wind energy, 

financial incentives are available. In June 2023, 

the Lithuanian Energy Agency (LEA) 

announced a funding initiative that provided 

over €18 million to support Renewable Energy 

Communities, Citizens' Energy Communities, 

companies, and farmers in developing wind 

farms of up to 3 MW. This funding, backed by 

the European Union, aimed to enhance the 

country's renewable energy infrastructure 

[149]. As a result of these initiatives, Lithuania 

expects to add 30.1 MW of new electricity 

generation capacity from wind energy by May 

2026 [149]. 

 

Operational and maintenance aspects of wind 

power projects remain a key consideration. 

Although no official data is available for 

maintenance costs in the region, 

advancements in technology are helping 

improve efficiency. For example, drones 

equipped with various cameras—visual, 

infrared, and even X-ray—are increasingly 

being used to inspect turbine components 

such as blades, towers, and nacelles. These 

inspections help detect potential issues 

caused by environmental exposure and high-

speed rotation, ensuring the longevity and 

efficiency of wind farms [146]. 

 

 
 

The expected lifespan of wind turbines in 

Lithuania ranges between 25 and 40 years, 

depending on factors such as maintenance 

and environmental conditions [150]. The 

country has also made progress in wind 

turbine waste management, with researchers 

at Kaunas University of Technology and the 

Lithuanian Energy Institute exploring ways to 

recycle wind turbine blades. Their experiments 

have successfully broken-down fiberglass-

reinforced plastics into reusable aromatic 

compounds and fibers, which can be 

repurposed for concrete, polymer composites, 

or fiber coatings [143]. 

 

Environmental considerations are an integral 

part of wind power development in Lithuania. 

While opponents of wind energy have long 

argued that turbine blade disposal poses 

sustainability challenges, efforts are being 

made to address this issue. Additionally, noise 

pollution remains a concern [151]. 

Environmental impact assessments are 

mandatory for wind power projects, 

evaluating the effects on land, water, air, 

biodiversity, and public health. Special 
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attention is given to protected species and 

habitats to ensure minimal disruption [152]. 

To mitigate negative environmental impacts, 

Lithuania follows best practices in project 

implementation, including measures to avoid, 

minimize, or compensate for potential 

damage while complying with national and 

international environmental standards [153]. 

 

Education and training initiatives are also in 

place to support the wind energy sector. The 

Lithuanian Ministry of Energy and private 

companies offer scholarships to encourage 

students to pursue careers in energy and 

engineering. In 2022, the Ministry allocated 

€24,000 for scholarships, while companies 

such as Amber Grid, Litgrid, Tetas, and Ignitis 

collectively provided over €250,000 in 

financial support for engineering students, 

with individual scholarships ranging from 

€200 to €300 per month [154]. 

 

Lithuania is making significant strides in wind 

energy regulation, particularly in offshore 

wind development. The country has 

established a clear regulatory framework, 

involving key stakeholders to ensure a 

conducive environment for wind power 

expansion [155]. However, regulatory barriers 

still exist. Historically, Lithuania's renewable 

energy development was slow, with real 

progress occurring only after the adoption of 

the Law on Energy from Renewable Sources 

(LERS) in 2011. Since then, major legislative 

changes have facilitated a more competitive 

energy market and improved energy 

efficiency. Future plans for renewable energy 

and climate change policies are expected to 

further enhance Lithuania's wind energy 

sector [156]. 

 

POLAND 
 

 
 

Figure 11: Long term mean wind speed (m/s) at 

100m in Pomorskie (Poland) [123,124] 

 

The Pomeranian Voivodeship, located on the 

Baltic Sea, stands out as one of Poland's most 

promising regions for wind energy 

development. The average annual wind speed 

in this region ranges from 4 to 4.5 m/s, 

although slight variations can occur based on 

specific locations and yearly weather 

conditions. This makes it a particularly 

attractive area for wind energy investments 

[157]. 

 

Several factors contribute to the region’s 

suitability for wind turbine installations. The 

high wind speeds, favorable geographical 

conditions, well-developed infrastructure, and 

strong government and EU support create an 

ideal environment for wind energy projects. 

As a result, the Pomeranian Voivodeship is 

considered one of the best locations in Poland 

for wind turbine deployment [158]. Wind 

patterns in the region exhibit clear seasonal 

variations, mainly due to its proximity to the 

Baltic Sea. Stronger winds, particularly from 
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the west and northwest, dominate in autumn 

and winter, often intensifying due to passing 

atmospheric lows. In contrast, summer 

months experience weaker winds, although 

local breezes can develop due to temperature 

differences between land and sea. These 

seasonal patterns significantly influence wind 

energy production and must be considered in 

project planning [159]. 

 

 
 

Figure 12: Mean wind power density at 100m 

(W/m²) in Poland [123,124] 

 

The Pomeranian Voivodeship hosts a 

significant number of wind turbines, 

particularly in the 50-1000 kW range. Across 

Poland, approximately 1,400 wind turbines of 

various capacities are in operation, and the 

Pomeranian region ranks among the leaders 

in such installations. Many of these projects 

are supported by renewable energy auctions 

and EU funding, with installations 

concentrated in coastal and rural areas where 

spatial conditions are favorable [160]. 

For larger-scale projects, wind turbines 

exceeding 1000 kW are primarily found in 

Polands major wind energy hubs, such as 

West Pomerania and Greater Poland. While 

the Pomeranian Voivodeship plays a key role 

in wind energy generation, it does not match 

the scale of these leading regions. Large wind 

farms are often developed by major energy 

companies such as PGE, Tauron, and Energa, 

which control a significant share of Poland’s 

wind power capacity [161]. 

 

As of the end of 2023, Poland had an installed 

wind energy capacity of approximately 9.4 GW 

(9400 MW). Northern regions, including 

Pomerania, contribute significantly to this 

total due to their advantageous wind 

conditions. The region's largest wind farm, the 

Potęgowo Wind Farm, has a capacity of 219 

MW, further highlighting its importance in the 

national energy mix. In total, wind farms in the 

Pomeranian Voivodeship generate around 

1326 MW of electricity [162]. 

 

Land availability is a crucial factor for wind 

energy expansion. Recent legislative changes 

have increased the potential area for wind 

turbine installations in Poland. A key 

amendment reducing the required distance 

between wind turbines and residential 

buildings from 700 meters to 500 meters has 

expanded the available land for wind energy 

by 74%. This change increases the total area 

available for wind turbine installations in 

Poland from 10,500 km² to 18,300 km², or 

from 3.4% to 5.8% of the country’s total land 

area. Such policy adjustments create new 

opportunities for wind energy projects in the 

Pomeranian region [163]. 

 

Zoning regulations play an essential role in 

wind farm development. Poland’s Wind 
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Farm Investment Act, which establishes rules 

for wind farm locations, requires turbines to 

be a certain distance from residential areas, 

nature conservation sites, and high-voltage 

power grids. Onshore wind turbines are 

considered permanent structures requiring 

building permits and occupancy approval, 

while smaller rooftop turbines below 3 meters 

in height can be installed without additional 

formalities. These regulations guide wind 

energy development and ensure compliance 

with environmental and safety standards 

[164]. 

In the Pomeranian Voivodeship, horizontal-

axis wind turbines are the preferred 

technology, as they perform best in open 

landscapes with stable wind speeds [165]. The 

height of wind turbines in Poland varies based 

on their location and design, with onshore 

models typically ranging from 100 to 150 

meters, and some reaching up to 200 meters. 

Taller turbines benefit from stronger, more 

consistent winds at higher altitudes, leading to 

improved efficiency. Medium-sized wind 

turbines (2-3 MW) can generate 

approximately 5-6 GWh annually under 

optimal conditions, while offshore models can 

reach capacities of up to 15 MW per unit. 

Poland is gradually integrating smart 

technologies into wind energy systems, 

enhancing real-time monitoring and efficiency 

optimization [166]. 

 

Connecting wind power projects to the grid is 

a key consideration for investors. The process 

involves obtaining connection conditions, 

followed by signing a connection agreement 

with grid operators. These steps ensure that 

wind farms can be effectively integrated into 

the national electricity grid. Infrastructure 

requirements also vary depending on the 

turbine's location. For example, wind turbines 

installed on buildings may not require 

additional permits if their height does not 

exceed 3 meters. In cases where turbines are 

installed on private land and have a capacity 

of up to 40 kW, no building permits or 

inclusion in local development plans are 

necessary, simplifying the approval process 

[167,168]. 

 

Despite the advantages of wind energy in the 

Pomeranian Voivodeship, several technical 

challenges remain. The "Distance Act," which 

requires wind turbines to be situated at least 

ten times their height away from residential 

buildings, limits available land for new 

installations. Additionally, integrating wind 

farms into the grid requires balancing energy 

production with demand, managing voltage 

stability, and addressing fluctuations in wind 

conditions. Effective maintenance is also 

crucial, as turbines must withstand extreme 

weather conditions, requiring advanced 

monitoring and repair systems. Furthermore, 

public resistance to wind farms, due to 

concerns about aesthetics, noise, and 

environmental impact, continues to be a 

challenge [169]. 

 

To address these issues, several strategies can 

be implemented. Streamlining administrative 

processes and expediting project approvals 

can help overcome bureaucratic delays. The 

integration of energy storage solutions, such 

as battery systems and hydrogen 

technologies, can improve grid stability by 

managing energy fluctuations. Advanced data 
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analytics and real-time monitoring systems 

can optimize maintenance and detect 

potential failures before they occur. 

Additionally, continued research into new 

turbine materials and blade designs will 

enhance efficiency and resilience against 

changing weather conditions. Strengthening 

partnerships between wind energy 

companies, technology providers, and local 

industries can also support the successful 

execution of wind projects. By adopting these 

measures, the Pomeranian Voivodeship can 

continue to expand its wind energy sector and 

contribute to Poland’s renewable energy 

transition [170]. 

 

The budget required for wind power 

installation varies depending on capacity and 

efficiency. A small 3 kW home wind turbine 

typically costs around EUR 4,762, with each 

additional kilowatt adding approximately EUR 

2,381. This means a 5 kW installation would 

cost at least EUR 9,500, while a 10 kW system 

ranges from EUR 19,000 to 24,000. Some 

manufacturers offer 2 kW wind turbines with 

battery storage for domestic hot water and 

heating systems at around EUR 2,300. Higher-

efficiency models exist, such as a 5 kW wind 

farm capable of producing 7,300 kWh 

annually at 5 m/s wind speeds, priced at nearly 

EUR 20,238. A 3 kW version of similar 

efficiency costs around EUR 12,700 [171]. 

 

 

 

For large-scale wind projects, feasibility 

studies—including technical, financial, and 

environmental analyses—range between PLN 

200,000 and 500,000. Administrative 

procedures, such as obtaining permits and 

conducting environmental impact 

assessments, can cost between PLN 500,000 

and 1,000,000. The purchase of wind turbines 

averages between PLN 1.3 and 2.2 million per 

megawatt (MW) of installed capacity. 

Transport and assembly add another PLN 

300,000 to 600,000 per MW, while 

infrastructure expenses—such as foundations 

(PLN 300,000-600,000 per MW), access roads 

(PLN 100,000-200,000 per MW), and grid 

connection (PLN 300,000-500,000 per MW)—

further contribute to the total investment. 

Additionally, annual operational costs include 

maintenance (PLN 50,000-100,000 per MW) 

and monitoring (PLN 50,000-150,000). 

Financial costs such as loan interest and 

insurance range from 5-10% of total 

investment [171]. 

 

Various financial incentives exist to support 

wind energy investments. On a regional level, 

the Pomeranian Fund for Environmental 

Protection and Water Management 

(PFOSiGW) provides subsidies or preferential 

loans for farmers investing in renewable 

energy, including small wind farms. Similar 

initiatives exist under national programs, such 

Pomerania Voivodeship has 

786 MW of wind capacity, with 

a theoretical potential of 12 GW 

(48–56 TWh) and a technical 

offshore potential reaching 

7.4 GW by 2030 [131] 
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as the National Fund for Environmental 

Protection and Water Management 

(NFOŚiGW), which runs the "Energy Plus" 

program, offering grants and loans for 

agricultural renewable energy projects [172]. 

At the European level, Poland utilizes EU 

Structural and Cohesion Funds to support 

renewable energy investments, particularly 

under the Operational Program Infrastructure 

and Environment (POIiŚ), which funds projects 

aimed at reducing CO₂ emissions and 

expanding renewable energy on farms. Local 

governments and municipalities also run 

specialized support programs. Additionally, 

commercial banks offer tailored loan products 

for wind energy investments [172]. 

 

The expected ROI for wind power projects in 

Poland depends on factors such as location, 

scale, and regulatory conditions. Favorable 

conditions exist due to stable revenues from 

energy sales contracts, particularly Power 

Purchase Agreements (PPAs) and renewable 

energy auctions. The rising cost of CO₂ 

emission allowances and ongoing 

decarbonization efforts further enhance 

profitability [173]. Wind power maintenance 

costs typically range between 24 and 60 EUR 

per kW. Routine servicing is essential to 

ensure optimal turbine performance and 

longevity [174]. 

 

Smart technology integration in Poland’s 

wind energy sector is still developing but 

progressing steadily. Emerging technologies 

include advanced monitoring systems, 

artificial intelligence for wind forecasting, and 

real-time turbine optimization. These 

innovations aim to enhance energy efficiency 

and stabilize the power grid. Some wind farms 

are beginning to implement smart 

management systems that align production 

with demand more effectively. 

Pilot projects are increasingly adopting these 

advanced solutions, which could lead to 

improved efficiency and stronger integration 

with other renewable sources, such as 

photovoltaics. In offshore wind energy, 

Power-to-X technology is gaining traction, 

enabling the conversion of excess wind power 

into green hydrogen for energy storage and 

alternative applications [175]. 

 

Wind turbines in the Pomeranian Voivodeship 

are generally expected to have a service life of 

approximately 25 to 30 years. For example, the 

Pomerania Wind Power Portfolio is 

anticipated to operate for three decades, 

providing renewable energy to the region. 

While the overall structure, including 

foundations and towers, is designed to last for 

this period, certain components such as 

blades, gearboxes, and generators may 

require maintenance or replacement earlier 

due to operational wear and tear [176,177]. 

 

The management of waste from 

decommissioned wind turbines in the region 

remains an evolving topic, with limited specific 

data available. Approximately 80-90% of wind 

turbine components, including metals and 

electrical systems, can be recycled using 

established processes. However, turbine 

blades, made from composite materials, 

present a significant recycling challenge. 

Traditional disposal methods include 

landfilling and incineration, but these are 

becoming less favorable due to environmental 
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concerns and regulatory changes. Emerging 

solutions include advanced recycling 

techniques, such as shredding and 

repurposing fiberglass and resin into 

industrial products like cement and plastics. 

Additionally, repurposing initiatives have 

found creative uses for old turbine blades, 

incorporating them into structures like 

playgrounds, bike shelters, and footbridges 

[178,179]. 

 

Environmental considerations play a crucial 

role in wind power projects. An environmental 

impact assessment (EIA) is required for 

projects likely to have significant 

environmental effects. According to the 

Regulation of the Council of Ministers of 

September 10, 2019, wind energy installations 

must undergo an EIA if their total nominal 

power reaches or exceeds 100 MW, or if they 

are located in Poland’s maritime areas. 

Additional considerations include the 

potential impact on protected areas, requiring 

assessments of how projects might affect 

factors such as noise levels, air quality, 

groundwater, and wildlife. EIAs help 

determine ways to mitigate adverse effects, 

including noise reduction measures, 

protective strategies for birds and bats, and 

minimizing the stroboscopic effect caused by 

turbine blades [180,181]. 

 

Land use impact is another key factor in wind 

turbine installations. Poland's 2016 "Distance 

Act" mandates that wind turbines be located 

at least ten times their height from residential 

buildings and protected areas, significantly 

influencing land availability for wind projects. 

This regulation aims to reduce noise and 

visual disturbances for local communities. 

Moreover, environmental protection 

measures must consider the region's diverse 

ecosystems, including coastal zones and 

protected areas, to avoid disruptions to 

wildlife habitats. Other land use concerns 

include potential effects on soil quality, water 

resources, and the compatibility of wind 

turbines with agricultural activities. Effective 

community engagement and transparent 

communication with residents help address 

concerns related to aesthetics and possible 

health effects [182–184]. 

Several mitigation measures are planned to 

reduce the environmental impact of wind 

projects. The Pomerania Wind Farm, located in 

the communes of Dzierzgoń and Stary, has 

conducted environmental assessments to 

minimize harm to bird and bat populations. 

The Bięcino Wind Farm has implemented 

measures to reduce noise impact and intends 

to take corrective actions if breaches occur. 

Other mitigation efforts include placing 

turbines away from key wildlife habitats and 

migration routes, implementing ultrasonic 

deterrents for bats, painting one turbine blade 

a different color to enhance visibility for birds, 

and using modern turbine designs that 

incorporate noise-reducing features. 

Adjusting operational parameters, such as 

rotational speed during low wind conditions, 

and establishing buffer zones between 

turbines and residential areas are additional 

measures being explored [185,186]. 

 

The Pomeranian region offers various training 

programs for personnel involved in wind 

power projects. The Gdańsk University of 

Technology provides courses in 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

39 

3
9

 

environmental engineering and renewable 

energy, while the Pomeranian Center for 

Ecological Education conducts workshops on 

wind energy. The Global Wind Organization 

(GWO) offers specialized safety and technical 

training, such as Basic Safety Training (BST) 

and Basic Technical Training (BTT), through 

accredited regional centers. Additionally, the 

Polish Wind Energy Association has launched 

the "Get into the Wind Turbines and Work at 

the Highest Level!" program, investing over 1 

million PLN in training technicians and 

installers for onshore wind projects. The 

Maritime School Complex in Darłowo has also 

introduced a free training program for wind 

turbine work certifications [187,188]. 

 

Awareness of local, regional, and national 

regulations is essential for wind power project 

implementation. Poland's "10H" rule initially 

required wind turbines to be at least ten times 

their height away from residential areas, but 

recent legislative efforts propose reducing this 

distance to 500 meters to expand land 

availability for wind projects. Key national 

regulations include the Act on Renewable 

Energy Sources (RES), which establishes 

support mechanisms such as feed-in tariffs 

and auction systems. The Energy Law Act 

outlines market regulations and grid 

connection conditions, while the Construction 

Law Act defines building permit requirements. 

Environmental regulations mandate 

environmental impact assessments and 

permits, while local spatial development plans 

determine the zoning regulations for wind 

farms [189,190]. 

 

Despite regulatory frameworks, several 

barriers hinder wind power development. 

Lengthy administrative processes for 

obtaining permits, varying local regulations, 

and complex environmental impact 

assessments contribute to delays. The 

presence of protected areas, such as Natura 

2000 sites, imposes further restrictions. Spatial 

planning conflicts arising from the "10H" rule 

limit suitable land for wind farms, 

exacerbating land availability issues. Grid 

connection regulations also pose challenges, 

with high connection fees and technical 

restrictions discouraging investment. 

Furthermore, policy volatility, sudden 

regulatory changes, and unpredictable 

financial support mechanisms affect investor 

confidence. Local opposition and legal 

challenges further complicate the process, as 

community concerns about landscape impact, 

noise, and property values often lead to 

extended public consultations and legal 

disputes [191,192]. 

 

Biogas Potential 
 

GERMANY 
 

In Germany, biomass potential is derived from 

a variety of sources, including crop residues, 

manure, and dedicated energy crops. The 

assessment of these feedstocks plays a crucial 

role in optimizing biogas production 

efficiency while maintaining sustainable 

agricultural practices. The primary biomass 

energy crops cultivated in Germany include 

wheat, rye, barley (both winter and spring), 

oats, triticale, maize (including corn cob mix), 
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plants for green harvesting, silage maize, 

sugar beet, potatoes, and winter oilseed rape. 

The most critical factor in energy maize 

cultivation is dry matter yield, with an optimal 

dry matter content of 30–35%. Yield variations  

 

Figure 13: Biogas Potential and use in Germany 

derived from DBFZ[194] 

  

depend on whether the crop is grown as a 

main or secondary crop [193]. 

The annual quantity of crop residues 

generated is significant. Germany's animal 

husbandry sector produces approximately 

200 million tons of liquid and solid manure 

annually, of which around 15% is utilized in 

biogas plants. Additionally, the processing of 

approximately 21 million tons per year of 

energy crops generates around 16 million 

tons of fermentation residue. This results in a 

total potential of 45 million tons annually, with 

an average of approximately 10,000 tons 

produced per biogas plant [195]. 

 

The main sources of manure for biogas 

production come from cattle, pigs, and 

poultry. According to operator surveys from 

2015–2017, cattle manure constitutes the 

largest share (65%), followed by pig manure 

(15%), and structured manure, including dry 

chicken manure (4%). Solid cattle manure 

accounts for 9%, while solid pig manure 

contributes a negligible amount [196]. 

 

 
 

Annually, Germany produces vast quantities 

of manure suitable for biogas production. 

[155] 
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Cattle manure contributes an estimated 115.2 

million tons of fresh mass (FM), while solid 

cattle manure ranges from 16.7 to 28.5 million 

tons. Pig manure production averages 30.7 

million tons, with solid pig manure 

contributing an additional 1.4 million tons. In 

total, manure-based biomass potential stands 

at approximately 169.9 million tons per year 

[196]. 

 

It is estimated that between 2.5 and 4 million 

hectares of agricultural land will be available 

for renewable raw material production, with 

around 1.2 million hectares currently 

dedicated to biogas production. However, 

regulatory constraints have influenced 

feedstock availability. The 2012 amendment 

to the Renewable Energy Sources Act 

introduced limits on maize cultivation for 

biogas, encouraging the use of residual 

materials such as liquid manure, dung, and 

alternative energy crops [197]. 

 

The collection of feedstocks relies on well-

developed storage infrastructure. Substrate 

storage facilities are designed to 

accommodate expected material volumes, 

balancing storage needs with contractual 

purchase agreements and delivery frequency. 

For hygienically sensitive substrates, strict 

separation is required, and odor control 

measures such as enclosed storage and 

biofilters are implemented [198]. 

Transport distances play a crucial role in 

economic feasibility. The average transport 

distance for feedstocks is approximately 13 

kilometers, though distances of up to 50 

kilometers are achieved for large biogas plant 

parks. For silage maize as a primary substrate, 

transport distances of up to 30 kilometers are 

still considered viable. In the case of manure, 

it is generally recommended that livestock 

locations be within 5–10 kilometers of the 

biogas plant [199]. 

 

Germany has a well-established biogas sector, 

with a total of 11,492 biogas plants operating 

at various capacities. The distribution of 

installed electrical system output is as follows 

[198]: 

• <75 kWel – 1,341 plants 

• 76–150 kWel – 667 plants 

• 151–300 kWel – 2,657 plants 

• 301–500 kWel – 2,234 plants 

• 501–1,000 kWel – 3,137 plants 

• 1,000 kWel – 1,456 plants  

 

Biogas plants play a significant role in energy 

generation, producing electricity and 

methane for various applications. The 

continued operation of these facilities relies 

on supportive policy frameworks and the 

efficient utilization of agricultural residues, 

ensuring long-term sustainability in the sector 

[200]. 

 

Support levels, particularly feed-in tariffs for 

renewable electricity, have been reduced for 

new biogas production in Germany due to 

amendments to the EEG in 2014 and 2016. As 

a result, the number of new biogas plants has 

steadily declined. The introduction of the 

auction model in 2017, along with further 

reductions in the maximum tariffs available, 

has led to a significant drop in the 

commissioning of new plants. Most of 

Germanys biogas facilities were established 

between 2003 and 2012 under 20-year energy 
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supply contracts. Consequently, a large share 

of these plants will see their guaranteed tariff 

periods expire between 2023 and 2032. 

Without economically viable follow-up 

frameworks, this is expected to trigger a 

substantial decrease in the number of 

operating biogas plants [201]. 

 

Digestate, a byproduct of biogas production, 

is managed primarily through its use as 

fertilizer in agriculture, forestry, and 

horticulture. The German Biowaste Ordinance 

(BioAbfV) regulates the application of 

compost and digestate, setting strict limits on 

heavy metal content to ensure safe recycling. 

Additionally, research is being conducted to 

optimize the pelleting process for digestate 

and landscape conservation hay, aiming to 

create high-quality solid fuels for 

decentralized heat generation, thereby 

increasing sustainability and reducing 

competition between material and energy use 

of biomass [202]. 

 

Several technical challenges exist in biogas 

plant operations, particularly concerning the 

contamination of substrates. Large amounts 

of impurities, such as sand, stones, and glass, 

enter the system, leading to sediment buildup 

in tanks, increased wear on pumps and pipes, 

decreased fermentation efficiency, and higher 

energy consumption for mixing. These issues 

result in lower gas yields and higher 

operational costs. One potential solution to 

this problem is the implementation of mobile 

slurry mixers, which prevent silting in slurry 

tanks and maintain optimal processing 

conditions [203,204]. 

 

The financial considerations for biogas plant 

installation vary based on system size and 

configuration. Investment costs range from 

approximately 2,000 to 3,000 €/kW for large-

scale systems and between 5,000 to 7,000 

€/kW for smaller plants. Factors such as 

engine type and the reuse of existing 

infrastructure influence the overall costs. 

Financial incentives exist under the EEG 2021 

framework, which provides different 

remuneration options based on plant 

capacity, including fixed tariffs, market 

premiums, and auction-based pricing. 

Additional compliance requirements, such as 

flexibility mandates and substrate limitations, 

also impact financial planning. The transition 

from feed-in tariffs (FiT) to an auction model 

under EEG 2017 has further influenced market 

dynamics [205,206]. 

 

Operation and maintenance of biogas plants 

depend on system size and type. Maintenance 

cycles for Combined Heat and Power (CHP) 

units typically range from 500 to 2,000 

operating hours for large systems, while 

smaller installations may require servicing 

every 10,000 hours. Stirling engines, due to 

their lower wear, require less frequent 

maintenance, typically after 5,000 to 8,000 

operating hours. The costs and intervals of 

maintenance are highly dependent on engine 

type and operational conditions [207]. 

 

Smart technology integration in biogas plants 

is advancing to enhance efficiency and grid 

compatibility. Technologies such as power-to-

heat conversion, micro gas grids, and latent 

heat storage are being explored to optimize 

energy use and ensure stable integration with 
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variable renewable energy sources like wind 

power [208]. 

 

Education and training for biogas plant 

personnel are available through initiatives 

such as the Biogas Training Association, 

founded in 2014. The Fachverband Biogas e.V. 

has been working to standardize training 

programs across Germany for over a decade, 

offering both in-person and online training 

formats. Awareness of regional and national 

regulations is also facilitated through research 

institutions such as FNR and DBFZ, as well as 

industry associations like Fachverband Biogas 

[209]. 

 

Animal production has long been vital to 

Lithuanian agriculture but underwent major 

changes during the shift to a market economy 

and later EU accession. [210] 

 

LITHUANIA 
 

In Lithuania, biomass feedstock is sourced 

from various crop residues, including 

deforestation residues, firewood, wood waste, 

and straw [211]. A critical factor for energy 

producers is the timing between cutting, 

shredding, and burning biomass, as 

prolonged storage of shredded willow wood 

reduces its calorific value. Consequently, 

winter is the optimal season for cutting and 

transporting biomass to boiler houses due to 

increased biofuel demand. During other 

seasons, biomass from different plant sources 

can be used and stored in either whole or 

shredded form [211]. 

 

The annual quantity of crop residues varies by 

region. In 2020, Klaipėda recorded 

approximately 4.0 thousand m³ of firewood 

sales and 1.5 thousand m³ of logging waste. In 

Telšiai, the total annual average volume of 

firewood over four years reached 36.89 

thousand m³, while Tauragė generated about 

51,723 tons of straw per year [20,25,26]. 

 

Manure from livestock, including cattle, pigs, 

and poultry, contributes significantly to 

biomass potential. Waste composition 

includes 30.6% forest cutting residues, 22.5% 

gardening waste, 22.5% mixed municipal 

waste, and smaller fractions of metal, mineral-

origin waste, wood waste, packaging waste, 

and other sources [212]. The estimated biogas 

potential from livestock and poultry manure in 

Klaipėda District Municipality is 1,191,935 m³. 

In Telšiai, manure production stands at 31,744 

tons from cattle, 2,936 tons from pigs, and 456 

tons from poultry. Tauragė’s sewage sludge 

biogas potential is around 106.4 tons of oil 

equivalent (tne) per year, while the technical 

energy potential from municipal waste is 

estimated at 552.4 tne per year [20,25,26]. 

 

The potential for growing energy crops for 

biogas production depends on land 

availability and climatic conditions. Klaipėda 

district has 4,157 hectares of unused and 

degraded land, with tree and shrub 

plantations capable of yielding approximately 

12,471 tons of oil equivalent (toe) from energy 

crops. Tauragė’s biomass fuel resource 

potential over the last five years has averaged 

30.41 thousand cubic meters of wood, with 

private forests contributing an estimated 9.52 

toe (110.7 MWh) per year. In Telšiai, private 
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forest logging in 2022 generated around 

76,732.76 m³ of wood, with 59.18% (45,407.95 

m³) categorized as firewood, contributing to a 

wood fuel resource potential of 12,572.49 toe. 

However, the amount of wood waste 

fluctuates annually due to variations in 

weather conditions [20,25,26]. 

 

Feedstock availability is subject to seasonal 

variations. During the growing season (May–

October), willows undergo different 

developmental stages, including shoot 

growth, leaf expansion, and autumn leaf 

coloration. The most active growth period is 

between June and July, influenced by 

temperature and precipitation levels. 

Productivity largely depends on the number 

of shoots per bush [8]. Several constraints 

impact feedstock availability, including 

seasonal fluctuations, unpredictable climate 

conditions, limited land, labor shortages, 

technological barriers, pest infestations, 

fragmented land ownership, and 

environmental concerns [211]. 

 

The existing infrastructure for biomass 

collection and transportation presents 

challenges. Industrial enterprises generate 

excess low-potential heat, requiring additional 

heat pumps for utilization. The feasibility of 

heat storage tanks depends on the 

establishment of biofuel cogeneration plants, 

which could stabilize operations and provide 

thermal energy reserves during the heating 

season. However, such projects currently lack 

economic incentives for investors and offer 

limited social benefits [213]. 

 

Regarding biogas installations, Klaipėda’s 

biogas plant operated by "AB Klaipėdos 

vanduo" has a total capacity of 654 kW, 

producing approximately 2,616 m³ of biogas 

per day. There are no known installations 

exceeding 2,500 m³/day, and data on the total 

biogas plant capacity and electricity/methane 

generation in farms remains unavailable [214]. 

The preferred biogas system design includes 

SCADA, DAPDS, and Simone technologies for 

monitoring and process optimization [215]. 

 

In 2020, Lithuania’s biogas production from 

sludge treatment plants, through digestion 

processes, generated a substantial volume of 

biogas, totaling 2,063,000 m³. The energy 

building produced 3,701.4 MWh of electricity, 

with 88.5% of the electricity required for 

wastewater treatment and sludge 

management at the company's WWTP coming 

from its own power-generating units. A 

portion of this electricity (1,369 MWh) was 

produced using natural gas in the dryer’s 

generator, alongside 205.4 MWh from landfill 

biogas. Additionally, 1.86 thousand tonnes of 

dried sludge were processed and transferred 

to waste managers. Biogas utilization in 

Lithuania predominantly includes electricity 

generation, heat production, combined heat 

and power (CHP), and occasionally injection 

into the natural gas grid [214]. 

 

The feasibility of connecting biogas plants to 

the national grid is governed by specific 

transmission rules. These are outlined in 

Lithuania’s Electricity Transmission Grid 

Access Rules, which provide guidelines for 

electricity producers on how to connect and 

supply electricity from renewable sources like 

biogas to the grid [216]. 
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Digestate, a by-product of biogas production, 

is generally used as fertilizer or composted to 

enrich soil quality. It is also employed in land 

reclamation to enhance agricultural 

sustainability. Lithuania makes significant use 

of manure both as a natural fertilizer and for 

biogas production. Manure management 

practices are influenced by factors like animal 

type, age, feed quality, and farm 

infrastructure. Optimizing the use of digestate 

involves considering the characteristics of 

farm operations, such as the type of animals 

and the production methods, to improve its 

efficiency and sustainability [20]. 

 

However, technical challenges arise in 

implementing biogas plants, especially in 

small farms with minimal manure production. 

The feasibility of building biogas plants in 

these settings is low. A solution suggested is 

the use of a mix of animal manure and energy 

crops such as maize, which has a high biogas 

yield (202 m³ per ton). Growing maize on 

unused land for biogas production could 

circumvent competition with food crops and 

make biogas plants viable even on small farms 

[20]. 

 

The expected budget for biogas plant 

installation in Lithuania typically ranges from 

€2,500 to €4,000 per kW of installed capacity. 

This cost includes all aspects such as design, 

equipment, construction, and commissioning. 

These figures are in line with global trends 

where the installation costs for biogas plants 

can vary depending on the size and 

technology used in the plant [217]. 

 

Financial incentives and subsidies are 

available for biogas plant projects under the 

"Promotion of Small-Scale Biofuel 

Cogeneration" measure, which is part of the 

Future Economy DNA Plan. This initiative 

supports projects related to energy efficiency 

and renewable energy production. It is aligned 

with the European Union's 2014–2020 Funds 

Investment Action Program, specifically under 

Priority 4: "Promotion of Energy Efficiency and 

Renewable Energy Production and Use." The 

program covers new and additional 

investments from July 1, 2020, to December 

31, 2021 [218]. 

 

In terms of return on investment (ROI), biogas 

plant projects in Lithuania aim to increase 

renewable energy production. A high-

efficiency cogeneration plant is expected to 

add 8.05 MW of renewable energy capacity, 

leading to a reduction of approximately 6,981 

tons of CO2 equivalent annually. The electrical 

capacity of the newly installed cogeneration 

plant is projected to be 1.25 MW [219]. 

 

The operation and maintenance (O&M) of 

biogas plants vary depending on the size of 

the plant. For small plants (up to 100 kW), the 

annual maintenance costs typically range 

from €10,000 to €20,000. For medium-sized 

plants (100 kW - 500 kW), maintenance costs 

increase to between €20,000 and €50,000 per 

year. Large plants (above 500 kW) can incur 

maintenance costs of €50,000 to over 

€100,000 annually. These costs reflect the 

need for regular monitoring, servicing of 

biogas production systems, and ensuring 

optimal functioning of equipment to maintain 

energy efficiency [220]. 
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In terms of technological integration, some 

biogas plants are incorporating advanced 

smart technologies to improve their efficiency. 

For example, a modern biogas plant in the 

Baltic region has integrated a biodegradable 

material preparation line capable of 

processing animal by-products and waste. 

This facility is equipped with a sophisticated 

three-stage air purification system, which 

ensures that air generated in the facility is 

cleaned of any unpleasant odors. Such 

innovations in the integration of smart 

technologies aim to enhance both the 

sustainability and operational efficiency of 

biogas plants [221]. 

 

Regarding education and training, Lithuania 

has made strides in providing specialized 

training for personnel involved in biogas plant 

operations. Klaipėda University (KU) has 

opened the first methodological STEAM 

center in the country, featuring multiple 

laboratories dedicated to renewable energy, 

including IT-Robotics, Chemistry-Biology, 

Physics-Engineering, and Marine fields. This 

center also includes a creative FabLab 

workshop space, further supporting the 

development of renewable energy expertise 

through hands-on training [222]. Additionally, 

private education providers offer various 

training programs tailored to the renewable 

energy sector. 

Public awareness of local, regional, and 

national regulations concerning biogas plants 

is relatively high. Survey results show that 

most people are familiar with renewable 

energy sources (RES) and are aware of the 

potential energy savings and efficiency 

improvements they can bring. However, there 

is an acknowledgment that while sufficient 

information on RES is available, further 

dissemination of knowledge would be 

beneficial for broader adoption and deeper 

understanding [20].
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MAIZE FOR SILAGE AND GREEN 

BIOMASS 
PERENNIAL GRASSES FODDER BEET TOTAL 

COUNTY Area, 
ha 

Yield, t Biogas 
quantity, 
mill.m3 

Area, ha Yield, t Biogas 
quantity, 
mill.m3 

Area, 
ha 

Yield, t Biogas 
quantity, 
mill.m3 

Energy 
value, 
GWh 

ALYTUS 294 9252 1,7 526 1256 0,8 230 7130 0,6 80,7 

KAUNAS 1924 60493 11,2 2189 5232 3,2 259 8042 0,7 90,7 

KLAIPEDA 217 6824 1,3 2735 6536 4 201 6239 0,5 35 

MARIJAMPOLĖ 1655 52034 9,6 1544 3690 2,3 318 9845 0,9 76,6 

PANEVĖŽYS 1465 46068 8,5 1848 4417 2,7 435 13493 1,2 74,6 

ŠIAULIŲ 2542 79932 14,8 2351 5618 3,5 455 14094 1,2 116,9 

TAURAGE 338 10632 2 2881 6886 4,2 168 5223 0,5 40 

TELSIAI 145 4554 0,8 2272 5429 3,3 215 6674 0,6 28,6 

UTENA 269 8442 1,6 817 1952 1,2 438 13576 1,2 23,7 

VILNIUS 150 4729 0,9 839 2005 1,2 280 8684 0,8 17,2 

TOTAL 8999 282960 52,4 18002 43021 26,4 2999 93000 8,2 522 

 

Table 1: Biogas and energy production potential in various counties of Lithuania [221] 
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LIVESTOCK PIGS POULTRY TOTAL 

COUNTY Quantity of 
manure, 
thous.t 

Energy 
value, 
GWh 

Quantity of 
manure, 
thous.t 

Energy 
value, GWh 

Quantity of 
manure, 
thous.t 

Energy 
value, 
GWh 

Biogas 
quantity, mill. 

m3 

Energy 
value, GWh 

ALYTUS 80,5 12,1 39,7 4,8 6,2 2,6 3,2 19,5 

KAUNAS 206,4 31 157,7 18,9 52,5 22,1 12 71,9 

KLAIPĖDA 153 22,9 71,3 8,6 10,8 4,5 6 36 

MARIJAMPOLĖ 178 26,7 119,2 14,3 5,1 2,1 7,2 43,1 

PANEVĖŽYS 197,5 29,6 133,5 16 18 7,6 8,9 53,2 

ŠIAULIAI 229,3 34,4 199,4 23,9 8,4 3,5 10,3 61,8 

TAURAGĖ 161,7 24,2 62 7,4 3,2 1,3 5,5 33 

TELŠIAI 129,7 19,5 38,6 4,6 14,8 6,2 5,1 30,3 

UTENA 113,3 17 58,3 7 6,2 2,6 4,4 26,6 

VILNIUS 113,3 17 80,8 9,7 72,3 30,4 9,5 57,1 

TOTAL 1562,7 234,4 960,5 115,2 197,5 82,9 72,1 432,5 

 

Table 2: Biogas and energy production potential in various counties of Lithuania [221] 
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POLAND 
 

The Pomeranian Voivodeship has significant 

potential for biogas production, with various 

feedstocks available, including crop residues, 

manure, and dedicated energy crops. Crop 

residues contribute substantially to biogas 

feedstock, with cereals leaving 3 to 5 tons of 

dry matter per hectare, rapeseed producing 

10 to 12 tons, and corn yielding between 5 to 

15 tons depending on usage. Straw from 

cereals, rapeseed, and legumes is also a 

valuable by-product [223]. Annually, the total 

quantity of agricultural residues is estimated 

at 48.8 million tons of dry matter, with cereals 

contributing 39 million tons, rapeseed 1.8 

million, oil crops 6.9 million, pulses 0.9 million, 

and industrial crops 0.2 million [224]. 

 

Manure from livestock farming is another 

critical biogas feedstock. The main sources 

include dairy cows, other cows, pigs, sheep, 

and poultry [225]. In Poland, the total annual 

manure production is approximately 107.08 

million tons, with dairy cows producing 42.23 

million tons, other cows 31.70 million, other 

pigs 15.58 million, sows 3.26 million, sheep 

0.12 million, and poultry 14.19 million tons 

[226]. 

 

The region also has considerable potential for 

growing dedicated energy crops for biogas 

production, such as maize, grass silage, clover, 

alfalfa, and sorghum. Maize cultivated over 

100,000 hectares, with yields of 40-50 tons per 

hectare and a biogas output of 225 m³ per ton, 

could generate approximately 900 million m³ 

of biogas annually. Grass silage, covering the 

same area and yielding 10-12 tons of dry 

matter per hectare with 125 m³ of biogas per 

ton, could contribute an additional 125 million 

m³ of biogas per year. Sorghum, with yields of 

30-40 tons per hectare and biogas production 

of 200-300 m³ per ton, is also a promising 

feedstock [227]. 

 

However, there are seasonal variations in 

feedstock availability. Most energy crops are 

harvested between late summer and autumn, 

requiring efficient storage solutions to ensure 

a continuous supply throughout the year. 

Silage is the primary method used for 

preserving feedstock post-harvest. Crop 

rotation and diversification strategies help 

maintain feedstock availability, while weather 

conditions, such as droughts and heavy 

rainfall, can affect yields. Manure production is 

consistent year-round but varies in collection 

methods depending on the season—livestock 

kept indoors during winter results in more 

concentrated manure collection, whereas 

grazing in warmer months reduces immediate 

availability [228]. 

 

Several challenges affect feedstock 

 [131] 

 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

5
0

 

50 

availability, including unpredictable weather 

conditions, fluctuating market prices, 

competition for land between energy crops 

and food production, high input costs (e.g., 

seeds, fertilizers, fuel), long transport 

distances between sources and biogas plants, 

and compliance with environmental 

regulations regarding greenhouse gas 

emissions and waste management [229]. 

 

The region has a well-developed 

infrastructure for feedstock collection and 

transportation. This includes farm-level 

storage facilities, modern harvesting 

equipment, a robust transportation network, 

and specialized logistics services. 

Collaboration between biogas plants and local 

farmers, along with technological 

advancements, ensures an efficient supply 

chain [230,231]. To minimize costs and 

emissions, biogas plants are generally located 

within 10-20 km of major feedstock sources. 

Bulk transportation of feedstock occurs during 

harvest seasons, with storage facilities 

ensuring year-round supply [231]. 

 

Currently, there are 10 biogas plants in the 

region with capacities between 100-2500 

m³/day and two larger installations exceeding 

2500 m³/day [232]. At the end of 2021, 

Poland’s registered agricultural biogas 

plants produced over 513 million m³ of biogas 

annually, with 342.913 million m³ undergoing 

methane fermentation. Of this, 335.335 

million m³ was used for electricity generation 

[233]. The total installed electrical capacity of 

these plants is 125.323 MWe [234]. 

Regarding system design, the Continuous 

Stirred Tank Reactor (CSTR) is the preferred 

choice due to its efficiency, versatility, and 

suitability for various agricultural feedstocks. 

While other systems like Upflow Anaerobic 

Sludge Blanket (UASB) and Plug-Flow reactors 

have specific applications, the agricultural 

focus and feedstock diversity in the region 

make CSTR the most practical and widely 

adopted solution [235]. Biogas system design 

varies depending on application, feedstock 

availability, and economic considerations. In 

Poland, the Continuous Stirred-Tank Reactor 

(CSTR) is the preferred choice for agricultural 

biogas plants due to its ability to handle a 

variety of feedstocks and its stable operation. 

For wastewater and industrial biogas 

applications, the Upflow Anaerobic Sludge 

Blanket (UASB) reactor is commonly used. The 

selection of a specific biogas system depends 

on multiple factors, including plant size, 

regulatory framework, and overall economic 

feasibility [193]. 

 

Biogas utilization in Poland primarily focuses 

on energy production. The majority of biogas 

is used for electricity generation (31.805 GWh, 

accounting for 61%), followed by heat and 

cooling applications (19.192 GWh, or 37%). A 

smaller portion (1.263 GWh, or 2.4%) is used 

as fuel, amounting to a total energy 

production of 52.260 GWh [236]. 

 

Connecting a biogas plant to the natural gas 

grid involves several technical and regulatory 

requirements. Unlike residential connections, 

a biogas plant requires a dedicated transfer 

station to comply with legal and contractual 

standards, including quality measurement, 

quantity tracking, gas compression, and 

odorization. The grid operator charges a grid 
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access fee based on actual expenses incurred 

for the connection. However, the grid user has 

the option to install the connection line 

independently, which can waive the access 

fee. The legal framework for biogas grid 

connections was revised in April 2008 under 

Section 33 GasNZV to standardize the process, 

as practical experience was previously limited 

[237,238]. 

 

In 2022, methane fermentation of agricultural 

feedstocks generated over 374 million m³ of 

biogas, with more than 359 million m³ 

allocated for electricity production. The 

remainder was either sold, burned in a candle, 

or used in gas boilers [239,240]. Connecting 

biogas plants to the grid presents regulatory 

challenges, as obtaining grid connection 

conditions takes more than 150 days. The 

process includes securing an environmental 

decision, development conditions, and 

submitting a connection application with 

necessary technical documentation. Despite 

an official timeline of 150 days, practical 

implementation can extend to approximately 

six months [241]. 

Digestate from biogas plants is widely utilized 

as fertilizer due to its nutrient-rich 

composition. Local farmers apply it directly to 

agricultural fields to improve soil fertility. 

Increasing interest in advanced digestate 

processing methods, such as drying, 

pelletization, and nutrient recovery, aims to 

enhance sustainability and efficiency [242].  

 

Optimization strategies include regular 

nutrient analysis to balance digestate 

composition for various crops, obtaining 

organic fertilizer certification for better 

marketability, and implementing mechanical 

separation processes to divide digestate into 

solid and liquid fractions. These fractions can 

serve different agricultural purposes—solid 

fractions for soil improvement and liquid 

fractions as nutrient-rich fertilizers. 

Additionally, improving digestate storage 

facilities can prevent nutrient loss, mitigate 

odors, and reduce contamination risks. Market 

development for digestate-based products, 

such as compost or pelletized fertilizers, along 

with farmer education on best practices, 

further strengthens its utilization [243]. 

 

Biogas plant implementation faces several 

technical challenges, including securing a 

consistent feedstock supply, seasonal 

feedstock variations, and contamination from 

non-organic waste. Maintaining stable 

anaerobic digestion conditions is crucial, as 

fluctuations in temperature, pH, and microbial 

balance can reduce methane yields. 

Additionally, raw biogas requires purification 

to remove hydrogen sulfide, ammonia, and 

siloxanes, which can otherwise damage 

equipment. Grid integration is another 

concern, as biogas plants must ensure 

synchronization with voltage and frequency 

levels while avoiding costly infrastructure 

upgrades. Digestate storage and application 

must also comply with environmental 

regulations to minimize odor emissions and 

nutrient runoff. The overall high initial 

investment and ongoing maintenance costs 

demand a skilled workforce with expertise in 

anaerobic digestion technology and plant 

operation [244]. 

 

To mitigate these challenges, several solutions 
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are being explored. Pre-treatment 

technologies, such as shredding, grinding, and 

thermal hydrolysis, improve feedstock quality. 

Advanced monitoring systems optimize 

anaerobic digestion conditions in real time, 

ensuring stable biogas production. Multi-

stage digestion systems and enhanced biogas 

purification technologies, like activated 

carbon filters and biological scrubbers, help 

remove impurities. Grid challenges can be 

addressed by promoting smaller, 

decentralized biogas plants near demand 

centers, reducing reliance on extensive grid 

infrastructure. Additionally, combined heat 

and power (CHP) systems can improve energy 

efficiency by utilizing both electricity and heat 

from biogas [230]. 

 

Biogas plant installation costs vary by scale. 

Small-scale plants (up to 100 kW) range from 

€4,000 to €6,000 per kW, while medium-scale 

plants (100 kW to 500 kW) cost between 

€3,000 and €4,500 per kW. Large-scale plants 

(500 kW to 2 MW) benefit from economies of 

scale, with installation costs between €2,500 

and €4,000 per kW. For example, a 300 kW 

biogas plant with an estimated cost of €3,500 

per kW would require a total investment of 

approximately €1.05 million [245]. 

 

Several financial incentives support biogas 

projects. The European Union provides 

funding through the Common Agricultural 

Policy (CAP), including the Rural Development 

Program (RDP) and the European Agricultural 

Fund for Rural Development (EAFRD), aimed 

at improving agricultural sustainability. 

Horizon Europe offers grants for research and 

innovation in biogas technology, while the 

Cohesion Fund and European Regional 

Development Fund (ERDF) support 

infrastructure projects promoting 

environmental sustainability. National 

programs such as Poland’s National Fund for 

Environmental Protection and Water 

Management (NFOŚiGW) provide grants and 

loans for construction and technological 

upgrades. Additional incentives include feed-

in tariffs (FiTs), feed-in premiums (FiPs), and 

auction systems for long-term energy 

contracts [246,247]. 

 

Regional support programs also play a role. 

The Regional Operational Programs (ROPs) 

offer funding for renewable energy projects, 

while local governments provide municipal 

incentives, including tax breaks and land 

grants. Other financial mechanisms include 

green bonds, attracting investment from 

sustainability-focused investors, and carbon 

credits through emissions trading schemes. 

The EU Modernization Fund has allocated 

€357 million for municipal biogas 

cogeneration development, offering grants 

covering up to 50% of eligible costs or loans 

covering 100%. The European Funds for 

Infrastructure, Climate, and Environment 

(FEnIKS) program dedicates over €93 million 

to biogas industry growth, while the “Energy 

for the Countryside” program injects €750 

million into rural energy infrastructure. The 

Ecological Credit under FENG 2021-27 

supports renewable energy investments, 

including biogas [248,249]. 

 

The development of biogas plant projects in 

Poland presents promising investment 

opportunities, with the expected Return on 
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Investment (ROI) varying based on plant size, 

technology, feedstock availability, and market 

conditions. Studies indicate that the Return on 

Equity (ROE) for biogas plants is competitive 

within the energy sector, making them 

attractive for investors. Additionally, the Polish 

government has implemented financial 

support mechanisms, such as feed-in tariffs 

(FIT) and feed-in premiums (FIP), to enhance 

the economic viability of biogas projects. ROI 

expectations for biogas plants typically range 

from an Internal Rate of Return (IRR) of 10-

20% and a payback period of 5-10 years, with 

projects demonstrating positive Net Present 

Value (NPV) over their lifespan. For example, a 

medium-scale biogas plant (300 kW) with a 

capital investment of €1,050,000 can generate 

annual revenue from electricity, heat, and 

digestate sales, along with government 

subsidies, leading to an estimated payback 

period of 5.25 years and an annual ROI of 

approximately 19% [248,250]. 

 

Operational and maintenance costs for biogas 

plants depend on their scale. Small-scale 

plants (50-150 kW) require daily monitoring of 

feedstock input, temperature, and gas 

production, with annual maintenance costs 

ranging from €5,000 to €10,000. Medium-

scale plants (150-500 kW) demand continuous 

monitoring of feedstock quality and regular 

system inspections, leading to annual 

maintenance expenses between €10,000 and 

€20,000. Large-scale plants (500 kW and 

above) involve 24/7 monitoring and 

scheduled component replacements, with 

maintenance costs reaching €20,000 to 

€50,000 or more, depending on plant 

complexity [251,252]. 

 

The integration of smart technologies in 

biogas plants is improving efficiency and 

sustainability. Advanced systems like 

SMARTFERM® optimize organic waste 

processing, while AI and IoT solutions enable 

real-time monitoring and predictive 

maintenance. In Poland's Pomeranian 

Voivodeship, the adoption of these 

technologies is progressing, with companies 

such as Enricom Biogas Sp. z o.o. contributing 

to the region’s biogas infrastructure 

[253,254]. 

 

Training and education for biogas plant 

personnel are available in the Pomeranian 

Voivodeship. Organizations like the Gdańsk 

Water Foundation offer courses on digestate 

management, providing crucial knowledge for 

industry professionals. Companies such as 

Enricom Biogas Sp. z o.o. also play a role in 

biogas sector development, and further 

training opportunities can be found through 

regional renewable energy associations and 

agricultural institutions. [255] 

Regulatory awareness is essential for biogas 

project implementation in Poland. The 

country has faced challenges due to unstable 

legal frameworks, but recent legislative 

updates, including new regulations 

introduced in September 2023, aim to support 

agricultural biogas development. Regionally, 

the Pomeranian Voivodeship promotes 

biogas projects through initiatives like the 

"Pomeranian Biogas Model," which seeks to 

optimize production processes and regulatory 

compliance. [256] 

 

Despite progress, regulatory barriers still exist. 
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Investors and developers face complex 

permitting processes, environmental 

restrictions related to Natura 2000 areas, and 

difficulties in integrating biogas plants into 

the national energy grid due to low tariffs. 

Location-related issues, such as social 

resistance and zoning limitations, further 

hinder project development. Additionally, 

financial constraints and the classification of 

digestate as waste impose operational 

challenges. Addressing these barriers requires 

stable legal frameworks, simplified permitting 

processes, and greater financial support for 

small and medium-sized projects. [257–259] 
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VOIVODESHIP MANURE (MWEL) WASTE (MWEL) ENERGY CROPS (MWEL) TOTAL (MWEL) 

ŁÓDZKIE 33 5 146 184 

MAZOWIECKIE 43 7 289 339 

MAŁOPOLSKIE 3 1 94 98 

ŚLĄSKIE 10 4 63 77 

LUBELSKIE 16 11 203 230 

PODKARPACKIE 5 2 94 101 

ŚWIĘTOKRZYSKIE 7 1 80 88 

PODLASKIE 16 3 155 174 

WIELKOPOLSKIE 95 20 223 338 

ZACHODNIOPOMORSKIE 58 9 91 158 

LUBUSKIE 11 0 49 60 

DOLNOŚLĄSKIE 15 3 111 129 

OPOLSKIE 12 0 56 68 

KUJAWSKO-POMORSKIE 31 0 141 172 

WARMIŃSKO-MAZURSKIE 23 18 128 169 

POMORSKIE 23 3 94 120 

TOTAL 400 87 2017 2504 

 

Table 3. Estimated electrical power for voivodeship for different kinds of biogas plant substrate. Based on [210] 
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Country-Specific 

Outlook 
 

GERMANY 

 

Germany remains one of the most ambitious 

and influential players in Europe’s energy 

transition. Underpinned by the Climate Law, 

the country has set a binding target to reach 

net zero emissions by 2045, with a key 

milestone of achieving 80% renewable 

electricity by 2030 and 100% by 2035 [260]. 

The complete phase-out of nuclear power in 

2023 and the planned coal exit underscore 

Germany’s commitment to reshaping its 

energy system around renewable sources. 

 

Germany’s Energiewende is supported by 

robust legislative and regulatory reforms 

aimed at accelerating the deployment of wind, 

solar, and green hydrogen. By 2030, the 

country aims to reach 100–110 GW of onshore 

wind, 30 GW of offshore wind, and 200 GW of 

solar PV capacity [261]. Additionally, 10 GW of 

hydrogen production capacity is planned, 

supporting sector coupling and hard-to-abate 

sectors. 

 

Significant progress has already been made. 

Renewable energy’s share in gross electricity 

consumption has risen from around 6% in 

2000 to nearly 50% by the early 2020s, with 

wind and solar playing leading roles [260]. The 

rapid cost decline of solar PV and the 

expansion of onshore wind have established 

them as the core drivers of Germany’s clean 

power mix. Meanwhile, biomass and 

hydropower continue to contribute as stable, 

dispatchable sources within the overall energy 

portfolio. 

 

Germany is also targeting a reduction of 500 

TWh in energy consumption by 2030, 

equivalent to about 20% of 2022 

consumption, under its Energy Efficiency Act 

[261]. This dual focus on clean energy 

expansion and demand-side efficiency makes 

Germany a model for a balanced and 

sustainable energy transition. 

 

Looking forward, Germany will continue to 

play a central role in shaping the renewable 

energy trajectory of the SBS region. Its 

leadership in offshore wind, green hydrogen, 

and grid modernization offers valuable 

lessons and opportunities for regional 

cooperation. Challenges remain, particularly 

in terms of transmission infrastructure, 

permitting speed, and public acceptance. 

However, Germany’s deep industrial base, 

policy experience, and innovation ecosystem 

position it to overcome these barriers. 

 

In the context of a joint SBS green policy 

strategy, Germany can act as a technological 

and policy anchor driving harmonization of 

energy targets, supporting cross-border 

infrastructure development, and facilitating 

knowledge transfer across the region. 

 

In conclusion, Germany’s commitment to 

climate neutrality and renewable leadership 

sets a high benchmark within the SBS region. 

Through continued innovation, investment, 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

5
7

 

57 

and regional collaboration, the country will 

remain a key enabler of the region’s 

transition to a secure, sustainable, and 

integrated clean energy future. 

 

LITHUANIA 
 

Lithuania has undergone a substantial 

transformation in its energy landscape over 

the past decade. Once heavily dependent on 

electricity imports, historically sourcing up to 

70% of its electricity from abroad, primarily 

from Russia, the country has shifted decisively 

toward a more secure and diversified energy 

model [262]. This transition has been driven 

by a strong national consensus on the 

strategic importance of energy independence 

and sustainability. 

 

The evolution of Lithuania’s energy policy 

has seen a clear pivot from nuclear energy to 

renewables. This shift was accompanied by 

progressive policy instruments, such as the 

launch of technology-neutral renewable 

energy auctions.  

 

Renewable energy development in Lithuania 

continues to make steady progress. Wind 

energy has been the frontrunner, but solar 

power remains underdeveloped, pointing to 

significant untapped potential. Efforts to 

expand the role of prosumers, households and 

small producers generating their own 

electricity, have been supported by 

government incentives and favorable grid 

policies, which are expected to further 

stimulate decentralized renewable 

deployment. 

 

Looking forward, Lithuania is well-positioned 

to deepen its energy transition. Strengthening 

support mechanisms, simplifying regulatory 

procedures, and improving grid infrastructure 

will be key to unlocking additional renewable 

capacity. Enhanced regional cooperation 

within the SBS framework can further 

accelerate progress, particularly in areas such 

as cross-border energy trade, joint grid 

planning, and technology exchange. 

 

In the context of a joint green policy strategy, 

Lithuania can play a leading role by 

contributing its experience in policy 

innovation, auction design, and public 

engagement on energy issues. The country’s 

path demonstrates that targeted policy 

reforms and a strong strategic narrative 

around energy independence can yield rapid 

progress in renewable deployment. 

 

In conclusion, Lithuania’s trajectory signals a 

resilient and increasingly self-sufficient energy 

future. With continued commitment, the 

country can solidify its role as a regional 

model for clean energy transition, while 

contributing meaningfully to shared 

sustainability and security goals in the SBS 

region. 

 

POLAND 
 

Poland faces one of the most challenging 

energy transitions in the South Baltic Sea 

region due to its continued reliance on coal, 

which still accounts for approximately 70% of 

its electricity generation [263]. 

Decarbonization is a national priority, and 

nuclear energy is expected to play a central 
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role in this shift. The government plans to 

commission six large nuclear reactors 

between 2033 and 2043, aiming to supply 

around 20% of domestic electricity demand. In 

parallel, energy-intensive industrial 

companies are exploring the deployment of 

small modular reactors (SMRs), with the first 

units expected by 2029 through a partnership 

between NuScale Power and KGHM Polska 

Miedź SA. Wind energy, though still 

underutilized (9% of generation as of 2021), is 

poised for significant growth, with over 50 

operational onshore wind farms and targets 

for 5.9 GW of offshore wind capacity by 2030, 

expanding to 11 GW by 2040 [263]. 

 

Poland has one of the largest agricultural 

production potentials in Europe, yet the 

development of biogas and biomethane 

remains limited [264]. As of the end of 2023, 

the country had just 218 agricultural and 148 

municipal biogas plants, mostly small-scale 

facilities with capacities of up to 1 MW—far 

below its potential [265]. Poland had just over 

350 small-scale biogas plants by the end of 

2023, but new legislative changes are set to 

accelerate growth [265]. The 2023 

amendment to the Energy Act established a 

legal basis for biomethane grid integration, 

backed by major infrastructure operators 

[266]. Simplified permitting, revised biomass 

waste rules, and planning reforms now offer a 

clearer and more attractive investment 

environment, particularly for agricultural 

stakeholders. While still emerging, the 

biomass sector is finally positioned to play a 

greater role in Poland’s broader energy 

transition. 

 

Joint Green Policy 

Strategy 
 

The South Baltic Sea (SBS) region is 

undergoing a pivotal transformation in 

response to the dual crises of energy security 

and climate change. Triggered by the war in 

Ukraine and the resulting energy crisis, 

marked by an over 80% reduction in Russian 

gas deliveries to Europe in 2022. This shift 

underscores the urgent need for an 

accelerated transition to a resilient, low-

carbon economy [267]. In this context, both 

the SBS and the broader Baltic Sea Region 

(BSR) serve as important laboratories for 

energy transformation, offering practical 

insights and strategic recommendations that 

extend beyond their borders [268]. 

 

Central to this transformation is the 

recognition that the energy transition must 

not only be technologically feasible but also 

socially acceptable and inclusive. 

Policymakers must therefore carefully design 

legal and financial instruments that empower 

citizens, simplify complex procedures, and 

account for regional and cultural specificities. 

Regulatory frameworks must be streamlined 

to accelerate the deployment of renewable 

energy technologies. Currently, inconsistent 

legal procedures and bureaucratic delays 

across the SBS region hinder the 

implementation of both centralized and 

decentralized energy projects. A unified 

approach to permitting, through digital 

systems, harmonized environmental 
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standards, and regional fast-track schemes for 

projects like offshore wind farms and 

hydrogen corridors, is essential to reducing 

development risks and responding swiftly to 

geopolitical pressures. 

 

Equally important is the need to build social 

acceptability rather than merely social 

acceptance [267]. Whereas the former implies 

active engagement and support, the latter 

often reflects passive compliance. Policies 

must be tailored to reflect local circumstances 

and ensure transparency, fairness, and 

accessibility. Social justice must be a guiding 

principle, with incentives and opportunities 

made available across all social strata to avoid 

reinforcing existing inequalities. This includes 

protecting the rights of prosumers and energy 

communities under EU law and ensuring these 

rights are clearly transposed into national 

legal frameworks. 

 

Financial incentives must also be designed to 

foster long-term trust. They should be simple, 

predictable, and transparent, avoiding 

perceptions of top-down imposition or 

attempts to "buy" public consent. A successful 

policy mix must simultaneously ensure cost-

effectiveness in the energy system and 

support for local consumption models that 

respond to actual market signals. Additionally, 

Member States should refrain from imposing 

fees on self-consumed electricity below 

certain thresholds to enable more widespread 

participation. 

 

Beyond regulatory measures, a robust 

education and training agenda is essential. 

The energy transition is as much a societal 

shift as it is a technological one. Countries in 

the SBS region must collaborate on 

developing cross-border training programs, 

university curricula, and certification schemes 

in fields like offshore wind, solar 

photovoltaics, battery storage, and green 

hydrogen. Public outreach campaigns are also 

necessary to counter disinformation and 

inform communities, especially those affected 

by energy price volatility, about the benefits 

of the energy transition and the roles they can 

play in it. 

 

Innovation must also be prioritized. The SBS 

region should invest in pilot and 

demonstration projects that allow for 

experimentation, data collection, and de-

risking of emerging technologies. Such 

projects, especially in offshore wind, energy 

storage, and integrated heating systems, can 

be jointly developed to foster regional 

solidarity and maximize learning. These 

initiatives must include resilience planning to 

address risks posed by cyber threats, 

sabotage, and other hybrid warfare tactics. 

 

A successful transition also depends on 

multilateral cooperation. The SBS region must 

strengthen collaborative platforms involving 

governments, municipalities, energy 

companies, civil society, and research 

institutions. Coordinated planning can 

prevent redundancy, such as overlapping LNG 

terminal developments, and ensure strategic 

alignment with EU-level goals. Shared 

databases, regional investment mechanisms, 

and a united voice in Brussels can enhance the 

region’s ability to attract funding and shape 

favorable regulatory conditions. 
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Crucially, these efforts must be grounded in 

local engagement. Social acceptability can 

only be achieved through clear 

communication of the opportunities, costs, 

and support structures related to the energy 

transition. Citizens must have access to 

actionable information and be able to make 

informed decisions. Participation mechanisms 

must be designed with cultural and socio-

political contexts in mind, taking into account 

demographic differences and legal 

landscapes. 

 

Furthermore, energy transition strategies 

should remain open to alternative pathways 

and technological breakthroughs. 

Geographic, economic, and political 

circumstances vary, and flexibility in national 

plans is necessary to accommodate 

innovation and unexpected developments. 

Policymakers must support both top-down 

strategies and bottom-up grassroots 

activities, including energy cooperatives, 

municipal initiatives, and community-owned 

renewable energy projects. 

 

In conclusion, the SBS region is uniquely 

positioned to lead by example. If its countries 

adopt a joint strategy focused on simplified 

regulations, inclusive education, pilot project 

investment, and multilateral coordination, 

they can turn the current crisis into a 

transformative opportunity. The region’s 

diversity, across geography, political systems, 

and civic cultures, makes it an ideal testing 

ground for adaptive energy governance. 

Balancing centralized policies with 

decentralized engagement, short-term 

urgency with long-term vision, and technical 

progress with social cohesion, the SBS region 

can become a beacon of sustainable and 

democratic energy transformation. The 

lessons drawn from this context, particularly 

around activating citizen participation, 

fostering social acceptability, and enhancing 

regional solidarity, are vital not only for local 

resilience but also for Europe’s broader 

transition to climate neutrality. 

 

 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

6
1

 

61 

 

References 
1. UNFCCC. ADOPTION OF THE PARIS 

AGREEMENT - Paris Agreement text 

English. Available online: 

http://unfccc.int/files/essential_backgro

und/convention/application/pdf/englis

h_paris_agreement.pdf (accessed on 28 

March 2025). 

2. Child, M.; Bogdanov, D.; Breyer, C. The 

Baltic Sea Region: Storage, grid 

exchange and flexible electricity 

generation for the transition to a 100% 

renewable energy system. Energy 

Procedia 2018, 155, 390–402, 

doi:10.1016/j.egypro.2018.11.039. 

3. European Commission. Energy union and 

climate. Available online: 

https://energy.ec.europa.eu/strategy/e

nergy-union_en (accessed on 28 March 

2025). 

4. Masson-Delmotte, V., Zhai, P., Pörtner, H., 

Roberts, D., Skea, J., Shukla, P., Pirani, A. 

Summary for policymakers: Global 

warming of 1.5 c: An ipcc special report 

on the impacts of global warming of 1.5 

c above pre-industrial levels. Available 

online: 

https://www.ipcc.ch/site/assets/upload

s/sites/2/2022/06/SR15_Full_Report_HR

.pdf. 

5. Lee, H., Calvin, K., Dasgupta, D., Krinner, 

G., Mukherji, A., Thorne, P., Trisos, C. 

limate change 2023: Synthesis report. 

contribution of working groups i, ii and 

iii to the sixth assessment re- port of the 

intergovernmental panel on climate 

change. Available online: 

https://www.ipcc.ch/report/sixth-

assessment-report-cycle/. 

6. IEA. Renewables 2023. Available online: 

https://www.iea.org/reports/renewable

s-2023. 

7. J. Ollila. Nordic Energy Co-operation; 

Nordic Council of Ministers, 2017, ISBN 

9789289350204. 

8. European Commission. Blue Growth: 

opportunities for marine and maritime 

sustainable growth. Available online: 

https://www.ipcc.ch/site/assets/upload

s/sites/2/2022/06/SR15_Full_Report_HR

.pdf (accessed on 28 March 2025). 

9. Philipp, R.; Prause, G.; Meyer, C. Blue 

Growth Potential in South Baltic Sea 

Region. Transport and 

Telecommunication Journal 2020, 21, 

69–83, doi:10.2478/ttj-2020-0006. 

10. Pressemitteilungen. Available online: 

https://www.laiv-

mv.de/Pressemitteilungen/?id=200388

&processor=processor.sa.pressemitteil

ung (accessed on 25 February 2025). 

11. Statistisches Bundesamt. 

Betriebsgrößenstruktur 

landwirtschaftlicher Betriebe nach 

Bundesländern. Available online: 

https://www.destatis.de/DE/Themen/Br

anchen-Unternehmen/Landwirtschaft-

Forstwirtschaft-

Fischerei/Landwirtschaftliche-

Betriebe/Tabellen/betriebsgroessenstru

ktur-landwirtschaftliche-betriebe.html 

(accessed on 25 February 2025). 

12. Landesamt für innere Verwaltung MV. 

Land- & Forstwirtschaft, Fischerei: 

Agrarstrukturerhebung 2023, 2023. 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

6
2

 

62 

Available online: https://www.laiv-

mv.de/static/LAIV/Statistik/Dateien/Pu

blikationen/Z%20Faltbl%C3%A4tter/Z%

20961%20ASE_LZ/Z961%202023%2001

.pdf (accessed on 25 February 2025). 

13. Vanessa Zeller, Daniela Thrän, Martin 

Zeymer, Bernhard Bürzle, Philipp Adler, 

Jens, Ponitka, Jan Postel, Franziska 

Müller-Langer, Stefan Rönsch, Arne 

Gröngröft, Claudia Kirsten, Nadja 

Weller, Marian Schenker, Harald 

Wedwitschka (DBFZ), Bernhard Wagner, 

Peter Deumelandt, Frank Reinicke (INL), 

Armin Vetter, Christian Weiser (TLL), 

Klaus Henneberg, Kirsten Wiegmann. 

DBFZ Report Nr. 13: Basisinformationen 

für eine nachhaltige Nutzung von 

landwirtschaftlichen Reststoffen zur 

Bioenergiebereitstellung. 

14. Ministerium für Landwirtschaft und 

Umwelt MV. Bericht zur Abgabe und 

Aufnahme von Wirtschaftsdüngern, 

Bioabfällen und Klärschlämmen 

Mecklenburg-Vorpommern: 

Nährstoffbericht, 2018. Available online: 

https://www.lms-

beratung.de/export/sites/lms/de/.galler

ies/Downloads_LFB/WDuengVV/Naehrs

toffbericht_2016_web.pdf (accessed on 

25 February 2025). 

15. Agrarbericht 2019 - Energiebedarf der 

Landwirtschaft. Available online: 

https://2019.agrarbericht.ch/de/umwelt

/energie/energiebedarf-der-

landwirtschaft (accessed on 25 February 

2025). 

16. Kuratorium für Technik und Bauwesen. 

Eigenstrom. Available online: 

https://www.ktbl.de/fileadmin/user_upl

oad/Artikel/Energie/Eigenstromversorg

ung/Eigenstrom.pdf (accessed on 25 

February 2025). 

17. Größte Agrarbetriebe Deutschlands in 

Mecklenburg-Vorpommern. 

proplanta.de [Online], August 26, 2014. 

Available online: 

https://www.proplanta.de/agrar-

nachrichten/agrarwirtschaft/groesste-

agrarbetriebe-deutschlands-in-

mecklenburg-

vorpommern_article1409052495.html 

(accessed on 25 February 2025). 

18. Tergast H, Hansen H, Weber E-C. 

Steckbriefe zur Tierhaltung in 

Deutschland: Milchkühe, Braunschweig, 

2022. Available online: 

https://literatur.thuenen.de/digbib_exte

rn/dn065685.pdf (accessed on 25 

February 2025). 

19. Neiber, J. Energieeffizienz in der 

Landwirtschaft Von der Theorie zur 

Praxis – Energieverbrauchsmessungen 

an landwirtschaftlichen Betrieben. 

20. Klaipėdos rajono. Klaipėdos rajono 

savivaldybės atsinaujinančių išteklių 

energijos naudojimo plėtros veiksmų 

planas 2022–2030. Available online: 

https://www.ena.lt/uploads/sav-aie-

vp/21.KlaipedosRS.pdf (accessed on 26 

February 2025). 

21. Oficialiosios statistikos portalas. Results 

of the Agricultural Census 2020 (edition 

2022). Available online: 

https://osp.stat.gov.lt/zus2020-

rezultatai/ukiai-zeme-ir-jos-naudojimas 

(accessed on 26 February 2025). 

22. Oficialiosios statistikos portalas. 

Environment, Agriculture and Energy in 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

6
3

 

63 

Lithuania (edition 2021). Available 

online: https://osp.stat.gov.lt/lietuvos-

aplinka-zemes-ukis-ir-energetika-

2021/energetika/kuro-ir-energijos-

suvartojimas (accessed on 26 February 

2025). 

23. IEA. Lithuania - Countries & Regions - 

IEA. Available online: 

https://www.iea.org/countries/lithuania

/renewables (accessed on 22 May 2025). 

24. DNV. EPSOG Lithuania Energy System 

Transformation Strategy. 

25. GALUTINĖ ATASKAITA. 

ATSINAUJINANCIU ISTEKLIU 

GALIMYBIU STUDIJA Telsiu AEI 

planasgalutinis. 

26. Tauragės rajono savivaldybė. Tauragės 

rajono savivaldybės atsinaujinančių 

išteklių energijos naudojimo plėtros 

veiksmų planas iki 2030 m. 

27. International Energy Agency. Lithuania 

2021 Energy Policy Review 2021. 

28. KPMG Baltics. Energijos vartojimo 

efektyvumo projektų Lietuvos viešajame 

sektoriuje rinkos paklausos studija. 

Available online: 

https://enmin.lrv.lt/uploads/enmin/doc

uments/files/Veikla/Veiklos%20sritys/N

afta,%20dujos,%20elektra,%20%C5%A1

iluma,%20energijos%20vartojimo%20ef

ektyvumas/Atlikt%C5%B3%20taikom%

C5%B3j%C5%B3%20mokslini%C5%B3

%20tyrim%C5%B3%20ataskaitos/ESCO

_studija.pdf (accessed on 28 February 

2025). 

29. Oficialiosios statistikos portalas. Energy 

balance - Oficialiosios statistikos 

portalas. Available online: 

https://osp.stat.gov.lt/en/lietuvos-

aplinka-zemes-ukis-ir-energetika-

2023/energetika/energijos-balansas 

(accessed on 28 May 2025). 

30. Główny Urząd Statystyczny. The 

Agricultural Census 2020. 

Characteristics of agricultural holdings 

in 2020. Available online: 

https://stat.gov.pl/en/topics/agriculture

-forestry/agricultural-census-2020/the-

agricultural-census-2020-

characteristics-of-agricultural-holdings-

in-2020,3,1.html (accessed on 26 

February 2025). 

31. Centrum Rozwoju Rolnictwa Ośrodka 

Analiz Cegielskiego. O potrzebie zmiany 

definicji rodzinnego gospodarstwa 

rolnego w polskim prawie - Centrum 

Rozwoju Rolnictwa Ośrodka Analiz 

Cegielskiego. Available online: 

https://rolnictwo.osrodekanaliz.pl/o-

potrzebie-zmiany-definicji-rodzinnego-

gospodarstwa-rolnego-w-polskim-

prawie/ (accessed on 26 February 2025). 

32. Główny Urząd Statystyczny. Powszechny 

Spis Rolny 2020. Raport z wyników. 

Available online: 

https://stat.gov.pl/obszary-

tematyczne/rolnictwo-lesnictwo/psr-

2020/powszechny-spis-rolny-2020-

raport-z-wynikow,4,1.html (accessed on 

26 February 2025). 

33. Główny Urząd Statystyczny. Powszechny 

Spis Rolny 2020. Charakterystyka 

gospodarstw rolnych w 2020 r. Available 

online: https://stat.gov.pl/obszary-

tematyczne/rolnictwo-lesnictwo/psr-

2020/powszechny-spis-rolny-2020-

charakterystyka-gospodarstw-rolnych-

w-2020-r-,6,1.html (accessed on 26 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

6
4

 

64 

February 2025). 

34. Serwis Ministerstwa Edukacji 

Narodowej. Chów i hodowla zwierząt w 

Polsce - Świat pod lupą - zpe.gov.pl. 

Available online: 

https://zpe.gov.pl/a/chow-i-hodowla-

zwierzat-w-polsce/DwN790Alx 

(accessed on 26 February 2025). 

35. dr hab. Marzena S. Brodowska, prof. 

uczelni. Resztki pożniwne – ile resztek 

po rzepaku i zbożach? Wrp.pl [Online], 

July 1, 2023. Available online: 

https://www.wrp.pl/resztki-pozniwne-

ile-resztek-po-rzepaku-i-zbozach/ 

(accessed on 24 March 2025). 

36. Dróżdż, D.; Wystalska, K.; Malińska, K.; 

Grosser, A.; Grobelak, A.; Kacprzak, M. 

Management of poultry manure in 

Poland - Current state and future 

perspectives. Journal of Environmental 

Management 2020, 264, 110327, 

doi:10.1016/j.jenvman.2020.110327. 

37. Główny Urząd Statystyczny. Zużycie 

energii w gospodarstwach domowych w 

2021 roku. Available online: 

https://stat.gov.pl/obszary-

tematyczne/srodowisko-

energia/energia/zuzycie-energii-w-

gospodarstwach-domowych-w-2021-

roku,2,5.html (accessed on 26 February 

2025). 

38. Bałtycka Agencja Poszanowania Energii. 

Potencjał energetyczny gmin 

województwa pomorskiego w 

kontekście możliwości budowy wysp 

energetycznych, 2021. Available online: 

https://gospodarka.pomorskie.eu/wp-

content/uploads/2022/10/Raport_woje

wodztwo_wyspy_final_final.pdf 

(accessed on 26 February 2025). 

39. Bank Danych Lokalnych. Available 

online: 

https://bdl.stat.gov.pl/bdls/dane/podgr

up/temat/6/333/3404 (accessed on 26 

February 2025). 

40. Znajdź Punkt Informacyjny. W 

Pomorskim duże inwestycje w 

produkcję energii z OZE. Available 

online: 

https://rpo.pomorskie.eu/artykul/w-

pomorskim-duze-inwestycje-w-

produkcje-energii-z-oze/ (accessed on 

24 March 2025). 

41. Polska Agencja Prasowa SA. Energia 

elektryczna w gospodarstwie rolnym. 

Available online: 

https://www.pap.pl/centrum-

prasowe/439184%2Cenergia-

elektryczna-w-gospodarstwie-

rolnym.html (accessed on 26 February 

2025). 

42. Daniel Roszak. Pomorskie 

gospodarstwa rolne w świetle badań 

rachunkowych PL FADN. 

43. Rolnictwo zrównoważone - Polskie 

Stowarzyszenie Zrównoważonego 

Rolnictwa i Żywności. Polskie 

Stowarzyszenie Zrównoważonego 

Rolnictwa i Żywności. Available online: 

https://rolnictwozrownowazone.pl/rolni

ctwo-zrownowazone/przewodnik-

rolnictwa-zrownowazonego/powietrze-

i-emisja-gazow-cieplarnianych/zuzycie-

energii-do-produkcji-rolniczej/ 

(accessed on 26 February 2025). 

44. Ola. Rolnictwo przyszłości: 

Wykorzystanie fotowoltaiki w 

gospodarstwach rolnych. SunSol 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

6
5

 

65 

[Online], May 17, 2024. Available online: 

https://sunsol.pl/fotowoltaika-dla-

rolnikow/rolnictwo-przyszlosci-

wykorzystanie-fotowoltaiki-w-

gospodarstwach-rolnych/ (accessed on 

25 March 2025). 

45. BUND - BUND für Naturschutz und 

Umwelt in Deutschland. BUND 

veröffentlicht Solarposition. Available 

online: https://www.bund-

mecklenburg-

vorpommern.de/service/presse/detail/n

ews/bund-veroeffentlicht-

solarposition/ (accessed on 27 February 

2025). 

46. Bellini, E. Poland’s transition from net 

metering to net billing. Available online: 

https://www.pv-

magazine.com/2022/07/13/polands-

transition-from-net-metering-to-net-

billing/ (accessed on 27 February 2025). 

47. Kozińska, M. Moc zainstalowana 

fotowoltaiki w Polsce AKTUALIZACJA. 

Rynek Elektryczny [Online], March 17, 

2025. Available online: 

https://www.rynekelektryczny.pl/moc-

zainstalowana-fotowoltaiki-w-polsce/ 

(accessed on 25 March 2025). 

48. Polska Agencja Prasowa SA. Energia 

elektryczna w gospodarstwie rolnym. 

Available online: 

https://www.pap.pl/centrum-

prasowe/439184%2Cenergia-

elektryczna-w-gospodarstwie-

rolnym.html (accessed on 24 March 

2025). 

49. Agro Creative Agency & Media. Rolnicy 

w Polsce potrzebują taniej energii: 

muszą inwestować w OZE. Agro & 

Konsument [Online], November 9, 2024. 

Available online: 

https://agrokonsument.pl/rolnicy-w-

polsce-potrzebuja-taniej-energii-

musza-inwestowac-w-oze/ (accessed 

on 25 March 2025). 

50. Dropplant. Utrzymanie mikroklimatu w 

budynkach inwentarskich - Dropplant. 

Available online: 

https://sklep.dropplant.com.pl/blog/na

wadnianie-w-rolnictwie/utrzymanie-

mikroklimatu-w-budynkach-

inwentarskich-mikrozraszanie-

zamglawianie (accessed on 25 March 

2025). 

51. Map obtained from the “Global Solar 

Atlas 2.0, a free, web-based application 

is developed and operated by the 

company Solargis s.r.o. on behalf of the 

World Bank Group, utilizing Solargis 

data, with funding provided by the 

Energy Sector Management Assistance 

Program (ESMAP). For additional 

information: 

https://globalsolaratlas.info. 

52. Statista. Sonnenscheindauer pro Monat 

in Mecklenburg-Vorpommern 2024/25 | 

Statista. Available online: 

https://de.statista.com/statistik/daten/s

tudie/577074/umfrage/durchschnittlich

e-monatliche-sonnenscheindauer-in-

mecklenburg-vorpommern/ (accessed 

on 27 February 2025). 

53. Stieler, U. Photovoltaik in Mecklenburg-

Vorpommern 2025. Available online: 

https://photovoltaik.org/photovoltaik-

anbieter/mecklenburg-vorpommern 

(accessed on 13 March 2025). 

54. Ministerium für Wirtschaft, Infrastruktur, 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

6
6

 

66 

Tourismus und Arbeit Mecklenburg-

Vorpommern. Photovoltaik (PV) - 

Regierungsportal M-V. Available online: 

https://www.regierung-

mv.de/Landesregierung/wm/Energie/S

olar/ (accessed on 27 February 2025). 

55. Solar photovoltaics in Germany - 

statistics & facts. Statista [Online], 

March 26, 2024. Available online: 

https://www.statista.com/topics/12150/

solar-photovoltaics-in-

germany/#topicOverview (accessed on 

27 February 2025). 

56. Agentur für Erneuerbare Energien e.V. 

#EEFakten: Solarstrom - Ertragreich und 

in der Bevölkerung beliebt. Available 

online: https://www.unendlich-viel-

energie.de/eefakten-solarstrom-

ertragreich-und-in-der-bevoelkerung-

beliebt (accessed on 27 February 2025). 

57. Fraunhofer Institute for Solar Energy 

Systems ISE. Public Electricity 

Generation 2023: Renewable Energies 

cover the Majority of German Electricity 

Consumption for the First Time - 

Fraunhofer ISE. Available online: 

https://www.ise.fraunhofer.de/en/press

-media/press-releases/2024/public-

electricity-generation-2023-renewable-

energies-cover-the-majority-of-

german-electricity-consumption-for-

the-first-time.html (accessed on 27 

February 2025). 

58. Dr. Harry Wirth. Recent Facts about 

Photovoltaics in Germany. 

59. Wingenbach, M.; Kohler, M. 

Potenzialflächen für Agri-Photovoltaik: 

Eine GIS-basierte Potenzialanalyse für 

Deutschland. Available online: 

https://www.oeko.de/fileadmin/oekodo

c/Potenzialflaechen_fuer_Agri-

Photovoltaik.pdf (accessed on 27 

February 2025). 

60. Fraunhofer Institute for Solar Energy 

Systems ISE. German Net Power 

Generation in First Half of 2023: Record 

Renewable Energy Share of 57.7 Percent 

- Fraunhofer ISE. Available online: 

https://www.ise.fraunhofer.de/en/press

-media/press-releases/2023/german-

net-power-generation-in-first-half-of-

2023-renewable-energy-share-of-57-

percent.html (accessed on 27 February 

2025). 

61. Statistics | Eurostat. Electricity prices for 

non-household consumers - bi-annual 

data (from 2007 onwards). Available 

online: 

https://ec.europa.eu/eurostat/databro

wser/view/nrg_pc_205/default/table?la

ng=en (accessed on 27 February 2025). 

62. Germany Announces €50m Solar 

Storage Incentive. Energy Storage 

World Forum [Online], April 4, 2013. 

Available online: 

https://energystorageforum.com/news/

germany-announces-e50m-solar-

storage-incentive (accessed on 27 

February 2025). 

63. photovoltaik-angebotsvergleich.de. 

Photovoltaik-Beratung – kostenlos & 

online. Available online: 

https://www.photovoltaik-

angebotsvergleich.de/online-

beratung.html?utm_source=google&ut

m_medium=cpc&utm_campaign=201&

utm_term=photovoltaik_allgemein&ut

m_content=responsive&gad_source=1

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

6
7

 

67 

&gclid=CjwKCAjwl4yyBhAgEiwADSEjeL

r6HZOAb5WKFSSWs2u9ruPcMwpQeql

KbqufqpDYox_uL6esDujimBoC5gMQAv

D_BwE (accessed on 27 February 2025). 

64. Eversheds Sutherland. Germany to 

boost expansion of rooftop and 

ground-mounted PV installations. 

Available online: 

https://www.eversheds-

sutherland.com/en/germany/insights/b

reakthrough-for-solar-package-i 

(accessed on 27 February 2025). 

65. Fraunhofer Institute for Solar Energy 

Systems ISE. Agrivoltaics: Opportunities 

for Agriculture and the Energy 

Transition - Fraunhofer ISE. Available 

online: 

https://www.ise.fraunhofer.de/en/publi

cations/studies/agrivoltaics-

opportunities-for-agriculture-and-the-

energy-transition.html (accessed on 27 

February 2025). 

66. Janßen, K. Betriebskosten PV-Anlage: 

Höhe und Optimierungstipps (2025). 

Available online: 

https://gruenes.haus/betriebskosten-

pv-anlage/ (accessed on 27 February 

2025). 

67. Schwarzburger, H.; Berkel, M. 

Photovoltaik: Welche Pflichten viele 

Anlagenbetreiber vergessen. Available 

online: 

https://www.co2online.de/modernisiere

n-und-bauen/photovoltaik/pflichten-

wartung-entsorgung/ (accessed on 27 

February 2025). 

68. Said, Y.; Alanazi, A. AI-based solar 

energy forecasting for smart grid 

integration. Neural Comput & Applic 

2023, 35, 8625–8634, 

doi:10.1007/s00521-022-08160-x. 

69. Saianiruth, M.; Vinothkumar, K.; Karthik, 

P. Smart Grid Technology and Its Impact 

on Renewable Energy Integration. 

EasyChair Preprint 2023. 

70. Powernsun. IoT And Smart Solar Energy 

– What To Know - Powernsun. Available 

online: https://powernsun.com/iot-and-

smart-solar-energy-what-to-know/ 

(accessed on 27 February 2025). 

71. Krishna Rao, C.; Sahoo, S.K.; Yanine, F.F. 

An IoT-based intelligent smart energy 

monitoring system for solar PV power 

generation. Energy Harvesting and 

Systems 2024, 11, doi:10.1515/ehs-

2023-0015. 

72. IRENA. End-of-Life Management: Solar 

Photovoltaic Panels 2016. 

73. Renewables Academy (RENAC) AG. 

Certified PV Professional online 

programme. Available online: 

https://www.renac.de/trainings-

services/trainings/ready-made-

trainings/product/certified-pv-

professional/ (accessed on 27 February 

2025). 

74. Ferri, A.S. GSAN - German Solar 

Academy Network. Available online: 

https://www.gsan.solar/ (accessed on 

27 February 2025). 

75. SMA Solar Technology AG. Trainers | 

SMA Solar Academy. Available online: 

https://solaracademy.sma.de/en/trainer

s (accessed on 27 February 2025). 

76. Energy XPRT. Solar Energy Training 

Courses In Germany. Available online: 

https://www.energy-xprt.com/solar-

energy/training/location-germany 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

6
8

 

68 

(accessed on 27 February 2025). 

77. Lietuvos Respublikos aplinkos 

ministerijos Aplinkos projektų valdymo 

agentūra. Kvietimai - Aplinkos projektų 

valdymo agentūra. Available online: 

https://apva.lrv.lt/lt/aktualus-kvietimai/ 

(accessed on 28 May 2025). 

78. Ministry of Environment of the Republic 

of Lithuania. LITHUANIA’S FIRST 

BIENNIAL TRANSPARENCY REPORT 

under the Paris Agreement, 2024. 

79. Lietuvos Respublikos aplinkos 

ministerija. Buitinei elektros ir 

elektronikos įrangai priskiriamos 

mažesnės galios fotovoltinės plokštės, 

kurioms naudoti nereikia leidimų. 

Available online: 

https://am.lrv.lt/lt/naujienos/buitinei-

elektros-ir-elektronikos-irangai-

priskiriamos-mazesnes-galios-

fotovoltines-plokstes-kurioms-naudoti-

nereikia-leidimu/ (accessed on 28 May 

2025). 

80. Klaipėdos valstybinė kolegija. Klaipėdos 

valstybinė kolegija. Available online: 

https://www.kvk.lt/ (accessed on 28 May 

2025). 

81. M.Stonkus-presentataion-

Impementing-LT-NECP. 

82. Saules. Saulės modulių tvarumo 

sertifikavimas. Žiedinė ekonomika 

[Online], July 17, 2022. Available online: 

https://www.circulareconomy.lt/saules-

moduliu-tvarumo-sertifikavimas/ 

(accessed on 28 May 2025). 

83. Eternia Solar. EU funding available for 

companies and institutions opting for 

solar energy in Lithuania. Available 

online: https://eterniasolar.com/eu-

funding-available-for-companies-and-

institutions-opting-for-solar-energy-in-

lithuania/ (accessed on 28 May 2025). 

84. Minsitry of Energy. National Energy 

Independence Strategy. Available 

online: 

https://enmin.lrv.lt/public/canonical/17

40735085/5963/NENS%202024-

2.12_EN.pdf. 

85. European Sustainable Energy Week. 

Hybrid energy-agriculture cooperatives: 

the ‘passe-partout’ key to unlock a 

community-led net-zero future. 

Available online: https://sustainable-

energy-

week.ec.europa.eu/news/hybrid-

energy-agriculture-cooperatives-passe-

partout-key-unlock-community-led-

net-zero-future-2024-03-28_en 

(accessed on 12 May 2025). 

86. Saulės Grąža. Saulės elektrinių techninė 

priežiūra | Saulės Grąža. Available 

online: 

https://www.saulesgraza.lt/saules-

elektriniu-aptarnavimas (accessed on 27 

February 2025). 

87. Saulės Grąža. Saulės elektrinių techninė 

priežiūra | Saulės Grąža. Available 

online: 

https://www.saulesgraza.lt/saules-

elektriniu-aptarnavimas (accessed on 28 

May 2025). 

88. O’Connor, J. Lithuania Rooftop Solar 

Country Profile. 

89. Namams | ESO - Energijos skirstymo 

operatorius. Namams | ESO - Energijos 

skirstymo operatorius. Available online: 

https://www.eso.lt/web/namams 

(accessed on 28 May 2025). 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

6
9

 

69 

90. Pradžia - Aplinkos projektų valdymo 

agentūra. Available online: 

https://apva.lrv.lt/lt/ (accessed on 28 

May 2025). 

91. Directorate-General for Energy. EU 

energy policy. Available online: 

https://energy.ec.europa.eu/index_en 

(accessed on 28 May 2025). 

92. Valiukas, D. Lietuvos-klimato_bukle_-

2023, 2024. Available online: 

https://www.meteo.lt/app/uploads/202

4/05/Lietuvos-klimato_bukle_-2023.pdf 

(accessed on 27 February 2025). 

93. „Ignitis“ eparkai.lt. Kompensacija už 

sukauptą energijos perteklių: kas 

nutinka, kai elektrinė prigamina per 

daug elektros? | „Ignitis“ eparkai.lt. 

Available online: 

https://www.eparkai.lt/naujienos/komp

ensacija-uz-sukaupta-energijos-

pertekliu-kas-nutinka-kai-elektrine-

prigamina-daug (accessed on 28 May 

2025). 

94. Publication of the Law: Official Gazette. 

2011, No 62-2936, ID: 1111010ISTA0XI-

1375. Republic of Lithuania Law on 

Energy from Renewable Sources. 

Available online: https://e-

seimas.lrs.lt/portal/legalActPrint/lt?jfwi

d=ld4gwbtin&documentId=648259603

c3b11e68f278e2f1841c088&category=

TAD (accessed on 28 May 2025). 

95. Helios Strategia Polska. Nasłonecznienie 

w Polsce, a farmy fotowoltaiczne. 

Available online: 

https://heliosstrategia.pl/naslonecznien

ie-gdzie-najlepiej-stawiac-panele/ 

(accessed on 27 February 2025). 

96. Magiera, N. Nasłonecznienie i liczba 

słonecznych dni w Polsce – co warto 

wiedzieć? Polska Energia Sp.z o.o. Sp.k. 

[Online], December 6, 2024. Available 

online: https://polska-

energia.com/naslonecznienie-i-liczba-

slonecznych-dni-w-polsce-co-warto-

wiedziec/ (accessed on 27 February 

2025). 

97. Kozińska, M. Moc zainstalowana 

fotowoltaiki w Polsce. Aktualny raport. 

Rynek Elektryczny [Online], February 13, 

2025. Available online: 

https://www.rynekelektryczny.pl/moc-

zainstalowana-fotowoltaiki-w-polsce/ 

(accessed on 27 February 2025). 

98. Energetyki, U.R. Raport - zbiorcze 

informacje dotyczące wytwarzania 

energii elektrycznej z odnawialnych 

źródeł energii w małej instalacji (art. 17 

ustawy o odnawialnych źródłach 

energii). Available online: 

https://bip.ure.gov.pl/bip/o-

urzedzie/zadania-prezesa-ure/raport-

oze-art-17-ustaw/3556,Raport-

zbiorcze-informacje-dotyczace-

wytwarzania-energii-elektrycznej-z-

odnawial.html (accessed on 27 February 

2025). 

99. mgr inż. Ryszard Ciuła. Rynek 

fotowoltaiki w Polsce 2023. Available 

online: 

https://www.cire.pl/files/portal/186/ne

ws/334162/cbf06a97d3d51dc783b5eda

66ea6123a2e01638301db91fb316f383b

7b3511ab.pdf (accessed on 27 February 

2025). 

100. Igliński, B.; Piechota, G.; Kiełkowska, U.; 

Kujawski, W.; Pietrzak, M.B.; Skrzatek, M. 

The assessment of solar photovoltaic in 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

7
0

 

70 

Poland: the photovoltaics potential, 

perspectives and development. Clean 

Technol. Environ. Policy 2023, 25, 281–

298, doi:10.1007/s10098-022-02403-0. 

101. ATUM ENERGY. Efektywny i 

energooszczędny magazyn energii dla 

domu | Atum Energy. Available online: 

https://atumenergy.pl/magazyn-

energii-dla-

domu?gad_source=1&gclid=CjwKCAiA

2JG9BhAuEiwAH_zf3tPWeHJmEJVu-

iejvUkiJ00zfDED9S_QDarz0_w5r0OCjz4

WiuT4AhoCT58QAvD_BwE (accessed on 

27 February 2025). 

102. Polska energetyka jest skazana na 

magazyny energii. Czego potrzebują 

inwestorzy? Gramwzielone.pl Sp. z o.o. 

[Online], July 11, 2019. Available online: 

https://www.gramwzielone.pl/magazyn

owanie-energii/101090/polska-

energetyka-jest-skazana-na-magazyny-

energii-czego-potrzebuja-inwestorzy 

(accessed on 27 February 2025). 

103. pvtec. Panele solarne (kolektory 

słoneczne) a panele fotowoltaiczne – 

różnice i podobieństwa. Available 

online: https://pvtec.pl/panele-solarne-

a-panele-fotowoltaiczne-roznice-i-

podobienstwa/ (accessed on 27 

February 2025). 

104. Biernaciak, E. Ceny prądu Energa. 

enerad.pl [Online], January 5, 2025. 

Available online: 

https://enerad.pl/ceny-pradu-

energa/#energa_taryfa_c11_cena_energ

ii_czynnej (accessed on 27 February 

2025). 

105. Narodowy Fundusz Ochrony 

Środowiska i Gospodarki Wodnej. Nowa 

strategia, nowe programy – plany 

NFOŚiGW na 2025 r. - Narodowy 

Fundusz Ochrony Środowiska i 

Gospodarki Wodnej - Portal Gov.pl. 

Available online: 

https://www.gov.pl/web/nfosigw/nowa

-strategia-nowe-programy--plany-

nfosigw-na-2025-r (accessed on 27 

February 2025). 

106. Narodowy Fundusz Ochrony 

Środowiska i Gospodarki Wodnej. Mój 

Prąd – program dofinansowania 

mikroinstalacji fotowoltaicznych - 

Narodowy Fundusz Ochrony 

Środowiska i Gospodarki Wodnej - 

Portal Gov.pl. Available online: 

https://www.gov.pl/web/nfosigw/moj-

prad--program-dofinansowania-

mikroinstalacji-fotowoltaicznych 

(accessed on 27 February 2025). 

107. Narodowy Fundusz Ochrony 

Środowiska i Gospodarki Wodnej. 

Energia dla wsi – ruszył nabór wniosków 

na inwestycje w OZE - Narodowy 

Fundusz Ochrony Środowiska i 

Gospodarki Wodnej - Portal Gov.pl. 

Available online: 

https://www.gov.pl/web/nfosigw/energ

ia-dla-wsi--ruszyl-nabor-wnioskow-na-

inwestycje-w-oze (accessed on 27 

February 2025). 

108. Pietrzak, J. Dni Słoneczne w Polsce - 

Średnie Nasłonecznienie w M2 i 

Statystyki. Available online: 

https://fotowoltaika.expert/dni-

sloneczne-w-polsce-srednie-

naslonecznienie-w-m2-i-statystyki 

(accessed on 27 February 2025). 

109. Wojtala, W. Solar farms and an 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

7
1

 

71 

environmental decision in Poland. 

Kancelaria Wojtala [Online], November 

12, 2020. Available online: 

https://www.kancelariawojtala.pl/solar-

farms-and-an-environmental-decision-

in-poland/ (accessed on 27 February 

2025). 

110. The Copernicus Land Monitoring 

Service. Planning Polish solar farms with 

CLMS — Copernicus Land Monitoring 

Service. Available online: 

https://land.copernicus.eu/en/use-

cases/planning-polish-solar-farms-

with-clms/planning-polish-solar-farms-

with-clms (accessed on 27 February 

2025). 

111. Kancelaria Prezesa Rady Ministrów. How 

to obtain a connection to the electricity 

grid? - Your Europe in Poland - Gov.pl 

website. Available online: 

https://www.gov.pl/web/your-

europe/how-to-obtain-a-connection-

to-the-electricity-grid (accessed on 27 

February 2025). 

112. Your Europe in Poland. How to obtain a 

connection to the electricity grid? - Your 

Europe in Poland - Gov.pl website. 

Available online: 

https://www.gov.pl/web/your-

europe/how-to-obtain-a-connection-

to-the-electricity-grid (accessed on 17 

March 2025). 

113. my-PV GmbH. Net billing system in 

Poland. Available online: 

https://www.my-pv.com/en/news/net-

billing-system-in-poland/ (accessed on 

27 February 2025). 

114. Olizarowska, M. Ile kosztuje 

eksploatacja systemów OZE | Planergia. 

Available online: 

https://www.planergia.pl/post/ile-

kosztuje-eksploatacja-systemow-oze-

1998 (accessed on 27 February 2025). 

115. Atum Enegy. Instalacje fotowoltaiczne 

dla gospodarstw rolnych - Atum Enegy. 

Available online: 

https://atumenergy.pl/n/instalacje-

fotowoltaiczne-dla-gospodarstw-

rolnych (accessed on 27 February 2025). 

116. SunSol. Rolnictwo przyszłości: 

Wykorzystanie fotowoltaiki w 

gospodarstwach rolnych. Available 

online: https://sunsol.pl/fotowoltaika-

dla-rolnikow/rolnictwo-przyszlosci-

wykorzystanie-fotowoltaiki-w-

gospodarstwach-rolnych/ (accessed on 

27 February 2025). 

117. Lenartowska, A. Biomasa agro – 

potencjalny filar polskiej transformacji 

energetycznej. Magazyn Biomasa 

[Online], February 6, 2024. Available 

online: 

https://magazynbiomasa.pl/biomasa-

agro-potencjalny-filar-polskiej-

transformacji-energetycznej/ (accessed 

on 27 February 2025). 

118. E.ON PL. Utylizacja fotowoltaiki – co się 

dzieje ze zużytymi panelami? | E.ON. 

Available online: https://eon.pl/dla-

domu/portal-o-odnawialnych-

zrodlach-energii/energia-ze-

slonca/utylizacja-fotowoltaiki-co-sie-

dzieje-ze-zuzytymi-panelami (accessed 

on 27 February 2025). 

119. Urząd Marszałkowski Województwa 

Pomorskiego. Lato z Funduszami 

Europejskimi! Przyjdź na szkolenia! –. 

Available online: 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

7
2

 

72 

https://pomorskie.eu/press/lato-z-

funduszami-europejskimi-przyjdz-na-

szkolenia/ (accessed on 27 February 

2025). 

120. Centrum Energetyki Odnawialnej. 

Szkolenia – Energetyka, energia 

odnawialna, alternatywne, odnawialne 

źródła energii, OZE, fotowoltaika – CEO 

Sp.z o.o. Available online: 

https://centrumenergetyki.com.pl/szkol

enia/ (accessed on 27 February 2025). 

121. Solar Building Polska. Szkolenia dla 

instalatorów fotowoltaiki: Solar Building 

Polska. Available online: 

https://solarbp.pl/ (accessed on 27 

February 2025). 

122. DNV. Grid Congestion in the Polish 

Power Grid. Available online: 

https://www.dnv.com/article/grid-

congestion-in-the-polish-power-grid/ 

(accessed on 27 February 2025). 

123. Map obtained from the Global Wind 

Atlas version 3.3, a free, web-based 

application developed, owned and 

operated by the Technical University of 

Denmark (DTU). The Global Wind Atlas 

version 3.3 is released in partnership 

with the World Bank Group, utilizing 

data provided by Vortex, using funding 

provided by the Energy Sector 

Management Assistance Program 

(ESMAP). For additional information: 

https://globalwindatlas.info. 

124. Davis, N.N.; Badger, J.; Hahmann, A.N.; 

Hansen, B.O.; Mortensen, N.G.; Kelly, M.; 

Larsén, X.G.; Olsen, B.T.; Floors, R.; 

Lizcano, G.; et al. The Global Wind Atlas: 

A High-Resolution Dataset of 

Climatologies and Associated Web-

Based Application. Bulletin of the 

American Meteorological Society 2023, 

104, E1507-E1525, doi:10.1175/BAMS-

D-21-0075.1. 

125. meteoblue. Simulierte historische 

Klima- und Wetterdaten für 

Mecklenburg-Vorpommern - 

meteoblue. Available online: 

https://www.meteoblue.com/de/wetter

/historyclimate/climatemodelled/meckl

enburg-

vorpommern_deutschland_2872567 

(accessed on 17 March 2025). 

126. e.V., B.W. Mecklenburg-

VorpommernBWE e.V. Available online: 

https://www.wind-

energie.de/verband/lvs/mecklenburg-

vorpommern/ (accessed on 27 February 

2025). 

127. Statista. Anzahl der 

Windenergieanlagen in Mecklenburg-

Vorpommern bis 2024 | Statista. 

Available online: 

https://de.statista.com/statistik/daten/s

tudie/28334/umfrage/anzahl-der-

windenergieanlagen-in-mecklenburg-

vorpommern-seit-1989/ (accessed on 

17 March 2025). 

128. Umweltbundesamt. Kraftwerke-

Windleistung_2025. Available online: 

https://www.umweltbundesamt.de/site

s/default/files/medien/372/bilder/datei

en/kraftwerke-windleistung_2025_0.pdf 

(accessed on 27 February 2025). 

129. Ndr. Nachrichten aus Mecklenburg-

Vorpommern. Available online: 

https://www.ndr.de/nachrichten/meckl

enburg-vorpommern/index.html 

(accessed on 27 February 2025). 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

7
3

 

73 

130. Wikipedia. Nordex SE. Available online: 

https://de.wikipedia.org/w/index.php?ti

tle=Nordex_SE&oldid=253596354 

(accessed on 27 February 2025). 

131. Bundesnetzagentur. 

Windenergieanlagen an Land. Available 

online: 

https://www.bundesnetzagentur.de/DE

/Fachthemen/ElektrizitaetundGas/Auss

chreibungen/Wind_Onshore/start.html 

(accessed on 27 February 2025). 

132. Wind Energy - The Facts. Teil III: 

Wirtschaftlichkeit von Windenergie. 

Available online: https://www.wind-

energy-the-facts.org/teil-iii-

wirtschaftlichkeit-von-windenergie.html 

(accessed on 27 February 2025). 

133. Bundesministerium für Wirtschaft und 

Klimaschutz, Referat 

Öffentlichkeitsarbeit. Förderprogramme 

- Förderung im Rahmen des 

Programmes 

„Bürgerenergiegesellschaften“ bei 

Windenergie an Land. Available online: 

https://www.foerderdatenbank.de/FDB/

Content/DE/Foerderprogramm/Bund/B

MWi/buergerenergiegesellschaften-

wind-land.html (accessed on 27 

February 2025). 

134. Fachagentur Wind und Solar e. V. EEG-

Förderung - Fachagentur Windenergie. 

Available online: 

https://www.fachagentur-

windenergie.de/themen/eeg/eeg-

foerderung/ (accessed on 27 February 

2025). 

135. Zießnitz, H. Investition in Windkraft: 

Profitieren Sie von der Energiewende. 

Available online: 

https://www.squarevest.ag/blog/investi

tion-in-windkraft (accessed on 27 

February 2025). 

136. e.V., B.W. Wartung und 

InstandhaltungBWE e.V. Available 

online: https://www.wind-

energie.de/themen/anlagentechnik/bet

rieb/wartung-und-instandhaltung/ 

(accessed on 27 February 2025). 

137. Regierungsportal M-V. Planungserlass 

Wind-an-Land: Kriterien für 

Windenergiegebiete in Mecklenburg-

Vorpommern vorgestellt. Available 

online: https://www.regierung-

mv.de/Landesregierung/wm/Aktuell/?i

d=188181&processor=processor.sa.pre

ssemitteilung (accessed on 27 February 

2025). 

138. Ministerium für Wirtschaft, Infrastruktur, 

Tourismus und Arbeit MV. 

Planungserlass Wind-an-Land: Kriterien 

für Windenergiegebiete in 

Mecklenburg-Vorpommern vorgestellt. 

Available online: 

https://www.regierung-

mv.de/Landesregierung/wm/Aktuell/?i

d=188181&processor=processor.sa.pre

ssemitteilung (accessed on 27 February 

2025). 

139. wind-turbine.com. Innovationen & 

Aktuelles. Available online: 

https://wind-

turbine.com/magazin/innovationen-

aktuelles/230515/windenergie-auf-

landwirtschaftlichen-flaechen-chancen-

risiken-und-herausforderungen.html. 

(accessed on 27 February 2025). 

140. Fachagentur Windenergie. 

Länderinformationen Windenergie 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

7
4

 

74 

Mecklenburg-Vorpommern. Available 

online: https://www.fachagentur-

windenergie.de/veroeffentlichungen/la

enderinformationen/laenderinformatio

nen-zur-windenergie/mecklenburg-

vorpommern/ (accessed on 27 February 

2025). 

141. Meteo.lt. Standard climate normals – 

Meteo.lt. Available online: 

https://www.meteo.lt/en/climate/lithua

nian-climate/standard-climate-

normals/ (accessed on 28 May 2025). 

142. Lietuvos energetikos agentūra. 

Investicinė parama vėjo elektrinėms 

sausumoje. Available online: 

https://www.ena.lt/inpa-vejo-

elektrinems/ (accessed on 27 February 

2025). 

143. Lietuvos vėjo elektrinių asociacija. 

Lietuvos vėjo energetikos statistika | 

Lietuvos vėjo elektrinių asociacija 

(LVEA). Available online: 

https://lvea.lt/lietuvos-statistika/ 

(accessed on 28 May 2025). 

144. Lietuvos vėjo elektrinių asociacija. 

Lithuanian statistics | Lietuvos vėjo 

elektrinių asociacija (LVEA). Available 

online: https://lvea.lt/en/lithuanian-

statistics/ (accessed on 28 May 2025). 

145. LAW ON ENERGY FROM RENEWABLE 

SOURCES, 2011. 

146. Ignitis Renewables on wind farms 

maintenance in the age of smart 

technology: drones, AI and digital twins. 

Ignitis Renewables [Online], November 

23, 2023. Available online: 

https://ignitisrenewables.com/ignitis-

renewables-on-wind-farms-

maintenance-in-the-age-of-smart-

technology-drones-ai-and-digital-

twins/ (accessed on 27 February 2025). 

147. Lithuanian Hydrometeorological Service 

under the Ministry of Environment. 

Standard climate normals. Available 

online: 

https://www.meteo.lt/en/climate/lithua

nian-climate/standard-climate-

normals/ (accessed on 27 February 

2025). 

148. PATVIRTINTA. Telšių rajono 

savivaldybės atsinaujinančių išteklių 

energijos naudojimo plėtros veiksmų 

planas iki 2030 m. 

149. VšĮ Lietuvos energetikos agentūra. 

Investicinė parama vėjo elektrinėms 

sausumoje - Lietuvos energetikos 

agentūra. Available online: 

https://www.ena.lt/inpa-vejo-

elektrinems/ (accessed on 28 May 

2025). 

150. Jankevičienė, J.; Kanapickas, A. Projected 

Wind Energy Maximum Potential in 

Lithuania. Applied Sciences 2023, 13, 

364, doi:10.3390/app13010364. 

151. ELTA. Atsinaujinančios energetikos 

atstovai nerimauja: plečiantis pramonei 

trūksta specialistų. lrt.lt [Online], May 30, 

2023. Available online: 

https://www.lrt.lt/naujienos/verslas/4/2

001412/atsinaujinancios-energetikos-

atstovai-nerimauja-pleciantis-

pramonei-truksta-specialistu (accessed 

on 27 February 2025). 

152. R, A. Recycling of wind turbine blades is 

about to reach new heights. Lietuvos 

vėjo elektrinių asociacija (LVEA) 

[Online], July 14, 2023. Available online: 

https://lvea.lt/en/wind-turbines-blades-

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

7
5

 

75 

recycle-reuse-upcycle/ (accessed on 27 

February 2025). 

153. Ignitis Renewables launches 

environmental impact assessment for 

offshore wind farm. Ignitis Renewables 

[Online], February 22, 2024. Available 

online: 

https://ignitisrenewables.com/ignitis-

renewables-launches-environmental-

impact-assessment-for-offshore-wind-

farm/ (accessed on 27 February 2025). 

154. G Gecevičius; M Marčiukaitis. 

TECHNICAL AND ECONOMIC 

EVALUATION OF WIND TURBINES IN 

DIFFERENT REGIONS OF LITHUANIA, 

2014. 

155. Natural Power. Navigating Regulatory 

Challenges in Lithuania's Offshore Wind 

Sector. Available online: 

https://www.naturalpower.com/us/insig

ht/navigating-regulatory-challenges-

in-lithuanias-offshore-wind-sector 

(accessed on 27 February 2025). 

156. Jatautas, J.; Stasiukynas, A. Analysis of 

the Lithuanian renewable energy 

resources legal framework. Problems 

and Perspectives in Management 2016, 

14, 31–45, 

doi:10.21511/ppm.14(3).2016.03. 

157. Bałtycka Agencja Poszanowania Energii 

Sp. z o.o. Potencjał energetyczny gmin 

województwa pomorskiego w 

kontekście możliwości budowy wysp 

energetycznych, 2021. Available online: 

https://gospodarka.pomorskie.eu/wp-

content/uploads/2022/10/Raport_woje

wodztwo_wyspy_final_final.pdf 

(accessed on 27 February 2025). 

158. Gospodarka. Zielona energia. Available 

online: 

https://gospodarka.pomorskie.eu/zielo

na-energia/ (accessed on 27 February 

2025). 

159. IMGW-PIB. Temperatura średnia - 

Miesiąc - styczeń - 2010 - Mapy klimatu 

Polski - Portal Klimat IMGW-PiB. 

Available online: 

https://klimat.imgw.pl/pl/climate-

maps/#Mean_Temperature/Monthly/20

10/1/Winter (accessed on 27 February 

2025). 

160. Józefowicz, J. Energetyka wiatrowa – jaki 

region jest królem mocy? Profi - 

profesjonalna technika rolnicza [Online], 

March 30, 2024. Available online: 

https://profitechnika.pl/aktualnosci/ene

rgetyka-wiatrowa-jaki-region-jest-

krolem-mocy-2506912 (accessed on 27 

February 2025). 

161. Kraska, M. Elektrownie wiatrowe w 

Polsce biją rekordy. Smart Eco - Twoja 

energia odnawialna | OZE [Online], 

March 25, 2024. Available online: 

https://smart-

eco.net/blog/elektrownie-wiatrowe-w-

polsce-bija-rekordy (accessed on 27 

February 2025). 

162. Kozińska, M. Farmy wiatrowe: moc 

zainstalowana, nowe instalacje, rekord 

generacji. Rynek Elektryczny [Online], 

December 6, 2024. Available online: 

https://www.rynekelektryczny.pl/moc-

zainstalowana-farm-wiatrowych-w-

polsce/ (accessed on 17 March 2025). 

163. Blaczkowska, B. Prawie 6 proc. 

powierzchni Polski pod wiatraki. 

Gramwzielone.pl [Online], October 18, 

2024. Available online: 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

7
6

 

76 

https://www.gramwzielone.pl/energia-

wiatrowa/20284260/prawie-6-proc-

powierzchni-polski-pod-wiatraki 

(accessed on 27 February 2025). 

164. NewHouse. Przydomowa elektrownia 

wiatrowa: gdzie postawić wiatrak? 

[Online], November 17, 2021. Available 

online: https://new-house.com.pl/blog-

akademia-budowlana/post/1779 

(accessed on 27 February 2025). 

165. Wiatr, J. Przewodnik po przydomowych 

turbinach wiatrowych w Polsce – Wybór 

i korzyści - Audyt energetyczny 

przedsiębiorstwa, efektywności 

energetycznej zakładu przemysłowego i 

budynków - Kraków - GS ENERGIA. 

Available online: 

https://gsenergia.pl/2024/05/07/przew

odnik-po-przydomowych-turbinach-

wiatrowych-w-polsce-wybor-i-korzysci/ 

(accessed on 27 February 2025). 

166. Baker Tilly Legal Poland. Energetyka 

wiatrowa w Polsce - raport 2024. 

Available online: https://windenergy-

tpa.pl/ (accessed on 27 February 2025). 

167. Polskie Stowarzyszenie Energetyki 

Wiatrowej. Polskie Stowarzyszenie 

Energetyki Wiatrowej - PSEW. Available 

online: https://www.psew.pl/ (accessed 

on 27 February 2025). 

168. Przemysław Gogojewicz, r.p. 

Przydomowy wiatrak - przepisy 2024. 

Jakie warunki trzeba spełnić, żeby 

postawić wiatrak? MuratorPlus [Online], 

April 23, 2024. Available online: 

https://www.muratorplus.pl/technika/o

ze/przydomowy-wiatrak-przepisy-

2024-jakie-warunki-trzeba-spelnic-

zeby-postawic-wiatrak-na-dzialce-ile-

metrow-od-domu-aa-bhtA-az6A-

UrNJ.html (accessed on 27 February 

2025). 

169. Osborne Clarke. Wind Energy 

investments opportunity in Poland 

returns. Available online: 

https://www.osborneclarke.com/insight

s/wind-energy-investments-

opportunity-poland-returns (accessed 

on 27 February 2025). 

170. Iglinski, B.; Flisikowski, K.; Pietrzak, M.B.; 

Kiełkowska, U.; Skrzatek, M.; Zyadin, A.; 

Natarajan, K. Renewable Energy in the 

Pomerania Voivodeship—Institutional, 

Economic, Environmental and Physical 

Aspects in Light of EU Energy 

Transformation. Energies 2021, 14, 

8221, doi:10.3390/en14248221. 

171. SunSol. Przydomowa Elektrownia 

Wiatrowa 10kw Cena – SunSol w 2024 

Roku. Available online: 

https://sunsol.pl/turbiny-

wiatrowe/elektrownia-wiatrowa-cena-

w-2024-roku/ (accessed on 27 February 

2025). 

172. mojaelektrowniawiatrowa.gov.pl. Moja 

Elektrownia Wiatrowa – Program 

dofinansowania elektrowni wiatrowych. 

Available online: 

https://mojaelektrowniawiatrowa.gov.pl

/ (accessed on 27 February 2025). 

173. Wieczorek, Ł. Domowy wiatrak. Dotacje, 

wnioski. Ile można dostać pieniędzy? 

"Polska i Świat" TVN24. TVN24 Biznes 

[Online], May 21, 2024. Available online: 

https://tvn24.pl/biznes/z-

kraju/domowy-wiatrak-dotacje-

wnioski-ile-mozna-dostac-pieniedzy-

polska-i-swiat-tvn24-st7925833 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

7
7

 

77 

(accessed on 27 February 2025). 

174. Węgiełek, D. Cena elektrowni wiatrowej 

– Koszty instalacji i eksploatacji systemu. 

Available online: 

https://mtbenergy.pl/cena-elektrowni-

wiatrowej-koszty-instalacji-i-

eksploatacji-systemu (accessed on 27 

February 2025). 

175. Energetyka wiatrowa w Polsce. Strona 

główna - English - Energetyka wiatrowa 

w Polsce. Available online: 

https://windenergy-tpa.pl/en/ 

(accessed on 27 February 2025). 

176. TERAZ ŚRODOWISKO. publikacja-

energetyka-wiatrowa-w-polsce-2023. 

Available online: https://www.teraz-

srodowisko.pl/publikacje/energetyka-

wiatrowa-w-polsce-2023/teraz-

srodowisko-publikacja-energetyka-

wiatrowa-w-polsce-2023.pdf (accessed 

on 17 March 2025). 

177. Eco Solar System. Turbiny Wiatrowe 

Gdańsk i Pomorskie - Eco Solar System. 

Available online: 

https://ecosolarsystem.pl/turbiny-

wiatrowe-gdansk/ (accessed on 17 

March 2025). 

178. U.S. Department of Energy. Carbon 

Rivers Makes Wind Turbine Blade 

Recycling and Upcycling a Reality With 

Support From DOE. Available online: 

https://www.energy.gov/eere/wind/arti

cles/carbon-rivers-makes-wind-

turbine-blade-recycling-and-upcycling-

reality-support?%20%20%20 (accessed 

on 17 March 2025). 

179. Menezes, F. Building bridges with 

recycled wind turbine blades could help 

solve a major waste challenge. Available 

online: 

https://www.brightvibes.com/building-

bridges-with-recycled-wind-turbine-

blades-could-help-solve-a-major-

waste-challenge/ (accessed on 17 

March 2025). 

180. Seredocha, I. Zalety i wady instalacji 

wiatrowych. Wolters Kluwer SA [Online], 

October 1, 2014. Available online: 

https://www.prawo.pl/biznes/zalety-i-

wady-elektrowni-

wiatrowych,163045.html (accessed on 

27 February 2025). 

181. Regionalna Dyrekcja Ochrony 

Środowiska w Gdańsku. Projekty i 

kampanie społeczne. Available online: 

https://www.gov.pl/web/rdos-

gdansk/regionalna-dyrekcja-ochrony-

srodowiska-w-gdansku (accessed on 27 

February 2025). 

182. Rabe, M.; Streimikiene, D.; Bilan, Y. 

Model of Optimization of Wind Energy 

Production in the Light of Legal 

Changes in Poland. Energies 2020, 13, 

1557, doi:10.3390/en13071557. 

183. Ioannidis, R.; Koutsoyiannis, D. A review 

of land use, visibility and public 

perception of renewable energy in the 

context of landscape impact. Applied 

Energy 2020, 276, 115367, 

doi:10.1016/j.apenergy.2020.115367. 

184. Blazy, R.; Łabuz, R. Potential ecological 

effects of wind farm location on the 

example of the Małopolska region in 

Poland. Front. Energy Res. 2025, 12, 

doi:10.3389/fenrg.2024.1504371. 

185. Mathewson, P. Under the Lens: 

Mitigating bird and bat mortality at 

wind farms. Clean Wisconsin [Online], 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

7
8

 

78 

December 19, 2023. Available online: 

https://www.cleanwisconsin.org/under-

the-lens-mitigating-bird-and-bat-

mortality-at-wind-farms/ (accessed on 

18 March 2025). 

186. Ignitis Renewables. Pomerania wind 

farm: Non-Technical Summary. 

Available online: 

https://ignitisrenewables.com/wp-

content/uploads/2023/08/NTS_Pomera

nia_wind_farm.pdf? 

187. EWA Academy. Szkolenia na wiatraki, 

BST, BTT. Branża wiatrowa - EWA 

Academy. Available online: https://e-

windacademy.com/pl/ (accessed on 18 

March 2025). 

188. Centrum Zrównoważonego Rozwoju 

Uniwersytetu Gdańskiego. Edukacja na 

rzecz zrównoważonego rozwoju: 

morska energetyka wiatrowa Studia 

podyplomowe. Available online: 

https://czrug.ug.edu.pl/studia-

podyplomowe/mew/ (accessed on 18 

March 2025). 

189. Stenka, K. Potencjal rozwoju energetyki 

wiatrowej. Available online: 

https://pbpr.pomorskie.pl/wp-

content/uploads/2024/08/Potencjal-

rozwoju-energetyki-wiatrowej-WP-

2.pdf (accessed on 18 March 2025). 

190. Wójcik, M. Kopia_zapasowa_Raport 

offshore WERSJA PL.cdr. Available 

online: 

https://investinpomerania.pl/wp-

content/uploads/2020/09/Raport-

offshore-PL.pdf (accessed on 18 March 

2025). 

191. Borowiec, K. Branża wiatrakowa 

wyczekuje liberalizacji przepisów, które 

przyspieszą inwestycje. 

Gramwzielone.pl [Online], November 

26, 2024. Available online: 

https://www.gramwzielone.pl/energia-

wiatrowa/20289888/branza-

wiatrakowa-wyczekuje-liberalizacji-

przepisow-ktore-przyspiesza-

inwestycje?%20%20%20 (accessed on 

18 March 2025). 

192. teraz-srodowisko.pl. teraz-srodowisko-

publikacja-energetyka-wiatrowa-w-

polsce-2024. 

193. Brosowski, A. 

Datenblatt_Energiepflanzen, 2016. 

Available online: 

https://www.dbfz.de/fileadmin/bioener

giedaten/content/datenblaetter/Daten

blatt_Energiepflanzen.pdf (accessed on 

27 February 2025). 

194. Günther, S.; Karras, T.; Naegeli de Torres, 

F.; Semella, S.; Thrän, D. Temporal and 

spatial mapping of theoretical biomass 

potential across the European Union. 

Earth Syst. Sci. Data 2024, 16, 59–74, 

doi:10.5194/essd-16-59-2024. 

195. Weiland; Peter. Flaschenhals 

Gärrestverwertung. Available online: 

https://literatur.thuenen.de/digbib_exte

rn/dn047034.pdf (accessed on 27 

February 2025). 

196. Stand und Perspektiven der 

Biogaserzeugung aus Gülle; Majer, S.; 

Kornatz, P.; Daniel-Gromke, J.; 

Rensberg, N.; Brosowski, A.; Oehmichen, 

K.; Liebetrau, J., Eds.; Deutsches 

Biomasseforschungszentrum 

gemeinnützige GmbH: Leipzig, 2019, 

ISBN 9783946629481. 

197. BMEL. Bioökonomie + nachwachsende 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

7
9

 

79 

Rohstoffe - Biogas. Available online: 

https://www.bmel.de/DE/themen/land

wirtschaft/bioeokonomie-

nachwachsende-rohstoffe/biogas.html 

(accessed on 18 March 2025). 

198. Nadja, N.; Denysenko, V.; Daniel-

Gromke, J. Biogaserzeugung und -

nutzung in Deutschland, 2023. Available 

online: 

https://www.dbfz.de/fileadmin/user_upl

oad/Referenzen/DBFZ_Reports/DBFZ_R

eport_50.pdf (accessed on 27 February 

2025). 

199. Dresen; Boris. Potenziale, Kosten und 

Emissionen entlang des 

Technologiepfades der 

Biogaseinspeisung – Regionale 

Bilanzierung unter Anwendung einer 

GIS-Applikation. Dissertation; 

Rheinisch-Westfälischen Technischen 

Hochschule Aachen, 2015. 

200. Andrea Schüch. Biogas aus 

Energiepflanzen: Potenziale und 

Flächen, Anbauprioritäten und Kosten, 

Natur und Landschaft 2014. 

201. Gustafsson, M., Meneghetti, R., Souza 

Marques, F., Trim, H., Dong, R., Al Saedi, 

T., Rasi, S., Thual, J., Kornatz, P., Wall, D., 

Berntsen, C., Saxegaard, S., Lyng, K.A., 

Nägele, H.J., Heaven, S., Bywater, A. A 

perspective on the state of the biogas 

industry from selected member 

countries. IEA Bioenergy Task 37 2024. 

202. Fachagentur Nachwachsende Rohstoffe 

e. V. Energiepflanzen für Biogasanlagen 

- Mecklenburg-Vorpommern. 

203. ROTARIA Energie- und Umwelttechnik 

GmbH. Rotaria Energie- und 

Umwelttechnik GmbH: 

Schwerstoffabscheidung (accessed on 

18 March 2025). 

204. top agrar. Sand im Fermenter: Alles 

muss raus! Available online: 

https://www.topagrar.com/energie/aus

-dem-heft/sand-im-fermenter-alles-

muss-raus-9681344.html (accessed on 

18 March 2025). 

205. Internationale Wirtschaftsforum 

Regenerative Energien. Biogas: 

Checkliste / Planungsleitfaden für eine 

Biogasanlage. Available online: 

https://www.iwr.de/bio/biogas/Checklis

te-Biogas-Anlage.html (accessed on 27 

February 2025). 

206. Fachagentur Nachwachsende Rohstoffe 

e. V. Güllevergärung im EEG 2021. 

Available online: 

https://biogas.fnr.de/rahmenbedingun

gen/guellevergaerung-im-eeg-2021 

(accessed on 27 February 2025). 

207. Gmbh, Eps Bhkw. Wartungsintervalle 

beim BHKW. EPS BHKW GmbH [Online], 

October 28, 2020. Available online: 

https://eps-

bhkw.de/wartungsintervalle/ (accessed 

on 27 February 2025). 

208. Fachagentur Nachwachsende Rohstoffe 

e. V. Systemintegration von Bioenergie. 

Available online: 

https://bioenergie.fnr.de/systemintegra

tion-von-bioenergie (accessed on 27 

February 2025). 

209. Fachverband Biogas e.V. Organisation 

und Geschichte · Schulungsverbund 

Biogas. Available online: 

https://www.schulungsverbund-

biogas.de/schulungsverbund/ 

(accessed on 27 February 2025). 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

8
0

 

80 

210. Sari Luostarinen; Marek Ziółkowski; 

Ksawery Kuligowski; Andrzej Tonderski. 

National Scenarios, Best Practices and 

Recommendations for Manure Energy 

Use in the Baltic Sea Region, 2013. 

211. Vaclovas Tričys; Kazys Kazanavičius. 

Biokuro išteklių plėtros galimybių 

tyrimas Šiaurės Lietuvoje, 2016. 

212. Statistics Lithuania. News releases - 

Oficialiosios statistikos portalas. 

Available online: 

https://osp.stat.gov.lt/informaciniai-

pranesimai?articleId=5439128 

(accessed on 27 February 2025). 

213. PATVIRTINTA. ROKIŠKIO RAJONO 

SAVIVALDYBĖS ATSINAUJINANČIŲ 

IŠTEKLIŲ ENERGIJOS NAUDOJIMO 

PLĖTROS VEIKSMŲ PLANAS IKI 2030 M. 

214. Parengė: AB “Klaipėdos vanduo”. AB 

Klaipėdos vanduo 2025-2029 m. veiklos 

planas. 

215. Petrikonytė-Jurkūnienė, S. DĖL 

PRELIMINARIŲ PRIJUNGIMO SĄLYGŲ. 

216. Generalinio direktoriaus. ELEKTROS 

ENERGIJOS GAMINTOJŲ 

PASINAUDOJIMO. Available online: 

https://e-

seimas.lrs.lt/rs/legalact/TAP/326a6e930

70c11ebbedbd456d2fb030d/ (accessed 

on 27 February 2025). 

217. IEA. Sustainable supply potential and 

costs – Outlook for biogas and 

biomethane: Prospects for organic 

growth – Analysis - IEA. Available online: 

https://www.iea.org/reports/outlook-

for-biogas-and-biomethane-prospects-

for-organic-growth/sustainable-

supply-potential-and-costs (accessed 

on 27 February 2025). 

218. Lietuvos Respublikos energetikos 

ministerija. Skirtas finansavimas 

priemonės „Nedidelės galios biokuro 

kogeneracijos skatinimas“ projektams, 

kurie prisideda Ateities ekonomikos 

DNR plano - Lietuvos Respublikos 

energetikos ministerija. Available online: 

https://enmin.lrv.lt/lt/skelbimai-

1/skirtas-finansavimas-priemones-

nedideles-galios-biokuro-

kogeneracijos-skatinimas-projektams-

kurie-prisideda-ateities-ekonomikos-

dnr-plano/ (accessed on 27 February 

2025). 

219. LR finansų ministerijos. Nedidelės galios 

biokuro kogeneracijos skatinimas | 

2014-2020 Europos Sąjungos fondų 

investicijos Lietuvoje. Available online: 

https://2014.esinvesticijos.lt/lt/finansavi

mas/patvirtintos_priemones/nedideles-

galios-biokuro-kogeneracijos-

skatinimas-1 (accessed on 27 February 

2025). 

220. Lemonde, M. 10 tips to reduce the costs 

of your biogas / RNG plant and increase 

its profitability :BiogasWorld. Available 

online: 

https://biogasworld.com/news/reduce-

the-costs-of-biogas-plant/ (accessed on 

27 February 2025). 

221. Navickas, Kęstutis, Kęstutis Venslauskas, 

and V. Zuperka. Potential and 

possibilities of biogas production from 

agricultural raw materials in Lithuania. 

Rural development 2009. 

222. Klaipėdos mokslo ir technologijų parkas. 

Klaipėdos mokslo ir technologijų parkas 

| Klaipėdoje duris atvers pirmasis 

Lietuvoje metodinis STEAM centras. 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

8
1

 

81 

Available online: 

https://kmtp.lt/blog/2024/04/02/klaipe

doje-duris-atvers-pirmasis-lietuvoje-

metodinis-steam-centras/ (accessed on 

27 February 2025). 

223. Jan Barwicki; Witold Jan Wardal; Kamil 

Roman. The influence of climate change 

in Europe on the situation of the future 

agriculture, 2022. 

224. Statistics Poland. Pre-result estimate of 

the main agricultural and horticultural 

crops in 2023. Available online: 

https://stat.gov.pl/en/topics/agriculture

-forestry/agricultural-and-horticultural-

crops/pre-result-estimate-of-the-main-

agricultural-and-horticultural-crops-in-

2023%2C4%2C1.html? (accessed on 18 

March 2025). 

225. Bany, M. akty prawne do ISAP. Available 

online: https://dpr.iung.pl/wp-

content/uploads/Tabela9.pdf (accessed 

on 18 March 2025). 

226. World Bank Group. COUNTRY CLIMATE 

AND DEVELOPMENT REPORT: POLAND, 

2024. Available online: 

https://documents1.worldbank.org/cur

ated/en/099110424141522535/pdf/P50

0551184768d0ef1bc50127100af1c086.p

df (accessed on 18 March 2025). 

227. Baltic Energy Conservation Agency. 

Regional Biomass Action Plan for 

Pomerania 2014. 

228. Zyadin, A.; Natarajan, K.; Latva-Käyrä, P.; 

Igliński, B.; Iglińska, A.; Trishkin, M.; 

Pelkonen, P.; Pappinen, A. Estimation of 

surplus biomass potential in southern 

and central Poland using GIS 

applications. Renewable and 

Sustainable Energy Reviews 2018, 89, 

204–215, doi:10.1016/j.rser.2018.03.022. 

229. BiofuelCircle. Challenges in Feedstock 

Sourcing for CBG Plants - BiofuelCircle 

(accessed on 27 February 2025). 

230. Potapowicz Izabela; Bojanowicz-Bablok 

Anna. recommendations-for-

increasing-the-production-of-biogas-

production-in-poland. 

231. Agata, Z. BIOGAS MARKET IN POLAND. 

Available online: 

https://www.europeanenergyforum.eu/

wp-content/uploads/2022/10/2_gaz-

system.pdf (accessed on 18 March 

2025). 

232. Kozłowska, A. Ile jest biogazowni 

rolniczych w Polsce? - Ekonomika 

rolnictwa. Available online: 

https://www.farmer.pl/finanse/podatki-

rachunkowosc/ile-jest-biogazowni-

rolniczych-w-

polsce,117536.html?mp=promo 

(accessed on 27 February 2025). 

233. Holewa-Rataj, J.; Kukulska-Zając, E. 

Biogaz rolniczy w Polsce – produkcja i 

możliwości wykorzystania. NG 2022, 78, 

872–877, doi:10.18668/NG.2022.12.03. 

234. Agencja Promocji Rolnictwa i 

Agrobiznesu APRA. Ile energii z 

biogazowni rolniczych? Znamy 

najnowsze dane / Biogaz, biogazownie 

w kraju – energia odnawialna z gazu, 

dopłaty / Agropolska. Available online: 

https://www.agropolska.pl/zielona-

energia/biogaz/ile-energii-z-

biogazowni-rolniczych-znamy-

najnowsze-dane%2C41.html (accessed 

on 18 March 2025). 

235. Koryś, K.A.; Latawiec, A.E.; Grotkiewicz, 

K.; Kuboń, M. The Review of Biomass 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

8
2

 

82 

Potential for Agricultural Biogas 

Production in Poland. Sustainability 

2019, 11, 6515, 

doi:10.3390/su11226515. 

236. Fachagentur Nachwachsende Rohstoffe 

e. V. Stromerzeugung. Available online: 

https://biogas.fnr.de/biogas-

nutzung/stromerzeugung (accessed on 

27 February 2025). 

237. Güssing Energy Technologies GmbH. 

Biogas Netzeinspeisung: 

Anschlussleitung. Available online: 

https://www.biogas-

netzeinspeisung.at/technische-

planung/biogasnutzung-

netzeinspeisung/anschlussleitung.html 

(accessed on 27 February 2025). 

238. Bundesnetzagentur. Biogaseinspeisung 

ins Gasnetz. Available online: 

https://www.bundesnetzagentur.de/DE

/Fachthemen/ElektrizitaetundGas/Erne

uerbareEnergien/Biogas/start.html 

(accessed on 27 February 2025). 

239. Kowalski, Łukasz and Barbara 

Smerkowska. A Polish case study for 

biogas to biomethane upgrading 2012. 

240. Lower Silesian Institute. From natural 

gas to biomethane: Decarbonising the 

Polish gas industry. Available online: 

https://dise.org.pl/Report-From-

natural-gas-to-biomethane.pdf 

(accessed on 19 March 2025). 

241. Polska Organizacja Biometanu. Analysis 

of selected issues related to the trading 

of biomethane in Poland. Available 

online: https://bioch4.org/wp-

content/uploads/2024/04/Analysis-of-

selected-issues-related-to-the-trading-

of-biomethane-in-Poland.pdf (accessed 

on 19 March 2025). 

242. Dróżdż, D.; Wystalska, K.; Malińska, K.; 

Grosser, A.; Grobelak, A.; Kacprzak, M. 

Management of poultry manure in 

Poland - Current state and future 

perspectives. Journal of Environmental 

Management 2020, 264, 110327, 

doi:10.1016/j.jenvman.2020.110327. 

243. Sylwia Siebielec; Grzegorz Siebielec; 

Małgorzata Woźniak. Potential of using 

digestate to regenerate soil and 

stimulate its biological life. Current 

Agronomy 2023, 52, 157–170, 

doi:10.26114/pja.iung.510.2023.52.16. 

244. Potapowicz Izabela; Bojanowicz-Bablok 

Anna. recommendations-for-

increasing-the-production-of-biogas-

production-in-poland. 

245. Elsenbruch, Thomas. Creating Energy 

for Profit with Biogas - Efficient 

installations with biogas. Available 

online: 

https://www.jenbacher.com/images/me

dias/files/1561/innio_soa-

pitch_biogas_poland.pdf (accessed on 

19 March 2025). 

246. Drozd, K. Dotacje na budowę 

biogazowni rolniczych i małych 

elektrowni wodnych. Wrp.pl [Online], 

July 29, 2021. Available online: 

https://www.wrp.pl/dotacje-na-

budowe-biogazowni-rolniczych-i-

malych-elektrowni-wodnych/ (accessed 

on 19 March 2025). 

247. Patrick Jowett. Poland reopens loan, 

subsidy program for rural solar 

installations. Available online: 

https://www.pv-

magazine.com/2025/02/03/poland-

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

8
3

 

83 

reopens-loan-subsidy-program-for-

rural-solar-installations/ (accessed on 

19 March 2025). 

248. Kusz, D.; Bąk, I.; Szczecińska, B.; Wicki, L.; 

Kusz, B. Determinants of Return-on-

Equity (ROE) of Biogas Plants Operating 

in Poland. Energies 2023, 16, 31, 

doi:10.3390/en16010031. 

249. Ujazdowski, A. Poland's Biomethane 

Industry Poised for Growth: PLN 17.5 

Billion Investment Planned by 2030 

Amid Calls. Poland Insight [Online], 

August 20, 2024. Available online: 

https://polandinsight.com/polands-

biomethane-industry-poised-for-

growth-pln-17-5-billion-investment-

planned-by-2030-amid-calls-for-

regulatory-support-38191/ (accessed 

on 19 March 2025). 

250. International Trade Administration | 

Trade.gov. Poland Energy Biogas 

industry market growth. Available 

online: https://www.trade.gov/market-

intelligence/poland-energy-biogas-

industry-market-growth (accessed on 

27 February 2025). 

251. Team, B. What Are the Key Operating 

Costs for Biogas Plants? Business Plan 

Templates [Online], January 3, 2025. 

Available online: https://businessplan-

templates.com/blogs/running-

costs/biogas-plant-operations 

(accessed on 24 March 2025). 

252. Majer, M. Agricultural biogas plant: 

principle of operation, profitability, 

construction - Eneria. Available online: 

https://eneria.pl/en/blog/biogazownia-

rolnicza-zasada-dzialania-oplacalnosc-

budowa/ (accessed on 24 March 2025). 

253. ZeroWaste. ZWE-

SmartfermBrochureSingle-English.pdf 

utm_source=chatgpt. Available online: 

https://zerowasteenergy.com/wp/wp-

content/uploads/2017/03/ZWE-

SmartfermBrochureSingle-

English.pdf?utm_source=chatgpt.com 

(accessed on 27 February 2025). 

254. Rizzitelli. Synergy between Digital and 

Green: the benefits of smart Biogas 

production plants, the future of 

sustainability Digital and Green. 

Widecons [Online], January 27, 2025. 

Available online: 

https://www.widecons.com/en/digital-

and-green-synergy-the-benefits-of-

intelligent-plants-for-biogas-

production/?utm_source=chatgpt.com 

(accessed on 27 February 2025). 

255. Enricom Biogas. Where we operate – 

Enricom Biogas. Available online: 

https://enricombiogas.pl/en/where-we-

operate/?utm_source=chatgpt.com 

(accessed on 27 February 2025). 

256. Ministry of Climate and Environment. 

“Agreement on cooperation for the 

development of the biogas and 

biomethane sectors” has been signed - 

Ministry of Climate and Environment - 

Gov.pl website. Available online: 

https://www.gov.pl/web/climate/agree

ment-on-cooperation-for-the-

development-of-the-biogas-and-

biomethane-sectors-has-been-signed 

(accessed on 24 March 2025). 

257. Bednarek, A.; Klepacka, A.; Siudek, A. 

Development barriers of agricultural 

biogas plants in Poland. EiS 2023, 84, 

229–258, 

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

8
4

 

84 

doi:10.34659/eis.2023.84.1.528. 

258. Izabela, P. Barriers-to-the-

implementation-of-biogas-production-

and-bio-waste-management-solutions. 

Available online: 

https://go4biogas.ios.edu.pl/wp-

content/uploads/2024/08/Barriers-to-

the-implementation-of-biogas-

production-and-bio-waste-

management-solutions.pdf (accessed 

on 19 March 2025). 

259. Gó, M.; rski; Maćkowiak, K.; Ogonowska, 

A. Agricultural biogas in Poland: What 

you need to know in 2024. Wardyński & 

Partners [Online], July 4, 2024. Available 

online: 

https://www.lexology.com/library/detai

l.aspx?g=883d2aeb-f793-419f-a8b3-

9fe4036948e7 (accessed on 27 February 

2025). 

260. IEA. Germany - Countries & Regions - 

IEA. Available online: 

https://www.iea.org/countries/germany 

(accessed on 23 May 2025). 

261. Action, BMWK - Federal Ministry for 

Economic Affairs and Climate. 

Renewable Energy. Available online: 

https://www.bmwk.de/Redaktion/EN/D

ossier/renewable-energy.html 

(accessed on 23 May 2025). 

262. Sattich, T.; Morgan, R.; Moe, E. Searching 

for energy independence, finding 

renewables? Energy security 

perceptions and renewable energy 

policy in Lithuania. Political Geography 

2022, 96, 102656, 

doi:10.1016/j.polgeo.2022.102656. 

263. Surwillo, Izabelle, and Veronika 

Slakaityte. Energy Crisis at the Baltic Sea: 

Divergent National Paths Toward a 

Common Green Future. Permacrisis & 

Logistics: From Assessment to Foresight 

2023. 

264. PricewaterhouseCoopers. Biomethane 

in Poland: Strategic and investment 

perspective | Strategy& Poland. 

Available online: 

https://www.strategyand.pwc.com/pl/e

n/publications/2024/biomethane-in-

poland-strategic-and-investment-

perspective.html (accessed on 18 March 

2025). 

265. Piechota, G.; Igliński, B. Biomethane in 

Poland—Current Status, Potential, 

Perspective and Development. Energies 

2021, 14, 1517, 

doi:10.3390/en14061517. 

266. Rabe, M.; Norek, T.; Widera, K.; Gawlik, 

A.; Łopatka, A.; Gutowska, E. Sustainable 

Development of the Region – Biomass 

Potential on Example of the West 

Pomeranian Region. Journal of Security 

and Sustainability Issues 2023, 13, 337–

344, doi:10.47459/jssi.2023.13.35. 

267. Karimi, F.; Rodi, M. Energy Transition in 

the Baltic Sea Region; Routledge: 

London, 2022. 

268. Ketels, C.; Pedersen, H.J.; Olsson, M. 

State of the Region Report 2017 : The 

Top of Europe – A Competitive Baltic 

Sea Region Ready for the Future?, 2018. 

Available online: https://www.diva-

portal.org/smash/record.jsf?pid=diva2:

1174738. 

 
 
  

http://www.biosolfarmproject.eu/


www.biosolfarm.eu 

 

 

8
5

 

85 

List of Tables and 

Figures 

LIST OF TABLES 

Table 1: Biogas and energy production 

potential in various counties of Lithuania [172]  

Table 2: Biogas and energy production 

potential in various counties of Lithuania [172]  

Table 3. Estimated electrical power for 

voivodeship for different kinds of biogas plant 

substrate. Based on [171] 

 

LIST OF FIGURES 

Figure 1: Long term average Direct Normal 

Irradiation (DNI) (kWh/m²) in Germany [46]  

Figure 2.: Long term average photovoltaic 

output (kWh/kWp) in Germany [46]  

Figure 3: Long term average Direct Normal 

Irradiation (DNI) (kWh/m²) in Lithuania [46] 

Figure 4. Long term average photovoltaic 

output (kWh/kWp) in Lithuania [46] 

Figure 5. Long term average Direct Normal 

Irradiation (DNI) (kWh/m²) in Poland [46] 

Figure 6. Long term average photovoltaic 

output (kWh/kWp) in Poland [46] 

Figure 7: Long term mean wind speed (m/s) at 

100m in Mecklenburg-Vorpommern 

(Germany) [100,101] 

Figure 8: Mean wind power density at 100m 

(W/m²) in Germany [100,101]  

Figure 9: Long term mean wind speed (m/s) at 

100m  in Klaipedos (Lithuania) [100,101] 

Figure 10: Mean wind power density at 100m 

(W/m²) in Lithuania [100,101] 

Figure 11: Long term mean wind speed (m/s) 

at 100m in Pomorskie (Poland) [100,101] 

Figure 12: Mean wind power density at 100m 

(W/m²) in Poland [100,101] 

Figure 13: Biogas Potential and use in Germany 

derived from DBFZ[155] 

 

http://www.biosolfarmproject.eu/

