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Preface

The publication “Energy from renewable sourcesQA& is the first study prepared
by the Central Statistical Office pertaining to eamble energy sources (RES) within the

series “Statistical Informations and Elaborations”.

The publication aims at presenting information andoction and use of energy
from renewable sources in 2006, as well as datdasefor 2000 — 2005.

The aggregated statistical data contained in theystpresented in tables and
in graphs, do not give full picture of the situati@ue to limited subject and object scope of

statistical survey in this area.

The publication was elaborated by Energy Market rdge staff and by the

employees of Central Statistical Office, IndustriyiBion.

Wanda Tkaczyk
Director of the Industry Division

Warsaw, October 2007
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1. Introduction

Demand for energy growing with civilization devetoent, with simultaneous
exhaustion of its traditional resources — mainlgsibfuels (coal, oil, natural gas) and an
increase in natural environment pollution accompamyheir use, brings increased interest in

use of “renewable energy”. The following definitiohthis energy is commonly accepted:

“Renewable energy is an energy obtained from refi@g natural processes.
Available forms of renewable energy origin directty indirectly from solar radiation or

heat generated deep in the Earth.”

In Polish conditions energy from renewable souinelkides energy from direct use
of solar energy (transformed into heat or eledirjcwind, geothermal resources (from Earth

interior), water, solid biomass, biogas and lighiofuels.

Renewable energy sources (RES) are alternativetréatitional primary non-
renewable energy sources (fossil fuels). Their ueses replenish themselves in natural
processes, which in practice allows to treat thenmexhaustible. Moreover, obtaining energy
from such sources is, as compared to traditionarces (fossil), more environmentally
friendly. Use of RES significantly lowers negativepact of power industry on the natural

environment, mainly by limiting emission of harm&ubstances, especially greenhouse gases.

The scope of use of renewable energy in EU memia¢essis governed by EU
documents and regulations, establishing generatlatadled aims pertaining to the obligation
to obtain certain indicators of share of renewalergy in use of primary energy, as well as
that of electricity produced from renewable sourice®tal use of this energy. The basic EU
documents and legal regulations in this respect are

* White Paper — Energy for the Future: Renewablecesuof energy (1997),

e Green Paper — Towards a European strategy foretheisy of energy supply
(2001),

» Directive of the European Parliament and of the i@duno 2001/77/EC of
27 September 2001 on the promotion of electricitydpced from renewable
energy sources in the internal electricity marké.J( EC L 283 of
27.10.2001),



» Directive of the European Parliament and of ther@duno 2003/30/EC of 8
May 2003 on the promotion of the use of biofuelotiter renewable fuels
for transport (0.J. EC L 123 of 17.05.2003),

Information on intentions pertaining to increasitige share of RES in energy
balances of EU countries are contained in a doctmkthe European Commission of 10
January 2007 entitled: “Renewable Energy Road Mapnewable energies in the 21st
century: building a more sustainable future” (fidacument’'s symbol: COM(2006) 848).
The document assumes that the basic aims in tp&ce concern increasing safety of energy
supplies and lowering emissions of greenhouse gdsegproposed to gradually increase the
share of energy from renewable sources in the matigross energy consumption, so that in
2020 the indicator reaches the value of at lea%b.28imultaneously it is postulated to
establish at 10%, for the year 2020, a minimumeslo&biofuels to be obtained in the use of

fuels in transport.

In Poland the assumptions for development of reb&v@ower industry were
established in a government document entitled: at8gy for renewable power industry
development” (accepted by the Sejm on 23 AugusiP@fd in documents: “Energy politics
of Poland until 2025” (accepted by the Council oinidters on 4 January 2005) and in the
“Programme for electrical power engineering” (at¢edpby the Council of Ministers on 28
March 2006). The strategic aim of the state poleg increasing the use of renewable energy
resources so that the share of this energy in pyirmaergy consumption achieves 7.5% in
2010 and 14% in 2020. As far as the use of elatstris concerned, the assumed share of
electricity produced from RES in national consumptamounted to 7.5% in 2010. In order to
obtain this aim, a system of support for renewadhergy sources was established, by
introduction of appropriate amendments to the Bndrgw. The energy sector enterprises
selling electricity to the final users were obligedpresent for remittance certificates of RES
origin of electricity (so-called “green certificat§. According to imposed obligations the
share of electricity produced from RES in the amoafmsold energy should in subsequent
years amount to: 2006 — 3.6%; 2007 — 4.8%; 20080%62009 — 7.5%; and 2010 — 2014 —
9.0%.

The basic legal regulations pertaining to the adlan in respect of RES

consumption in Poland are:



Law of 10 April 1997 — Energy Law (Journal of La2306, No 89, item 625
as amended),

The Regulation of the Minister of Economy of 19 Bexder 2005 on the
detailed scope of obligations in connection withaifing and presenting for
remittance the certificates of origin, paying sithst fee and purchase of
electricity and heat produced from renewable ensayyces (Journal of Law
No 261, item 2187),

Law of 25 August 2006 on biocomponents and liquafuels (Journal of
Laws No 169, item 1199).



2. General remarks

2.1 Subject scope of the study

This publication is a “resulting statistical infoation” containing statistical data on
renewable energy sources (RES). This informatios eadlected within statistical surveys on
energy included in annual programmes of statissoaveys of the public statistics realized in
2000 — 2006. The scope of the presented data duegive full picture of the situation in
respect of production and consumption of energycasufrom RES in Poland, mostly due to

significant dispersion of sources and to a larggekelocal character of their use.

Low production capacity of the majority of faciés producing and consuming
energy from renewable sources make it difficultiiolude them in the statistical survey.
Obtaining fuller picture in this respect will be gsible thanks to introduction to the
“Statistical Survey Programme for Public Statisfims2008” a new questionnaire pertaining
only to renewable energy sources (G-020).

The publication contains collective statistical algtertaining to production and
consumption of energy from renewable energy sowrsed in Poland, in particular:
» biomass,
solar energy,
water energy,

wind energy,

YV V VYV V

geothermal energy.

The publication also includes information on prditut and use of biofuels and
biogas and data pertaining to the amount of el@ttrand heat obtained from RES as well as

use of municipal waste for energy production.

The statistical data presented in the publicatioa expressed in energy units
(TJ — terajoules, MWh — megawatt-hours, toe - winsil equivalent [1 toe = 41.868 10° J])
and for liquid biofuels additionally in natural it (Mg) — tons).

The study uses statistical data obtained from guestires with symbols:

« G-02b — balance report on energy commodities antritea

infrastructure,



« G-03 — report on fuels and energy consumption,
e G-10.1(w)k — report on basic operation of hydro-electriszvpostation,

« G-10.2 — report on basic operation of thermal mainvéagtproducer

power station,

« G-10.3 — report on capacity and production of heat pmaer
of autoproducer (electricity / CHP) plants,

« G-10.6 — report on capacity and production of hydmeetic power stations

and renewable sources,

* RAF-1 — report on squaring of transformation progesnterprises

producing and processing refined petroleum products

RAF-2 — report on production and turnover of petrolquroducts.

The study also presents data for UE-25, for sedent@ghbouring countries or for countries

with similar climatic conditions.

2.2 Characteristics of renewable energy sources (energarriers)

2.2.1.Solid biomass

Solid biomass consists of organic, non-fossil makeof plant origin, used as fuel for heating
or electricity generation.

The basic solid fuel from biomass is firewood (Birbiomass) in the form of chunks, round
timber, chips, briquettes, pellets, and waste frmmestry, wood and paper industry, i.e.
branches, poles, thinning, shrubs, brush-wood,wood, bark, sawdust, black liquor. A

separate group consist of agricultural biomasssf@ieim energy crops (fast-growing trees,
dicotyledonous perennials, perennial grasses, gneegeals) and organic remnants from
agriculture and horticulture (e.g. straw, animahon@, wastes from horticultural production).

The group of solid biomass fuels also contains aedr understood more broadly than solid

products of biomass degassing.

2.2.2.Solar energy
Solar energy is energy of solar radiation transtnmto heat or electricity. Solar energy is

used in:



- flat, vacuum-tube and other types of solar collect@iquid or air) for heating
running water, water in swimming pools, heatingmgo in drying processes, in

chemical processes;
- photovoltaic cells for direct production of elecity;
- solar power stations for production of electricity.

Solar energy is used in passive heating systemsy&tem of direct gains through windows,
by annexed greenhouses, and other), cooling amdinigy of rooms is not included in the

statistical reporting.

2.2.3.Hydro power
Water energy (potential and kinetic) is determimedthe basis of the amount of electricity
produced in hydro-electric power stations. Renewabiergy includes only production of

electricity in power stations with natural flow.

2.2.4.Wind energy
Wind energy is a kinetic energy of wind used foodarction of electricity in wind turbines.
Similarly as in the case of hydro-electric powettisin, the potential of wind power stations is

determined by their potential to generate eledyrici

2.2.5.Biogas
Biogas is a gas composed mostly of methane anaratioxide, obtained in the process of

anaerobic fermentation of biomass. In statistieplorting, due to the method of production,
we distinguish:

- landfill gas, obtained from fermentation of wastes in landfills
- dludge gas, produced in result of anaerobic fermentationladge

- other biogases, such as biogas obtained from anaerobic fermentadf animal
manure, wastes from slaughterhouses, breweries framd other activities in

agricultural and food manufacturing.

2.2.6.Liquid biofuels (biofuels — liquid fuels from biomss)

Biofuels are produced from organic materials (frbmmass or biodegradable fractions of
wastes). The statistical reporting includes thdoWaihg products: bioethanol, biodiesel,
biomethanol, bio-dimethyl-ether, bio-ETBE (ethyitie-butyl-ether produced on the basis of
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bioethanol), bio-MTBE (methyl-tertio-butyl-ether qutuced on the basis of biomethanol).
Also natural plant oils may serve as biofuels.

The aforementioned products are used as biocomgadded to engine fuels produced from
oil. The most frequently used additives are: biaath (engine fuels additive) and biodiesel

(diesel fuels additive).

2.2.7.Geothermal energy

Geothermal energy is heat obtained from Earth ioten the form of hot water or steam.
Geothermal energy is used directly as heat for mipal heating and in production
processes in agriculture, as well as for productibelectricity (using dry steam or brine
with high enthalpy).

2.2.8.Municipal waste

The national statistical reporting on fuel and ggemanagement includes also waste fuels
coming from flammable industrial waste and munitigaste, such as: rubber, plastics, waste
oils, and other similar products. They have sotitiquid form and are classified as renewable
fuels or not, depending on whether they undergddgoadation.

Renewable fuels used in the process of electranity/or heat production include renewable
solid municipal waste incinerated in appropriat@tiapted installations. These include wastes
from households, hospitals, and services sectosténaiomass) consisting of organic fractions

subject to biodegradation.

2.3 Definitions

Primary energy is energy contained in primary energy sourcesioétadirectly from natural

resources, both renewable and non-renewable.

Renewable primary energyis an energy obtained from natural, constantheatipg natural

processes.

Derived energy is energy contained in secondary energy souraessources generated in

processes of energy transformations.

Indigenous production is the amount of energy obtained from natural primenergy

sources.
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Transformation output is the amount of energy contained in secondaryggnseources

obtained in processes of energy transformations.

Energy transformation is the technological process in which one formepérgy (mostly

primary energy sources) is transformed into otbecpndary form of energy.

Energy used in the transformation is used for:
— transformation sector (use of energy sources constituting technologitaterial),
— own consumption in transformation process(use of energy by auxiliary devices,

such as: feeders, pump drives and ventilatorg, etc.

Direct consumption is the amount of energy sources used in final veesiwithout further
transformation into other energy carriers. Thisijpms also includes use of energy for energy
transformations energy demand, non-energy-relatesl af energy sources (material for

production of non-energy-related products) andnahtasses and partial losses at the users.

Final energy consumptionis consumption of energy carriers for technologipaoduction

and household needs excluding transformation itiercenergy sources. Input and needs of
energy transformation and losses resulting at tbdyzers’ and distributors are not included
in this position. The final consumption, on theathand, includes consumption of fuels for

production of heat used entirely by the producer.

Energy sector is use of a given energy source in energy transiboms for own

consumption in transformation process.

Main Activity Producer Plants includes entities for which the basic type of atjivs the
activity mentioned in NACE classification withinayp 40.1 (Production and distribution of

electricity) and group 40.3 (Steam and hot watepsp).

Autoproducer Plants includes entities for which the activity mentionadsection 40 of PKD
constitutes an additional type of activity. Usuakg energy produced in these objects is used

for own needs of these entities.

The full scope of definitions and terms used in engy statistics is contained in the study
entitted “Methodological rules of statistical repoiting on fuels and energy and

definitions of the terms used’— CSO methodological notebook, Warsaw 2006.
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3. Energy from renewable sources in EU countries

The data pertaining to the amount of total primamngrgy (including energy from renewable

sources)in 25 states of the European Union (EUf23DP00-2005 are presented in table 1.

Table 1. Production of primary energy (including from renewable sources) for EU-25
in 2000 — 2005 [Mtoe]

Specification 2000 2001] 2002 2003] 2004] 2005
Total primary energy* 892.7| 894.4 8943 886.3] 8824 852.0
of which:
from renewabl e sources 934 97.6 95.7 102.1 108.7 113.2

Share of energy from renewable
sources in the total primary energy 10.5 10.9 10.7 115 12.3 13.3
[%]

’ according to the rules accepted by the InternatiBnargy Agency (IEA) the “total primary energy” gitton
does not !nplude energy from coal reclaimed froomenwaste dumps and energy from waste fuels of non-
organic origin.

Since 2003 in EU-25 countries there is a constaatease in the amount of energy from
renewable sources (increase by 6.7% in 2003 as aeuwith the preceding year and by
6.5% in 2004 and by 4.1% in 2005, respectively)wkeer, in the case of production of total
primary energy there was a decline tendency (dedin0.9% in 2003 and by 0.4% in 2004
and 3.5% in 2005, respectively) which results icré@ase of share of energy from renewable
sources in total primary energy by approximately& % as compared to the preceding year.

Share of energy from renewable sources in the potaluction of primary energy is presented
in the graph below (Fig. 1).

Fig. 1. Share of energy from renewable sources in
production of primary energy for EU-25
in 2000 — 2005

15% -

14% -

13%

12% -

11% -

10% T T T T T 1
2000 2001 2002 2003 2004 2005
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The amount of primary energy obtained from renewadurces and its share in the total
energy produced in particular EU countries is \éixerse. Table 2 and graph (fig. 2) present

the values for 2004 — 2005 in selected countries.

Table 2. Production of energy from renewable sourcein selected EU countries

in 2004 — 2005

Production of primary energy Share of energy

from renewable
Specification sources in the total

from renewable rimary ener

total [Mtoe] onorgy [Mioe] '[% ] y energy
2004 882,4 108,7 12,3
EU-25 2005 852,0 113,2 13,3
Austria 2004 9,6 6,9 71,4
2005 9,4 7,1 75,1
. 2004 32,7 1,9 5,9
Czech Republic 5005 324 2.0 6.2
Estonia 2004 4,1 0,7 16,8
2005 4,2 0,7 16,9
Finland 2004 15,4 8,7 56,2
2005 16,2 8,1 49,8
Lithuania 2004 50 0,7 15,0
2005 3,7 0,8 21,1
L atvia 2004 2,1 2,1 99,7
2005 2,3 2,3 99,9
Germany 2004 135,5 14,0 10,3
2005 134,9 16,7 12,4
Poland 2004 77,9 4,3 5,5
2005 77,7 4,6 5,9
Slovakia 2004 6,2 0,7 12,0
2005 6,5 0,9 13,5
Sweden 2004 33,9 13,6 40,0
2005 34,3 15,4 44,7
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Fig. 2. Share of energy from renewable sources iatal primary energy in
selected EU countries in 2004 — 2005
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In Poland the share of energy from renewable ssurcéotal primary energy increased from
5.5% in 2004 to 5.9% in 2005. In EU-25 the produttof energy from renewable sources
increased from 7.0% with simultaneous decline iadpction of total primary energy by
0.3%. Increase in the amount of energy produce frenewable sources in Poland in these
years was (by 7.0%) higher than the value of takcator for UE-25 countries (4.1%).

The structure of production of energy by sourceselected European Union countries in
2005 is presented in table 3 and in figure 3.

Table 3. The structure of energy production from paticular sources in selected EU
countries in 2005 [%]

Specification E.ond Solar energy Hydro| Wind | Bioga8iofuels Geothermal Municipal
iomass energy waste
UE-25 51,3 0,7 21,4 54 3,8 4,0 4,7 8,7
Austria 49,5 1,3 43,5 1,6 0,4 0,8 0,5 2,4
Czech Republic 76,4 0,1 10,2 0,1 2,8 5,6 0,0 4,8
Estonia 99,( 0,0 0,3 0,7 0,0 0,0 0,0 0,0
Finland 82,7 0,0 14,7 0,2 0,5 0,0 0,0 1,9
Lithuania 92,9 0,0 50 0,0 0,3 1,4 0,4 0,0
Latvia 86,9 0,0 12,5 0,2 0,3 0,1 0,0 0,0
Germany 41,3 2,2 10,1 14,0 8,6 13,1 0,8 9,9
Poland 91,2 0,0 4,1 0,3 1,2 2,6 0,2 0,4
Slovakia 45,1 0,0 45,2 0,1 0,6 4,1 0,9 4,0
Sweden 51,7 0,0 40,7 0,5 0,2 2,1 0,0 4,8
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Fig. 3. Structure of production of primary renewalle energy sources
in selected BEU countries in 2005
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Due to different geological and climatic conditiopoduction of energy from renewable
sources in particular countries varies — the ené@y solid biomass dominates (from 41.3%
in Germany to 99.0% in Estonia). The second ineesspf its consumption was hydro power
(from 0.3% in Estonia to 45.2% in Slovakia). Theainshare of solar energy in almost all
countries is significant (varying from trace amauirt the majority of countries to 1.3% in
Austria and 2.2% in Germany). In Poland in 2005rgyndrom renewable sources came in
91.2% from solid biomass. Other sources of eneng¥oland recorded in statistics were:
hydro power (4.1%), biofuels (2.6%), biogas (1.2%{pdegradable municipal waste (0.4%),
wind energy (0.3%) and geothermal energy (0.2%).

One of the aims of European Union in respect ofetitgpment of renewable energy is to
increase the share of electricity produced fronewable sources of energy in the national
use of this energy. The indicators for selecteddduntries in 2004 — 2005 are presented in

table 4 and in figure 4.
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Table 4. The share of electricity produced from reawable energy sources in the total
use of electricity in selected EU countries in 2004 2005 [%]

Specification 2004 2005
UE-25 15 15
Austria 64 64
Czech Republic 5
Estonia 1
Finland 29 28
Lithuania 4 4
Latvia 54 55
Germany 10 11
Poland 2 3
Slovakia 15 18
Sweden 50 59
Fig. 4. Share of electricity from renewable sources total consumption
of electricity in selected EU countriein 2004 — 2005
0%
B 2004
@ 2005

The share of electricity produced from renewableergy sources in total electricity

consumption in EU-25 in 2004 — 2005 remained atiekiel of 15%. For particular countries
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the value of this indicator is very diverse, erg2005 its value varied between 1% (Estonia)
and 64% (Austria). For Poland the share of elattrproduced from renewable sources in the
national use of electricity in 2004 amounted to &4d in 2005 — to 3%.

The share of particular sources of renewable energfye production of electricity from RES
in selected EU countries in 2004 — 2005 is preskeimtéable 5 and figures 5 and 6.

Table 5. The structure of electricity production from renewable energy sources
in selected EU countries in 2004 — 2005 [%]

Specification ﬁi(z)llgass Solar energy Hydro wind Biogesgneeorg];rmal Vl\\/llggtlglpal
EU-25 2004 8,5 0,2 69,5/ 13,4 2,6 1,3 45
2005 9,5 0,3 64,6/ 16,1 3,1 1,2 52
Austria 2004 4,3 0,0 92,4 2,3 0,1 0,0 0,9
2005 4,9 0,0 90,71 3,4 0,2 0,0 0,8
Czech 2004 20,5 0,0 73,4 04 51 0,0 0,6
Republic  |2005] 17,8 0,0 758/ 0,7 51 0,0 0,6
Estonia 2004| 43,4 0,0 41,5/ 151 0,0 0,0 0,0
2005 21,6 0,0 22,7 55,7 0,0 0,0 0,0
. 2004| 39,6 0,0 58,6/ 0,5 0,1 0,0 1,2
Finland
2005 39,2 0,0 58,5 0,7 0,1 0,0 1,5
Lithuania 2004 0,9 0,0 98,6/ 0,0 0,5 0,0 0,0
2005 0,7 0,0 98,4 0,0 0,9 0,0 0,0
L atvia 2004 0,2 0,0 97,3 1,5 1,0 0,0 0,0
2005 0,2 0,0 97,3| 14 1,1 0,0 0,0
Germany 2004 6,7 1,0 36,0 43,5 5,6 0,0 7,2
2005 7,3 2,0 30,8/ 42,9 7.4 0,0 9,6
2004 25,0 0,0 67,7 4,6 2,7 0,0 0,0
Poland
2005 36,4 0,0 57,2 3,5 2,9 0,0 0,0
Slovakia 2004 0,1 0,0 99,1 0,1 0,0 0,0 0,7
2005 0,1 0,0 98,71 0,1 0,1 0,0 1,0
Sweden 2004 9,6 0,0 87,3 1,2 0,1 0,0 1,8
2005 8,4 0,0 88,8 1,1 0,1 0,0 1,6
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Fig. 5. The structure of electricity production from renewable energy
sources in selected EU countries in(2D
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Fig. 6. The structure of electricity production from renewable energy
sources in selected EU countries in(®D
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In the majority of these countries the dominantrehia production of electricity is that of
water. For EU-25 the share of this source in 20@4unted to 69.5% and in 2005 — to 64.6%.
For particular countries in 2005 the share of hyaivaver in the production of electricity from
RES varies from 22.7% (Estonia) to 98.4% (Lithuamiad 98.7% (Slovakia). For Poland in
2005 the hydro power constituted 57.2% of eledyridrom RES (in 2004 — 67.7%).
Differentiation in the level of use of this energgs well as other RES in particular EU
countries results mostly from local geographic ¢towl and RES resources available for use.
The second place in respect of consumption is thlewind energy, the share of which for
EU-25 increased from 13.4% in 2004 to 16.1% in 208% particular countries in 2005 the
share of wind energy in the production of eledyidrom RES in 2005 varies from 0%
(Lithuania) and 0.1% (Slovakia) to 42.9% (Germaagd 55.7% (Estonia). In Poland the
wind energy in 2005 amounted to 3.5% of electriéigm RES (in 2004 — 4.6%). For EU
countries the share of electricity produced froridsbiomass incineration increases (for UE-
25in 2004 — 8.5% and in 2005 — 9.5%). in 2005sth&re of solid biomass in the production
of electricity from RES in particular countries st from 0.1% (Slovakia) to 39.2%
(Finland). In Poland the electricity produced frdmomass in 2005 amounted to 36,4% of
electricity from RES (in 2004 — 25%). In 2005 thmeadlest share in production of electricity
from RES in EU countries has solar energy (for BBUs22005 — 0.3% and in 2004 — 0.2%).
Among the mentioned countries the solar energy seduin production of electricity
(photovoltaic cells) only in Germany (in 2005 —%.@nd in 2004 — 1.0%).
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4. National balances of renewable energy

(year 2006 and 2000 — 2006)
National balance of renewable energy sources f@¥62@repared on the basis of data
collected within public statistics, is presentedahle 6.

In 2006 in Poland renewable energy sources prod2&8813 TJ of energy, which amounts
to 6.5% of the total amount of primary energy (32aB. This indicator would be higher than
in 2005 (5.9%) by 10.2%. The amount of renewabkrgnproduced in 2006 was higher than
produced in 2005 by 8.7%.

The highest position in the renewable energy baldrad solid biomass energy, the share of
which in production of all renewable energy souraesounted to 91.3%. The subsequent
places in respect of RES share were occupied ldroh{3.5% share in production of energy
from RES), liquid biofuels (3.3%), biogases (1.2%)nd (0.4%) and geothermal energy
(0.3%). There were also small amount of energy froimdegradable municipal waste

recorded (0.008%) and solar energy produced frdar sollectors (0.005).

Table 7 presents balances for solid biomass forsy2@00 — 2006. The data presented
indicate a constant increase in the amount of meduand used solid biomass.
Accordingly, in 2006 10.1% of biomass more weredpied and used than in 2005.
Simultaneously as compared to 2000 there was aeadse in production recorded by 27.7%,
and that of total national use by 27.8%. The largesease, especially in the last three years,
took place in respect of use as input for energpdiormations (in comparison with the
preceding year: in 2004 by 53.6%, in 2005 by 96&8d in 2006 by 21%), especially in
professional heat and power stations (in 2004 by%1in 2005 by 151.3% and in 2006 by
39.3%).

The structure of solid biomass use in 2006 is mteskin figures 7. Figure 8 presents the
amount of biomass use by final recipients in 200B6. The structure of solid biomass use

as input for energy transformations is presentditird.
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Table 6. The balance of renewable energy carriersi2006 [TJ]

o Solid _ Liquid biofuels
Specification biomass Solar energy Hydro|  Wind
bioethanol biodiesel
Indigenous Production 192097 11 7352 922 3542 3423
Imports(+) 66 5
Exports (-) 989 1979
Stock Changes (+/-) -73 -61 49
Inland Consumption 192024 11 7352 922 2558 1498
Transformation Sector 21180 7352 922 2558 1249
of which:
%ﬂgﬁ;}gﬁi Producer Electricity 13430 7352 922
Main Activity Producer Heat Plants 1601
Autoproducer CHP Plants 5954
Autoproducer Heat Plants 1985
Energy Sector 11
of which:
Own Use in Electricity, CHP 10
and Heat Plants
Oil and Natural Gas Extraction 1
Plants
Final Energy Consumption 170833 11 249
of which:
Industry Sector 41752
of which:
Iron and Steel 1
Non-Metallic Minerals 140
Transport Equipment 7
Machinery 29
Food, Beverages and Tobacco 239
Paper, Pulp and Printing 30368
Wood and Wood Products 7952
Non-specified (industry) 3016
Construction 24
Transport Sector 249
Other Sectors 129057, 11
of which:
Commerce and Public Services 4580 11
Households 104500
Agriculture / Forestry 19977
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Table 6. The balance of renewable energy carriers 2006 [TJ] cont.

Biogas -
e Geothermal Municipal
Specification - Total
Landfill | Sludge| Other energy waste
. Total
Gas Gas | Biogas
Indigenous Production 791 1804 18| 2613 535 18| 210513
Imports(+) 71
Exports (-) 2968
Stock Changes (+/-) 3 -82
Inland Consumption 791 1804 18| 2613 535 21| 207534
Transformation Sector 791 1211 18| 2020 35281
of which:
Main Activity Producer Electricity
/ICHP/ Plants 18 18 21722
Main Activity Producer Heat Plants 2 2 1603
Autoproducer CHP Plants 773 1209 18| 2000 7954
Autoproducer Heat Plants 195
For Blending to Motor
Gasoline/Diesel 3807
Energy Sector 15 15 26
of which:
Own Use in Electricity, CHP
and Heat Plants 15 15 25
Oil and Natural Gas Extraction 1
Plants
Final Energy Consumption 578 578 535 21| 172227
of which:
Industry Sector 72 72 21| 41845
of which:
Iron and Steel 1
Non-Metallic Minerals 1 141
Transport Equipment 7
Machinery 29
Food, Beverages and Tobacco 72 72 311
Paper, Pulp and Printing 30368
Wood and Wood Products 7952
Non-specified (industry) 20| 3036
Construction 24
Transport Sector 249
Other Sectors 506 506 535 130109
of which:
Commerce and Public Services 506 506 100 5197
Households 435 104935
Agriculture / Forestry 19977
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Table 7. Energy balance of solid biomass in 20002006 [TJ]

Specification 2000 2001 2002 2003 2004 200 2006
Indigenous Production 150485 160406 163308 164163 170056| 174431 192097
Stock Changes (+/-) -292 66 -83 -73
Inland Consumption 150193 160406| 163374 164080 170056| 174431 192024
Transformation Sector 3461] 4886] 4809] 5799] 8905 17500 21180
of which:
Main Activity Producer CHP Plants 1298 1181 1126 2001 3837 9641| 13430
Main Activity Producer Heat Plants 1y7 252 388 619 1244 1412 1601
Autoproducer CHP Plants 1628 3058 2878 2742 3598 6194 5954
Autoproducer Heat Plants 358 395 417 437 226 253 195
Energy Sector 6 39 29 8 4 2 11
of which:
;)r;/(vjnHUesaet :DnlaEr:teSctrlcny, CHP 3 36 8 7 4 2 10
Coal Mines 3 3 21 1
Oil and Natural Gas Extraction 1
Plants
Final Energy Consumption 146726/ 155481 158536 158273 161147 156929 170833
of which:
Industry Sector 26089 26185 29258 30394 31864 30990, 41752
of which:
Iron and Steel 3 6 3 4 4 2 1
Chemical (including Petrochemical) 1 153 102 165
Non-Ferrous Metals 11 5 1
Non-Metallic Minerals 6 275 292 102 261 110 140
Transport Equipment 3 3 6 1 7
Machinery 3 6 10 22 52 54 29
Mining and Quarrying 2 6 10 1
Food, Beverages and Tobacco 49 62 60 323 373 214 239
Paper, Pulp and Printing 1593815138 16622| 17950 18957 18611 30368
Wood and Wood Products 7572 8032 9871 9297| 9327 9641 7952
Textile and Leather 2 4 1
Non-specified (industry) 2507 2659 2395 2532 2768 2190 3016
Construction 23 17 21 35 17 30 24
Other Sectors 120614 129279 129257 127844 1292661 125909 129057
of which:
Commerce and Public Services 8514 5736 5747 5752 6028 6171 4580
Households 95000104500, 104500, 103075 103360, 100700] 104500
Agriculture / Forestry 17100 19043| 19010f 19017| 19878 19038 19977
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Fig. 7. The structure of solid biomass consumptioim 2006

88,96%

0,01% 11,03%

O Transformation Sectdd Energy Sectol Final Energy Consumption

Fig. 8. Consumption of solid biomass by final users
in 2000 - 2006 [TJ]]
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Fig. 9. The structure of solid biomass consumptitfor transformation
sector in 2006
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Table 8 presents the amounts of heat producedlan sollectors recorded in reports G-02b

(Balance report on energy commodities and heatifigstructure) for years 2002 — 2006

Table 8. Production of heat in solar collectors ir2002-2006 [TJ]

Specification 2004 20043 2004 2005 2004

Indigenous Production 1 1 4 6 11

The collective data presented in the table aboveadgive a full picture in this respect due to
very low capacities and local character of usearsobllectors. Among about 15 thousand
entities obliged to present G-02b reports, the date2001 were submitted by 1 entity, in
2002 — 3, in 2003 — 7, in 2004 - 16, in 2005 —dm in 2006 — 36. These were entities
classified into the following group of users: comogeand public services. Simultaneously,
with increase in the number of units using soldlectors since 2004, there was an increase in
the amount of produced heat, and so in 2005 as a@dpo the preceding year the increase
amounted to 50%, and in 2006 — 67%.

Collective data pertaining to hydro and wind powsed for production of electricity in 2000

— 2006 are presented in table 9.
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Table 9. Production of hydro and wind power in 2006- 2006 [TJ]

Specification 2000 2001 2002 2003 2004 2005 2006
Hydro 7580 8369 8204 6017 7494 7924 7352
Wind 20 49 219 448 512 488 922

The data presented above demonstrate that inieriuat maintained similar level of water

energy use (7 — 8 PJ), the discussed period samsdant increase in the use of wind energy.
Production of electricity in wind power stationsieased from 20 TJ in 2000 to 922 TJ in
2006. Detailed data pertaining to use of elecyriait hydro and wind power stations are

presented in points 5 and 6 of this study.

The balance of basic biofuels in trade of liquidlfy) prepared on the basis of reports included
in the public statistics survey programmes for di@alar years, are presented in table 10
(bioethanol) and in table 11 (biodiesel). Tablept@sents data available for years 2005 —

2006 for bioethanol and table 11 for years 200966Zor biodiesel.

Table 10. Balance of bioethanol in 2005 — 2006

- 2005 2006
Specification
tons TJ tons TJ

Indigenous Production 8094( 2404 119261 3542
Imports(+) 2232 66
Exports (-) 28902 858 33302 989
Stock Changes (+/-) 144 43 -2056 -61
Inland Cons_umptlon for mixing with 53478 1589 86125 2558
motor gasoline
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Table 11. Balance for biodiesel in 2005 — 2006

o 2005 2006
Specification
tons TJ tons TJ

Indigenous Production 64336 2471 89126 3423
Imports(+) 142 5
Exports (-) 48599 1866 51528 19179
Stock Changes (+/-) 1344 52 1282 49
Infand Consumption 17081 65 39022 1498

of which:

for mixing with diesel ol 14652 563 32516 1249

final consumption in transport 2429 94 6506 249

In 2006 there was a significant increase in nafigoroduction and use of bioethanol,
production of this product was higher by 47.3% amgared to 2005, and its use in this
period increased by 61%. The whole bioethanol usethe country was added to engine
fuels.

In 2006 the production of biodiesel was by 38.5%hkr as compared with the production in
2005, and its use by 128.4% higher. The biodiesetiun the country was in 80% added to
diesel. The structure of used fuel in 2005 — 2@0@résented in figure 10.

Fig. 10. Consumption of biodiesel in 2005 — 2006®fts]
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The balance-sheet data for biogases for years 2@006 are presented in table 12 and tables

13 — 15 present detailed data on particular typé&sogases (landfill, from sludge and others).

Table 12. Balance of biogas in 2000 — 2006 [TJ]

Specification 2000| 2001 2002 2008 2004 20D5 2Q06
Indigenous Production 1211 1477 1353 1624 1941 2243 2613
Transformation Sector 443| 563| 615/ 861| 1293 1820, 2020
of which:
Main Activity Producer CHP Plants 127 57 21 18
Main Activity Producer Heat Plants 16 29 5 19 2
Autoproducer Electricity Plants 396 532
Autoproducer CHP Plants 609 714| 1236| 1798 2000
Autoproducer Heat Plants 1 2 1 1 1
Energy Sector 27 12 18 16 12 15
Final Energy Consumption 741 902 720 763 632 411 578
of which:
Food, Beverages and Tobacco 63 42 37 63 74 68 72
Commerce and Public Services 678860 683 700 558 343] 506

In the discussed period (except for 2002) there avaggnificant increase in the amount of
produced biogas, by approx. 15 — 20% per year.fidlewas mostly used as input of energy
transformations in heat and power stations andrtakepower stations (40 — 80% of the total
consumption). The production of biogas in 2006 Wwaher by 16.5% than the production in
2005. As input of energy transformations was usé®% of produced gas, and 22.1% was
constituted by final consumption, of which majority units belonging to commerce and

public services (87.5%). The structure of biogasesin 2006 is presented in figure 11.
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Fig. 11. The structure of biogas consumption in 2@0
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Table 13 presents detailed data for 2000 — 200@&iperg to gas obtained from landfills.

Table 13. Balance of biogas from landfills in 2008 2006 [TJ]

Specification 2000 2001 2002 2003 2004 2005 2006
Indigenous Production 423 544 628 704 636 649 791
Transformation Sector 396 532 610 704 636 649 791
of which:
Main Activity Producer CHP 127 57 21 18
Plants
Autoproducer Electricity Plants 396 532
Autoproducer CHP Plants 609 576 579 628 773
Autoproducer Heat Plants 1 1

Energy Sector 27 12 18

In 2002 — 2005 (except for 2003) production of khdiogas remained at a similar level,
between 628 and 649 [TJ]. In 2006 there was aneas& in production of biogas, as
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compared with 2005, by 21.9%. Landfill gas wasrehtiused in energy transformations for

generation of electricity and heat.

Table 14 presents balance-sheet data for years-20006 pertaining to biogas obtained from

sludge.

Table 14. Balance of biogas from sludge in 2000 0@5 [TJ]

Specification 2000 2001 2002 2008 2004 2005 2Q06

Indigenous Production 788 933| 725/ 896| 1297 1586 1804

Transformation Sector 47 31 5 133 649) 1163 1211

of which:
Main Activity Producer Heat Plants 46 29 5 19 2
Autoproducer CHP Plants 114 649| 1162 1209
Autoproducer Heat Plants 1 2 1

Energy Sector 16 12 15

Final Energy Consumption 741] 902| 720] 763] 632] 411 578

of which:
Food, Beverages and Tobacco 63 42 37 63 74 68 72
Commerce and Public Services ©78860 683 700 558 343 506

The data presented above indicate that since tgerbeg of 2003 there was a constant

growth in the amount of biogas obtained from sewagatment plants, and consequently in

2003 as compared with the preceding year thereawascrease by 23.6% and in subsequent
years: in 2004 by 44.8%, in 2005 by 22.3% and 0620y 13.7%. In respect of this gas there
was a relatively large share of direct final useorded in the total consumption (85.1% in

2003, 48.7% in 2004, 25.9% in 2005, and 32.0% 620

Table 15 presents detailed data on production anduwmption of other biogases for years
2003 — 2006.
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Table 15. Balance-sheet of other biogas in years@®— 2006 [TJ]

Specification 2003 2004 2005 2006
Indigenous Production 24 8 8 18
Transformation Sector (Autoproducer CHP Plant 24 8 8 18

The presented data suggest that this group of b&sgeonstitutes a small part of all biogases,
and that for 2006 the gases constituted 0.7% offofa¢ amount of obtained biogases.

Table 16 presents data pertaining to production @msumption of geothermal energy in

years 2000 - 2006.

Table 16. The balance of geothermal energy in yea900 — 2006 [TJ]

Specification 2000 2001 2002 2003 2004 2005 2006
Indigenous Production 124 120 263| 311 318 476] 535
Final Energy Consumption 124| 120 263 311 318 476/ 535
of which:
Commerce and Public Services 24 20 51 70 70 90| 100
Households 100 100| 212| 241 248 386 435

The aforementioned data indicate constant increassnsumption of geothermal energy
continuing since 2002. In subsequent years, as amdpo the preceding year, the increase
amounted to: in 2002 - 119.2%, in 2003— 18.3%, @®4L — 2.3%, in 2005 — 49.7%,
in 2006 — 12.4%. Majority of geothermal energy sed for satisfying demand for heat of
households (in 2006 — 81.3%). The use of geotheamatgy by households and commerce
and public services entities in 2000 — 2006 isgumesd in figure 12.

32



Fig. 12. Consumption of geothermal energy in yeatZ000 — 200!
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Balance-sheets of biodegradable municipal wastgdars 2000 — 2006 are presented
in table 17.
Table 17. The balance of renewable municipal waste years 2000 — 2006 [TJ]

Specification 2000( 2001 2002 20083 2004 2005 2006
Indigenous Production 32 11 10 14 13 30 18
Stock Changes (+/-) 4 3
Inland Consumption 36 11 10 14 13 30 21
Energy Sector 4 1
(Electricity, CHP and Heat Plants)
Final Energy Consumption 32 10 10 14 13 30 21
of which:
Non-Metallic Minerals 3 13 30 1
Non-specified (industry) 20
Commerce and Public Services 19 10 11
Agriculture / Forestry 18 10

The data presented above indicate small share oicipal waste in national balances of

renewable energy.
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5. Production of electricity and heat from renewable surces
(year 2006 and 2000 — 2006)

The data pertaining to the amount of productioelettricity from renewable energy sources

in 2006 are presented in table 18.

Table 18. Production of electricity from renewablesnergy sources in 2006 [MWh]

Main Activity Producer Autoproducer Plants
o Plants
Specification — — Total
Electricity CHP Electricity CHP
(only) (only)
Total 2 296 69 1154 898 1 70¢ 856 634 4 309 928
Hydro 204061 1 70¢ 2042 324
of which:
Hydro-1 MW 246 24 1 70¢ 247 94y
Hydro 1-10 MW 566 55 566 558
Hydro 10+ MW 122781 1227 819
Wind 256 07] 256 077
Solid biomass 1154 187 697 220 1 851 407
in which co-combustion 1154 187 516830 1671017
Biogas 706 159 414 160 120
of which:
Landfill gas 706 91 296 92 002
Sludge gas 66 654 66 654
Other biogas 1464 1464

Electricity produced in 2006 from renewable enesgyrces constituted 3.2% of the national

consumption of electricity.

In 2006 the electricity produced in hydro-powertistas amounted to 47.4% of the total

production of electricity from RES. The second plac respect of share of production of

energy from RES has the energy produced on the lhssolid biomass (43%). 90.3% of

energy produced from solid biomass came from covaration with other fuels. Other

sources of energy used for production of elecyrigiere: wind energy (5.9%) and biogas

(3.7%). Electricity generated from biogas camereltifrom landfill biogas (57.5%) and
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biogas from sludge (41.6%). Figure 13 presentsatheunt of electricity production in 2006
by sources. Figure 14 presents the production isféhergy in professional and industrial

power engineering.

Fig. 13. Production of electricity from renewable aergy sources in 2006
[MWh]
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Fg. 14. The structure of electricity production fiom renewable energy sources
in 2006
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The amount of electricity production from renewabtmirces of energy in 2000 — 2006 is
presented in table 19 and figure 15. Figure 16gmissthe amount of energy in hydro-electric

power stations.
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Table 19. Production of electricity from renewablesnergy sources
in 2000 — 2006 [MWh]

Specification 2000 2001 2002 2003 2004 2005 20(
Total 23320002 7830002 7670002 2500003074401 3847 3324 309 928
Hydro 21060002 325000227900016710002081739 22011152042 324
of which:
Hydro-1 MW 298 000 239000 262000 242000 273457 358 195 247 947
Hydro 1-10 MW 422 000 532 000 585000 431000 616931 504 188 566 558
Hydro 10+ MW 13860001554000143200Q0 998000 1191351 13387321227 819
Wind 5000 14 000 61 000 124 000 142319 135470 256077
Solid biomass 190000 402000 379000 399000 768180 13994701 851407
in which co-combustion 620486| 1236338|1671 017
Biogas 31000, 42000{ 48000 56000 82163 111 277, 160 120
of which:
Landfill gas 31000, 42000{ 48000 53000 63292 75272 92002
Sludge gas 0 0 0 2 000 18 097 35 388 66 654
Other biogas 0 0 0 1 000 774 617 1464

Fig. 15. Production of electricity from renewable eergy sources in 2000 — 2006
[MWh]
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Fig.16. Production of electricity in hydro-electricpower stations in 2000
2006
[MWh]
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Since 2004 the production of electricity from REf8reases as compared to the preceding
year (in 2004 by 36.6%, in 2005 — 25.1% and in 260&.0%). The largest increase (except
for 2005) was recorded for wind energy (in 2001180%, in 2002 — 335.8%, in 2003 —
103.3%, in 2004 — 14.8%, in 2005 decline by 4.8% 8n2006 increase by 89.0%). High
increase (since 2004) also took place for eletyrigioduced from solid biomass (in 2004 by
92.5%, in 2005 — 82.2%, and in 2006 — 32.3%). Afsthe case of electricity produced from
biogas in the discussed years there was an incteadency (in 2001 — 35.5%, in 2002 —
14.3%, in 2003 — 16.7%, 2004 — 46.7%, 2005 — 3524862006 r. — 43.9%).

Table 20 and figure 17 present the amounts of pestuction in 2006 in in heat and power
stations and thermal power stations, the basis la€twis incineration process. Figure 18

illustrates the structure of heat production frémase sources.
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Table 20. Production of heat from renewable energgources in conventional power
engineering in 2006 [TJ]

Main Activity Producer Autoproducer Plants
s Plants
Specification H H Total
CHP eat CHP eat
(only) (only)
Total 860 1255 1547 133 3795
Solid biomass 849 1253 857 133 3092
of which:
Landfill gas 11 101 112
Sludge gas 582 584
Other biogas 7
Fig. 17. Production of heat from renewable energyosirces in conventional power
engineering in 2006 [TJ]
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Fig. 18. Structure of production of heat from renevable energy sources in conventional
power engineering in 2006
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The data presented above demonstrate that 81.5#abvfvas produced from biomass and the

remaining 18.5% from biogas.
Table 21 and figure 19 present data on productidreat from all sources of energy available

in the country in 2000 - 2006.

Table 21. Production of heat from renewable energgources in 2000 — 2006 [TJ]

Specification 2000 2001 2002 2003 2004 2006 2006
Total 1963] 1935 2381 3078 3113 4197 4341
Solid biomass 1802 1791 1871 2465 2242 2882 3092
Solar Energy 1 1 4 6 11
Biogas 37 24 246 301 549 822 703

of which:

Landfill gas 242 230 136 92 112

Sludge gas 37 24 4 61 411 727 584

Other biogas 10 2 3 7
Geothermal Energy 124 120 263 311 318 487 535

39



Fig. 19. Heat generation from renewable energy smes in 2000 — 2006 [TJ]
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The data presented above indicate a constant selieatotal production of heat from RES
since 2002 (in 2002 by 23.0%, in 2003 — 29.3%,00£— 1.1%, in 2005 — 34.8% and in 2006
- 3.4%) and in respect of heat produced from biaga&002 — 2005 (in 2002 by 925%, in

2003 — 22.4%, in 2004 — 82.4% and in 2005 — 49.7¥. production of biogas in 2006 was
by 14.5% lower than in 2005.
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6. Capacities of devices using renewable sources fargpluction of
electricity (years 2000 — 2006)

Generating capacities of power stations using rabé&wvenergy sources in 2000 — 2006 are

presented in table 22 and figure 20.

Table 22. Capacities of power stations using reneWwbe energy sources
in 2000 — 2006 [MW]

Specification 2000 | 2001| 2002 2008 2004 2005 2006
Total 830 899 887 943 964| 1091 1155
Hydro 817 868 841 867 876 915 925
of which:
Hydro-1 MW 57 76 60 63 77 72 72
Hydro 1-10 MW 98 106 150 164 184 174 181
Hydro 10+ MW 662 686 631 640 615 669 672
Wind 4 19 32 35 40 121 172
Solid biomass 24 24 25 25
Biogas 9 12 14 17 24 30 33
of which:
Landfill gas 9 12 14 15 18 23 25
Sludge gas 2 6 7 7
Other biogas 1

In the analyzed period there was a constant mael@ratease recorded in the total power of
electricity-generating devices using RES. Annuarease of generating capacity varied
between 2.2% (2004 and 13.2% (2005). Only in 20@2et was a slight decline in capacity
(by 1.3%) resulting from decline in the total povegrwater-power stations (by 3.1%). The

highest increase in power took place for wind epdéhgpm 9.4% in 2003 to 246.9% in 2005)

and biogas (between 10% (2006) and 41.2% (2004)).
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Fig. 20. Capacities of power stations using renewlabenergy sources
in 2000 — 2006 [MW]
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Annex 1. Statistical classification of economic awities (according to
NACE and ISIC (OECD))
No NACE ISIC (OECD)
1. Industry. Sgctor section D total from: 2 - 12
of which:
2. Iron and steel 27.1,27.2,27.3,27.51,2V521, 27.31
Chemical
3. (including Petrochemical) 24 24
4. Non-Metallic Minerals 26 26
5. Transport Equipment 34,35 34,35
6. Machinery 28 - 32 28 - 32
7. Mining and Quarrying 13,14 13,14
8. Food, Beverages and Tobac¢co 15,16 15,16
9. Paper Pulp and Printing 21,22 21,22
10. Wood and Wood Products 20 20
11. Textile and Leather 17-19 17-19
12. Non-specified (industry) 25,33,36,37 25,3336
13.| Construction 45(section F) 45(section F)
14.| Transport Sector 60-62 60-62*
15 Other Sectors
' of which:
16|  Commerce and Public 41.0,50 - 52,55,63 - 67,7055 9207 525995 -
' Services - 75,80,85,90 -93,95,99 ’ R
93,95,99
17. Agriculture / Forestry 01,02,05 01,02,05

* including international air transport, excludiega transport
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