5. Herus, K., Kryzhanivskyy, V. (2005) Suchasnyy stan populyatsiy zubra v Ukrayini [ The cur-
rent state of bison populations in Ukraine]. Bulletin of Lviv National University: Series biological, 39,
109-113 (in Ukrainian).

6. Korochkina, L. (1973) Pokazateli razmnozheniya zubrov v Belovezhskoy pushche [Indicators
of bison breeding in Belovezhskaya Pushcha]. Belovezhskaya Pushcha. Research collection, 7, 148-
165 (in Russian).

7. Tatarynov, K. (1973) Fauna khrebetnykh zakhodu Ukrayiny: ekolohiya, znachennya, okho-
rona [Fauna of vertebrate at the West of Ukraine: ecology, values, health]. Lviv University Publ (in
Ukrainian).

8. Khoyetskyy, P. (2002) Pro mihratsiyi zubra na Rosokhatskykh Polonynakh [About the migra-
tion of bisons at Rosohatskyh mountain valley]. Scientific Bulletin of the UNFU, 12.3, 83-86 (in
Ukrainian).

9. Khoyetskyy, P. (2010) Reasons for extinction of the European bison (Bison bonasus L.) in the
Western region of Ukraine. Bulletin - Bison and its protection, 3, 25-31.

10. Khoyetskyy, P. (2011) The history and current state of the Bison bonasus L. population in
Western Ukraine. Bulletin - Bison and its protection, 4, 21-30.

11. Khoyetskyy, P. (2009) Stan populyatsiyi zubra (Bison bonasus L.) v zakhidnomu rehioni
Ukrayiny [State of bison population in the western region of Ukraine]. Bulletin - Bison and its protec-
tion, 2, 30-33 (in Polish).

12. Zabinskyy, J. (1965). Zubr Rodoslovnaya kniga [Bison pedigree book]. Warsaw (in Polish).

YK 639.1 Ilpogh. I1.b. Xocuvkuii, 0-p c.-2. nayk — HIITY Ykpainu

PeakaimaTusanis 3yopa y Crouiscbkux beckuaax (Cxigni Kapnarn)

PeaxmimaTu3aiiro 3yopa y Cxigaux Kapnarax npoBoasats 3 1965 p. Ha movatky 90-x pokiB XX
CT. YHCENBHICTh MOTOMIB’ S JOCATIIO MAaKCUMAIbHOI YUCENBHOCTI — O61m3bko 270 ocobun. Tyt icHyBano
Tpu cyonomysaii 3yopa (Malinanceka, HanBipusacbka, bykoBuHChka). 3 90-X pOKiB MHHYJIOTO
CTOJIITTSl 3apPEeCTPOBaHE 3MEHIIEHHsS 4HuceabHOCTi. OcTanHiX 3yOpiB HaaBipHSHCBHKOI cyOmomymsiii
peectpyBami B KiHII 90-X POKIB MHHYJIOTO CTOJITTS, OCTaHHI 3Bipi MaimaHChKO1 CyOmomyssiii
iiMoBipHO 3arunynu 3umoro 2008-2009 pp., 3MEHIIYEThCS YHCEIbHICTh ByKOBHHCHKOT CyOmomymsuii.
CydyacHa 4HCeNbHICTh MOT0JIiB’sI BykoBHHCBKOT 1 MaiiTaHChKOT CyOnmonyIsiiii € He3HAYHOKO 1 CTaHO-
BUTH TIoHAJ 40 TOMIB, IO 3YMOBIIOE€ HEOOX1IHICTh 3AIMCHEHHSI 3aX0/iB 3 OXOPOHH 1 BIATBOPEHHS IIO-
roJiiB’s 3yopiB. IlepcriekTuBu peakimiMaru3aiii 3yopa y Cxigaux Kapnatax momisraioTh: y CTBOpEHHI
posmnianukiB Ha Teputopii HIIIT «CkomiBebki beckunny», Biwxaunbkoro HIIT; y 3aBe3enHi ocobuH i3
VYnaniscekoi cyononyssamii (Ykpaina), binopycii, [Tomemri, Pocii Ta iHIMX €BpoOnerchbKUX KpaiH mjis
(dbopMyBaHHSI Y HOBOCTBOPEHHUX PO3ILIIIHUKAX CTaJ 3yOpa; CTBOPEHHI JBOX HOBHX MICIIb OCEJICHHS
3BipiB y Cximanx Kapnartax Ha Teputopii [Bano-DpaHKiBChKOi 001acTeil; 3aBe3eHHs 3yOpiB y 6i0TONMHU
nomupeHHs: ByKOBHHCHKOI CyOmOmyJIsiii.

Kiro4oBi cjioBa: peaxkimimaTu3zailisi, CyOnoOmyJIsIlisi, YUCETbHICTh, PO3IUIIIHHK.

UDC 620.91 Senior research associate T.V. Bondarenko — UNFU

TRANSFORMATION OF ENERGY BASE IN POLAND.
ENERGY CONSERVATION AND USE OF RENEWABLE ENERGY

The article is about the energy transformation of the Polish economy over the last 25 years. The
basic steps of transformation, mechanisms of white certificates, energy audits, energy conservation
processes in the industry. Also, the article focuses on the use of renewable energy sources in Poland,
such as biomass, hydropower engineering, wind power engineering, etc., as well as mechanisms for fi-
nancing projects in the field.

Keywords: energy efficiency, renewable energy sources, biomass, energy audit.
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Introduction. Continuing increase in the cost of energy (economic aspect), and the
need to conduct business with minimal damage to the environment (environmental aspect) re-
quires implementation of energy-saving technologies and the use of renewable forms of ener-
gy. The energy consumption efficiency is an important economic factor. Increased energy effi-
ciency is of benefit to the economy, namely:

e [t is an important factor of the country’s energy security due to the decreased energy re-
sources import;

e [t enhances the economy’s competitive capacity by cheapening production cost, it im-
proves financial condition of enterprises and households;

e [t contributes to creation of additional jobs;

e [t creates the basis for innovative economy;

e [t reduces harmful atmospheric emissions and improves the air quality.

The history of the transformation period. The last 25 years were a turning point for
Poland’s economy. The nondemocratic political system and administrative-command econo-
my, whose characteristic features were wastage of natural resources, lack of modern technolo-
gies, considerably high level of energy consumption and atmospheric emission, were replaced
by market economy. Since 2004, Poland has been a member state of the European Union,
which has offered strong possibilities for further development. Beginning in the latter part of
the 1990s, restructuring of the energy sector of the economy has been started in Poland. On the
one hand, this was compelled by requirements of market economy which the then Poland’s en-
ergy industry was not tailored to meet, and, on the other hand, there were demands concerning
the reduction in harmful atmospheric emission, first of all, sulphur dioxide (SO2) and nitrogen
dioxide (NO») [4, 16-20]. Starting in 1994, the main instrument which aimed at promoting
modernisation of the energy sector was long-term contracts. These were signed between ener-
gy enterprises and Polish electric power supply network. The contracts specified volumes of
sales, prices, and the term of power supply (ranging from 10 to 20 years).

This enabled funds to be raised and invested for the purpose of re-equipment of energy
enterprises. On 17 September 1996, Poland’s Council of Ministers adopted the programme of
demonopolization and privatisation of the energy sector, which also implied promotion of en-
vironmentally benign modernisation of energy enterprises. As from 1% January 1998, the prices
for heat energy have been raised to the market level, which allowed for installation of envi-
ronmental protection facilities at enterprises.

The energy legislation that was adopted on 5 December 1997 obliged the energy enter-
prises to prepare development plans which were to be adjusted to environmental requirements
as well as to the possibility of obtaining energy from renewable sources. The producers of en-
ergy from renewable sources were granted tax relief and preferential prices for “green energy”
[4]. Along with this, a paradigm dominated in the latter part of the 1990s according to which
economic growth was associated with increased energy consumption. Such an approach led to
increased energy consumption, in particular gas that was supplied from Russia; this also re-
sulted in freezing investment into energy efficiency projects and renewable energy sources de-
velopment, and, consequently, to waste of time needed for radical modernization of the energy
industry. It was not until 2008 that this paradigm (development = consumption) was aban-
doned and a demand for zero energy development for Poland was first emphasized in the doc-
ument “Polish energy policy up to the year 2030”. The energy efficiency is a top priority in Po-
land’s energy policy up to 2030 according to the document adopted by the Government in
2009.

This concept has received support among the most influential political parties in the
country. Poland’s government has taken on obligations to improve the energy efficiency by 9
% by the year 2016 in reference to the forecast of primary energy consumption, yet the poten-
tials for further improving energy efficiency remain still great. The energy consumption in
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Polish economy is twice as much as the average in the European Union countries. This factor
should be taken into consideration to improve competitiveness of Polish economy and create
new jobs. The financial prospects of the European Commission for the period 2014-2020 pro-
vide for as much as 20 % of funds to be allotted from the mutual fund for supporting and pro-
motion of energy efficiency as well as the development of the renewable energy sources
(RES).

In recent years, the energy efficiency in Poland has improved. During the period 1998-
2009, the energy consumption in the economy decreased by roughly 30 %. The most drastic
decline in energy consumption occurred in the industrial sector as a result of the privatization
and modernization processes. The reduction of energy consumption in the households is large-
ly influenced by the growth of prices for energy carriers and investments into heat engineering
modernization.

White certificates. White certificates were presented in Directive 2006/32 WE by the
European Parliament and Council of Europe as one of the mechanism necessary to achieve the
objective: enhancing energy efficiency of end power consumption by 9 % by the year 2016,
and 20 % by the year 2020.

The main addressee of the certificates is companies that supply electric power, gas and
heat (energy service companies) to end-users. These companies must receive a certain number
of certificates according to the amount of energy sold. If the sellers do not receive the neces-
sary number of certificates, they will have to pay for them.

As to the instruction, the energy companies that sell electric power, heat and gas are to
obtain energy efficiency certification which corresponds to, at least, a 1.5 % amount of energy
saved per year. The mechanism of white certificates is an innovative market instrument which
provides a system-based support for projects aimed at energy saving such as heat engineering
modernization, insulation of industrial installations and others [2, 3-15]. Energy saving is pos-
sible to occur only when we have an accurate knowledge of “where, how much and when” this
energy was consumed.

The energy audit makes it possible to trace at a certain enterprise all operations associ-
ated with energy consumption and then to draw up a plan of reducing energy consumption.
The analysis made by the auditor allows for all-round examination of the equipment, installa-
tions, technological lines, thermal insulation condition, as well as the condition of machinery
at the time under review. The energy audit specifies methods by means of which the energy
consumption can be reduced, it defines necessary measures to bring about the most effect, and
estimates cost budgeting for each action taken, also it determines expected time of cost recov-
ery. The next mechanism for increasing energy efficiency is the Fund for heat engineering
modernization and repairs which was established in 1998. The Fund supports projects for re-
placing household heating boilers, heat insulation of walls, heat pipelines and others. An im-
portant instrument for promotion of energy efficiency is targeted additional financing of
measures to reduce energy consumption which comes from the State’s Fund for Environmental
Protection and Water Management, in particular within the framework of Green Investment
Scheme (GIS). This originates from the mechanism of greenhouse gas trading. Worthy of no-
tice is the program for financing the development of sustainable energy, this is to support small
and medium-sized enterprises by granting them soft loans for investments into new technolo-
gies and equipment that reduce energy consumption.

Energy conservation at industrial enterprises. The reduction in energy consumption at
industrial enterprises implies carrying out various measures beginning with ensuring proper
maintenance and operation of the equipment as well as appropriate production arrangement,
including minor modification of the equipment, and ending with investments into new energy-
saving equipment and technologies.
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The introduction of new technologies, that allow energy consumption to be significantly
reduced, results in decreased energy consumption for the whole branches of industry. The ap-
plication of the method for “dry” manufacture of cement is an example. As a rule, these are
measures which require sizable capital investments and are possible to be carried out in a se-
lected group of enterprises. As is evident from the experience of most countries, a notable ad-
vance can also be achieved when making modifications in standard equipment that is widely
used in industry and which does not necessarily require heavy capital investments.

This clearly points to the availability of essentially simple alternative means for energy
conservation, this being true for the areas of energy use such as lighting, ventilation, creation
of indoor climate, air compression, heat exchange, steam generation, power distribution etc.

The possible ways of energy saving at industrial enterprises are as follows:

e (Gaging the energy consumed, energy consumption monitoring;

e Lighting installation (making the most use of natural lighting, replacement of lamps by
energy-saving ones);

e Monitoring of the operation of compressed-air system, lowering their costs;

e The application of energy-saving pneumatic systems (e.g. pneumatic guns);

e The use of energy-saving engines, fans, pumps;

e Monitoring the operation of heating boilers: lowering steam pressure in the boilers, im-
proving heat insulation, elimination of steam and heat loss in transferring;

e Heat insulation of piping;

e Up-to-date insulated entrance doors to workshops;

e The use of air recuperators;

e Properly adjusted system of indoor climate [9-27].

Renewable energy sources (RES). Renewable energy sources can make a significant
share of the energy balance, assist the growth of energy security, including improving energy
investment in areas with poorly developed energy infrastructure. Potentially the largest con-
sumer of renewable energy sources may be agriculture, houses and transport. Especially for
regions with high unemployment, renewable energy sources create new possibilities, including
the emergence of new jobs[2, 5].

The development of RES-based energy industry can be helpful in handling many envi-
ronmental problems caused by the traditional energy industry.

Supporting RES has become an important objective of the European Union’s policy. In
1997, the RES development strategy for the EU countries was presented, this forming the basis
for taking actions on the EU territory. The strategy provides for a 20 % share of RES to be
achieved in the fuel-and-power balance by the year 2020. The share of RES in the energy con-
sumption for Poland in 2020 is to make 15 %.

Biomass. The most important renewable energy source in Poland is biomass. It has a
98% share in the renewable energy market and its use will continue to grow. Biomass re-
sources for energy purposes in Poland are the highest among all other renewable sources. Its
use, in comparison to other renewable energy sources, is also dominant in all energy sectors.

About 20 000 people are employed in Polish enterprises engaged in biomass supply to
the energy market and several thousands more is engaged in cooperating companies. The ma-
jority of plants are located in areas with above-average level of unemployment and less indus-
trialized regions where is no alternative employment. But in Poland biomass was used mostly
for “co-burning”. In 2011, Poland’s power engineering used more than 90% of “co-burning”
technology.

Hydropower engineering. Hydropower engineering in Poland has a long tradition of
practice. Water-power resources of Poland are rather modest, taking into consideration not-
too-heavy precipitations, high water-absorbing capacity of the soils, and small differences in
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heights. The capacity of now operating hydroelectric stations can be raised by 20-30 %
through upgrading power-generating units. Poland’s water-power industry, despite rather mod-
erate level of exploiting the now existent potential, has considerable opportunities for further
development. The number of small hydroelectric stations, which are largely built at natural el-
evations, is increasing at the expense of private investments.

Geothermal energy. The main resources of geothermal waters are concentrated in the
lowlands, in particular in the region between Szczecin and Lodz, in the Grudzionsko-Warsaw
region and also in the Precarpathian region. A characteristic feature of all geothermal invest-
ments is high start-up expenditures, which is attributed to the necessity of conducting drilling
works, the cost of which amount to 50-60 % of all investment expenses. Financing drilling-
based geological works from the Fund for Environmental Protection and Water Management
was a contributory factor to bring into existence several geothermal heat stations in Pyzytsy
and Podkhaliu.

Wind power engineering. Wind power engineering in Poland began to evolve in the
early 1990s, mainly along the coast line. The most favourable conditions for wind energy use
are found in the following regions: the Baltic Sea coastline, Suvalshchyzna and Mazovian
plain. Towards the end of 1999, 14 network wind power farms with the total registered capaci-
ty of 3.5 MW were put into operation. In addition, there operate more than 50 small autono-
mous wind-driven power installations. Great interest has been shown by investors in wind-
driven power installations, especially in north-western Poland where new projects are arising.

Solar power engineering. Solar energy is the least used form of energy in Poland. The
meteorological conditions in Poland are characterized by rather uneven distribution of solar ra-
diation throughout the year, about 80 % of the year’s amount of solar radiation falls within six
months of the spring-summer period. The character and structure of the solar radiation suggest
low potentials for its usage, especially during the winter time. An increase in solar energy use
in Poland would be possible due to more extensive application of solar heat collectors of flat
liquid type for heating water and houses. Photocells which convert solar energy into electricity
are few in Poland.

Financing of projects in the RES field. The following financial institutions that sup-
port the use of RES are operative in Poland: State Fund for Environmental Protection and Wa-
ter Management, Ecofund, Thermal Engineering Modernization Fund, Regional funds for na-
ture protection and water management. There also exist financial institutions which can pro-
vide financial support for RES projects in rural areas (for agricultural development): Agricul-
tural Programmes Foundation, Agency for Agricultural Property of the Treasury, Agricultural
Foundation. These institutions give soft loans and subsidies that usually make no more than 50
% of the credit costs. There also exist great opportunities for the use of foreign support in this
sphere. In addition to the World Bank and well-known European financial institutions, of in-
creasing importance in the sphere of financing of projects are target programmes of the Euro-
pean Commission such as Altener II, Synergy, Life, and Framework programme on technolog-
ical cooperation and preferences. In most cases, these funds and programmes allow for funding
subsidies to prepare investment projects and construct model installations. In the context of
further integration into the EU, the following funds may be of importance: PHARE, ISPA,
SARARD. In addition to the international funds for financing of RES, there are funds that can
be used within the framework of bilateral cooperation with western states such as Denmark,
Sweden, and Germany.

Conclusions. Meeting demands of the EU as to the 50 % share of RES in Poland’s
power balance up to 2020 would be impossible without the government assistance. The current
practice in Poland is granting certificates of origin which are issued by President of the admin-
istration of energy industry management in accordance with the energy industry law. The main
proof of origin is “green certificate” which came to be granted in the late 2004 — the early 2005
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to the producers of energy from renewable sources. Their introduction into National Legisla-
tion emerged from Directive 2001/77/EC on green energy promotion. The producers of energy,
in additional to the money from selling the energy, receive certificates which they sell at the
Polish energy exchange. The energy companies which sell energy to end-users have to pur-
chase the certificates or just pay money instead.

In the nearest future, the energy from renewable sources will make up a significant
share in the world and European power balance. The integration into the EU, on the one hand,
compels Poland to take actions which promote the development of RES and, on the other hand,
makes it possible to make use of the EU’s assistance in this field. Until the present time, the
reduction in energy consumption of Poland’s economy has resulted from the transformation of
the economic system as well as due to the availability of simple reserves for increasing energy
efficiency. Although the situation in the sphere of energy efficiency has significantly im-
proved, there is still much to be done and the potential for further improvement is promisingly
high. The increase in the share of RES in Poland’s power balance has been made possible due
to the obligations resulting from the EU Directive 2009/28/EC that provides for an increase in
the share of RES by 15 % in the year 2020. However much has been done as for now (about 11
% RES in the power balance), Poland, as many other countries, is facing a challenge of further
transformation of the energy sector and, consequently, its economy. Energy efficiency and the
use of RES should become priority tasks for the society, business and the state.

This is the only way to ensure the country’s energy security and competitiveness of its
economy. To do this would require creation of long-range government’s strategy for energy ef-
ficiency, conducting an active information campaign for promotion of energy saving among
citizens, businessman and jobholders; it is necessary to set ambitious objectives as to reduction
in energy consumption followed by continuous monitoring of attaining these objectives.
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Tpancdopmanis enepreruunoi 6a3u Iosbi.
Enepro3oepexeHHsi TA BAKOPUCTAHHSA BiITHOBJIIOBAHMX JIZKepeJi eHepril

[IpoananizoBaHO eHEpreTUYHY TpaHC(HOPMAIII0 MOJIBCHKOI €KOHOMIKH 32 OCTAaHHIX 25 pOKiB.
Onrcano OCHOBHI KpOKH TpaHcdopmarlii, MexaHi3MH OUTHX cepTHU(]IKaTiB, CHEPreTUYHOTO AyJUTY,
MPOIIECH eHEePro30epeKeHHsI Ha IPOMUCIOBUX MiANMPUEMCTBAX. PO3rIsIHYTO BUKOPHCTAHHS BiIHOBIIIO-
BaHMX JpKepen eHeprii B [Tomnbii, Takux sk 6iomaca, TiApoeHepreTHKa, BITpOBa €HEpreTUKa Ta 1HII, a
TaKOX MeXaHi3MU (iHAHCYBaHHS MPOEKTIB B rayysi.

KirouoBi cjioBa: eHepro30epekeHHs, BIIHOBIIOBAJIbHI JpKeperna eHeprii, Tpancdopmairis,
6iomaca, eHepreTUUHUH ayIuT.
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