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roblem formulation. Wind energy is a

booming sector of renewable energy in the
world [1]. In 2013 the installed capacity in wind
energy worldwide reached 318.6 GW. In 2013 in
the world capacity of installed wind power plants
came increased by 35.6 GW, of which European
Union countries accounted for 11.3 GW [2]. The
greatest interest in wind power exists in Asia,
North America and Europe. The importance of
Europe's wind power market has declined sub-
stantially. The share of European wind energy in
terms of newly installed capacity in 2004 was 75%),
while in 2009 only 25%. Currently the leading po-
sition in the wind energy sector is taken by China.
According to the data of the World Wind Energy
Council (GWEC) in the country there was increase
of installed capacity of 13 GW in 2012 to 16.1 GW
in 2013, resulting in total installed capacity in Chi-
na is 91.4 GW [2].

In 2013 there was a decline in the rate of in-
crease of new capacity in the United States. In
2013, 1.1 GW of new capacity was installed, while
a year earlier it amounted to 13.1 GW. The reason
for this disproportion is delayed extension of fed-
eral tax credits system, which expired on 31122012.
This mechanism admitted tariff in the amount of
$0.023/kWh for the first 10 years of production.
In the absence of financial guarantees investors
paused for new investments [2].

Slowdown in the wind energy market in 2013
was also recorded in the European Union. The Eu-
ropean Union, already enlarged with Croatia, con-
nected in 2013 to 11.2 GW of installed capacity
in wind turbines, compared to 12.7 GW in 2012,
which means a decrease in the growth rate of the
size of 11.5%. The total installed capacity in the
European Union (including switched off from use
wind turbines) was 117.7 GW in late 2013.

Year 2014 saw an improvement in the market
for wind power, after the slowdown in 2013. In
the world more than 52 GW have been installed,
15 GW more than in 2013 (37 GW). The growth
rate was 41.4% in 2014, reaching a total of 371 GW
[4]. In the European Union increase of installed
capacity amounted to 124 GW. At the end of
2014 total installed capacity in the EU exceeded
130 GW. The percentage of the global wind ener-
gy market in 2014 amounted to 36.5% [4]. In Eu-
rope there are significant disparities between the

level of development of the wind energy market
in each country of the European Union resulting
from geographical and climatic diversity [3].

In Poland, wind power has developed since the
early 90s. The first windmill in Poland was erect-
ed in 1991 at the previously existing hydropower
plant in Zarnowiec. Currently, the site includes a
wind farm of Lisewo. The industry's first wind
farm in Poland was Barzowice wind farm. Ac-
cording to data from the Energy Regulatory Of-
fice at the beginning of October 2015 in Poland
there were 981 wind turbines with a total capacity
of 4,1174 MW. In 2013, Poland was on the 9th
place among the countries of the European Union
in terms of installed capacity in wind energy [4].

Analysis of recent publications. Wind energy
development opportunities in Poland are often ad-
dressed in the literature. The authors of the works
in this subject are: P. Kacejko and M. Wydra,
Z. Z3ber, and Solinski et al,, A. Chochowski, A. and
P. Fajerska Dunal, Nalepa K. et al, A. Gielnik and
R. Rosicki, G. Kalda, M. Kachel-Jakubowska and
L. Karasek [5, 6, 7, 8, 9, 10, 11, 12, 13, 14].

A comprehensive publication on the devel-
opment of wind energy in Poland is a collective
work by G. Wisniewski, K. Micjhalowska-Klapand,
S. Kocof Renewable Energy Institute [15]. It shows
the potential of wind energy, economic and social
benefits of wind energy in Poland and the impact
of wind energy on the environment. The publica-
tion was made in 2012, and presented data covers
the period up to 2011.

Unresolved parts of the general problem. De-
spite the great scientific and practical interest to
the wind energy development, many questions re-
main open and unresolved. In the available liter-
ature no publications containing recent data are
found. This paper is intended to complement the
knowledges in the available literature.

Setting tasks. The aim of the study was to com-
pare the state of and prospects for the develop-
ment of wind energy in Poland compared to other
European Union countries. The source of the data
used in this study were available reports, year
book sand statistical studies Polish and EU publi-
cations on issues of wind power development. Tab-
ular and descriptive methods were used.

Statement of the main material of the study.
An important in the development of renewable en-
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ergy in the European Union countries was Direc-
tive 2001/77/EC on the promotion of the internal
market in electricity from renewable sources. The
document pointed out the main directions, pro-
viding great freedom in achieving the objectives.
Poland, as a member of the European Communi-
ty aligns its policies on renewable energy sources
into EU policy. Since 2009, Poland applies Direc-
tive 2009/28/EC of the European Parliament on
the promotion of energy from renewable sources.
According to the Directive states commit to reduce
greenhouse gas emissions, and increase the per-
centage of renewable energy in the overall energy
balance [16].

The development of renewable energy sourc-
es in Poland, including wind power is one of the
priorities listed in the document «Polish Energy
Policy until 2030». The document was adopted by
the Council of Ministers on 10 November 2009 and
includes a strategy to implement solutions meeting
the challenges of the Polish energy sector. It pro-
vides for mechanisms to encourage the develop-
ment of renewable energy sources.

Energy Policy assumptions are summarized as
adopted by the Council of Ministers on7 Decem-
ber 2010 the National Action Plan for energy from
renewable sources («<NAP»). In this document, the
Council of Ministers stressed that assumes contin-
ued support for renewable sources of energy [17].

In 2005, Poland amended energy law. Accord-
ing to the new regulation electricity supplier is
required to purchase energy generated from re-
newable sources (with facilities located in the area
of seller's operations). The origin of energy from
renewable sources is confirmed by so called 'A cer-
tificate of origin'. This document is issued by the
Energy Regulatory Office at the request of energy
producers [16].

It is required to obtain a license to sell electric-
ity to the grid manufacturer. This is not applicable
only the owners of small power plants, generating
electricity for their own use.

In Poland the wind turbines are usually connect-
ed to the medium or high voltage. Connecting the
wind power plant to the National Energy System
is governed by the following legislation: the Ener-
gy Law, the Minister of Economy and Labour of
20 December 2004 (Journal of Laws of 2004 No 2,
pos. 6). Operation and Maintenance Instruction of
the Transmission System (...) and the Operation and
Maintenance Manual of Distribution System (...) [16].

On 4 May 2015 Poland signed into law on re-
newable energy sources. In addition to adminis-
trative simplification the new law also defines the
conditions of repurchase of the energy produced
by micro installations with a capacity below 40 kW
and small installations from 40 kW to 200 kW. For
energy producers with domestic installations up to
10 kW, the Act introduces a preferred embodiment
of a system called FIT (feed-in-tariff) that guar-
antees a fixed price of repurchase, for a period of
15 years from commissioning of such installations.
Individuals, without establishing a business, and
the company, without having to obtain a license
can benefit from specified by law tariffs [18]. Ac-
cording to the adopted law on renewable energy
sources, all new projects involving the construc-
tion of renewable energy sources, whose owners
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will want to use the support system in force after
2015, must be reported to the auction. In the auc-
tion, baskets auction for RES installations with a
capacity of 1 MW and above 1 MW, will support
investors who, in the case of projects submitted
gathered permits necessary to start the production
of energy, which is confirmed by the Energy Reg-
ulatory Office and offered the lowest prices for the
sale of energy [19].

The development of wind energy in Poland
against EU countries.

At the end of June 2015 the power of wind
farms in Poland amounted to 4.1 GW. For com-
parison, the total installed capacity of the National
Power System amounted to approx. 38.1 GW. Pol-
ish power industry increasingly reduces reliance on
traditional fossil fuels, but still conventional power
plants that use coal and lignite were responsible
for producing 86% of electricity production in 2014.

At the end of 2014 installed capacity in wind
farms in Poland amounted to 3.8 GW, an increase
of 8% compared with the previous year. Through-
out the European Union the installed capacity in
wind energy reached 130.4 GW, an increase of 10%
from a year earlier. In 2014 in European Union
countries installed capacity came to 124 GW of.
Most wind farms came in Germany, which is the
leader in wind energy production in Europe. The
total installed capacity in the country by the end
of 2014 amounted to 40.4 GW. Further leaders in
Europe are Spain (22.9 GW) and the UK (12.4 GW).
Poland in terms of installed capacity in wind pow-
er plants in 2014 took the ninth position.

The installed capacity of wind farms in Poland
and selected EU countries (as of 2014) are shown
in Figure 1.
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Fig. 1. The installed capacity of wind farms
in selected EU countries in 2014 [MW]
Source: own study based on the EurObserv'ER Annual Report
2015

Over 60% of new wind power plants were es-
tablished in Germany, the UK, France and Swe-
den. In terms of capacity growth of wind farms in
2014 Poland took the fifth position in the market in
the European Union. In 2014 in Poland wind farms
with a capacity of 444.5MW were started. Among
the EU countries in terms of growth in capacity
in the sector in 2014 the next places were taken
by Romania (438 MW), Austria (411MW), Belgium
(306), Ireland (222 MW) and Finland (184 MW) [4].
Capacity growth of wind farms in Poland and se-
lected EU countries is shown in Figure 2.

The increase in installed capacity in the EU in
naturally leads to increased production of wind
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energy. From the data available to the EurOb-
serv'ER consortium one may conclude that elec-
tricity production in 2014 rose only by 5.3% to
247 TWh/year. This is much less than last year,
when wind conditions across southern Europe
were much more favourable.
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Fig. 2 Increase in wind farm capacity

in selected EU countries in 2014 [MW]
Source: own study based on the EurObserv'ER Annual Report
2015

The share of wind in energy balance in the
EU increased to 7.5% of electricity consumption
compared to 7.1% in 2013. The leading produc-
ers of wind power are Germany (56 TWh), Spain
(51.1 TWh) and the United Kingdom (31.5 TWh).
Poland in terms of electricity production from
wind turbines in 2014, took ninth place in Europe.
Electricity production from wind power plants in
Poland and selected EU countries in 2013-2014 is
shown in Figure 3.

Poland is perceived by investors as a country
with high potential for wind power energy devel-
opment. According to the «National Action Plan»
wind energy in Poland will play a crucial role in
achieving the 15% target of renewables in energy
consumption in 2020. Wind energy can be extract-
ed from large wind farms as well as small wind
turbines, called 'household’ whose nominal power
is approx. 100 kW [20].

Forecasts of wind energy sector expect installa-
tion of approx. 13 GW in 2020, while the increase
in energy production from wind power is estimat-
ed to be approx. 24% in 2020, and almost 45% in
2030. The forecast also predicts an increase in em-
ployment in the sector wind power up to approx.
66,000 people in full-time equivalent jobs [21].
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Fig. 3. Production of electricity from wind farms
in selected EU countries in 2013 and 2014 [TWh]

Source: own study based on the EurObserv'ER 2015
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The development of wind energy is determined
by the wind energy resources in the country. The
greatest potential for wind energy development
is located in northern Poland where the average
wind speed ranges from 5 m/s to 7.5 m/s at a
height of 50 m. The most favorable conditions oc-
cur in the Baltic Sea, and especially its eastern
regions, on the north — eastern part of the Po-
land comprising around Suwalki and Goldap and
differentiated open regions of Warmia, Mazury
and Pomerania and the southern Polish foothills.
Unfavourable wind conditions prevail throughout
most of the highlands of the country. Calculations
carried out by the Institute of Meteorology and
Water Management (IMGW) show that on 30% of
the country there are good wind conditions, while
very favourable conditions are on 5% of area. Un-
fortunately, the investment is the construction of
a wind farm meets certain environmental and eco-
nomic barriers [22].

According to data of the Energy Regulatory
Office (ERO) in mid-2015. Poland had 981 wind
turbines (in 2014, there were 890), and their in-
stalled capacity amounted to 4117.4 MW (in 2014 —
3 668 MW). The majority of installed capacity cur-
rently comprises approx. 50 largest wind farms,
located mainly in northern Poland. Wind power
dominates in Western Pomerania (1,154 GW), Po-
meranian (459.8 MW) and Greater (454.2 MW) [23].
Most wind turbines are located in Kujawsko-Po-
morskie (237), and the least in the region of Lublin
(). Installed capacity in wind farms in Poland in
the years 2005-2014 are shown in Figure 4.

4500 -
4000 |
3500 |
3000 |
2500 |
2000 |
1500 -
1000 -
500 -
0 4

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Fig. 4. The installed capacity of wind farms
in Poland in the years 2005-2014 [MW]

Source: own study based on ERA

Since 2005, the share of wind energy in total
energy production from renewable sources has
been steadily increased — now it is already approx-
imately 20%. In 2011 for the first time wind power
produced more electricity than water power sector.
More «green» energy technologies came only from
co-firing, which, however, is decadent and in the
coming years will cease to play a dominant role [15].

The share of wind power in the energy balance
of electricity acquired from renewable sources in
2013was 35%. Despite the development, wind en-
ergy represents only 6% of total obtaining energy
from renewable sources [24].

Since 2004 Poland has noted a significant in-
crease in electricity production from wind pow-
er plants. Intensive growth took place from 2010.
In 2014wind power plants produced 7624 GWh of
electricity. To 30.09.2014, the wind power plants
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achieved 5352 GWh of electricity [data ERO]. Elec-
tricity production from wind power in Poland in

small wind turbines, which is equivalent to about
one hundred thousand installations [25].
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the years 2004-2014 is shown in Figure 5. Conclusions and proposals. In Poland there is
significant growth in electricity production from
renewable sources. Wind power is an intensively
developing area of renewable energy in Poland.
Since 2004 Poland has recorded a significant in-
crease in electricity production from wind, which
in 2014 reached 7.6 TWh. Poland's participation in
the production of electricity from wind energy in-
stallations in the European Union in 2014 amounted
to about 3%. Poland's participation in the installed
capacity of wind energy in the EU in 2014 reached
2%. In terms of installed capacity and electricity
generated Poland takes 9th position in Europe. In
2014 Poland recorded a significant increase in in-
stalled capacity of wind energy (444.5 MW). It was
higher than in Spain (increase of 55 MW), and It-
aly (107 MW), the countries that are leaders in the
production of electricity from wind.

The development of renewable energy sources
in Poland, including wind power is one of the pri-
orities listed in the document «Polish Energy Pol-
icy until 2030». Wind power development is to be
encouraged by law on renewable energy sources,
enacted in 2015.
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Fig. 5. Production of electricity from wind energy
in Poland in the years 2004-2014 [GWh]

Source: own study based on CSO and the Energy Regulatory
Office

National Action Plan for the promotion of re-
newable energy sources (KPD) also includes the
development of small wind energy (less than
100 kW). It was assumed that in Poland by 2020
there will be 550 MW in total installed power from
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Bapmascbiuit yHiBepenTer npupogandnx Hayk «SGGW»

Maxkapuyk O.I'.

Hanionasnbanit yHiBepcurer 6iopecypciB Ta IPUPOLOKOPUCTYBaHHA YKpaiHu
3aenp C.

HepsxaBHa Buia npodeciiaa mrkosa B M. KpocHo, Ilosbina

PO3BUTOK BITPOBOI EHEPTII B IIOJIBIII HA ®OHI €EPOIIENICHKOI0 COI3Y

Anoranisa

Y crarTi gOCIHimKyeThCsA PO3BUTOK BiTpoBOi eHepretumkym B Ilosbmyi y mopiBHAHHI 3 €Bpomelicbkum Co-
030oM. ITpoaHasizoBaHO 3pocTaHHA BiTpoBuMX TypOiH Ta BMPOOHMIITBA eJleKTpoeHeprii 3 BiTpy. Posrsianyrto
0CcODJIMBOCTI 3aKOHOJIABYOTO PeryJiroBaHHA BiTpoBoi eHeprii B ITosbiii Ta €poneiicbkkomy Corosi.

Kiro4oBi cioBa: BiTpoBa eHepreTnKa, BiJHOBJIIOBAaHI IKepeJsia eHeprii, po3BUTOK, [losabina, €BponericbKuii
Coros.

Crynaapckn §., sKRenasuuckn T.

BapmiaBcknit yHUBEPCUTET eCTECTBEHHBIX HayK «SGGW»

Maxkapuyr O.I.

HanyonasibHBIN yHUBEPCUTET 0MOPECYPCOB ¥ IIPUPOIOIOIb30BAHNA Y KPAHBI
3aen C.

TocynapcrBeHHas BhICHIasA IpodeccroHaibHasd Koaa B r. Kpocuo, Ilosbira

PA3BUTIE BETPOBOI 3HEPTUN B IOJIBIIE HA ®OHE EBPOIIEIICKOIO COIO3A

AHHOTAISA

B craThe nccienyerca pa3BuTHe BeTpPOBOI pHepreTuky B Ilosibliile 1o cpaBHeHMIo ¢ EBpomneiickum Cor30M.
ITpoaHanmma3mMpoBaHO yBeJM4YeHVe BETPOBBIX TYPOMH M IPOM3BOJCTBA 3JIEKTPOSHepruy 13 BeTpa. Paccmorpe-
HbI OCOOEHHOCTY 3aKOHOJATEJIbHOTO PEryJnpoBanmusa BeTpoBoit sHepruu B Ilosbiie u EBponerickom Corose.
Karodepbie cjioBa: BeTpoBas SHEPreTyuKa, BO30OOHOBJAEMble MCTOYHUKM dHeprum, passurue, Ilombiia, EBpo-
nevickuit Coro3s.



