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The EU faces increasing climate, social and economic challenges resulting among others from the negative effects of using fossil fuels.
Bioeconomy with its flagship bioenergy sub-sector is meant the key remedy for this situation. That is why the growth of bioenergy
production has been promoted and supported in EU financial perspective of 2007-2013 by allocating regional policy funds to strengthen
bioenergy sub-sector under operational programs in eligible member states. As Poland has increasing needs to develop bioenergy sector
and has been the biggest beneficiary of EU regional policy funds the aim of the paper was to investigate on the main effects of
investments in bioenergy sub-sector under operational programmes 2007-2013. The study was based on SIMIK data from the Ministry
of Regional Development as of December 31, 2015 and Local Data Bank of the Central Statistical Office of Poland. Qualitative and
quantitative analysis show that beneficiaries carried out 80 bioenergy projects of 1442,8 min PLN total value, including 30,4% EU co-
funding under Operational Programme Infrastructure and Environment and 14 Regional Operational Programmes. These bioenergy
investments resulted mainly in construction and modernization of biomass power plants, of which nearly 50% where agricultural ones
as well as in constructing new and expanding already existing biomass-based heating systems in public institutions. Findings show big
regional differentiation of the bioenergy investments: from none in mazovieckie (the biggest NUTS 2 in Poland) and opolskie to
cumulation of nearly 33% of bioenergy projects under OPs 2007-2013 in warminsko-mazurskie. EU co-funding for individual projects
ranged from 15% to 85%, however for nearly half of them it was higher than 45%, conditioning realization of the projects fully.
Concluding, EU funding was a significant source of financial support for bioenergy sub-sector in Poland, resulting in developing it
especially in warminsko-mazurskie voivodship.
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INTRODUCTION

Energy is the basic element conditioning our standard of living and technological progress. Unfortunately the facts
that it is generated mostly from relatively cheaper fossil fuels increases continuously serious threats to the climate, society
and the economy in the European Union and in Poland as its member state as well. Bioeconomy with its flagship bioenergy
sub-sector is meant the key remedy for this situation. In the European Commission’s approach, bioeconomy covers ‘the
production of renewable biological resources and the conversion of these resources and waste streams into value added
products, such as food, feed, bio-based products and bioenergy’, including both traditional and emerging sectors, i.e.
‘agriculture, forestry, fisheries, food and pulp and paper production, as well as parts of chemical, biotechnological and energy
industries’ (EC, 2012). The World Energy Council (2016) defining biomass as all materials of biological origin that are not
embedded in geological formations (fossilised), highlights that it can be used in its original form as fuel, or be refined to
different kinds of solid, gaseous or liquid biofuels. Furthermore these fuels can be used in all sectors of society, for production
of electricity, for transport, for heating and cooling, and for industrial processes.

Bioeconomy is one of the biggest and most important components of the EU economy, and the bio-based economy
turnover is estimated at about € 2.4 billion® (Scarlat et al., 2015). The flagship initiative for a resource-efficient Europe under
the Europe 2020 strategy supports the shift towards a resource-efficient, low-carbon economy to achieve sustainable growth.
Increasing the share of energy from renewable sources is part of a decisive move towards a low-carbon economy (Sturc, 2012).
And in practice searching for new renewable sources of energy, capable of replacing fossil fuels, and limiting environmental
pollution became one of the most vital actions in this field (Sulewski et al., 2016). The increased use of energy from renewable

! Including agriculture, food and beverage, agro-industrial products, fisheries and aquaculture, forestry, wood-based industry, biochemical, enzymes,
biopharmaceutical, fuels and bioenergy, with almost 22 million persons employed.
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sources, together with energy savings and increased energy efficiency play a crucial role in promoting the security of energy
supply, promoting technological development and innovation and providing opportunities for employment and regional
development, especially in rural and isolated areas (Directive 2009/28/EC).

In the above drawn context, biomass as the only indigenous renewable energy resource widely dispersed and naturally
occurring, capable of substituting nearly all kinds of fossil fuel energy seems to be the optimal energy source (Klass 1998).
European Commission defines biomass as ‘biodegradable fraction of products, waste and residues from biological origin
from agriculture (including vegetal and animal substances), forestry and related industries including fisheries and
aquaculture, as well as the biodegradable fraction of industrial and municipal waste” (Directive 2009/28/EC).

And according to European Commission (EC 2017) biomass represents today more than 60% of current renewable
energy production in the EU 28 — the majority from solid biomass and it is expected that by 2030 the share of biomass
will reach around 50% of overall renewable energy production. The EU’s actions aiming at the increase of renewable
energy consumption in the total consumption of energy up to 20% on average, however this share may differ for individual
countries. And so for Poland it is 15% till 2020 (IEO, 2007; URE 2012; Ministry of Economy 2015), and 20% till 2030
(Ministry of Economy, 2009) Polish national strategic plans and documents (e.g. Ministry of Environment, 2000; Ministry
of Economy, 2006; Ministry of Economy, 2009; Minister of Environment, 2010; Minister of Economy, 2010; Ministry
of Economy, 2015) incorporate the concept of energy from renewable sources into Polish economic and social
development plans and assume its implementation based mainly on wind energy and biomass. Biomass is of key
importance in Poland Wojcicki 2012) as it is locally available and has potential to stimulate regional and especially rural
development as its production, storage and transport, pre-processing and ultimate use require a considerable amount of
labour (Stolarski et al., 2016). Its production dominates in renewable energy production in Poland (Piwowar, 2014;
Gotebiewski, 2015; Gotebiewski, 2015a), and may give our country the potential to become EU leader in the production
of biogas from agri substrata (Jasiulewicz, Janiszewska, 2012).

Despite all its advantages, in a world of relatively cheap fossil energy, the growth of bioenergy and renewable
energy is mainly policy driven, through targets and incentives and as such needs to be promoted and supported especially
in member states of lower renewable energy production and lower development level. EU funds allocated within the
framework of the EU cohesion policy are the instruments which support the postulate of increasing use of renewable
energy sources. The end of the financial perspective of 2007-2013 in 2015, in line with the n+2 principle, and the fact
that Poland was the biggest beneficiary of EU regional policy funding in this period (EC, 2007), raises the question of the
effects of using these resources for supporting biomass projects in both quantitative and qualitative, as well as spatial
aspects. The answer to these questions is the main aim of this paper.

RESEARCH METHOD

The presented analysis was based on the data and programme documents from the Ministry of Infrastructure and
Development?, especially operational programmes 2007-2013 as well as on the secondary qualitative and quantitative
data from SIMIK data base from the Ministry of Infrastructure and Development, as of December 31, 2015. The SIMIK
entry for each contract (project) contained, among others, the number and title of contract (project), location of the
investment, name of operational programme (OP) and of the priority axis, the profile of the beneficiary, the total value of
each project and the value of EU funding for each contract. The content of each entry in SIMIK enabled extracting all
projects connected with renewable energy, including biomass projects, out of 106210 projects carried out in Poland under
operational programmes 2007-2013 (Rakowska, 2016) and define their type, scope, as well as spatial differentiation. The
analysis was also based on information from the Polish Economic Chamber of Renewable Energy, on the data and reports
from the Agricultural Market Agency on the number of entities producing agri biogas, data from the Centre of Information
on Energy Market and from Energy Regulatory Office. The obtained quantitative data were processed using the classical
statistical methods, including Pearson’s coefficient and determination index.

FINDINGS

In 2007-2013 three kinds of operational programs were implemented in Poland: five centrally managed, one
multiregional and 16 regional operational programs, 1 in each of the voivodships. EU funding for projects related to renewable
energy sources, including biomass, was offered by OP Infrastructure and Environment (OPIE), the biggest operational
programme in the history of EU regional policy (Rakowska, Drejerska, 2016) and 16 Regional Operational Programs. As a
result, a total of 710 projects (investments) connected with renewable energy sources were carried out in Poland in 2007-2013.
Their total value amounted to 7969.20 million PLN, including 34% (PLN 2688.29 million) of EU funding obtained by the
beneficiaries from the Operational Program Infrastructure and Environment and from all 16 Regional Operational Programs
(ROP). The remaining 66% the project total value beneficiaries financed from national funds.

In all of 710 investments in renewable energy sources, 11.3% were biomass projects. Their total value was close
to PLN 1.443 million, including PLN 438 million (i.e. 30.4%) from EU subsidies. No biomass projects were carried out
in two voivodships, i.e. mazowieckie and opolskie, although beneficiaries from these two regions carried out numerous
projects related to the acquisition of other types of renewable energy. On the other hand, in the remaining 14 voivodships

2 Previously named the Ministry of Regional Development and also the Ministry of Development.
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of the country, beneficiaries carried out a different number of biomass projects with different total values and
differentiated EU funding (Figure 1, Table 1).

Warminsko-mazurskie voivodship is characterized by the highest values of all three discussed features (Figure 1), i.e. the
highest number of completed projects (26), their total value and the value of the EU funding (Table 1). Slaskie voivodship presents
another case, where only one project on the use of biomass as a renewable energy source was carried out, but it generated the second
largest total value of realized projects among the regions and the value of the subsidized region that ranked $laskie as the fifth region
in Poland. In regional terms, the number of completed projects is slightly correlated with their total value (r,=0.73 and R?=0.53) and
to significantly with the value of EU co-financing obtained from PO 2007-2013 (r,=0.85 and R?=0.71).
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Source: authors’ elaboration based on SIMIK data for 2007-2013 (2015).
Figure 1. The number, total value and value of EU co-financing of biomass energy projects carried out under Operational
Programmes 2007-2013 in voivodships

EU funds obtained by the beneficiaries for renewable biomass energy projects constituted a very different share in
the total value of projects in particular voivodships. It was from just 14% in $laskie to 58% in lubuskie (Table 1). This
share amounted to nearly 25% in warminsko-mazurskie voivodship which stood out in terms of the number of completed
projects and their total value. The share of total co-financing in the total value of implemented projects did not approach
its upper limit of 85% eligible costs in operational programs in any of the regions. Considering the value of EU co-
financing in the context of individual projects, it should be emphasized that it is very diverse: from 8% to 85%, regardless
of the implementation region and the program which was the source of EU co-financing.

Table 1. Regional differentiation of investments in renewable sources of energy in 2007-2015

. . The share of biomass projects in all renewable
Biomass projects energy projects (REPs) under OPs 2007-2013 (%)
Voivodship (NTS 2) B | C D In total In total value | In total EU
A number of of REPs funding for
min PLN % REPs REPs
dolnoslaskie 2 111 5,2 46,8 11 1 3
kujawsko-pomorskie 3 86,9 46,0 52,9 21 33 32
lubelskie 3 32,1 16,3 50,8 3 6 5
lubuskie 2 21,9 12,6 57,5 14 6 10
tédzkie 2 46,2 23,7 51,3 6 12 7
matopolskie 7 24,8 14,0 56,5 7 9 10
mazowieckie 0 0 0 0 - - -
opolskie 0 0 0 0 - - -
podkarpackie 9 184,9 49,9 27,0 24 36 31
podlaskie 10 100,7 43,1 42,8 8 29 26
pomorskie 4 66,1 25,3 38,3 11 6 10
Slaskie 1 282,5 40,0 14,2 6 77 40
swietokrzyskie 1 49,3 12,0 24,3 20 86 78
warmifisko-mazurskie 26 424,0 104,8 24,7 25 77 64
wielkopolskie 6 39,9 11,3 28,3 21 9 7
zachodniopomorskie 4 72,4 33,9 46,8 11 7 12
Total 80 14428 438,1 30,4 11 18 16

Explanatory note: A — number of projects; B — total value of projects; C - total value of EU funding obtained from the projects from OP 2007-2013; D
— share of EU co-funding obtained from OP 2007-2013 in total value of the projects.
Source: authors’ elaboration based on SIMIK data for 2007-2013 (2015).
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In the total number of projects aimed at acquiring renewable energy (including wind, solar, hydroelectric,
geothermal and other kinds) the biomass projects account from 3% in lubelskie to 25% in warminsko-mazurskie. EU
funding for biomass projects made from 3% (in $wigtokrzyskie) to renewable energy projects (Table 1).
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Figure 2. The value and structure of EU co-financing obtained from Operational Programme Infrastructure and Economy (OPIE) and
Regional Operational Programmes (ROPS) 2007-2013 for biomass renewable energy projects in voivodships

Regional Operational Programs 2007-2013 were the main and at the same time the only source of funding for the
discussed projects in podlaskie, matopolskie and dolnoslgskie. In the remaining voivodships EU funds from OPIE were
predominant, and in §laskie, swigtokrzyskie and lubelskie it made as much as 100% of EU funding. In the studied group
of 14 voivodships where biomass projects were implemented, there are no significant correlations between the share of
EU funding raised from OPIE and from ROPs and the total value of this subsidy (rx, = 0.3, R? = 0.001).

The biggest (20%) share of biomass projects resulted in 16 modernisations of heating systems in public institutions,
19% of projects resulted in 15 new agricultural biogas plants, 18% projects contributed to construction of 14 new biogas
power plants, 15% projects resulted in construction of new biogas heating systems in public institutions, effects of 10%
of projects were defined as ‘other ways of increasing the use of biomass for energy production’, 6% projects resulted in
construction of five biomass boiler houses, 5% to extending biomass power stations and 4% to extending biomass boiler
houses and also 4% to extending biomass heating systems.

Such diversified range of renewable energy biomass projects was carried out by different beneficiaries, mostly by
enterprises (59% of projects), but also by municipality (LAU 2) and poviat (LAU 3) self-governments, by the Catholic
Church, associations and one university.

Table 2. The number of installations listed in the register of agri biogas producers in 2011-2016
The number of installations listed in the register of agri biogas producers as of:
01.01.2011 01.01.2012 01.01.2013 01.01.2014 01.01.2015 01.01.2016 01.01.2017
8 16 28 42 58 78 94
Source: Agricultural Market Agency (ARR), retrieved from http://www.bip.arr.gov.pl/showdoc.php?inold=5161, (accessed on 02.11.2017

In 2011-2015 the number of installations listed in the register of agri biogas producers increased from 8 to 78, i.e.
by 975%. However, all 78 installations were built over the analysed 2007-2015 time span. Taking into consideration the
fact that EU funding under OPs 2007-2013 contributed to constructing 15 new agricultural biogas plants, it can be
concluded that 19.2% of the installations listed in the register of agri biogas producers were constructed with the support
of EU funds.

CONCLUSIONS AND DISCUSSION

Renewable energy (wind, solar, hydroelectric, ocean energy, geothermal, biomass and biofuels) is an alternative
to fossil fuels and contributes to reducing greenhouse gas emissions, diversifying energy supplies, and reducing
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dependence on uncertain and unstable fossil fuel markets (especially oil and gas). EU legislation on the promotion of
renewable energy has changed considerably over the recent years. In the currently binding Directive on Renewable
Energy, adopted on 23 April 2009 (Directive 2009/28 / EC), it was established that by 2020 20% of total EU energy
consumption must come from renewable sources. Furthermore, in the transport sector, all Member States are required to
achieve a 10% share of renewable fuels by 2020. The Directive also sets out the various mechanisms that Member States
can use to achieve their objectives (support schemes, guarantees of origin, joint projects, cooperation between Member
States and third countries) and sustainability criteria for biofuels. In 2007-2013, the EU supported projects in this area
within the framework of the Member States entitled to benefit from the EU cohesion policy funds, and Poland was their
largest beneficiary.

Qualitative and quantitative analysis show that Polish beneficiaries carried out 80 bioenergy projects of 1442,8
min PLN total value, including 30.4% EU co-funding under Operational Programme Infrastructure and Environment and
14 Regional Operational Programmes. These bioenergy investments resulted mainly in construction and modernization
of biomass power plants, of which nearly 50% where agricultural ones, as well as in constructing new and expanding
already existing biomass-based heating systems in public institutions. The construction of especially agri biomass power
plants stays in line with the assumptions made in government strategic documents (e.g. Ministry of Environment, 2000;
Ministry of Economy, 2006; Ministry of Economy, 2009; Minister of Environment, 2010; Minister of Economy, 2010;
Ministry of Economy, 2015).

Further findings show big regional differentiation of the bioenergy investments: from none in mazovieckie (the
biggest NUTS 2 in Poland) and opolskie to cumulation of nearly 33% of bioenergy projects under OPs 2007-2013 in
warminsko-mazurskie. The latter case confirms the opinion (Stolarski et al., 2016, p.175) that it is natural for warminsko-
mazurskie to make the most effective use of biomass of various origins, as the potential for acquisition of such materials
in the region is significant.

Financial engineering analysis show that EU co-funding for individual projects ranged from 15% to 85%, however
for nearly half of them it was higher than 45%, conditioning realization of the projects fully. On the other hand, the share
of total EU funding absorbed by beneficiaries of individual voivodships in total value of projects carried out by them was
lower than 60%.

Concluding, EU funding was a significant source of financial support for bioenergy sub-sector in Poland, resulting
in developing it especially in warminsko-mazurskie voivodship.
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