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Abstract

Core question of this work is: What are the cosikeld to electricity production

from renewable electricity sources in selected Gigkntries? It covers Austria,
Czech Republic and Slovak Republic — analyzing jaredlicting the costs through
projections of renewable electricity productiongrent structure of electricity market
and regulatory policies. Findings of this work set#t that by 2020 support in
respective countries could reach in case of Austpprox. 1,23 bin. EUR, Czech
Rep. 1,46 bin. EUR and in case of Slovak Rep, BJA9EUR annually. It also tries
to assess investments needed to reach the tafgbts Directive 2009/28/EC where
Austria is to have most capital expenditures in pglbeod from 2011-2020. These
figures compared to different criteria however shbat impact compared to GDP is
higher in Czech and Slovak Rep. When simulationserms of sensitivities and

different scenarios are applied the costs diffevoeding to indexation of feed in

tariffs or technologies for renewable electricitpguction implemented.
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1 Introduction

Currently the opinions on supporting renewable gyn@roduction diverge deeply on
the point of final costs of supporting these enesgyrces. It is often simply
expressed that through renewable energy suppagtrseh such as feed in tariffs the
energy tends to be more expensive. Without propwlyais this cannot be
distinguished. But it is not only the feed in tegithat influence the final energy price
and the premium so a deeper analysis should berpexfl to identify factors

steering it.

Simple approach using just bare data of energyywmed from RES fails to take
account of other costs attributable to renewablergnsources. These include, for
example, the additional cost for basic and balaneimergy that is needed because of
the fluctuating input of electricity from photovait and especially wind energy
systems (BMU 2009, 34). However it must be empleasihat this study does not
aim to prefer any energy source to other — on thetrary it aims to provide
information for fair comparison base and energgepiis just one aspect of energy

policy (further are energy security, environmeigpects, social impacts etc.).

There are number of other factors that should hebated in order for fair
assessment of renewable energy costs:

1) energy production costs

2) FIT support,

3) balancing energy,

4) energy distribution costs

5) grid expansion costs,

6) administrative costs

! These are not only costs of the regulator butase attributed to the for example electricity

distributors etc.
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Figure 1 Approximate price structure of electricity (Source: URSO 2009)

1.1 Motivation

Available studies have covered this topic already mmostly focusing on whole
European Union or just a single country. Motivatiwas to analyze and compare
three smaller countries Austria, Czech Republic 8levak Republic — sharing the
same region but having different approach and d¢mmdi for generation of

electricity from RES.

1.2 Targets of this master thesis

The research question of this master thesis is:t\iieathe costs linked to electricity
production from renewable electricity sources ilested CEE countries?
And this question is answered by setting three rtaamets:
1) to analyze and predict renewable electricity costhe countries,
2) compare the results on basis of criteria of GDMalitance and energy
consumption,

3) prepare sensitivities based on alternative scemario

1.3 Citation of main literature

This master thesis is based on calculations basetlational Renewable Action
Plans and further regulatory policies — setting teed in tariffs in respective
countries. Further to this it is based on studiesyaing renewable electricity costs
such as Knapek, J. (2010): Effectiveness of Feeddnff Scheme — A Lessons
Learnt in the Czech Republic and EGU Brno (2010@ni&cting Renewable
Electricity Sources to the Electricity Network@©@fech Republic.



Master Thesis
MSc Program
Renewable Energy in Central & Eastern Europe

1.4 Limits of this research

This research aims to evaluate overall costs klmgroduction of electricity from
renewables — therefore it is dependent on the snfhat relate to them — mainly
assessment of future renewable electricity mix amgulatory framework. This
research however does not compare the extra costemutowards utilizing
conventional electricity sources — therefore itimsited to evaluation of costs and

their prediction.

1.5 Structure of work

In line with the targets the work starts with aahg current status and predictions
of renewable electricity production. Crucial rolé mrice regulation will be also
analyzed in this work.

Emphasis will be put upon analyzing the intendeateslof renewable energy sources
on total electricity production as defined by thatidnal Action Plans in order to
reach the widely discussed 2020 targets.

Further the work compares the results on the bafsiwiteria as GDP, electricity
consumption or inhabitance.

Following part of the master thesis is devoted udiwe three possible scenarios of
RES electricity production. Last part of the wolkes recommendations in relation

to the topic of electricity production from RES.
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2 Current and future renewable electricity market,
renewable electricity production in selected counies

This part of Master Thesis will focus on descriptiaf renewable electricity market
in selected countries. These information will sefee developing projections on
future costs of renewable electricity and will pid®/inputs on its current level. Here
it is important to note that all three countriesvédnaifferent predispositions for
renewable energy production whereas hydropower widl are dominant in

Austrian renewable energy market, large hydro iov&tia and a wider range of
technologies in Czech Republic with fast grown R¥doiction capacity

These differences in neighboring countries stenmfrandscape features and
different policies in the past — influenced by calited decision making of
communistic regime in former Czechoslovakia anadulisions linked to utilization

of nuclear energy in Austria.

First the structure of the electricity sector via# described followed by description
of current renewable energy production in the coest Main part of this section
will be devoted to presenting outlooks based orniddat Renewable Energy Action
Plans (NREAP) that will be used further in the work to calceldtiture renewable

energy premiums and cost of renewables.

2 Asi it will be mentioned further — this fast despment was a result of legislative fault and impact
will be subject to analysis.

® NREAP according to Directive 2009/28/EC reflecterhber States’ national targets for the share of
energy from renewable sources consumed in transelectricity, heating and cooling in 2020, as
well as the chosen trajectory to achieve them.ustdetail national policies on biomass resouroes a
on the implementation of biofuel sustainability sotes while taking into account effects of other
policy measures related to energy efficiency.
http://europa.eu/rapid/pressReleasesAction.do#neder=1P/09/1055
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2.1 Future of renewable electricity

Before analyzing in detail expected development eosts impacts of renewable
electricity production the basic driving force shmgpenergy market in the EU has to
be mentioned: Directive 2009/28/EC of 23 April 2089the promotion of the use of
energy from renewable sources. This directive tatgets in order to reach 20%
share of energy from renewable energy sources ang also to include 10% of
energy in transport to be from renewable energycgoby 2020 in the EU. Each
member state has its target set individually takimg account a mandatory increase
of 5,5% compared to 2005 for each of them and éuritiicrease based on GDP.
Targets for Austria, Czech and Slovak Republictiaegfollowing:

B0,00% — — — — — — o

35,00%

3000% -------|  |---mmm .

25,00% B Share of renewable energy of gross final
energy consumption 2005

20,00% .

O Share of renewable energy of gross final

15,00% - - — [ = - 3% 2 energy consumption 2010
10,00% 6,10% 6,70%
500 ---l @ (----- - - -
0,00% T T
Austria Czech Republic Slovak Republic

In order to notify the the European Comission thenMer states are to present
above mentioned NREAP. Member states are free laxtsgiven mix of how to
achieve these targets however should follow a gikegactory:

20% average between 2011 and 2012;

30% average between 2013 and 2014;

45% average between 2015 and 2016, and;

65% average between 2017 and 2018.
The given targets have implaction for electricitices as will be analyzed further in
the text — first analysis of current market andestpd development in respective

countries follows.

2.2 Austria

Austrian energy market is characterized by strorejepence of renewable energy

sources however the country is known for its opgpwsitowards utilization of
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nuclear power. The main discussion in Austria isuad topics of renewables,

energy prices and also a widely discussed condeptergy independence.

2.2.1 Current electricity mix

Austria with currently installed 12 009 MW in hydiodefinitely among the leaders
in renewable energy production — this is also tkaioklandscape and conditions for
electricity generation from hydropower sources.

Total output was 63,43 GWh in 2007. Approximately % of production comes
from hydropower stations, i. e. run-of-river andrage power stations, as well as
small hydro generating stations. Natural gas isst@nd-most important primary
energy source for power generation, at some 17 &6d idoal and coal derivatives
were responsible for approx. 10 % of output (E-car2010: 22).

High level of pump storage and storage plants aityilensures that Austria should
be able to cope with unplanned generation outdge®iitrol 2009: 3).

Table 1 Austria — electricity mix 2007

Electricity production Gross Electricity
capacity 2007 in MW Generation 2007 in TWh

Conventional Thermal 6441 19,073

Nuclear

Wind 977

Geothermal 2 41,865

Hydro 12009

of which pumping 3580 2,492

Total 19429 63,43

Source: Eurostat, May 2009

Total generation capacity amounts to 19 429 MW. Dam market player is

majority state owned Verbund and 14 regional enemygpanies.

2.2.2 Current renewable electricity market

The 2003 — 2008 period in Austira saw a sharp asadan the output of electricity
from renewable technologies (E-control 2010: 22)pi®rted renewable energy
(excluding hydro power) as a proportion of totaadticity supply across the public
grid was 8.1 % in 2008. Wind power accounted fér %. of total supply, followed
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by supported electricity from solid biomass at&4nd from biogas at 0.9 %. Some
4.5 TWh of renewable electricity and 0.9 TWh frommadl hydro stations were
supported under the feed-in tariff system estabtishy the Okostromgesetz Green
Electricity Act (E-control 2010: 22).

6.000 2008: insgesamt 5.441 GWh

GWh

5.000 1.527 945
3.995

1.806
4.000 - 3.561

3.386

Kleinwasserkraft - OeMAG
H Anderer unterstiitzter Okostrom
B Photovoltaik
m Biomasse fllssig
E Biogas
Biomasse fest
2000 Windkraft

3.000 - 1.631 1.900

1.000 - 1738 2.019 1.988

1.328

0 T T T T T 1
2002 2003 2004 2005 2006 2007 2008

Figure 2 Renewable electricity production developnmt in Austria (Source: Okostrombericht
2009, p. 28)

Here also variations on the production from smatfbo have to be noted and steady
decrease due to hydrological conditions, whichiss ¢ghe case of other countries in
the region. Wind energy production after sharp ease in installed capacity has
reached a stable level because of lowering of feadriffs. Their increase in 2010
leads to renewed interest of investors and devedopnof new wind parks in

amounts of hundreds MW as observed from presdestic

2.2.3 Future development of renewable electricity produabn

The NREAP for Austria provides detailed informatiom development of electricity
production from renewables. Under Austrian cond#iot must be noted that the
potential in hydro-power utilization is almost @dy depleted — this can be also
observed from the chart below.

Target is 70,6%, 4503 ktoe.
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Figure 3 Expected development of renewable electiig production in Austria (Source: NREAP

for Austria)

These charts don't provide information on largefoyproduction due to the fact that
this doesn’t fall under FIT regime. Greatest inseem installed power is in wind but
also slight development in other fields with immentheoretical but small

economical potential such as geothermal is expected

6 000
5000 B Liquid fuels
O Biogas
4000 @ Biomass
= 3000 B Wind
= O Photovoltaic
2000 O Geothermal
O Hydro 1 - 10 MW
1000 B Hydro <1 MW

ﬁ

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 4 Expected installed power of electricity sarces in Austria (Source: NREAP for Austria)

2.3 Czech Republic

Czech electricity production relies on two main re@g nuclear power and coal —
both of which are in the case of Czech Republi@all@nergy sources. However in
case of coal power plants a drop in productionxgeeted — until 2020 three major
coal power plants are to be shut down due to cbafttage and environmental
legislation CEZ 2010). Fact that most of the power is prodiufoeeh local source is

on one hand a positive aspect but on the othdnarElJ coal is considered to be a
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source to be acceptable only marginally and nu@eargy is utilized in 15 of the 27

states but the discussion on its future are ong@agesova komise 2009: 15).

2.3.1 Current electricity mix

Czech Republic has the highest electricity produncfrom all three countries. After
year 2000 the country has witnessed a growth ictredéy consumption and Czech
Republic is also an electricity exporter. As alyeadentioned high level of self-
sufficiency is achieved in electricity productiamhere net production from domestic
sources practically fully covers domestic demanppfax. 96%) (Czech Energy
strategy 2009, MPO: 15). Currently further expansad nuclear power stations is
expected — Environmental Impact Assessment stuthgiisg carried out in order to

construct two blocs at Temelin nuclear power plant.

Table 2 Czech Republic— electricity mix 2009

Electricity production Gross Electricity,
capacity 2009 in MW Generation 2009 in TWh

Conventional Thermal 10.720 48,457

Nuclear 3.830 27,207

Wind 193

Solar 464 6,584

Hydro 2.183

of which pumping 1.146 0,553

Total 18.325 82,250

Source: Energeticky Regutai Urad 2010

Most of the production capacity is in conventiotiarmal energy sources utilizing
domestic coal with the production capacity of 10 MW — 58% conventional
thermal. Nuclear power generation capacity of 388l is in two nuclear power
stations with plans to build further reactors.

Main market player is joint stock compagyEZ with approx, 70% ownership of
Czech Republic. As part of unbundling energy distiors have been created that
operate as independent companies the main playerSEZ Distribuce and EON

that is also active on the Czech market with regiphayer Prazska energetika.
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2.3.2 Current renewable electricity market

Czech Republic due to its terrain has limited poénregarding hydro-power
stations (with value of 350 kWh/ha this is consaiidy lover than in any of the EU
countries). Substantial part of the suitable |larati has already been used (Paces
188). Still hydro power constitutes the most sigaifit source of renewable

electricity with 2176 MW of installed capacity aBdl1 TWh produced on average.

[Mwh]
4000 000

o Biogas

B Binmass cofiring
W Eiomass
3000000 1—{ BWind

o Photovoltaic [
oHydro —
2 500 000 —

3500000 T—

2000 000 —

1500 000 Tr — —

1000 000

suuuuuﬂ—ﬂ—ﬂ—ﬁ» —— — — — ——
0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Figure 5 Renewable electricity production developma in Czech Republic (Source: ERU 2010)

In the past two years Czech Republic has seen gmecsedented growth of
photovoltaic plants development and it is expedtet by end of 2010 of solar
power plants with output of at approx. 1000-2000 Mwill be operating
(assumptions differ due to large number of licereses unpredictable development).
Status as of September 2010 was 693 MW - priceed in tariffs is however to
drop significantly to 0,22 €/kWh from 2011.

Wind and biogas are further two sources that apeeed to gain momentum in the
coming period. Large scale biomass co-firing wa® a widely discussed topic in
the past.

Biomass co-firing with fossil fuels also gainedesigth — however due to currently
limited available resource (but considerable padnbiomass does not have much
further possibility to grow — preference of biomassization for heat production is
also expressed in energy policy of Czech RepuMie@® 2010: 36).

10
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2.3.3 Future development of renewable electricity produabn

Outlook for production of renewable electricity @zech Republic already includes
current rise in production from PV plants and toe future counts with development
of production from biogas and wind.

The PV production capacities should be kept atlsegkapprox. 1650 MW what is
the expected level as of end 2010.

By 2020 mainly production in wind by (500 MW) andbfgas (by 300 MW) is
expected to rise. This will have also implicati@msrenewable energy premiums but
also depends on investment intensity developmetiti@technology.

A large portion of production of approx. 31% isctime from biomass — however no
given installed capacity is provided in the NAPths should be mainly biomass
cofiring and cogeneration.

Approximate target according to NAP is 10 600 GWhrenewable electricity
production in 2020.

12 000
10 000
8 000 O Biogas
- B Biomass
% 6 000 O Small Hydro
O Photovoltaic
4000 0O Wind
2 000

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 6 Expected development of renewable electifg production in Czech Republic (Source:
NREAP for CR)

When looking at the installed power of the respectechnologies — photovoltaic is
by far leading. All other renewable electricity guwtion capacities have the same
share combined as photovoltaic has alone — expéeteglopment is rise of installed
output by 50 MW a year in wind and 30 MW in biogagear. As noted before this

does not include installed capacities of biomasstgtity sources.
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Figure 7 Expected installed power of electricity sarces in Czech Rep. (Source: NREAP for CR)

2.4 Slovak Republic

Electricity generation in Slovakia was linked tonmeer of policy decisions in the
past — following main topics shape the energy disian in the country currently:
1. utilization of nuclear energy with works on nucleaactors of Mochovce
nuclear power plant, shutdown of Bohunice V1 nucteaver plant reactors;
2. utilization of domestic coal — that is subsidized,;
3. large hydro utilization with hydro-power plant Gétmyo;
4. Slovakia becoming a net energy importer.
utilization of renewable energy sources with disous mainly shaped by opposition
towards wind energy and other energy sources de&orasl unreliable.

2.4.1 Current electricity mix

Electricity mix in Slovakia is characterized bydkRrmain sources — each of these has
approximately a share of one third on energy prodacin the country — fossil
energy (thermal power plants Novaky, Vojany), naclénuclear power plants
Jaslovske Bohunice and Mochovce) and hydroele@@abcikovo, Vazska Kaskada
etc.).

Following table shows basic information related ttee electricity generation

capacities in Slovakia.
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Table 3 Slovak Republic— electricity mix 2007

Electricity production Gross Electricity
capacity 2007 in MW Generation 2007 in TWh

Conventional Thermal 2609 7,602

Nuclear 2200 15,334

Wind

Geothermal 4,956

Hydro 2515

of which pumping 916 0,164

Total 8240 28,056

Source: Eurostat, May 2009

Total generation capacity amounts to 8240 MW anal tlectricity generation was
28,1 TWh with 54% being produced by nuclear sourtésin market players are

privatized Slovenske elektrarne a.s. and thre@nadjidistribution companies.

2.4.2 Current renewable electricity market

Table below shows the development of electricitpdoiction from renewable
sources. Large hydro has been dominant and weesahaw variable the flow of the

rivers was in the past. Biomass electricity progucts mainly linked to biomass co-

firing.

6 000

5000

4000 O Biomass

% 3000 B Pump storage

2 000 O Hydro

1 000

0!

1990 1992 1994 1996 1998 2000 2002 2004 2006

Figure 8 Renewable electricity production developm& in Slovak Republic (Source: Eurostat
May 2009)

Most potential is devoted to biomass but also setargy in approved Strategy for
higher utilization of Renewable Energy sources.
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As number of press articles point there might Isér@ng opposition from the public
towards utilization of wind which has a very smabltalled capacity with only three
smaller wind parks operated.

Slovakia is currently not on track with reaching RES-E target of 31% gross
electricity consumption for 2010. Besides biom#gslro and wind, also geothermal
and solar energy offer significant future potestigtesch et al.: 2010, p.5).

Number of new investments are being planned as-ifeedriffs are motivating
investors to develop projects. Pipeline of planm&add and solar installations that is
evidenced by regional grid operators is alreadysbbStable development is seen in

small-hydro and biogas where the projects are reneanding.

2.4.3 Future development of renewable electricity produdabn

The NREAP for Slovakia provides information on esee electricity production
from renewables to reach the 2020 tarhetarget is 24% of electricity from RES
688 ktoe.

3500 -
3000
O Biogas
2 500 .
B Biomass
2 000 OoWind
ey
% O Photowltaic
1500 ® Geothermal
1 000 ® Hydro 1 — 10 MW

O Hydro <1 MW
500

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 9 Expected development of renewable electiig production in Slovak Republic (Source:
NREAP for SR)
As can be observed from the figure above most@ptioduction from renewables is

expected to come from large hydro. However devekagnthat will have the most
impact on renewable energy premium will be suppbdther renewable sources.

* In this work 2020 targets refers to targets seblgctive 2009/28/EC
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The installed capacity has is also to be comparedost of the installed output
should also be in hydro-power. Photovoltaic engngpduction has the worst ratio of
GWh/MW installed — only 0,75 that is also reflette its share on the installed

capacity with 60 MW in 2010 to 300 in 2020.
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800 W Biomass
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@ Geothermal
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Figure 10 Expected installed power of electricity aurces in Slovak Rep. (Source: NREAP for
SR)
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3 Price of renewable electricity — regulation and its
composition

Price of renewable electricity is in our countris®stly determined by policy
decisions regulating the feed in tariffs supportthg production and amount of
electricity produced by these sources. Previous fmmused on determining the
amount of rewable energy produced by looking intedgtions of NREAPs that
elaborate scenarios to reach the targets givenitegtive 2009/28/EC.

First part describes the regulation structure, whthe regulator in the respective
country. Further FIT and subsidy structure willdrealyzed that will provide data to

fill the variables concerning price of renewableatficity.

3.1 Regulation structure

Currently each of the EU countries has its own gyneegulatory office who is an

independent body within state administration witbwprs over: 1) transport,

distribution, storage, grid connection in relattonenergy, 2) price regulation and 3)
conditions for operation of the operation of theokehnetwork.

Within these competences fall also powers overwab& energy sources which will

be further specified.

3.1.1 Austria — E-Control

Austria is the only country where regulatory offiftenctuions as a private sector
compared to other two countries. The establishréiiEinergie-Control GmbH (E-

Control) took place in 2001. E-Control is 100 %testawned. The Federal Ministry
of Economy, Family and Youth manages the interdst€ontrol's tasks and duties
are set out in the Energie-RegulierungsbehdrdetgesEnergy Regulatory

Authorities Act) (E-Control 2010).

E-Control in Austria not only sets the rules forsisafunctioning of the renwable

energy market — it is also responsible for monitgrand reporting on the field of
rnewables. Annually it prepares the Okostromber{B@newable Electricity Report)

where it describes in detail describes developrokrgnewable electricity market.

16



Master Thesis

MSc Program
Renewable Energy in Central & Eastern Europe

3.1.2 Czech Republic — Energeticky reguléni tirad

In Czech Republic the The Energy Regulatory OffERO) was established on 1
January 2001. It has its offices based in Jihlaviaatso in Prague. The Regulation
section of the ERO also covers electricity under Htectricity Industry Department.
It also deals with support for electricity genewatifrom renewable and other
environmentally friendly resources and preparestebdity industry statistics (ERU

2010 web). Renewable energy regulation is developtdn periods where strategy
for the whole duration of number of years is seturéntly the rules for third

regulatory period apply.

3.1.3 Slovak Republic — Urad pre regulaciu si€ovych odvetvi

The price regulation under Slovak office for regiola of network industries

includes generation of electricity from renewabdeirses of energy, generation of
electricity generated by combined generation ottalgty and heat, generation of
electricity from domestic coal, connection to thetwork, access to the network,
transmission and distribution of electricity, elegty supply for households,

provision of system services in electricity seaod provision of ancillary services
in electricity sector (URSO 2010).

Regulatory office publishes each year decreesdéi@rmine the FIT for a period of

upcoming year.

3.2 Regulating price of renewable electricity

Each country has a different set of rules how poiceenewable electricity is passed
on into the electricity price for the consumer. Téystem works either through

electricity traders, regional distribution compana@ Green power settlements agent
as in case of Austria — following part describeBesaes implemented in countries

that this theses focuses on.

3.2.1 Austria

Compared to other two countries Austrian systemnoluding RES surcharge to
electricity prices differs considerably. RES coats transferred through electricity

traders but the main difference is based on intodua green power settlement
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agent (OeMAG) who acts as a registry and internmtedizetween electricity
producers and traders. The whole system is basedcwrent Okostrom-
Gesetzesnovelle from 2008 (BGBI. | Nr 114/2008)etasting feature of this system
is that it does not include combined heat and pgweduction (is part of separate
CHP-law (BGBI | Nr. 111/2008) and also small hydnaepport is based on direct
subsidies and not feed in tariffs.

small hydropower price bille

| Electricity
traders

Small feed-in tariff other renewable
hydropower ald) orice billed

onerator
A
Green power balance .
settlements  agen jm. rou -
(OeMAG) grout passed-on
hillina nrice
Operators .

of other A 4 .

areen
system
operator,

metering
noint chara

Consumers

—— green power floy — cash flov

= small hydropower floy cash flow trader consun

Figure 11 Austrian green power subsidies system

(Source: E-control)
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3.2.2 Czech Republic

The compensation for RES production in Czech Repuwiso works with overall
extra costs that are bared by all energy consurime@zech republic there were three
regulatory periods with different methods for estfion of these costs

1) first regulatory period 2002 - 2004 — the amountsopport was based on
expected RES production, it did not involve enecgynsumption to cover
losses — however it should be noted that regulaierypd and support of RES
do not match as the implementation of legislatime2002-2005 also FIT
system was in place but the tariffs were not guaesh for a period longer
than 1 year — with ERU declaring long-term support,

2) second regulatory period 2005-2009 — unlike in firs regulatory period,
the support and expenditures were based on thevakads of the supported
amount in the previous calendar year, as they wagerted by the system
operators, rather than planned amounts. The muaivebr adopting this
approach was the negative experience from the riégtilatory period with
the use of planned values furnished by system tpsrawhen higher
revenues were collected from consumers than thesainas the overall extra
costs of the support paid to the generators —¢hid to deficits in the system
of compensation for extra costs. (ERU 2009, p.56).

3) third regulatory period 2010 — 2014 - mechanisntarhpensation for extra
costs related to support for renewables, CHP andviiRbe based on the
same basis as in second period, but the trendeeirdévelopment of the
supported electricity quantities will be used fatetmining the expected
extra costs (ERU 2009, p.56). In determining theeeked level of supported
quantities, data provided by system operators &wather information from

independent sources will be used.

® Please note that these regulatory periods do aathnhe actual support mechanisms as application
of policies differed from the regulatory perioddided by the regulator.
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Figure 12 Czech green power subsidies system

From 2011 a new system of transfer of funds fromsomers to producers is to be
established — with cash flows through OTE a.sn{jstock company - Operator of
the Electricity Market).

- Measured data

«=s RES electricity

Renewable flow
energy producer

Consumer

= (reen bonus

premium

>

=== Market price of
elec.

: EEEER EEEEy

= Trader E OTE (Operator of the

ETTT TP TR L Electricity Market) Mandatory
RE off-
taker

=== price of mand. off-
take

agreed price
FIT

Grid operator Electricity market Off-taker

20



Master Thesis
MSc Program
Renewable Energy in Central & Eastern Europe

Figure 13 Czech green power subsidies system fromD2L (source: Update of Renewable

electricity support act 180/2005)

3.2.3 Slovak republic

In Slovak Republic the FIT is being included intoeggy prices for consumers
through regional distribution companies and traission grid operater — so called
System operation tariff includes costs for renewadhergy production and CHP
production premium, costs for covering grid lossassts for support of domestic
coal production, costs for organizing access totderan energy balancing market.
Slovak system of including the costs into energgepis based on planned amounts
of energy from renewables — this could lead to owemunder allocation for the

following year.

Sets the surcharge
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operator
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in price through A
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Figure 14 Slovak green power subsidies system

The basic formula for calculating System operataniff according to RONI 02/2008

decree:

System operation tariff (VPS) = PNOZEKYV + PNNhu M®T
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In this formula the value PNOZEKYV directly involvessts related to electricity
production from renewable energy sources and CHhigtuding costs for balancing
energy in the distribution networks. However twalher variables are included:
PNN costs dedicated to coal production from domesial and

PNOT planned costs related to organizing short &eutricity market, approved by
price decision, for access to the transmission gnd transmission of energy for
current year.

Development of system operation tariff and othegufated items for consumer

connected to distribution grid is included in tbddwing table.

Table 4 Costs of renewable electricity support in IBvak regulation

Development of regulated charges 2006 2007 2008 2009 change  change change
of consumers connedted to DS (SKK/MWHh)  (SKK/MWHh]  (SKK/MWh]  (SKK/MWHh) 07/06 08/07 09/08

(%) (%) (%)
System operation tariff 133 127 88 82 -4,51 -30,71 6,82
System charge 365 323 293 282 -11,51 9,29 3,75
Transmission charge 914 883 @52 960 3,44 7,91 0,78
Transmission losses 157 225 231 277 43,60 2,24 20,26

3.3 Feed in tariff and subsidy structure

Feed-in tariffs are one of the most important tools renewable energy sources
support for power generation. Value of FIT shoulelate adequate motivation for the
investors to invest into projects for power gernieratising RES. Difference between
market price of power and FIT is transferred to fimal consumers of electricity
(Knapek 2010). Premium feed-in tariffs are defimadtechnology-specific; settings
are applied so as to achieve an overall low bufdenonsumers (Resch 2010: 42).
Basic characteristic of the feed-in system infaiéé countries:

1. each country has a specific legislature linked eedf in tariffs with wide

competences for regulatory authority over thisappi
2. FIT are technology-specific

3. FIT are being changed to reflect current marketdans;

® In some cases FIT are not only technology spebificalso differ due to different fuel types and
other conditions - for example with utilization bfomass to cope with different kinds of biomass

quality and sources (waste biomass, energy crapys et
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4. since the respective technology installation isiptd operation the tariffs are
usually not obliged to decrease — in some caseg tbald be adjusted
reflecting inflation, fuel prices development etc

Following table includes feed-in tariff values whin respective countries in 2010

that will be used for further analysis.

Table 5 FIT in respective countrie§

Slovak Czech

Austria Rep. Rep.*
Hydro <1 MW EUR/MWh| 1500** 112,86 115,38
Hydro 1 MW - 10
MW EUR/MWh | 400-1500**| 101,57 115,38
Geothermal EUR/MWh 75,00 195,84 173,08
Photovoltaic EUR/MWHh 350,00 430,72 467,31
Wind EUR/MWh | 97,00 80,91 85,77
56,15-
Biomass EUR/MWHh 126,00 125,98 176,15
Biogas EUR/MWh| 130,00 148,72 158,46
Liquid fuels EUR/MWh| 78,00 159,85 136,54
Duration of support Years 13 15 20-30

Source: FIT 2010 Regulation in respective countriisxchange rate of 26
CZK/EUR was used, ** Investment subsidy EUR/kW (exped below)

Table above gives us technology specific valudsldfsupport that are result of each

countries policy.

" For example current draft of update of law 1808@® Czech Republic includes the possibility to
adjust prices both ways in relation to biogas.

8 As different types of tariffs exist with regar@sgome categories for example based on biomass type
and utilization (cofiring or pure biomass firing)only one value for easier reference is given ihat

considered to have highest relevancy.
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3.3.1 Austria

In Austria a clear indication of support for windvper in regulatory period of 2010
can be observed. FIT for wind energy in the amafirds7 EUR/MWh is the highest
in the countries in the region and support durabbril3 years make Austria an
interesting market however with mostly local playexith good knowledge of
environment being active.

Regarding small-hydro support scheme Austria samtanesting development.
During 2007 and partly 2008 the electricity pricese to a high level so that it was
more interesting for small hydro power producerset their electricity on the free
market rather than to profit from feed in tarifi&/dsserkraft Mar 2008 pp. 4). This
situation, however changed, when the electriciiggar dumped by the end of 2008
(Wasserkraft Mar 2009, pp. 6) and therefore produegain tried to change to the
balance group of OMAG (the official trader for greelectricity) to profit from

green electricity prices.

Table 6: Federal investment subsidy for small hydrgower plants

50 50-100 | 100-500| 500-2000 kW 2000-10000 kW
kW kW kW

Volume (€ / kW)

1,500

1,500

1,500

1,000-1,500

A0UB0

Max. volume of
investment

30%

30%

20-30%

10-20%

Additional limits

Subsidy eligibility to be pred by

dyn. investment calculation (6%)

Source: OE-MAG

Up to 2009 small hydro was eligible for feed inffar Since 2009, this FIT system is
replaced by an investment subsidy for extensioestments and for new projects.
The subsidy is linked to the size as well as aestwent calculation for plants > 500
kW. In addition to this subsidy, local subsidiesymapply. As an example, the
government of Lower Austria grants an additionalestment subsidy of max.

50,000 / max. 25% of the investment for revitali@atmeasures

o http://www.noel.gv.at/bilder/d36/NOE_ Kleinwasseff@erderung_03-2009.pdf
(1 November 2009)

24



Master Thesis
MSc Program
Renewable Energy in Central & Eastern Europe

In addition to the investment subsidy, the OMAG t@buy the produced electricity

from small hydro power plants at market prices.

3.3.2 Czech Republic

As noted previously Czech Republic became oneefbst interesting markets for
photovoltaic projects in the past two years. Maithlgnks to the considerably high
FIT of 467,31 EUR/MWh and predictable market enwim@nt. The FIT in Czech

Republic are set according to formula taking intocaant costs of the technology,
price escalation calculating net present valudefihvestment. The driving principle
Is to achieve reasonable profit for the investoralation to capital invested — the
basis of the calculation is to achieve an NPV=0ulghout the lifetime of the project
(Knéapek, Benes 2007). The profit of the investothisn the discount rate used for
calculation of NPV. In Czech Republic this discouate is considered to be the
Weighted Average Cost of Capital — WACC that hasnbesed at the level of 7%.
That when considering the costs of debt capitéd%f gives us return on equity of

approx. 10%.

3.3.3 Slovak Republic

Similarly to Czech Republic also Slovakia has addptonsiderably high FIT for
photovoltaics but due to unstable and less prdaetzonditions there was not such a
boom observed. FIT rules have been changed a nuofilisBnes during the period
since 2008 and also unclear grid connection ridesrarket was perceived too risky
by inventors. Wind projects have also seen its baor8lovak republic but due to
stringent rules also a considerably high FIT hadyeen used by investors and it also

has been lowered numerous times to its current.leve

3.4 Development of FIT — prognosis

In order to determine the FIT impact on energy gwid is important to assess its
future development. Here we will be analyzing onlye scenario — compared to
other approaches (Resch, EGU) and working with inegs as usual assumptiuns
where FIT will be indexed according to given petege to be in line with

inflationary development.
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Basis for this prognosis will be FIT for 2010 — hewer some alterations will be
applied compared to 2010 tariff values as:

to incorporate expectations of tariff change in oanyears (e.g. photovoltaics in
Czech Republic),

to enable the calculation to be more transparemesechnology specific FIT values
for different type of output of given technologyveabeen unified (e.g. small hydro,

or solar in Slovakia).

Table 7 Expected development of FIT until 2020

Slovakia Czech Rep. Austria

2010| 2012| 201§ 2020 2010 2012 2015 2020 2p10 202@15| 2020
<1 MW 113 111 118 130 115 120 127 141
1MW-10MW | 102 | 100 | 106| 117 115 12( 12y 141
Geothermal 196 200 212 234 178 180 191 211 75 18 01
Photovoltaic 431 390 414 457 467 29 310 342 3b0 4 36386 427
Wind 81 83 88 97 86 89 95 10§ 97 op  1d7 118
Biomass 126 131 139 153 176 188 194 215 16 131 13954
Biogas 149 | 152 | 161| 178 15§ 16% 1760 193 130 135 14458
Liquid fuels 160 166 176 195 137 142 151 166 78 81 86 95

Source: FIT regulations in respective countries) gwojections

Table of expected FIT development is working withassumption of FIT increase
of 2% for each subsequent year. This will be appl@®expected energy generation
from each technology to derive renewable elecyricdsts derived from FIT further
in the text. However some specific inputs for eachntry had to be reflected in the
table:

Slovak Rep. — FIT for Slovak Rep. is already detit@m FIT tariffs applicable for
the year 2011 as published in the URSO 02/2010d2ean regulation of electricity
tariffs — here a drop in support of photovoltaies ©e observed — but also expected
increase of other tariffs — that is in line witlsasption of annual 2% indexation.
Czech Rep. — FIT related to photovoltaic projecss been lowered in Czech
Republic in line with the prevailing assumptions ité decrease — here the

assumption is of 40% decrease of FIT levels.
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Austria — due to investment subsidy for small hythe relevant expenditure in this
field will be assessed taking into account planned installations and therefore the

calculation will reflect it however here the figur@uld not be relevant.

3.4.1 Overall costs of feed-in tariff support

In this the overall burden of feed in tariff suppevaluated in financial terms will be
analyzed it will use inputs from two previous pail®velopment of FIT prognosis
and current and future RES development (inserteataes here).

The overall cost will be based on NAP scenario @scdbed above (reaching the
targets set by each countries targets for 2020baisthess as usual development of
FIT.

As FIT change each consecutive year this is refteat calculation as FIT for that

year apply only for generation capacities thattsthoperation in that ye'dr
CY=RY_1*F|TY-1+(Ry-RY_1)*F|TY

Cy costs for renewable electricity support in curngssr
Ry.1 renewable electricity production in previous year
FITy.1 FIT in year preceding the calculation

Ry renewable electricity production in current year

FITy g7 in year of calculation

Inputs of these calculations are technology speaifid to assess the overall value of
support they will be summed up to find the oveeaibenditure per annum.
Expected costs development for each country wilecified further also including

technology specific impact description.

% The aim of this formula is to calculate overakatticity support in respective year — the surplus
paid by consumer should be then derived by sulitigagtrice of substituted electricity. This formula

will calculate the overall support necessary fatipalar calendar year.
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3.4.2 Expenditure on FIT support in Austria

Support scheme in Austria is clearly aimed at wand biomass. Photovoltaics will

have only smaller share on energy costs — compgaredth Czech Rep. and Slovakia
(9,5% in 2020).

However continuous growth of support of wind andnbass electricity production

leads to lower costs as these technologies arthabinvestment intensive - in 2020

Austria should have average support of 67 EUR/M\Widpced.
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1,000 000 OBiogas
@ Biomass
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O Photowoltaic

800 000

EUR

600 000
O Geothermal

0O Hydro 1 — 10 MW
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Figure 15 Expenditure on FIT support in Austria

When setting the target renewable energy mix tolreae 2020 targets also factors
like cost efficiency, availability of resources arghvironmental issues were
considered (NREAP AT 1)

Maximal year on year increase of total expenditsiigy 6% - and in line with policy
outlined above Austria will only develop, suppahewable electricity from sources
that it is using currently — no leap is expected.

Figures for small hydro support were assessed dicgpto expected new capacity
installed in the current year — multiplied by intraent support expecting that current

scheme will be also kept for the future.

3.4.3 Expenditure on FIT support in Czech Republic

Chart below immediately gives us information on thest cost intensive technology

that is currently being deployed in Czech Rep. etp¥oltaics will have substantial
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influence also in following years even if curreevé¢l of support of 12,15 CZK/kWh
was immediately lowered.

However according to predictions photovolaics wit be implemented further and
the focus will be aimed at wind — but also to bmga

Taking into account following assumptions for 2020:

Biogas installed capacity 417 MW
Biogas production 2871 GWh
Production per MWh/MW 6884 MWh/MW
FIT in 2020 193 €/MWH

We can observe that expenditures in relation t@stwill reach almost the level of
support of photovoltaics — however at much moreiefit level as 1 MW of biomass
output capacity has much higher ratio of producabMWh/MW.

Just for comparison — assumptions for calculatibsupport for photovoltaics on
2020:

Photovoltaics installed capacity 1695 MW
PV electricity production 1725 GWh
Production per MWh/MW 1018 MWh/MW
FIT in 2020 342 €/MWh
600000 ~
500000 m Biogas
400000 - - - . DOBiomass
. @ Wind
g 300000 ------omeo oo - @ Photowltaic
0O Geothermal
200 000 @ Hydro 1 — 10 MW
100 000 - B Hydro <1 MW

0

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 16 Expenditure on FIT support in Czech Rep.

! Assuming indexation of 2% of current FIT 4120 K& until 2020.
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It is important to mention that the speed of depeient of PV industry surpassed
expectations. For example for 2010 it was budg#tattotal support expenditure for
renewable electricity will be 7,76 bin. CZK (310 EJR) however according to
NAP prediction and result of calculation above thgaire should be almost triple.
However trend outlined in the NAP preferring wimitlebiogas in coming years will
lead to lowering of support for unit of electricpiyoduced from renewables that will

be analyzed further.

3.4.4 Expenditure on FIT support in Slovak Republic

Fit support in Slovakia will be devoted to a widege of renewable energy mix.
However surprisingly highest support in 2020 isentpd to be into biogas rising
from today’s approx. 10 ths. EUR to 136 ths. EURten years. This is closely
followed by support of photovoltaics with 125 tHSUR — also with a gradual
increase from levels of today. However wind enemyduction and support
expenditure is still expected to be weak despitengal in the country. Substantial
production of renewable electricity will come frasmall hydro — but these power
sources have usually been built in the pre-supperiod and new development

thanks to limited new potential and low FIT will tnoontribute to expenditure that

much.
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Figure 17 Expenditure on FIT support in Slovak Rep.
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If we divide the support from FIT with total prodion from renewable electricity
sources — we will reach a figure of 150 EUR/MWIR0R0 — this is more or less the
average FIT and could be used as a tool to measstantensity of support to unit
of electricity produced.

Renewable electricity support in Slovkia shouldil@020 almost four times higher
than it is today — but compared to current low lekie absolute figure of approx. 500
ths. EUR is not that significant.

According to RES Industry roadmap the support fBSRn scenarios analyzed under
this study the investments of 3.51 billion € to%Hillion € into RES until 2020 are
expected. In all cases the electricity sector ballresponsible for the largest part of
these expenditures, amounting to more than hatheftotal required investments
(RES Roadmap: 30).

3.4.5 Expenditure on FIT support — comparison

As could be already observed from evaluations i tint countries expenditure and
RES electricity production capacities above — eamimtry will reach its target using
different paths. It is interesting to compare tpperaach. In each of the countries we
could characterize them as follows:

Austria — further development of current RES elettyr sources, low costs

Czech Republic — photovoltaics, and developmebiagas

Slovak Republic — support of various energy soyrsg®ng growth but middle
average costs

Figure of support of EUR/MWh of renewable electgichicely illustrates this

development.
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Figure 18 Support of renewable electricity EUR/MWh

This analysis shows various levels of support iantoes — in average however the
FIT in Austria will be the lowest throughout the §8ars analyzed here (relation to
strong wind power sector). Under this comparisorstAa produces almost double
the amount of renewable electricity compared tocGzepublic in 2020 for 40% of

the average feed in tariff.
Table 8 Total FIT support in respective countries -period 2010-2020

Ths. EUR | FIT @ EUR/MWH
Austria 10 983 317 61
Czech Republic| 12 097 403 152
Slovak Republic 3 542 279 140

According to summing up total fit support in resjpez countries it can be noted that
support through FIT will reach substantial amountghat will have impact on
electricity prices. Total expenditure on FIT in && Republic will be only 29% of

that in Czech Republic — however population of GzRepublic is double in size.

3.5 Capital expenditure into renewable electricity prodiction
facilities

Envisaged new production capacities will requirgvnevestments into production

base. These will be repaid from FIT support reventtowever it is also interesting

to asses the total investment that these new asgetequire and how they develop

over time.
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To be able to assess this volume of investmenkstdogy specific investment costs
of EUR/MW will be used in further analysis. Thesdlwot be indexed as for

comparison base prices as of 2010 have been used.
Table 9 Technology specific investment EUR/MW

Hydro <1 MW 2.000.000{ €/MWV
Hydro 1 — 10 MW 1.800.000| €/MW
Geothermal 4.500.000 €/MW
Photovoltaic 3.000.000 €/MW
wind 1.300.000| €/MW
Biomass 2.500.000 €/MWV
Biogas 3.000.000, €/MW
Liquid fuels 3.000.000; €/MWV

Source: E-control and own research

Figures differ in each specific investment but agneral average they can be useful
for this assessment. This analysis also shows wsa@ment of investments in time
— that will have to be reflected in policy of eadspective country (e.g. adjusting

FIT or direct investment support).

3.5.1 CAPEX in Austria
Capital expenditure in Austria can be expectedha region of 300-350 M EUR a

year. Most investment should go into wind energgrax. 2 000 M EUR (almost
60% of total investments), followed by solar 696 BUR of investments. It is

interesting to note that in the future no majoreistyents will be achieved in biogas.

12 Currently the technology specific investments limgovoltaics varies as the marke tis influenced by
number of factors such as supply of panels — m2®d.1 it could be expected that the price randke wi
drop and will be howering around 2100-2600 EUR/ldcording to own research).
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Figure 19 CAPEX into renewable energy in Austria

3.5.2 CAPEX in Czech Republic

Development of CAPEX into renewable electricity gwotion facilities had a much
steeper shape in Czech republic. Where in 2009nmsgtly in 2010 the massive
development has taken place. This however will Im®ttrue for the future — as
expectations are mainly of investments coming itlie field of wind energy
utilization and biomass.

From 2011 it will not be possible to develop gréiehd solar projects and current
Renewable electricity act counts with maximum ahnostallation of 4,5MW of
solar installations a year.

A down-word trend from 2011 is expected in invesitee Maximum annual
investments into new renewable energy capacitiedbd0l78 M EUR. Total
investment of approx. 1 424 M EUR can be expectedraing to these assumptions.

As expected and stemming from the NAP — 50% ofriliestments will go into wind
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generating capacities — 40% into biogas and reltbei shared by other sources.
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Figure 20 CAPEX into renewable energy in Czech Reftlic

3.5.3 CAPEX in Slovakia

Following figure with overview of expected CAPEX ssowing that according to
Slovak NREAP expectations investments should follotwo main surges. First one
occurring until end of 2013 and second one star®0il5. Here investments should
be reaching at least 300 M EUR a year. Again phaltaic should have 40% share
on investments with 720 M EUR cumulatively and wimith 25% and 448 M EUR
follows. But the investments structure is much mdneersified — as in previous

cases policy will have to drive this process.
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Figure 21 CAPEX into renewable energy in Slovakia
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3.5.4 Comparison of CAPEX in analyzed countries

The highest nominal CAPEX between 2011-2020 inteweable electricity facilities
will be in Austria — however all of these figuredllwbe highly dependent in
development of investment costs of respective teldgnes. Lowest ration of
investments to installed capacity is however indbzRepublic 446.000 EUR/MW —
as for the period after 2011 renewable technologiés lower investment costs will

be preferred.
Table 10 Comparison of CAPEX into renewable elecicity facilities by 2020

ths EUR ths EUR/MW MW
Austria 3117 000 570 5473
Czech
Republic 1424 700 446 3196
Slovak
Republic 1783 900 1631 1094

Highest ratio of EUR/MW regarding investments isSkovak Republic — but this is
due to high share of hydro-power production in fdaxl0 MW — these should have
installed power of 1630 MW in 2020.
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4 Impact compared to electricity consumption

The most substantial impact on consumer as has #&sennoted in other related
studies is in terms of impact on electricity pribe influence of feed in tariffs (EGU

2010). The influence is far more significant thhattof balancing electricity or other
price impacts of RES (these constitute of 30-40%npfact). Therefore this part will

mainly focus on price impact of FIT compared taceieity consumption.

As different groups of off-takers could be consateto calculate FIT impacts — here
the most general figure of total consumption haanhbgsed. Data were derived from
transmission grid operators (CEPS, SEPS, TIWAG Né&zbund - Austrian Power

Grid, VKW-Netz) for 2009. These were further predd to grow with 2% p.a. as

used by UCTE System Adequacy Forecast 2009-2020 B.ED10).

= Austria
= Czech Republic

TWh

= S|ovakia

2009 2010 2012 2015 2020

Figure 22 Electricity consumption in respective contries

To achieve final impact compared to energy consiom@IT cumulative support as
analyzed above has been used. Downside of thi®agpis that it does not provide
exact information on premium that consumer hasap plowever on comparatory
basis total impact to energy consumption to be mieseonly number of electricity
consumers billed should be taken into account. Merenust make an assumption
that net end-consumption or electricity billed (vaut losses etc.) is 70% of total

electricity consumption (approximate figure basacea. EGU 2010).
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Therefore this particular electricity consumptioalue has development as can be

observed in the figure below.
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Figure 23 Electricity consumption for FIT impact calc.

As can be observed Slovakia has approximatelydiafectricity of consumption of
its two western neighbors — what is a functiontefpgopulation size and size of its
economy — that is also approx. one half. All thceentries have observed a drop in
electricity consumption in 2009 as impacts of ficiahcrises were mainly observed
by industry (e.g. Slovak Rep. from approx. 29,831 27,39 TWh).
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Figure 24 Impact of FIT on electricity price for consumers EUR/MWh (approximation)
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As can be observed from the figure above the mgstfieant impact on FIT will be
visible in the Czech Republic. However Slovakia paned to its energy
consumption will have the lowest ratio — startingg®9 EUR/MWh but with rapid
growth reaching 20,60 in 2020. This will still bever than current starting position
of Czech Republic. Compared to outcomes of studg®U 2010 Connecting RES
Electricity Sources to Electricity Network of Cze&epublic we can observe that
calculations above more or less copy findings ofUEG (2012: 556 CZK/MWh;
2020: 710 CZK/MWh).

4.1 Comparison of renewable electricity costs per camt and
according to GDP

All three neighboring countries have common histetyowever they differ when it

comes to structure of their economy expressed iR GD

Table 11 GDP at current market prices and number ofnhabitants

2010 2010 | 2012 | 2015 | 2020
Inhabitants GDP (EUR million)
Austria 8 375 290 279 607 290903 308709 340 $39
Czech 10 506 813 143 237 149 024 158145 174 605
Republic
Slovakia 5 424 925 65 884 68 546 72 741 80 3112

Source: EUROSTAT 2010

Czech Republic is the largest country in termsez#dtount however 51% of GDP of
Austria and Slovakia has only 23% of GDP of thas#a. This is due to number of
factors as number of inhabitants, economic outpdt etc. substantially influenced
by history.

If we apply these data to calculated FIT support meach results enabling

comparison with regards to GDP and number of irthaks.
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Figure 25 FIT support EUR per capita
This would show us that in 2020 if we take into@owt Czech Republic average

expenditure per inhabitant would be approx. 170 BEURe figures indicated in

National Renewable Energy Action Plans are follow8tbvakia has this ratio
approx. a quarter of that of Czech Republic. Curegarting point is with approx.

100 EUR. However this comparison could be mislegadna certain extant as it is
not only inhabitants that bear the burden of FIT ibis also transferred into goods
and services provided as they are also linked dotmtity consumption. Therefore
the ratio linking FIT impact it to electricity comsiption is more precise. Table
below illustrates this as it gives precise struetaf electricity end-consumption for

Austria — where directly to individuals only 23,8%consumption are linked.

Table 12 Structure of energy end consumption — Ausa GWh 2008

Households 12.967 23,89
Other small off-takers 9.084 16,69
Agricalture 1.445 | 2,7%

Small industry (consumption up to 0

GWh) %.117 14,7%
Middle industry (consumption from 0

GWh up to 20 GWh) "0.469 | 18,0%
Large Industry (consumption from 2 0

GWh) 013.225 24,2%
Statistical difference 51 0,0%
Total 55.359

Source: E-Control 2009
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Further comparison based on GDP figures reveals shnauld the total support in

form of feed in tariffs as set out in the case aftibhal Renewable Energy Action
Plans shows us the ratio comparing how much wdl ékpenditure be compared to

the economic potential of respective country.

e— Austria
== Czech Republic
= S|ovakia

FIT share on GDP

0,00%

2010 2012 2015 2020

Figure 26 FIT share on Gross Domestic Product

Outcome of this comparison is that despite theallvekpenses on FIT compared to
other countries are low in case of Slovakia as shalove — the ratio compared to
GDP surpasses that of Austria and should end uperregion of 0,60% of GDP.

Czech Republic again with the highest figure ofteasompared to GDP — these

reach almost 0,9%.
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4.2 Sensitivity analysis of costs related to renewablelectricity
production

On the basis of calculations made previously fidssible to create scenarios related
to renewable electricity costs. These could showaich of different policies that

could be implemented in terms of FIT or specificht@ology preferences.

4.2.1 FIT escalation scenarios

The first sensitivity works with different escatati of FIT — to show how this
impacts total expenditures for support of renewadtricity. As base case 2%
growth of FIT has been used. The other scenartes this growth rate — one setting
FIT growth rate to be 4% for all categories andsbenario on the other end has as
its base 0% growth of FIT.
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Figure 27 Costs of RES electricity support — sensiity to indexation of FIT
As the calculation and tariffs escalation influemc#y price for support paid in the

following year — the impact of escalation is naattsubstantial — however the most
impact is being shown in case technologies moreadeing in relation to FIT are
being implemented according to NREAP. Therefore ihéest gap between two
extremes can be seen in case of Czech Republicerevthe two scenarios diverge
by a margin of 18% - compared to Austria with o@86 difference. All three
countries have tools to influence FIT in both wayBowever this sensitivity shows

us what could be the impacts of both trends. Thisssivity proves that just pure
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change of escalation of FIT does not lead to sahatadifference in expenditures —

it is the structure of sources and dynamics of greent that matter.

4.2.2 Support of photovoltaics

Another sensitivity analysis works with a fictionatenario of not supporting
production from photovoltaic power sources — thisuld eliminate the most cost
intensive electricity source from the renewablecteieity production mix — impact
on expenditure can be most visible in Czech Repudsdi could be expected — with
50% drop in amount of funds paid annually to supp@newable electricity
production. This would have implacations of course reaching of renewable

electricity targets by Czech Republic.
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Figure 28 Costs of RES electricity support — abolisng photovoltaics

4.2.3 Support of wind energy

This scenario works with fictional assumption thatmore wind turbines would be
installed in period 2011-2020 and all the new pogemeration would come instead
from photovoltaic power sources. This would meaat iilm 2020 Czech Republic
would be producing approximately 3100 GWh of elettir per year from PV panels
— while Austria would end up at a figure of appr@800 GWh of PV production
(with wind having the same output as in 2010). Asld be observed from the figure

below — Czech Republic would again be leading \aitimual costs related to RES
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support — however followed by Austria but still Bysignificant margin of 500 M

EUR a year.
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Figure 29 Costs of RES electricity support — abolisng wind energy
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5 Other cost factors of energy production from renewhle

energy sources

Feed in tariffs are not the only single cost factetated to production from
renewable electricity sources. Due to their natum@ demands number of other costs
are related to RES that are to be bared by theucomisand are mentioned below —
they are mainly linked to unpredictable nature afdvand solar sources. These costs
have not been covered in this master thesis bartder to provide a complete picture
of costs related to renewables they should be oreei.

Other capital expenditures to accommodate renewealeletricity sources such as
grid expensions, prevention of bottlenecks nedaktoovered by these costs and also
included in calculation of electricity price.

Methods for including these costs into electridii} differ in all three countries —

however are subject to certain regulations.

5.1 Price of system services

Price impact of renewable energy on price of systemices and balancing energy is
not that easy to express as balancing energy sicdso driven by electricity
consumption patterns, the whole production baseé jumst renewable electricity

production) and also electricity wholesale pride&y 2010: 35).

5.2 Price of grid service

This price component has the most impact in casetredity distribution and
transmission grid would have to be upgraded in or&ope with growing share of
renewable energy production (e.g. wind in regioher grid has not been designed
to cope with these flows). These would be primaapital expanditures into the

network.

5.3 Price of deviation (balancing)

Under influence of uneven production from renewabteergy sources (mainly

photovoltaics and wind) the costs for the eledyitiaders (or other entities that are
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responsible for inclusion of renewable electrigityce into electricity prices such as
distribution companies) to acquire balancing enargyprder to cope with uneven

production.
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6 Findings and recommendations

Linked to this master thesis and experience gathdégmeugh its writing number of
recommendations and findings can be mentioned.eTrEommendations may lead
to optimizing implementation of renewable electsigbolicies. Some of them have

their positive applications in practice already.

6.1 Information database

For future studies and better orientation in tledfiof renewables the information
framework is still insufficient and available daiee in some cases outddtedt is
mainly related to information on electricity prodion from renewable and installed
capacities. This could be also seen in report$adé snstitutions that instant feedback
on the effect of the policies is lagging. Therefiareould be best if effort was given
to as much transparency as possible from all side®arket participants: 1) the

regulator, 2) energy producers, 3) energy distatsuand 4) settlement agents.

6.2 Introduction of market mechanisms

Currently the system in all three countries wotk®tigh a system of feed in tariffs
that are calculated to give reasonable profit éoitivestor — however in some cases it
might be beneficial to include market mechanisnhsas competition of producers
in relation to level of FIT. The producer woulddhgh tender be given preference to

receive FIT thanks to lover level of support heuesis”.

'3 For example annual Renewable Energy Report (Cmstericht) of Austrian E-Control is a good
example of functional reporting — however limitedaild data are availablehttp://e-

control.at/de/publikationen/oeko-energie-und-eregffizienz/berichte/oekostrombericht

4 Another example for this case is a recent tenaléttingary realted to wind capacities — despite its
cancelation due to political reasons it recieveaimappraisal among developers.
http://www.eh.gov.hu/home/html/index.asp?msid=1&€i&hkl=596&Ing=2
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6.3 Reacting to market trends

It is true that renewable energy projects have rgg lome of implementation —
ranging in some cases to numerous years — buteonttter hand are in some cases
subject to swift changes due to:
1) technological development (as could be seen in #ample of
photovoltaics),
2) development of price of raw materials (such as lissh
3) development of price of fossile energy sources ttaild be used as
substitutes.
These factors should be followed and the regulat@uthority with power over

support mechanisms should be able to quickly reachanging conditiorta

6.4 Adaptable policies

As none of the countries is homogenous in term$anfiscape and potential for
renewable electricity production — policies thatulebenable optimal deployment of
technologies may be implemented. That means naohdawst one nationwide feed

flG

in tariff™ — but creating a more regionally oriented systertryt to foster adaptable

renewable electricity policies.

!5 This could be achieved by publishing FIT for sfiecTechnologies semi-annually — which would
be linked to prices on the commodities — but simagkets with biomass lack transparency and there
is no central Exchange what would have to be reeaedi

16 A good example might be wind energy where alsatioas with scarce inhabitance but low wind

potential could be preferred — or other regionafgnences to be followed.
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7 Conclusion

Costs related to renewable electricity producti@venrecently become a topic of
public discussion — however all arguments usedldhimeibased on sound analysis.
Research question of this work was what are thes dioded to electricity production
from renewable electricity sources. Calculation slaswn that the price impacts are
mainly a function of policies in terms of feed aritfs and also regulation.
Based on the inputs described in detail in prevpmarss of the master thesis it can be
predicted that the renewable electricity costs taitle following shape in the years to
come in Austria, Czech and Slovak Republic.
1 600 000
1 400 000
1 200 000
1 000 000
= Austria NREAP

= Slovakia NREAP
= Czech Rep. NREAP

800 000

ths. EUR

600 000

400 000

200 000

r T T T T T T T T T T )
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Figure 30 Cost of RES electricity support accordig to NREAP

This assumption does not give us a whole pictueegefore comparison has shown
that the impacts differ when put into relation wiDP — where for example it has
far higher burden in Slovakia and Czech Republimpared to Austria (almost

double). Other comparisons towards size of the ladipn, electricity production etc.

gives us different results that should also be exspled in public discussions over
renewables.

Under assumptions in this master thesis these ttoaetries will invest 6,325 bin.

EUR from 2011 into renewable electricity productioapacities — and still also

current costs have to be considered as for examgl@r investments in Czech

Republic are already due as a result of massiveldement of PV plants in 2010.
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This work has based its assessments on Nation@viRdile Action Plans — however
reality may differ substantially from these docunsen therefore it is important to
show sensitivities of development — mainly deepngesa in FIT have implications
on costs related to renewable electricity productiddlowever it has to be
remembered that it is also the current pipelinepsErational projects that also shapes
the future — because FIT are set and guaranteedlavger periods — bringing the

effects of today’s policies into the next decade.
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