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Abstract. This article presents the legal regulations relating
to Renewable Energy Sources, including the biogas sector.
It discusses biogas production technologies, the current state
and perspectives of agricultural biogas production in Poland,
the production capabilities of Polish biogas plants and factors
contributing to the attractiveness of the biogas sector. The fol-
lowing economic and ecological aspects of biogas production
were considered in the study: profitability and environmental
impacts, including reduction in carbon dioxide emissions. De-
spite numerous problems, the Renewable Energy Sources Act
provides an opportunity for the growth and development of
the biogas industry in Poland.
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INTRODUCTION

The Polish agricultural biogas sector shows high prom-
ise due to the availability of substrates for biogas pro-
duction and the European Union’s sustainable energy
strategy. Despite the above, investors have been post-
poning the launch of new biogas plants or reducing the
output of the existing plants in Poland, mainly due to
the low and variable prices of renewable energy cer-
tificates, which render biogas production unprofitable.
Poland does not have a long-term development strategy
for the power sector, and renewable energy projects re-
quire state funding. Source materials and publications

addressing the renewable energy sector are developed
by various institutes and centers, and they need to be
systematized. This paper reviews the existing litera-
ture and attempts to synthesize information relating to
biogas production, the prospects of the Polish biogas
sector, and the economic and environmental aspects of
biogas production.

LEGAL REGULATIONS AND THE ROLE
OF ENVIRONMENTAL PROTECTION
AGENCIES

The main goals of Poland’s Energy Policy until 2030
is to improve Poland’s energy and resource efficiency,
guarantee safe access to fuel and energy, promote re-
newable sources of energy, promote the development of
alternative fuel and energy markets, and minimize the
environmental impacts of the energy sector. The targets
set by the Energy Policy include 15% of final energy
consumption from renewable sources by 2020, 10% of
transport fuels from renewable sources by 2020, and
the development of distributed energy resources. The
document entitled “Development of agricultural biogas
plants in Poland in 2010-2020" details the goals and ex-
pected outcomes of biogas production and lays down
a support framework for the construction of 2,000 agri-
cultural biogas plants. According to the National Action
Plan (NAP), biogas contributes to the achievement of
sustainable energy goals as a source of electricity and
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heat. In 2020, the amount of electricity generated from

biogas is expected to increase by 125% in comparison

with 2010. The amended Energy Law came into force
on 11 September 2013 (Journal of Laws of 2012, item

1059, as amended) as part of the “Small Energy Three-

Pack” which broadened the list of renewable energy

sources to include aerothermal and hydrothermal energy

from air and water, respectively. The amended Energy

Law also introduced two types of energy generation

systems:

» renewable energy microsystems with maximum in-
stalled capacity of 40 kW or 120 kW;

» small-scale renewable energy systems with installed
capacity of 40 kW 200 kW or 120 kW~600 kW..
The amended Energy Law introduces financial in-

centives for connecting microsystems to the power grid

by releasing the microsystem operator from connection
fees. Microsystem operators are not required to start

a business or obtain generation licenses. Energy gen-

erated by a microsystem is sold to the public grid for

80% of the average price of energy charged in the pre-

vious year. The Act on Renewable Energy Sources of

20 February 2015 sets forth the terms and conditions

for the generation of energy from agricultural biogas.

Biogas is a product of methane fermentation of agricul-

tural products, agricultural by-products, liquid and solid

manure, wastes, by-products and residues from the pro-
cessing of biological materials, forest and plant biomass
harvested from areas other than farm fields and forests,
excluding biogas from treated effluents and landfills. As
of 2014, owners of renewable energy microsystems can
apply for subsidies from the National Fund for Envi-
ronmental Protection and Water Economy as part of the
Bocian (Stork) program. Projects aiming to reduce or
eliminate CO, emissions and increase the production
of green energy are prioritized. The Fund has also de-
veloped the Green Investments System which provides
loans and subsidies to agricultural biogas plants. Plant
operators can apply for subsidies to co-finance the cost
of purchasing, producing, installing and commissioning
fixed assets, purchasing construction materials and ser-
vices, and purchasing intangible assets such as patents,
licenses and technologies. As part of the measures aim-
ing to diversify sources of non-farming income under
the Rural Development Program for 2007-2013, opera-
tors can obtain up to PLN 500,000 in non-refundable
grants for the construction of agricultural biogas plants.
The amount of the grant cannot exceed 50% of qualified
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project costs. Under the Infrastructure and Environ-
ment Operational Program for 2014-2020, the support
for low emission technologies for agricultural biogas
plants ranges from 30% to 50% of qualified expenses,
not more than PLN 40 million per project.

PRESENT STATUS AND LOCATION OF
BIOGAS PLANTS IN POLAND

The goal of the “Biogas plant in every municipality”
strategy was to build 2,000 agricultural biogas plants in
Poland by 2020. The progress made so far indicates that
this ambitious undertaking is unlikely to be completed
by the set deadline. The location of biogas plants is pre-
sented in Figure 1.

According to the Agricultural Property Agency
(ARR), there are 93 agricultural biogas plants operated
by 83 companies in Poland. Of those, 10 plants have in-
stalled capacity of 2 MWe and more, 28 plants — 1 to 1.99
MWe, and the remaining facilities are small biogas plants
with installed capacity of less than 1 MWe. The total out-
put of Polish agricultural biogas plants (estimated meth-
ane content of 55-60%) is around 386 million m?/year.

Small biogas plants fed with agricultural waste and
by-products (animal manure, silage) had been develop-
ing rapidly in Germany until the year 2000. In the Czech
Republic, public funding led to the rapid growth of the
biogas sector in the last three years. The Czech gov-
ernment supports the green certificate system and has
introduced a lump-sum fee for the purchase of energy
generated from renewable sources (the fee is set by the
government, and it is higher than the price of energy
paid by consumers). Those measures were adopted by
the Czech Republic to meet the target of 8% of final
energy consumption from renewable sources by 2015.
The offered support increases the profitability of envi-
ronmentally-friendly projects on the energy market. The
Polish biogas industry could benefit from the good prac-
tices implemented by Germany, Austria and the Czech
Republic. In the past two decades, biogas production
was expanded and the methods for its utilization have
been improved in Germany. If Poland and Germany
have similar potential for the production of agricultural
biogas and German farms derive profits from biogas
plants, such schemes should also generate benefits for
Polish producers. In Poland, the terms on which grants
are awarded to biogas producers are somewhat ambigu-
ous. The price of energy generated in Poland is around
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Fig. 1. Location of agricultural biogas plants in Poland

Source: own elaboration based on information from the Agricultural Property Agency,
retrieved on 17 November 2016

Rys. 1. Rozmieszczenie biogazowni rolniczych w Polsce

Zrédto: opracowanie wlasne na podstawie danych ARR na dzien 17.11.2016

PLN 0.37/kWh (€ 0.08/kWh) (price of energy with
a certificate of origin). By comparison, German prices
are more than 100% higher. In some Polish regions,
there are problems with connecting biogas plants to out-
dated power grids. Despite the above, biogas production
is still regarded as a promising method for biomass utili-
zation. The Polish Act on Renewable Sources of Energy
calls for the development of a list of suitable substrates
for the generation of agricultural biogas and electricity.
According to the Act, biogas includes landfill gas, the
biodegradation product of the organic fraction of mu-
nicipal waste, as well as gas from treated effluents, the
product of methane fermentation of sediments formed
during biological treatment of wastewater. The terms on
which the energy generated by household microsystems
with the output of up to 3 kW can be sold to the power
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grid should be set with greater precision. Microsystems
rely on various substrates, and the generated energy is
sold at a fixed price over a period of 15 years (for the
first 300 MW only). Only the first 500 MW of energy
generated by microsystems with the output of 3 to 10
kW is sold at a guaranteed price. The present strategy
for the power sector supports the development of sys-
tems with low energy output. The Act on Renewable
Energy Sources will introduce the formal definition of
a microsystem (up to 40 kW) and a small-scale system
(40-100 kW), which will lead to greater clarity in the
process of formulating criteria for awarding grants and
subsidies. In line with the distributed energy concept,
biomass can be converted to energy in local micro-bi-
ogas plants. In Poland, micro-biogas plants with the out-
put of 10-20 kW, could be operated by 200,000 farms.
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This implies that more than 90% of Polish farms can SUBSTRATES FOR BIOGAS PRODUCTION
generate energy catering to the needs of agricultural op-

erations and the local community. However, investors  Substrates for biogas production differ in chemical com-
have a greater interest in systems with the minimum  position. Biogas substrates used in 2012-2014 and bi-
output of 1 MW. ogas utilization are presented in Tables 1 and 2.

Table 1. Substrates used in the production of agricultural biogas in Poland in 2012-2014 (tons)
Tabela 1. Surowce wykorzystywane do produkcji biogazu rolniczego Polsce w latach 2012-2014 (tony)

Substrate Year — Rok

Surowiee 2012 2013 2014
Slurry 39.49% 30.39% 29.86%
Gnojowica
Maize silage 27.33% 19.18% 21.67%
Kiszonka z kukurydzy
Distillery wastes 16.58% 23.67% 18.17%
Wywar gorzelniczy
Fruit and vegetable processing wastes 9.74% 17.92% 18.51%
Pozostatosci z przetworstwa warzyw i owocow
Beet pulp 4.20% 6.78% 9.86%
Wystodki buraczane
Manure 2.66% 2.06% 1.93%
Obornik
Total (tons) 884 064.80 1 498 968.88 1922 333.37

Lacznie (tony)

Source: www.arr.gov.pl.
Zrodto: www.arr.gov.pl.

Table 2. Production of agricultural biogas, electricity and heat from agricultural biogas in 2011-2015
Tabela 2. Produkcja biogazu rolniczego, energii elektrycznej i ciepta z biogazu rolniczego w latach 2011-2015

Agricultural biogas Electricity generated from agricultural Heat generated from agricultural

L . biogas biogas
Year Ilos¢ wytworzonego biogazu . .. . e
. Tlo$¢ energii elektrycznej [lo$¢ ciepta wytworzonego
Rok rolniczego Lo . . .
[min m’] wytworzonej z biogazu rolniczego z biogazu rolniczego
[GWh] [GWh]
2011 36.646 73.433 82.638
2012 73.152 141.804 160.128
2013 112.412 227.890 246.557
2014 174.253 354.978 373.906
2015 206.579 429.400 224.996*

Source: www.arr.gov.pl.
Zrédto: www.arr.gov.pl.
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The most popular substrates for the production of
electricity from agricultural biogas are slurry, maize si-
lage, distillery wastes and by-products of fruit and veg-
etable processing. In 2014, those substrates accounted
for approximately 86% of total organic materials pro-
cessed in agricultural biogas plants. Fugol and Prask
(2011) compared the biogas yield of three types of si-
lages (maize, alfalfa, and grass).

The data in Table 2 indicates that in 2014, the pro-
duction of agricultural gas increased by around 55%
from 2013. In 2015, the relevant increase from 2014 was
only 19%. The capacity of the existing biogas plants is
not fully utilized. Szlachta and Fugol (2009) analyzed
the profitability of biogas production in a cogeneration
system where the substrate was a 30/70% and 70/30%
mixture of slurry and maize silage. Proceeds from the
sale of certificates can provide an additional source of
income for biogas plants, but the production of biogas
from substrate containing 70% maize silage, purchased
at the cost of PLN 60 per ton and higher, generated a loss.

THE USE OF BIOMASS AND WASTE
FOR BIOGAS GENERATION

The exact amount of energy that can be derived from
biomass is difficult to determine in the long term due to
changes in land use and technological progress in agri-
culture. According to the Institute for Renewable En-
ergy (IRE), the economic potential of biogas in 2020
will reach 6.6 billion m®, which corresponds to 204 PJ of
energy. The Polish agricultural sector, the fruit and veg-
etable processing industry and animal farming produce
vast amounts of wastes and byproducts which can be
used as substrates for biogas production (Czyzyk et al.,
2010). There are plans to plant 700,000 hectares with
energy crops to cater to domestic demand for food and
substrates for energy generation. The energy potential of
wastes and byproducts from agriculture and food pro-
cessing is estimated at 1.7 billion m*® of biogas per year,
which is equivalent to 847 ktoe and 35.6 PJ. The above
amount would cover 1.2% of final energy consumption.
The biomass potential of the European Union has been
estimated in the REFUEL project. Poland can fulfill 12%
(2200 PJ) of Europe’s biomass energy capacity (17.5 EJ/
year). Biomass is regarded as a complementary source
of energy, and animal production could also serve as
an alternative energy source. According to the Institute
for Renewable Energy (IRE), large animal herds, such
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as 100 cows, 500 pigs or 5000 chickens, produce suffi-
cient quantities of manure to fuel a 100 kW biogas plant.
Animal farms could benefit substantially from operating
small biogas plants which produce energy and high-qual-
ity natural fertilizer. Biogas plants are usually built by
large farms and agri-food processing enterprises. Biogas
can also be effectively generated from treated effluents.
There are around 1800 industrial and 1500 municipal
wastewater treatment plants in Poland. A typical plant
where municipal wastewater is treated mechanically
and biologically processes around 60,000 m® of waste-
water per day and produces around 100 tons of mechan-
ically dehydrated sludge. Biogas produced by anaerobic
digestion of sludge has to be desulfurized, which poses
an additional problem (Zdeb, 2013). The biogas yield
per 1 m® of wastewater sludge is estimated at 10-20 m°.

There are around 700 active landfills in Poland
which produce more than 600 million m® of methane per
year. According to Mirowski et al. (2005), only 30—45%
of the existing landfill gas resources are utilized. There
are 302 biogas plants in Poland (landfill plants, sewage
treatment plants and agricultural biogas plants) with to-
tal installed capacity of 233.3 MW, of which 33% falls
for agricultural biogas plants. A biogas system fed with
landfill gas was described by Sotowiej and Neugebauer
(2008) in a practical example. Additionally, the energy
potential of landfill gas has been discussed in detail by
numerous authors, including Budzianowski (2012),
Chmielewski et al. (2013), Chodkowska-Miszczuk and
Szymanska (2013), Dach et al. (2014), Iglinski et al.
(2012), Klimiuk et al. (2010), Markowski et al. (2014),
Oleszek et al. (2014), Sliz-Szkliniarz and Vogt (2012),
Zieminski and Kowalska-Wentel (2015).

ECONOMIC AND ENVIRONMENTAL
ASPECTS OF BIOGAS PRODUCTION

An agricultural biogas plant is a capital-intensive under-
taking. The payback period is very long due to low pric-
es of energy sold to the local grid as well as low prices
of renewable energy certificates. Certificates of origin
represent property rights to electricity generated by re-
newable energy sources, they are traded on the Energy
Exchange and provide financial support for the develop-
ment of renewable energy sources.

Selected costs of running an agricultural biogas plant
and the estimated payback period in variously-sized
plants are presented in Table 3.
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Table 3. Estimated payback period in variously-sized agricultural biogas plants

Tabela 3. Oszacowanie przewidywanego okresu zwrotu inwestycji w wybrane biogazownie rolnicze

Plant type/output 10 kW 250 kW 2 MW
Rodzaj/moc biogazowni
1 2 3 4
Electricity output [MWh/year] 80 2,000 16,000
Ilo$¢ energii elektrycznej wytworzonej [MWh/rok]
Heat output [MWh/year] 83.2 2,080 16,640
Ilos¢ wytworzonej energii cieplnej [MWh/rok]
Substrate consumption [t/year]
Wykorzystane substraty [t/rok]
distillery wastes — wywar gorzelniczy 343.2 6,630.0 53,040.0
maize silage — kiszonka z kukurydzy 198.0 3,825.0 30,600.0
slurry — gnojowica 66.0 1,275.0 10,200.0
fruit and vegetable processing wastes 26.4 510.0 4,080.0
pozostalosci z warzyw i owocow
manure — obornik 19.8 382.5 3,060.0
other — inne 6.6 127.5 1,020.0
Total: — Lacznie: 660.0 12,750.0 102,000.0
Costs — Koszty
Substrate [PLN ‘000]
Koszt substratow [tys. zi]
distillery wastes — wywar gorzelniczy 1.8 355 283.7
maize silage — kiszonka z kukurydzy 9.9 191.2 1,530.0
other — inne 0.5 10.2 81.6
Total: — Lacznie: 12.3 236.5 1,895.3
Operating costs* (excluding substrates) [PLN ‘000] 13.7 413.1 3,304.6
Koszty operacyjne* (bez substratow) w [tys. zi]
Total: — Lacznie: 38.2 886.5 5,718.2
Proceeds from substrate [PLN 000]
Przychdd z substratow [tys. z1]
fruit and vegetable processing wastes 6.8 132.6 1,060.8
pozostatosci warzyw i owocow
other — inne 1.7 33.1 265.2
Total: — Lacznie: 8.5 165.7 1,326.0
Proceeds from the sale of electricity and green certificates [PLN ‘000/year] 21.1 525.4 4,203.4
Przychod ze sprzedazy energii elektrycznej i zielonych certyfikatow [tys. zl/rok]
Proceeds from the sale of heat and yellow certificates [PLN ‘000/year] 9.5 238.7 1,909.6
Przychody ze sprzedazy energii cieplnej i zottych certyfikatow [tys. zl/rok]
Total: — Lacznie: 39.1 929.8 7,439.0
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Table 3 cont. — Tabela 3 cd.

Income — Dochody

Total proceeds less operating costs [PLN ‘000/year] 13.1 279.9 2,239.0

Suma przychodéw pomniejszona o koszty operacyjne [tys. zt/rok]

Subsidies — Dofinansowanie

Construction costs [PLN million] 0.5 6 32
Koszt budowy [mln zt]

Subsidies [%] 50 30 50
Dofinnasowanie [%]

Estimated subsidies [PLN million] 0.25 1.8 16
Przewidywane dofinansowanie [mln zt]

Construction costs less subsidies [PLN million] 0.25 4.2 16
Koszty budowy pomniejszone o dofinansowanie [mln zi]

Payback period — Okres zwrotu

Estimated payback period [years] 19 15 7

Przewidywany okres zwrotu [lata]

* Price of 1| MWh of heat — PLN 46.99 (average price of heat generated from renewable sources of energy in 2014); price of a yellow
certificate per | MWh of heat — PLN 106.02 (average price for 2014); price of a green certificate per 1 MWh of electricity — PLN 133.55
(average price for the first half of 2015); price of 1 MWh of electricity — PLN 172.22 (average price for Q1 2015).

* Based on the assumption that 70% of annual heat output will be sold.

* The most popular substrates were used in the calculations.

* Slurry — anticipated cost of PLN 0 (by-product of dairy and meat production); maize silage — production cost of PLN 50/t.

Source: own elaboration based on data supplied by the Agricultural Property Agency (www.arr.gov.pl) (retrieved on 16 June 2015),
National Fund for Environmental Protection and Water Economy (www.nfosigw.gov.pl) (retrieved on 10 June 2015), TGE (www.tge.
pl/pl/155/raporty-miesieczne) (retrieved on 10 February 2015) and the Energy Regulatory Office (www.ure.gov.pl) (retrieved on 12
January 2015).

*Cena 1 MWh ciepta—46,99 zt (Srednia cena sprzedazy ciepta wytworzonego ze zrédet odnawialnych w 2014 1.); cena zottego certyfikatu
zal MWh ciepta- 106,02 (Srednia cena z 2014 r.); cena zielonego certyfikatu 1 MWh — 133,55 zt (Srednia z I polowy 2015r..); cena 1
MWh energii elektrycznej — 172,22 zt ($rednia cena z I kwartatu 2015 r.).

* Zgodnie z zalozeniem, ze 70% rocznej produkcji ciepla zostanie sprzedane.

* Do obliczen wzigto najpopularniejsze substraty.

* Gnojowica — przewidywany koszt w zt to 0 (produkt uboczny produkcji mleczarskiej i migsnej); kiszonka z kukurydzy — koszt pro-
dukcji 50 zb/t.

Zrodlo: opracowanie wilasne, na podstawie danych ARR, (www.arr.gov.pl) (16.06.2015); NFOSiGW (www.nfosigw.gov.pl)
(10.06.2015); TGE http://www.tge.pl/pl/155/raporty-miesieczne (10.02.2015), URE (www.ure.gov.pl) (12.01.2015).

up to 7,700 tons of CO,e for biogas plants with the
output of 1.81 MW, fueled mainly with chicken
manure and distillery wastes,

up to 3,100 tons of CO,e for biogas plants with the
output of 0.86 MW, fueled mainly with slurry and
maize silage.

Directive 2009/28/EC (Annex V) lists typical and

Biogas production contributes to environmental e
protection by reducing greenhouse gas emissions. The
overall reduction in carbon dioxide, methane, and ni-
trous oxide emissions is expressed in carbon dioxide
equivalents (CO,e). SO, and NO, emissions during
biogas combustion are 100-fold and 3-fold lower in
comparison with the combustion of fossil fuels. The re-

duction in greenhouse gas emissions achieved by agri-
cultural biogas plants is estimated at:

www.jard.edu.pl

default greenhouse gas emission savings for different bi-
ofuel production pathways. The reduction in greenhouse
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gas emissions is estimated at 80% for biogas from mu-
nicipal organic waste, 84% for biogas from wet manure,
and 86% for biogas from dry manure. According to the
Renewable Energy Directive, the estimated reduction in
greenhouse gas emissions from a life-cycle analysis of
different biofuels accounts for emissions from livestock.

Rutkowski (2011) performed a detailed analysis of
a biogas plant with the output of 1 MW,,. The total cost
of plant construction was PLN 17,178,050. The plant
was equipped with a cogeneration unit with the follow-
ing parameters:
 total electricity installed capacity: 0.999 MW,
 total heat installed capacity: 0.987 MW,

Estimated output:

» clectricity generation: 8 234.9 MWh/year
* heat generation: 29,295 GlJ/year (including min.

25,503 GJ of sold heat per year)

» reduction in carbon dioxide emissions: 8002.8 t/year

The reduction in carbon dioxide emissions is corre-
lated with the amount of generated electricity and heat.
Turowski and Nowowiejski (2009) conducted an energy
analysis in a farm operating a biogas-fueled cogenera-
tion system. Biogas produced by the local biogas plant
was used in its entirety to power a combustion engine,
and the generated heat and electricity were used by the
farm. The energy balance revealed a 10% heat surplus in
the cogeneration system.

Stawinski et al. (2012) evaluated the usefulness of
online biogas calculators for planning an agricultural
biogas plant. They determined the number of defined
substrates, cost components programmed in biogas
calculators, the methane yield and electricity output of
a biogas plant supplied with 50 tons of cattle manure
and 50 tons of pig slurry daily. An economic analysis of
agricultural biogas plants in Poland was conducted by
Kosewska and Kaminski (2008). The construction and
operation of agricultural biogas plants was discussed in
detail by Myczko et al. (2011). Energy crops, including
poplars, can be grown on degraded, dry and nutrient-
deficient soils, and they can be used for environmental
remediation of contaminated sites.

PROSPECTS FOR THE DEVELOPMENT
OF THE AGRICULTURAL BIOGAS SECTOR

In Germany, the minimum price for electricity from
renewables is guaranteed by the state over a period of
20 years. German farmers are also entitled to bonus
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payments for utilizing energy crops, liquid manure, and
generating heat from biogas. Biogas producers can ap-
ply for low-interest loans, and the value of financial sup-
port is determined by the installed capacity of the biogas
plant. State support for renewables is regulated by the
Renewable Energy Sources Act of 2000 (EEG) which
was last amended in 2009 to introduce a system of dif-
ferentiated tariffs for energy generated from biogas. The
system supports fast construction of biogas plants, and
the sooner a plant is commissioned for use, the higher
the basic guaranteed price (Popczyk, 2011). The Polish
support system relies on green and yellow certificates
which are traded in an auction system. The auction sys-
tem promotes the cheapest technologies, and auctions
are won by suppliers who quote the lowest prices of en-
ergy. The price secured during the auction will remain
unchanged for a period of 15 years. This solution hinders
the development of biogas plants. The auction system
has been tailored to the needs of multiple-fuel combus-
tion systems which are powered by biomass and coal.
Contrary to the legislator’s claims, Poland will continue
to support combined combustion systems to create the
impression that EU requirements are being fulfilled. But
still, agricultural biogas plants have vast opportunities
for development in Poland. Large farms and agri-food
processing enterprises can rely on biogas plants to man-
age slurry, wastes, and byproducts. However, potential
investors are discouraged by the high cost of such un-
dertakings and a long payback period. Simplified legis-
lation and greater financial support from the state would
speed up the development of biogas technologies in Po-
land. Agricultural biogas plants should be located in the
vicinity of farms or companies supplying the substrate
as well as businesses which receive the generated heat
and digestate. Plants should be developed at a safe dis-
tance from residential areas and, preferably, should be
surrounded by trees to prevent protests from local com-
munities (Iglinski et al., 2012). In this paper, the poten-
tial of the biogas sector was evaluated with the use of
Porter’s model and the 80-20 rule (80% of the effects
come from 20% of the causes), taking into account the
factors that influence the attractiveness of biogas plants.

In various stages of development, every sector of the
economy is characterized by specific traits (parameters)
that influence its attractiveness (value). A sector’s at-
tractiveness is evaluated with the use of a point-based
system to determine its structural features, resistance
to external influences and to supply information about
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market competition. This method is used to evaluate
a sector’s prospects and develop the optimal market
strategy. A sector’s attractiveness is assessed by com-
parison with other market segments. In Porter’s 5 forces
analysis, the level of competition within an industry is
evaluated based on 5 forces that influence profitabil-
ity: the threat of established rivals, the threat of new
entrants, the threat of substitute products or services,
the bargaining power of suppliers, and the bargaining
power of customers.

The results of the analysis are presented in Figure 2.
A market sector is attractive if it has the features of an
ideal sector in the evaluated categories. In theory, an
ideal market sector is characterized by 100% attractive-
ness, but in practice, sectors evaluated above 65% are
recognized as attractive.

In Poland, the main obstacles to the development
of the agricultural biogas sector include the long and
complex process of obtaining a construction permit
and connecting the system to the local grid (systems
generating energy from renewables are not taken into
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Fig. 2. Rate of changes in the attractiveness of the agricultural
biogas sector in Poland

Source: Faculty of Production Engineering, Warsaw Universi-
ty of Life Sciences. The results have been published annually
by ,,Gospodarka Materiatlowa i Logistyka” since 2007. Last
publication: Szwarc et al. (2015).

Rys. 2. Dynamika zmian atrakcyjnosci w sektorze biogazu
rolniczego w Polsce

Zrodto: opracowanie whasne dokonane przez zespot WIP
SGGW, coroczne wyniki badan publikowane na tamach ,,Go-
spodarki Materiatowej i Logistyki” od roku 2007; ostatnia pu-
blikacja: Szwarc i in. (2015).
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account in local zoning plans), a connection period
of up to 150 days, unstable certification system, low
certificate prices, unclear regulations regarding the use
of digestate as fertilizer, absence of technical facilities
and professional support services, weakly developed
gas, electricity and heat distribution networks, lack of
resources containing information about biogas plants,
and protests staged by local communities. The value
of certificates of origin changes dynamically every
month. A new certificate targeting only agricultural
biogas plants has been introduced in September 2016.
This is a new support instrument with a value that fluc-
tuates on the Energy Exchange, therefore the relevant
payback period is difficult to estimate. These problems
and the risk associated with the uncertainty of green
energy payments in the future (low prices and short
validity of renewable energy certificates) significantly
detract from the attractiveness of the biogas sector. The
potential of the Polish biogas market remains untapped,
and it is similar to that of the German biogas sector
in terms of the area under energy crops and substrate
production. More than 2000 agricultural biogas plants
were to be built in Poland by 2020, but according to the
most recent estimates, the number of plants commis-
sioned by the above deadline will not exceed 10% of
the planned value.

CONCLUSIONS

The development of agricultural biogas plants would
enable Poland to meet its target of 20% final energy
consumption from renewable sources;

Poland has extensive access to varied substrates

for biogas production, including from agricultural

sources, wastewater treatment plants, and landfills;

* Due to unstable prices of renewable energy certifi-
cates and low prices of green energy generated by
agricultural biogas plants, the payback period in bi-
ogas plants can exceed 20 years;

» The attractiveness of the agricultural biogas sector
in Poland is low and continues to decrease due to
complex formal regulations and the risk associated
with the uncertainty of green energy payments in the
future;

* Energy generated from agricultural biogas reduces

greenhouse gas emissions by more than 70% (energy

generated from substrates containing 80% manure
and 20% maize silage).
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UWARUNKOWANIA ROZWOJU SEKTORA BIOGAZU ROLNICZEGO W POLSCE

Streszczenie. Przedstawiono aspekty prawne regulujace problematyke odnawialnych zrodet energii (OZE), w tym dotyczace
sektora biogazu. Scharakteryzowano technologie produkcji biogazu oraz aktualng sytuacje sektora biogazu rolniczego w Pol-
sce, z uwzglednieniem zdolnosci produkeyjnych i stopnia ich wykorzystania, oraz czynniki wptywajace na atrakcyjnos¢ sektora.
Uwzgledniono ekonomiczne i ekologiczne aspekty zwigzane z produkcja biogazu, takie jak optacalnos¢ i oddziatywanie na
$rodowisko, w tym rowniez redukcje emisji CO,. Stwierdzono, ze pomimo wielu problemoéw realng szans¢ na poprawe sytuaciji
sektora biogazu w Polsce stwarza wejscie w zycie ustawy o OZE.

Stowa kluczowe: biogaz, odnawialne Zrodta energii, atrakcyjno$¢ sektora, biomasa
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