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Introduction and Summary
The CODEgroject

This roadmap has been developed in the frame of the CODE2 project, whicluisded by the
European Commission (Intelligent Energy EurQpeE) and will launch and structure an important

market consultation for developing 27 Nation@logeneration Roadmaps and one European

Cogeneration Roadmap. These roadmaps are built on the experience of the previous CODE project

(www.codeproject.eu) and in close interaction with the poheakers, industry and civil society
through research and woskops.

The project aims to provide a better understanding of key markets, policy interactions around

cogeneration and acceleration of cogeneration penetration into industry. By adding-energy
CHP and micr€HP analysis to the Member State projectiémscogeneration to 2020, the project
O2ya2NliAdzy A& LINRLRaAy3a I+ O2yONBGS NRdziS G2

Draft roadmap methodology

This roadmap for CHP ihe SlovakRepublic(SR is written by CODE2 partner Jozef Stefan institute

based m a range of studies and consultations (see Anrgxit has been developed through a
process of discussion and exchanges with experts

Acknowledgement

Jozef Stefan Instituteand the CODE2 tea would like to thank all experts involved for their

contributions to develop this roadmap, which has been valuable regardless of whether critical or

NB I §

affirmative. It has to be stressed that the statements and proposals in this paper do not necessarily

reflect those of the consulted experts.

Summary

The Slovak Republic is one of the most developed cogeneration member states in the EU #ind
25% CHP share in gross electricity generation on tfigoBice in EU28. Long cogeneration traditio
in district heating and industry, rather broad awareness on cogeneration advantages and incer
support framework enables further CHP development, espally with necessary retrofit and
replacement of existing old CHP plants in district heating systems and industry by modern CHP
with partial switch to wood biomass. Sustainable CHP electricity generation is in line with the
national energy polty goals to increase energy efficiency amde of domestic primary energy
sources, especially nuclear energy and biomassl would contribute to faster reduction of current
high energy intensity and import dependency.

The CHP roadmap path would delivap to 4 TWh/a of primary energy saving (PES) under the H
methodology till 2030. Considering the likely implementation path of such a roadmap up
6 TWh/a PES an@Million tonnes of CQ reductions are achievable in practice till 2030 and cou
contribute more 30 ¢ 50% ofthe national indicativeprimary energy saving targetl0 TWh) till 2020
and result in huge benefits forthe national economy. Establishing stable long term suppg
framework for cogeneration andncentives for theenergy retrofit of district heating systemsand

increase of their competitivenesare prerequisite conditions besidéhe removal of some other

barriers. Profound implementation of EED could significantly contributeatproper future CHP role
in the sustainable energy supplgf SRand roadmap implementation Resolving current natural ga
supply problem from Ukraine is one of the critical issues of the EU policy to enable securit
natural gas supply and future operation of CHP units.

! For more details and other outcomes of the CODE2 project see: http://www.epaigect.eu/.

2 First discussions with policy authorities and experts took place on the seveEEDANeetings and later on in 2014 with
more experts phone conversation and in@xchanges of information.
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1. Where are we now? Background and situatioh cogenerationin Slovakia

1.1 Current status:Summary of currently installed cogeneratian Slovaka

Slovakia is facing slightly decreasing trends of CHP generatitmough still with high 14% share ¢
total electricity generation (even 3% reported by Eurostat).Majority or more than 80% othe total
2,6 GWe installed capacitywith around 4TWh of electricity and 10Wh of heat production was
provided by steam turlmes (including nuclear power plants) and more than 80% of to@HP
generationis generated byplants supplying district heating systems.

Slovakia hasa very high and prevailing more than 30% share of natural gas in CHP gener:
followed by 27% share o€oal, above 20% of nuclear energy and growing 4% share of RES. On
engines CHP units are facing positive recent trends in fheriod with significant heat demanc
decrease ancaturrentlow electricity prices on the regionatlectricity market.

TheSlovak Repule has very balandeprimary energy consumption, with prevailing share of natural
gas (27%), following by nuclear energy, oil, ¢alilabove 20%and growing sharef renewables
(RES)Figurel) althoughit is facingrather high 64% import dependerityMore than half of the
total 28 TWh electricity generatiof8 GWe of installed capacfywasin 2011 produced by nuclear
energy, close to @b by renewablsourcesand more than 20% by coal and natural gas, as shown in
Figurel, with growing share of RES generation in the year 20iBsmall net import of electricity

Primary energy [%] Electricty generation [%]
= Coal —
23% = Oil 2013
Gas
27% Nuclear 011
M RES
Gross inland consumption 2011, Eurostat Data provided by ENTSO-E,2011

Figurel: Structure of primary energy and electricity generation

Following Eurostat datahare of cogeeration in total gross electricity productiooscillatesand
reached high 24,5% share in 20Ifable 1) with total 7 TWh of electricity and 7,BWh of heat
generation.

National reported cogeneration statistfosonsiderably deviafeand the share of cogeneration has
slightly negative tred and reached lver 13,5% in the year 2010 with 3[8Vh of total electricity

% Entire import of oil and natural gas (majority from Russia) is key reason for higher than EU28 average import dependency

(54% in 2011).

*EUROSTAT Energy, transport and environment indicators, pocketbooks, EU, 2013

*Ministy2 ¥ S$02y2Yé 2F GKS {f2@F1 NBLWzwtAOY &{ S02y Refficiend§/LI2 NI 2y
cogeneration Article 6 paragraph 3 of Directive 2004/8/EC, Bratislava, 10 October 2011.

® Data based on the individual plants data and not ugireselected electricity to heat ratio used for Eurostat reporting.
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generation Table2, Figure2). The installed capacity of higtfficiency cogeneration in the period
20082010 was around 2,6W, but the electricity production has decreased from BMh to
3,8TWh in this periodsame & the total heat CHP production decreased fromT¥gh in 2008 to
11TWh in 2010.

Tablel ¢ Eurostat data on cogeneration ithe Slovak Republic 20082011

Installed electrical Total heat Totalelectricity | Total % of gross
CHP capacity supplied generated electricity
[GW] [TWh] TWh] production**
2008 2,15 7,26 6,96 24,0%
2009 1,59 5,19 5,01 19,2%
2010 2,82 5,57 4,43 15,9%
2011 2,46 7,27 7,02 24,5%

Eurostat: Combined Heat and Power (CHP) data, 11 June 2013
Table2 - National data on cogeneration ithe Slovak Republic 20082010

Installed electrical Total heat Total electricity | Total % of gross
CHP capacity supplied generated electricity
[GW] [TWh] TWh] production**
2008 2,645 12,86 4,37 151%
2009 2,547 11,80 3,89 14,9%
2010 2,609 11,00 3,80 13,8%

Source:Report on progress towards increasing the share of -bffjhiency cogeneration Article 6
paragraph 3 of Directive 2004/8/EC, Bratislava, 10 October 2011

5,0 20% 3,0
m Combustion

45 18% engines

**

T, (- 3 25
E, 4,0 .\_._-.- 16% § mmGas turbines
& 15,6% S with heat regen.
-] y =
=] 15 1% L]
E 3,5 0,75 14’9% 14% g ,g. 20
g 3,0 13,8% 12% % Combine.d cycle O
z 0,71 = gas turbines Fy
° =]
£ 25 10% 2 (cceT) 21,5
- @ 8
E 3 = Steam condens. a
B 20 S 8% & extract. turbines O
S : 2 10
£ 15 6% I 3
'é o Steam back- 2
5 £
2 10 2,16 2,02 4% % fre:-sure os
urbines ,
S L 1,43 5
© 05 2% —e—-Share of CHP in 0.7 0,60 0,60
gross electricity
0,0 0% production 0,0
2007 2008 2009 2010 2007 2008 2009 2010

Figure2: CHP electricity production and installed capacity by technologliavakia

The most of electricity from CHP in 2010 was produced in steam back pressure su@ae,
followed bythe production in steam condensing extractioarbines 83%), combined cycle gas
turbines (19%), internal combustion engines (J%and gas turbing with heat recovery (%). The
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main fuel usedn CHPRwas natural gas with 3% sharefollowed by coal (Z6),nuclear energy (Zb),
liquid fuels(17%)and 4% share dfiomass and biogas

More than 80% of all CHP electricity and heat was produced by main activity producers (district
heating plants and larger power plargsiso nuclear) and the rest in industry and services.

1.2. Energy and Climate Siiegy ofthe SlovakRepublic

Increase of energy efficiency and use of domestic primary energy sources, especially n
energy and biomass are key energy and climate orientation of the Slovak Republic with goz
further reduce high energy intensityrad import dependency.

Thekey objectivesf energy policy set inthe document Energy policy of the Sl&vBepublié, are

AYONBI aAy3d STFAOASyOé Ay rddiciBg ehdegy $hitedsityretiicingS v R 1t dz& -
dependence on energy import&xpandingthe use of nuclear powerincreasing the share of
renewables in the heat and electricity sectors asapporting the use of alternative fuels for

transport. Following set objectives nextriorities, relevant also for development of cogeneratjon

have been st:

1. Replacing the shedown energy production installations so that this replacement will ensure
the generation of such volume of energy which would primarily cover domestic demand on a
costeffective principle;

2. Adopting measures aimed at saviegergy and increasing energy efficiency on the side of the
consumption;

3. Decreasing the dependency of energy supplies from risk atedisersification of energy
sources as well as transport routes;

4. Using domestic primary energy sources for the eleity and heat generation on a cest
effective principle;

5. Increasing the use of combined energy generation;

. Using the nuclear energy as diversified, esffective possibility of energy generation

reasonably acceptable also for the perspective ofeéhgironment,

. Ensuring nuclear safety in all operated nuclear installations;

8. Increasing the share of renewable energy sources in the generation of electricity and heat
with the aim of creating adequate additional sources in order to cover domestiadd;

»

\‘

Due to still highenergy intensity and import dependencythe objective of the Energy security
strategy[11] is to achieve competitive energy that wouldfesguard secure, reliable and efficient
supply of all forms of energy at reasonable prices with respect to the protection of the consumer,
protection of the environment, sustainable development, safety of supplies and technical safety.

Following the Nationd Renewable Energy Action Plét2] 14% share of RES of total energy
consumption by 2020 will be achieviedspecially by further increase tfie use ofbbiomass for

! Spreadsheet to facilitate the submission of specific data to support the evaluation of progress towards increasing the
share of higkefficiency cogeneration in accordance with Artic{8)6and Article 10(2) of Directive 2004/8/EC,

8 Energy policy of the Slovak Republic, Approved by resolution of the government of the Slovak Republic No. 29 from 11
January 2006 (update expected soon).

5" in EU28 in 2011, although decreased for morant#0% in the period from 2001 till 2011
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electricity and heat generation as bioma$& LINS&aSy da | aA3IyAFAOIYyd t26mnOl
Slovak Republic.

The total GHGs emissions have decreased extréff(8¥%6) between 1990 and 2011 because of the
structure of economic etivities, far more than 8% reductiocommitmentfrom the Kyoto protocdt.

Support of the electricity production from renewable energy sources and nuclear paswbe key

energy policy measurto decrease GHG emissions and to reduce energy depend&hegnergy

strategy includes installation of 3 nuclear power plants: 2 nuclear power plants (Mochovce 3&4) next

to Mochovce 1&% andthe new block in Bohunice.

1.3. Policy developmenin the SlovakRepublic

Slovakia has establishedn efficient CHP support framework with pemium payments set for
different CHPtechnologies and used fuelas the key CHP support instrument, enabling econor
environment forsmall and medium siz€HP investments and operation.

Increase of electricity generation fromuclear power, renewable energy sources and in high
efficient cogeneration (CHR)e key objectives of the Slovak energy strategy. In 2@@®tedAct on

the Promotion of Renewable Sources of Energy and-Hifitiency Cogeneratigithe government
has setrulesfor supporting electricity produced from renewable energy sources and-dfitiency
cogeneration (feedn tariff), that started already in 2005.

Thekey instrument- feed-in tariff is based on théixed basic electricity price set by thHeegulatoy
Office for Network Industriedor a certain type ofCHP technology and used fuel (fossil or
renewabld™® as shown inTable3. The premium payment isqeial to the difference between thset
fixed basic price and the price of electricity geairlyby the Regulatory Office for Network Industries
for the electricity to cover losses of all regional distribution system operators

The CHP suppoftameworkin Slovakiancludes next elements

e Premiumis paid to all electricity producehlso for onsite direct consumptionpy high
efficiency CHP plantsith a total installed output of up to 10 MW and up to 125 MW or
200MW, where the proportion of usable heaupplied to the industrial sector is no more
than 40%". Plants are eligible fopayment for 15 yearqfrom start of operation or
reconstruction or modernization)

e Purchase of electricity at a logmaking electricity priceby the electricity network operato
to all of the electricity produced by high efficiency CHP units with a total installed output of
up to 125 MW or up to 200 MW where the energy share for renewable energy sources in

19 Assessment of climate change policies in the context of the European Semester, Country report: Slovakia, Ecological
Institute - elecreon, June 2013

1 Approximated EU GHG inventory: Proxy GHG estimates for 2012, Technical report No 14/2013,
(http://www.eea.europa.eu/publications/approximatedu-ghginventory-2012).

2Two units of 440MWe net capacity are expected to beoperation in 2016 (Mochovce 3) and in 2017 (Mochovce 4).

3 The fixed price of electricity produced by higfficiency combined production ensure investment return in the 12 years
period and remains at least at the level set for the year in which thatplas brought into operation or the year of
reconstruction or modernisation of the plant.

n the case of a higher proportion of usable heat supplied to the industrial sector it is possible to apply the supplement
only to the amount of electricity whicborresponds to a plant with a total installed output of up to 10 MW.
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the fuel is higher than 20%. Units up taviiVe are eligible for the suppbthroughout the
plant lifetime whereas larger plants are eligible for 15 years (from the year of installation or
modernization).

e Balancing of deviationfor CHRunits up to 4MWe (1MWe where appropriate)

e Preferential connection and access to thdectricity network for all electricity produced in
high efficiency CHP units up to 5 MWe (for units above 5 MWe only in proportion to the
useful heat) if enabled by technical conditions.

o Excise tax exemptiorior electricity produced by higefficiency CHPif supplied directly to
the end consumer or consumed by the producer.

e Investment subsidiesrom Structural funds (2007 2013 planned also ithe period 2014-
2020 for CHP in different operational programes (industry®, district heating, Bratislava
region, biogasetc).

% Main support provided by Operational Programme Competitiveness and economic growth, measure 2.1: Increasing
energy efficiency on supply side and demand side and introducing advandetbtegy in energy sector where eligible
projects are higkefficiency CHP units with installed capacity up to 10 MWe.
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Table3 - Feedin tariffs for electricity produced from higkefficiency cogeneration for the
period 20162015

Fixedpurchaseprices
Technologies Fuels ekazK
2010 | 2013 | 2014 | 2015

CCGT with heat 81,87 83,06 74,74 74,75

Gas turbine with heat 75,59 80,04 72.84 72.8¢

recovery
Natural gas 85,89 91,7 82,53 82,53
Oil&oil products 85,89 87,66 78,89 78,89
'e”rfgirgea" combustion [y ture of air and methane 7394 | 7557 7434 74,39
Specially processed waste 149 | 149,0¢ 120,69 99,84
Thermal cracking of waste and its products - 140,0¢ 113,40 98,4(
Natural gas 83,65 81,71 80,91 80,97
Oil&oil products 83,65 87,73 78,94 78,96
Lignite 88,72 89,3¢ 80,371 80,3}

HARD COAL (INSTALLED OUTPUT OFH

Steam back pressurg { h! w/ 9 X pnYsSo
turbine  or  steam
condensing extraction| HARD COAL (INSTALLED OUTPUT OF

turbine SOURCE> 50mwe)

82,15 83,1¢ 74,84 74,84

78,87 79,81 71,89 71,6(

Waste incineration 80,00 80,0¢ 77,604 77,6(

Gas produced by thermochemical

e . i 114,74 114,71 103,24 89,04
gasification of waste in gasifier generator

Gas from steel production - 4 80,04 80,07
Organic rankine cycles 123,24 | 123,24 118,31 98,3}
Electricity produced from renewable energy sources
Fuels Fixed purchati prices
eka? K
Specifically grown biomass 113,1( 112,24 92,09 92,09
cHP Other (waste, straw..) biomass 125,9¢ 122,64 100,69 96,9(

Source: [7] [8] [9] [10]

9
CODE2 - COGENERATION OBSERVATORY AND DISSEMINATION EUROPE



1.4.Exchange of information and awarenessthe SlovakRepublic

Traditional use ofCHP in industry and district heatingnd rather high heating prices are kg
drivers for general high CHP awareness in Slovakia, where interested investors are lookin
economic CHP heating solutions. High level awareness of energyicgeproviders and financig
institutionsis good support to thavell-developeddomestic CHP technology and project provide
where very good position of cogeneration in research and education progmamis a very
important pillar for the successful CHP delopment.

A good awareness of the benefits of cogeneration, among the different -eeooomic actors, is

one of the basic conditions to create an active CHP market. This is necessary to achieve the full
potential of CHP. Good awareness goes hand mdhaith wellinformed customers. Awareness
among professional and influencers that inform and advise the other groups support policy makers
to create and provide effective frameworks for a functioning market. For the purpose of this analysis
the actors onthe CHP market, were classified into four see@nomic groupsshown in Figure3.

The level of awareness was assessed for each of the actors ardl ¥at (1 poor and 5 Active
market), as shown below. The detailed comments on each group are describadex 1.

Customers Market
Grid
Installers
operators
- Commercial Households
Consultants Architects Banks
- Engineering
companies
Influencers Policy

Sector Specialist : el

organisation Media Regional oca
NGOs E"EFE_V Local

agencies Planners
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1 Poor [ |
2 Low =
3 Early awareness [ |
4 Interest =

5 Active market [ |

Figure3: Assessment of four groups of the soes@onomicl O (i awaier®ss of
cogeneration inthe SlovakRepublic

Customers

Rather high heating prices and long tradition of cogeneration in Slovakidngortant fact for high
awareness of CHP in all sectors where investors are driven by good CHP projects ex(sianriic
payback time) and good practice exchange.

Market players

District heating and industry are the key sector for cogeneration, well supported by domestic
manufacturers(linked also to the providers frorthe Czech Republicpjood technology providers

and energy companiesupported by banksvhich are well acquainted with financing of energy
efficiency measures by several successful demonstration projects.

Influencers

Except District heating association in Slovakia there is no other stronger CHP assagiahore
involved NGOs. Strong research and proper positioned cogeneration learning in education
progranme is a very important pillar for high educated technical staff and awareness in engineering
area with important influence also on high genesalareness on cogeneration in Slovakia.

Policy makers

Cogeneration awareness is amather high level as it is well positioned in the national energy policy
which resuls in incentive support framework and very balanced mix of electricity supply with
important role of cogenerationFuture development of district heating systems will be crucial for
the future CHP developmenwhere successful implementatioof EED (foreseen till the end of the
year)should have important influengeespecially on the analysi$ heating and coolingriorities for
district heating.The titure development of nuclear energygnd electricity market price trendaill
haveanimportant influence on CHP investments.

1.5. The economics of CHifrthe SlovakRepublic

Currentsize- uniform CHP support framework enables required profitability femall and medium
scaleCHP(up to 10MWe) whereas economic conditions for micro and large scale GiiRs are
not adequate for new investments

A cogeneration plant is a large investment and its feasibility is most of the time measured by its
financial parameters, such as internal rate of return (IRR), return on investment (ROI) or payback
period. An important factor is the capital cost of the eagration unit and its maintenance
compared to a standard boiler. The most significant parameter however, is the spark spread. This is
the theoretical gross margin of a gised CHP from selling a unit of electricity, having bought the
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fuel required to poduce this unit of electricity. The support systems described in Chafashould
improve the business case for CHP installations.

Assessment of current market conditions for new CHP investments proves live CHP market in
SlovakiaTable4). Proper support framework and market conditiotigggered incentive conditions

and established normal market for small and medium size CHP units (upMYV&) for fossil and
renewable CHP applications in all sect@specially on natural and bio gas)

Same level of support for CHP units is not assuring requested profitability for micro CHP units
(except some larger units in services and industry) whereas curreargg market condition with
low electricity prices have stopped the investments in larger CHP units.

Table4: Market economic situation of CHP in major user groups

Micro Small & Medium Large
Slovak
. up to 50kw up to10MW more than 10 MW
Republic -
NG RES NG RES NG Coal RES
Industry
District heating

Services

Houselolds

Legend:

I:I a y 2 NJY CHPt Investment hagood economic benefits return on investment
acceptable (810%) for the investorsnterest for new investment exists
there are no significant economic barriers for the implementation.

I:I 4d Y 2 R S EHiP¢ Investment hasodest/limited economic benefitsand return on
investment (57%),limited interest for new investments

- a LJ2 2 NEHP Investment hagoor or negative return on investment or is not
possible due to other limitations no interest/possibilties for new

investments
I:I Not applicablefor the sector
NG Natural Gasor appropriate fossil fuel
RES Renewable energy sourcgs/ood biomass, biogas, etc.)

'® Market potential for larger coal and RES CHP is only within the reconstruction of existing units (no potential for new
units.)
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1.6. Barriers to CHR the SlovakRepublic

Low competitiveness of district heating systems compared to other heating options is the
important barrier for the future development of thelargest CHP sector inl&akia. Current
unfavourableenergymarket conditionsthat recently stop connection ohew CHP units need fag
update of the support scheme regulation to establish lotgrm stable and predictable condition
for new investments. Recent reduced natural gas supply from Ukraine ligige threat that need9
urgent EU policy response.

In the Second CHP progress report presented to the tB€,Slovak government has indicated next
obstacles for CHP production:

e administrative procedures,
e regulation and price setting for electricity and heat,
e weak monitoring of CHP operation

e Technical obstacles:
o reduced heademand due to energy efficiency in buildings
o0 increased use of renewable energy sources technologiesat( pumps, solar
collectors),
o0 decrease of operation efficiency of large CHP plants due of increased demand for
ancillary services caused bigpersed electricity generation from RES

the Slovak Republic is one of the advanced EU member states where current policy and regulatory
framework enableshe CHP development in different sectors. Based on recent market assessment
and expert opinion we havidentified three majorstill existing barriers for faster and stable CHP
development, listed im descending order of importance:

Barrier1: Weak competitiveness of DH systems compared to other heat supply options

Low competiveness ofdistrict heating systems isone of the key barriers for the future
development ofthe largestCHPsectorin Slovakiaas current systems areften not competitive to
new alternativeheat supply options in buildingegpeciallyheat pumpssolar collectors and biomass
boilery.

How to reduce operation cost byncrease of systems energy efficiency in obsolete systems and
trigger energy retrofit(also by fuel switch to RES and natural gas by CHP imitskrucial
development challenge.

Current high heat prices for theonsumer also result of not optimal heat price regulatienable
short return of investments to the alternative heating options and extensive disconnectibith
causeadditional decrease of heat demantbeside decrease due to energy efficiency measimes
buildings” and industry and non-optimal operation of the existing CHP unisdrequest systematic
update of regulation.

" Ministry of economy estimated that energy retrofit has already been implemented on more than 50% of the buildings
and shoulcbe completed in the period 2030 2040.
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Additional ETS costs and higher air quality request for larger production units (IED) are decreasing
competitiveness of DHC compadréo individual heat supply optionsiot burdened by these costs
and distort competition on the heat supply market.

Barrier 2: Unfavourable energy market conditions have negative effect also on Citipport
scheme operation

Several CHP investments in recent years prove effectivendle ekistingCHP support schernand

increased CHP and RES electricity generadanCHP support is linked to tliearly setprice of

electricity to cover grid lossds/ the Regulatory Officeof Network Industriesdrop of the electricity
market priceselowthe regulatory set pricand the volume of CHP and RE&tricityexceeded the
volume necessarto cover grid losseconnection of new units to the grildy regional distribution
system ogratorswas almost stopped in the year 2014.

Recent reduced natural gas supply from Ukraine could beaosegious problem (this winter or long
term) and needs fast common EU solution to avoid serious problems \ligh natural gas supply
that would seriasly hurtthe CHP operation.

Barrier 3: Complexadministrative procedureseed to be simplified

The legal frameworkfor cogenerationis still rather complex and time consumingequesting
certification procedur& (cogeneration has no advantage in comparison to other investment
projects) and issuing permit for business activity ithe electricity and heat supply (CHP unit up to

1 MWe should only notifysuch an activity to the Regulatory Office for Network Indesfrbeside
complexity of administrative procedures for the preparation of the investment (ownership of real
estate, approval of the respective authorities, etc.)

2. What is possible? Cogeneration potential and market opportuniti@s
Slovakia

Evident economical CHP potential exist Blovakiawhich should be reassessed within EE
prescribed comprehensive assessmetit the end of 2015 0,5 GW or2,6 TWh of additional CHH
generation was earmarked asn additional economic CHP potential tilhe year 2020 in thg
National potential study from 208 with a growing role ofthe bio and micro CHP potential prove
by the recent CODE2 analysis.

Followingthe latest National energy efficiency action plEr8] %, new comprehensive assessment of
the potential for the application of highfficiency cogeneration and efficient district heating and
cooling will be prepared in due time till the end 2915 and in the meantime the results tife

8 Each investment project for electricity supply abovielWe) or above 10AW for heat supply should be certified by the
Ministry of Economy of the Slovak Republic that is in accordance to thédamgenergy policy concept.

9 permit is issued by the Regtdaey Office for Network Industries with request of employed professionally competent
person who meets the prescribed qualification requirements (for units abdvigVve)

“NEAP 2014ssued on 30th April 2014.
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Analysis of the National Potential for Higffficiency Cogeneration in th8lovakRepublic from
2008*' isthe most relevant sourcen the cogeneration market potential.

Additional technical CHP potential till 2@Rwas estimated on more thad5 TWh of electricityor
close to D GWeexpressed in electrical capacitpnly 5% ofthe total estimated technical potential
(0,5GWor 2,6 TWh)was earmarked asn additional economic CHP potential till the year 2020
(Figure4). Toenablethe CHP growthl,9 GWe of new investments was foreseen asamstruction
and refurbishment of existingnainly big old coaland ratural gasCHP unitsvith gradual switch to
wood biomass (also cofiring with coal)and only 0,5 GWeof new CHP units, mainly industrial and
small scal@pplicationson natural gas

=3
=

New

CHP capacity and el. generation [GW e,
TWhe]

B Reconstruction

I R T T T - T

B Existing units

Figure4: Cogeneratiorexpansion- economicpotential in the period 2005 2020

Current and expected energy market and economic conditions till the year 2020 seems inadequate
for implementation of sucha volume of investments, especialtyhuge refurbishment of existing
larger CHP units in distribieating systems although driven by increased environmental restrictions
and gradual decrease of domestic coal exploitation and need of efficiency and competitiveness
increase of expired old unitRecentboom ofthe new CHP investment (prevailing small anedium

size CHP units) which slowed down in 2pidves the market potential in services, households and
industry,especiallyin case of fagtr economic crisis recovery in EU.

Bio energy

Currenty more than 46 share of RES in CHP generation (60% ofwbatl biomass rest biogak
could be increased in the future, especially withammbustion of wood biomass with coal in larger
CHP units and technology development of biomass gasification in smaller CHP applications.

The aalysison Bio CHP potential c&tSR 2 dzi A GKAY / h59u LINRP2SOGX
Iy I f,@ravesahehugepotential for bio CHP growth tover 25% sharef CHP generation till the

year 2030 (seeAnnex 3)as Slovakiahas very good preconditions fdhe utilisation of wood
biomas&which is in line with thenergy policy orientation to the use of domestic energy resources

and RES, especially wood biomass.

21Analysis of the national potential for higgfficiency cogeneration, Slovak innovation and energy agency.

2 pppropriate support mechanisms, high share of district heating heat supply, biomass availability and high awareness
result of efficient promotion of Biomass association.
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Micro CHP

The CODE2 micro CHP potential analysis estimated the market potential for micro CHP units on
around B0 units per yeam the year 202®f that 400 units o#40kWe in services (18We total)

and 120 units of+1 kWe in householdsAt leastthe households CHP development is very uncertain
due to highcurrenttechnology costs although in casetbé expected decrease of inggment costs,

the sales of micro CHP units in 2030 could exceed 10.000 units per year theestdensive natural

gas network in Slovak{more than 90% of alhhabitantshave access to the gas networkpr more
detailssee Annex 2

3. How do we arrivethere? The Roadmap

Following current ambitious energy policy goals and orientattbesSlovakRepublic can remain one

of the leading European cogeneratioountrieswith further growth of CHP generationmith special
emphasis on the use of renewable eggrsourcesCogeneration can significantly contribute to the
key energy policy prioritiesncreaseof energy efficiency andse of domestic energy resourcean
complement the development ahe nuclear energy generation and use of RES for heating (heat

pumps).

3.1. Overcoming existing barriers and creating a framework for actio§ovakia

Establishinga long term stable and predictable incentive legal framework for cogenerationtiie
key priority necessary for the future CHP developmeimt Slovakia Intensifying the suppor
instruments for increasing efficiency and competitiveness of district heating systems is crucig
their future economic operation and preserving the majority of current CHP generation.
implementation should bean important tool and push in the increase of the efficiency in he
supply where simplification of administrative procedures andigrconnection is one of thq
important issuesbeside EU policy action for mitigatioof the natural gas supply risk

Action 1. Establising a long term stable incentive and predictable legal framework for
cogeneration

Removing ristingregulation problems of setting and adaptation thie price ofthe electricity to
cover grid lossewith the current electricity market price ithe keyissue for prosecution of current
successful support schenamdto enable new grid connections

Regular evaluation angdroper yearly tuning of the level of support (followitige technology and
the energy market prices development) is crucial precondition the economically sustadtple
operation and long term stable operation, which is crucial for the inves&pecial emphasis should
be on the instruments that will enable modernisation of existing old CHP units in ind@siod
cooperation between Minisy of Economy andregulatory Office for Network Industriés of key
importancewhere consideringhe state aid compatibilitys animportant aspect.
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Further development oDSM and cogeneration access to the system services as foresé¢lea in
latest NEAR014° is animportant instrument for increasing competiveness of CHP plantsirrent
very difficult market conditions.

Action 2: Intensify the support for increasing the competitiveness of the District heating
systems

Majority of current CHP generation is traditionally linked to the district heating (DH) systems which
presenta very important infrastructure for the efficient and environmentally friendly heat supply
today and also in the future. Enforcing the supporttioaments for the increasef the heat grid
efficiency optimisation de to decreased heat demarmhd necessary plant environmental retrofit
(IED requests) are crucial for enabling future competitiveness and economic operation of DH
systemsA gecial emphais should be also on small district heating systems with heat only borlers
use of coal which could be replaced by CHP units on wood biomass or natuaaidgase of other

RES (solar, geothermal, etc.)

Ministry of Economyshould continue with investmen subsidiesand other financial instruments
for increasing efficiency of heat supply systems in the next financial perspective (2@R0)that
are planned to start in 201613] **.

Update of current heat price regulation in district heating systems is necessary to enable more
flexibility and optimal balancing of final heat priceand assurecompetitive price level compared

to other heating alternatives to stop disconnection of final consumefm on-going dange ofthe
Heating law, which will stop disconnection for larger heat consumers (>10e) if they causea
decrease ofthe system efficiencyis a much appreciated step toward more efficient operation of
DH systems.

Action 3: Fast and quality implementation ofEED ¢ especially a comprehensive
assessment and cost benefit analysis (CBA) for efficiency in heating and cooling

New assessment of heating and dagl potential should bring new information of the real technical
potential and advantages of cogeneration and DHC options. CBA for market potential could
contribute to better awareness of the cogeneration opportunities in all sectors apdtential
contribution to the national strategic climate energy goals wathapproval of necessary additional
adequate measures for the cogeneration support.

EED implementation should bring also other benefitdfierincreaseof efficiency in heat supply:

e Clear priorites in heat supplyc new comprehensive approach as basis for the shaping of
local legislative rules and practice tre municipality level to enforce local energy planning
and new sustainable investments in the heat supptggrated in other sectors (use of waste
heat, etc.)

e Assessment of energy efficiency potential ithe gas and electricity infrastructureas
cogeneration has positive influence on better infrastructure utilisation, decrease of losses

% Measures to promote e@mandside response (DSM) based on the Regulatory Office for Network Industries issued
Methodological Guideline from 01.12.2013.

2437 million of EU funds are foreseespecially for reconstruction and modernisation of existing heat network and CHP
units wih up to 20MWe capacity.
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and load balancingassessment should better position the role and contribution of
cogeneration units to the energy efficiency in gas and electricity grids.

e Improving acess to electricity networks and priority of dispatcfor cogeneration ¢
introduction ofimprovements andew issuesespecially for small scategeneration units:

e Enable conditions for introduction of system services from cogeneratiggemand
response, balancing, etc.).

Action 4:Simplification of administrative procedures and greed connection

Further effors of all involvedauthorities (ministries, network operators,regulator, etc.) should be

still focused on the removing of administrative barriers necessary for efficient and fast CHP project
implementation and grid connectiorCertification and issuing bingss permits should be simplified
(omitted where possible) and issued in shortened time to enable faster investment implementation.

A gecial emphasis should be on tlerger CHP units where procedures are the most extensive and
time consuming. Fomicro CHPunits the provisions from the article 15 of the EED: simple
Y2O0AFAOL GA2Yy daskodld Belfdlldwedbyiggrades/ it otBéiE instruments likeet
metering, tax incentives,etc. to enable development also of small scale Wfits the existing
support scheme iaot sizesensitive(same support for all size units).

3.2. Possible paths tthe growth in the SlovakRepublic

CHP couldalso inthe future contribute around 15%of final electricity demand and become th
sustainable pillar of electricity supply i®lovakiaby the proposedCHProad map implementation.
Bythe necessary replacement gf5%of existing CHP capacities lyl GWe of modern CHP plan
and 60% implementaton of economic potentialor 0,3 GWe ofnew CHP unitsthe current CHH
electricity generation could be increased f@0%from the current 4TWh to more than 6Ir'Wh till
the year 2030.

In spite ofrecentnegativetrends ofhigh efficiencyCHP electricity generation arouddr' Wh, (7 TWh
by Eurostat)we canstill expecta moderate economigyrowth in the futureand increaseof CHP
generationfor about2,3 TWhe by lhe assessed economic potential and economic opportunities.

With the proposedCHProad mapimplementation we can strengthen the CHP development and
significantly contribute to the EU energy climate targdiise e&eonomic potential fothe CHP growth

is evident although before the implementation of comprehensive assessmeheafctual potential

we can reasonably takenly part - 60%of the economic potential assessment from 308s the
target CHPpath tothe growth till the year 2030:

e Reconstructionof 45% of existingold CHP capacityl,1 GWe ¢ whichis necessary due to
the lifetime expiration and new environmentaéstrictions ¢ and increase of electricity
generation for 11 TWh,,

e 0,3GW,; of new CHP plantmstallation and 1,2 TWh,additional electricity generation

= Especially in services and later with expected price drop of technologies also in smaller applications.
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as shownin Figure5 and the following energy and environmental indicators tfoe roadmap impact

assessment.
6
5
4
3

2 | 2.8 4- | - New
' 31 2,6
13

CHP capacity and el. generation [GWe,
TWhe]

2,5 B Reconstruction

1 -+ | | I— | I— |

1,6
Existing units

GW‘TWh‘ GW|TWh‘ GW|TWh

2030

2020

2010

Figure5: Target path tathe CHP growth till theyear 2030

o CHP electricity generatiarincreasefor 2,3 TWh, or for 60% compared tdghe current high
efficiency electricity generatiorin the year 201Qwith the balancedcontribution ofexisting
reconstructed CHP plants in district heatgygtemsandthe new installed CHP capacity

e Share of cogeneration electricity in final energy demanite share of CHP electricity
generation in final energy demand could ke least slightly increasefrom 14% to 16% till
2030 and establishan important stable generationpillar for the sustainableand
complementaryelectricity supplyin the SlovakRepublic beside nuclear and other renewable

generation.
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7 r 27%
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I Road map

-8 % Business as usual

CHP Electricity generation [TWh]
Share of CHP in final el. demand [%]

=®= % Road map
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Figure6: CHP Roadmap Electricity indicators

Future development of cogeneration could be even greater as we conidgroposed roadmap
economic potential rather conservative, especially in faster economic growth circumstaihtes
year 2030

19

- CODE2 - COGENERATION OBSERVATORY AND DISSEMINATION EUROPE



3.2. Saving of primary energy and gémissions by e CHP roadmapf Slovakia

Potential CHPRprimary energy savingsould contribute30 ¢ 45% ofthe indicative national target o
primary energy savings till the year 2020 and reduce @&missions for up to2,3 million tons of
CQ till the year 2030.

Within CODE2 project two approaches for assessment of primary energy savings (PES) and CO
emissions savings are used to demonstrate advantages and contribution of CHP technology to the
reduction of energy use and g&€missions:

1. Methodology prescribed by ED(according to Annexes | and?f1)
2. Substitution methodc new developed method for assessment of actual achieved s&Vings

New CHP generatioproposed bythe Road mapwould contribute2,5TWh PES®alculated by the
EED methodology amp to 5,3 TWhof PES19 PJ)calculated bythe substitution methodas shown in
Table5. Especially reconstructed CHP plantsich are replacinghe existingold steam turbineon

coaland natural gaplants contribute the majority of the potential PE®&ichis importantfrom the

perspective of national goals till the year 2020 and 2(038al potential savings lilge substitution

method ae for almost60%larger than assessed savingsthg EEDmethodology wherecomparison
to the best available alternative technology for separafectricity and heat generatiodo not

reflect the actual savings in the country

The asessedPESpotential of CHP(3,0 to 4,8 TWh till 2020) is30 - 45% of the 104 TWh set
indicative national target ofprimary energy savings in the year 2028 NEAP 2014 [13] which
mears that implementation of the CHP roadmap can contribut@significant part or even increase
the foreseennational goalsfor the year 220 andadditionally contributes to the new goals for the
year 2030.

By usingthe samne approach potential real achievable CGavingsby the substitution methodare
2,3 Mt of CQ, much higher thard,7 Mt CQ savings byhe EED methodologyas shown irTables.
By increasing the share of renewable energy and faster transitidghamatural gas potential GO
savings would be even higher.

% EED methods used at a member state level today for national reporting to the European Commission and at project
level for determining if a specific CHP plant is highly efficient. In the methodology, the efficiency of each cogeneitation un
is derived by comparinigs actual operating performance data with the best available technology for separate production
of heat and electricity on the same fuel in the market in the year of construction of the cogeneration unit using harmonized
reference values which are detenn@d by fuel type and year of construction.

" substitution methodhas been developed within the project and estimates the amounts of electricity, heat and fuel
which are actually replaced by additional new CHP based on a projection of the supply bases chahgenember state
supply over the period are calculated. The situation in 2030 is compared to the current status in the country.

% pssessed NEAP 2014 PES of planed measures in district heating and CHPVslhe 0,7

2 cHP plants using renewable energg aot achieving Cavings by EED methodology (compared to separate renewable
generation), but in reality they are replacing current coal generation.
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Table5: Saving of primary energy and Q®y the SlovakiaCHP roadmatpill 2030

Substitution method EED method

Business asusug Road map | Business asusug Road map

PE saving 2,5 TWh/a 5,3 TWh/a 1,4 TWh/a 3,3 TWh/a

CQ saving 1 Mt/a 2,3 Mt/a 0,3 Mt/a 0,7 Mt/a

-per kwh** | 0,87 kg/kWh, 0,99 kg/kWhg

% This value represents the @@duction of the power generation. It includes the avoided CO2 emisdions fuel

savings for separate heat generation in boilers; it must not be confused with the considerably lower CO2 emissions of the
substituted condensation electricity or with even lower emissions of compared power production according to the BAT
approad in accordance with the EU CHP directive reference values.
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Annex 1. Stakeholder group awareness assessment

Users

Industry

Utilities

SMEs SMEs are gettinglowly more aware of CHP technology, especially of
engines, wherean efficient CHP solution with short payback time should
competitive to the other potential investments in companies (otf
technology ancefficiency investments).

Households Due to high heating prices people are aware of different alternative hee

options where ogeneration is one of the potential technology fom
competitive heat supply source for multifamily buildings, althot
sometimes inappropriate competition to district heating. Awareness
cogeneration is growing and faciryvery strong competition with othe
heating options.

Market and supply chain

Manufacturers/

Technology

providers

Installation Cogeneration is well known by installation companies with proper nun

companies and education of CHiRstallers

Grid operators Negativeattitude happenedin 2014with an almost completestop of permits
for connection to the gridbut traditionally awareness of the grid operators
cogeneration is on thproperlevel.

Consultants Consultants are in principle acquainted with CHP, usutally not the actors
that propose cogeneration solutions to the investors. Usually Investors
amore active role based on thetractive paybackof the project.

Architects Architects ardessacquaintedwith cogeneration

Banks, leasing Several demonstration projects hawevery positive effect on banks ang
other financial institutions which arevell acquainted withthe cogeneration
technology and support environment anake active in the CHP proje
financing.

ESCOs
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different levels

Energyagencies

Planners CHP is in principle known, but the CHP markethéskey driver for ne
investments.

Influencers

Sector
organisations

General public

Media No special attitude to CHP in media for the general pubhiere are not man
articlesor aimed promotion

Academic area/

Research

NGOs Not veryactive inthe CHPsector.

Legend:

e Active CHP market [ 1 Low CHP awareness
L] Interest in CHP I Poor CHP awarenes:
[ ] Early CHP awareness
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http://tzs.jediny.sk/

Annex 2. Micro CHP potential assessment

micro-CHP potential
summary - e
Slovakia ’ =

Country statistics

Papulation: 5 400 000 (2010)
Number of households: 2 700 000 (2010)
GDP per capita: € 18 400 (2010)
Primary energy use: 11 600 ktoe/year (2010)
GHG-emissions: 46 Mton CO, . /year (2010)

INTELLIGENT

Household systems (£1 kWe) SME & Collective systems (+40 kWe)
Boiler replacement technology Boiler add-on technology
Present market (2013) Present market (2013)
Boiler stock: 375 000 units Boiler stock: 52 000 units
Boiler sales: 56 000 units/year Boiler sales: 7 800 units/year

Potential estimation Potential estimation

Indicator Score Indicater Score
ettt |0 | vttt |0 |
Global CBA 3 Global CBA
Legislation/support 1 Legislation/support 2
Awareness 0 Awareness 1
Purchasing power 1 Total 5out of 9
Total S out of 12

Expected final market share: 21% of boiler sales in Household sector  Expected final market share: 15% of boiler sales in SME & Coll. sector

Sales in 2020: 120 units/year® Sales in 2020: 400 units/year*
Sales in 2030: 9 600 units/year* Sales in 2030: 1 600 units/year*®
Voarly sales househald cystewd “fearky sales SME & collective systems

-Emw i,m
10 00 | "
/________
I
Stock in 2020: 260 units* Stock in 2020: 2 500 units*
Stock in 2030: 38 000 units* Stock in 2030: 13 000 units*
Stock in 2040: 113 000 units* Stock in 2040: 17 000 units*
Potential savings in 2030 Potential savings in 2030
Primary energy savings: Primary energy savings:
1Pl/year* 10 Pl/year*
19 ktoe/year* 230 ktoe/year*®
GHG-emissions reduction: GHG-emissions reduction:
0.0 Mton CO; . /year* 0.1 Mton CO, .o/year*®

*Corresponding to the expected potential scenario.
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micrO‘CHP Score Card INTELLIGENT

ENERGY
EUROPE

Argumentation

The score card is used to assess the relative position of an EU country based on current regulations, markets and
economics. The score itself functions as input to the implementation model to 2030.

+1 kWe systems (Households) +40 kWe systems (SME & Collective systems)

Boiler replacement technology Boiler add-on technology

Scorecard Scorecard

Indicator Score

Indicator Score

Market alternatives “

Market alternatives “

Global CBA 3 Global CBA
Legislation/support 1 Legislation/support 2
Awareness 0 Awareness 1
Purchasing power 1 Total 7 out of 9

Total 5 out of 12

Market alternatives Market alternatives

There is strong competition of other heating technologies in

households: extensive district heating systems in towns, geothermal There is very strong competition of other heating technologies in
energy and heat pumps, wood biomass (cheap heating source), services: extensive district heating systems in towns, geothermal
extensive natural gas network (more than 94% of all inhabitants of energy, heat pumps and extensive natural gas network in the country.

Slovakia have access to distribution network).

Global CBA Global CBA

SPOT: 5 years SPOT: 3 years
Legislation/support Legislation/support
Current incentives on micro CHP are not yet sufficient for the Current support offer moderate incentives for implementation of
economic project implementation in households micro CHP project in service sector

Awareness Awareness

Due to the too high investment costs and not sufficient support for the
economic implementation, current awareness of micro CHP
technologies for households is still very low or poor on all levels.

GDP: € 18 400 per year
I ———

Due to lack of good CHP practice examples, awareness of CHP is still on
the very low level.
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Annex 3:

Bio-energy CHP potential analysis

Figures (projections)
Final heat demand from CHP and DH
(PRIMES, IEA), ktoe

Bio CHP potential assessment

Slovakia

896

VTR e
*'; ENERDY
S

g

1.221 1.321

(Projected) heat demand from bio-energy
CHP and DH (after score card), ktoe

50

223 354

Bio-energy penetration rate in CHP markets
(2009: EEA, Eurostat)

5,6% (2009)

Biomass availability, share heating (sust.,
cost-eff.), final energy (Biom. Futures), ktoe

18,3% 26,8%

1.439

Bio-energy CHP potential analysis Slovakia

1.800 —+—Final Heat Demand from CHP & DH
1.600 (Primes, IEA)
. Pe—
1.400 —Y —+— National targets biomass for
’ 1—-———‘—*__—_—" heating (NREAP)
1.200 —=®— Projected heat demand from bio-
energy CHP
g 1.000 P - rey
z 200 — —=—Projected heat demand from bio-
e energy CHP (after score card)
600 —
t —&— Biomass availability, share heating
400 _'.’/,.—-———"' (sust, cost-eff.), final energy
200 .//
0 T T T T
2010 2015 2020 2025 2030
Framework Assessment (Score card) Score Short analysis
Support price for CHP electricity,
Legislative environment + 3(of3) agricultural biogas plants; High share
& of district heat; Preferential
connection of CHP to network
Increase share of heat from RES from
Suitability of heat market for switch to bio- mostly biomass and biogas; High
++ 3(of3) . .. h
energy CHP increase of electricity production from
wood biomass and biogas
41% citizen served by DH; 44% share
Sh f Citi d by DH ++ 3 (of3 !
are ot Litizens served by (of 3) of heat from DH systems in total heat
Support of the production of wood
biomass for energy; Support of the
National supply chain for biomass for energy ++ 3 (of 3) processing of fuel wood biomass;
Support for the establishment of
energy crops
Biomass association; Public campaign,
Awareness for DH and CHP ++ 3(of3)
workshops, and conferences
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Annex 4: Assumptions used in the economics of CHP

Detailed economic analysis fifur standard CHP cases was implemented in all pilot roadmaps and
optionally in nonpilot roadmaps.

As requested detailed economic data for economic analysis of four standard CHP cases were not
available or are not sufficiently reliable for making objeetoonclusions about the CHP profitability

and comparison of economics with other member states, detailed calculation table is not included in
this report.

Annex 5: Assumptions used in the market extrapolation

Roadmap scenario

Installed capacity (GWe) 2010 2020 2030 2030-2010
Existing units 2,46 1,55 1,33 1,1
Reconstruction 0,91 1,14 1,1
New 0,15 0,28" 0,3
Total CHP 2,5 2,6 2,7 0,3
Economic potential 0,1 0,3
existing + reconstruction 381% 202%
New 100% 100%
Electricity generation [TWh] 2010 2020 2030 2030-2010
Existing units 3,80 3,06 2,61 -1,18
Reconstruction 1,80 2,25 2,25
New 0,65 1,22 1,2
Total CHP 3,8 55 6,1 2,28
Economic ﬁotential 1,71 2,28
existing + reconstruction 62% 47%
New 38% 53%
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Annex 6: Methodologies used to calculate the saving of primary
energy and CO, emissions under the roadmap

Substitution method

This method has been developed in the CODE2 project. In doing this, two other approaches have been
02y aARSNBRY M0 (KS *& NBNR KOS K Snstifutzyikigh hondEreanRot be used
directly for a long term comparison as needed in CODEZ2; 2) a method used to calculate,thaviD@

resulting from a voluntary commitment of the German industry for, @@uctior™, however this method has
been consiered as too simple. Therefor the following more differentiated approach has been developed:

Based on an estimate of the increase in cogeneration electrtbigythereby caused decrease of £&nissions

and primary energy consumption is estimated. Irsthpproach, an attempt is made to determine the actual
guantities saved compared to the base year (e.g. 2010). Hence it refers to the actual saving of fuels for the
production of the amounts substituted by modern CHP plants

a) of electricity and heat irhe replaced or retrofitted old CHP plants

b) of electricity in power plants

¢) of heat in boilers.

The savings result from a combination of three effects:

- CHP effect

- Technology effect (improved CHP technologies)

- Fuel switching (e.g. lower carbonrtent of natural gas compared to coal, g@@utrality of bioenergy)

The results show the savings actually induced by the expansion of CHP compared to the situation in the base
year.

This approach differs fundamentally from the methods for checking the-éififitiency according to the CHP
Directive or in accordance with ANNEX Il of the EED (Directive 2012/27/EU on energy efficiency), in which a
comparison between CHP and the best available Technology (BAT) of separate production of electricity and
heat prodiced is carried out strictly othhe samefuel basis.

This procedure is considered to be inappropriate to deliver an estimate of the actual fuel saving quantities by
CHP over a longer period, which is consideaedlevant value, representing meaningfubntribution of CHP

to the longterm objectives of the EU to reduce €@missions and primary energy consumption. The BAT
approach of the CHP Directive has been developed to verify the high efficiency of individual plants, but not to
determine actual save@Q emissions and primary energy quantities by CHP expansion.

In fact, the CHP expansion is closely associated with a replacement of old cogeneration techhgyloges
onesand a change in the structure of fuel from coal to natural gas ane:hévgy. Tlese three developments,

- replacement of separate generation by cogeneration

- replacement of old cogeneration technologieg new ones,
- replacement of carbosich by lowcarbon fuels,

- can be usefully seen only as an integrated process.

To account for the uncertainties in particular with regard to fuel shares and technology development, a
window of possible developments with an upper value and a lower value of emission reduction and savings
has been determined. The different levels of ults are due to assumptions about key parameters such as

#10. FfE Forschungsstelle fir Energiewirtschaft e.V., Energiezukunft 2050; http://www.ffe dieédien/erzeugung
und-markt/257

%2 The calculation has been made by the VIK Verband der Industrilieergie und Kraftwirtschaft e.V., 2010,
Unpublished.
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current share of electricity from cogeneration, which is replaced by electricity from new or retrofitted units,
fuel shares in the replaced CHP plants, power plants and boilers as well as in tdHReplants.

The results have been calculated based on the following input values: growth of CHP power production, share
of current old CHP to be replaced by new installations and retrofitting, fuel efficiency and electric efficiency of
new CHP and replaca@HP for different fuels, electric efficiency of replaced power from conventional power
plants for different fuels, heat efficiency of replaced heat from boilers, corresponding fuel shares.

EED method

The Primary Energy Savings methodology of the EEBe@ at a country level for national reporting to the
Commission, and at project level for determining if CHP is highly efficient. In the methodology, each
cogeneration unit is compared with the best technology for separate production of heat and elgatricihe

same fuel on the market in the year of construction of the cogeneration unit and the harmonized reference
values are determined by fuel type and year of construction.

The underlying principle is that, knowing that regularly new investments havieet made in new energy

production units, it is necessary to compare CHP with the centralized production installation which could be

built using the same fuel rather than assuming a displacement of a different fuel or introduction of a new fuel.

It is a lgical approach when looking at the decision making process of investors or a member state
government. By investing in or supporting CHP, a certain electricity generating capacity will be produced by

CHP and NOT by centralized production based onthe FadeSt 6T LINAYOALX S 2F Wl @g2ARS|

For the timeframe of the roadmap (between 2010 and 2030), and especially in countries where there is no
overcapacity, it is relevant to compain installation of a certain capacity (athe national level) of CP
compared tothe installation ofa new capacity with another technology (power plant + gas boileo)replace

older installations with state@f-the-art technologyis a typical reinvestment decisioA new CHFplant (or
combination of smaller installatits) would not necessarily lead to less production in older production
installations, but would rather prempt investments in e.g. new CCGT investments.
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Annex 7: Sources

[1] EUROSTAT Energy, transport and environment indicators, pocketbooks, EU, 2013

2l aAyA&d0GNRE 2F SO2y2Ye 2F GKS {t2@011 NBLHzwtAOY a{SO02yR
high-efficiency cogeneration Article 6 paragraph 3 of Directive 2004/8/EC, Bratislava, 10 October 2011

[3] Eurostat: Combined Heat and Power (CHP) datduhé 2013

[4] Energy policy of the Slovak Republic, Approved by resolution of the government of the Slovak Republic No.
29 from 11 January 2006.

[5] Ecologic Instituteeclareon, Assessment of climate change policies in the context of the European semester
Countryreport: Czech Republic, June 2(1t8p(//ec.europa.eu/clima/policies/g
gas/progress/docs/cz_2013_en.pdf

[6] ACT of 19 June 2009 on the promotion of renewable energy scamdehigkefficiency cogeneration and
on amendments to certain acts

[7] Slavomir Cifra: Cogeneration potential of the Slovak Republic, Slovak Innovation and Energy Agency

[8] Vynos' NI Rdz LINB NB3IAdzf + OAdz aASUARMAKRYREESPHN T RSLFASLIGS

vynos” NI} Rdz LINB NB3dz + OAdz aAS0U20&60K 2ROSGON T wyo 2¢gfl
vSE STUONRSYSNBSGALS TySyA ySa12NDAOK LINBRLA&2DOD

Ol HHM® + I [#~Y! & " N} Rdz LINB NB3Idz + OAdz aunekcerdv@ée OK 2R@S( ¢
regulacia v elektroenergetike

[0l My b® =, | [ #~Y! ® " NI} Rdz LINB NB3Idz + OAdz 4250208 0K 2R@OS¢
"N} Rdz LINB NB3JdzZ +t OAdz aASU2080K 2ROSHGON 6P HHMKHAMO ¥
elektroenergetike

[11] Draft Energy Security Strategy of the Slovak Republic, October 2008.
[12] National Renewable Energy Action Plan, October 2010.
[13]' 16 yeé LXt y SySNESiIAéhBeEe STHRINKUDRAPRIIR2 Y NP NBZ & 11 H AN
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