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Introduction and Summary
The CODE?2 projett

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

market consultation for developing 27 National Cogeneration Roadmaps and one European
Cogeneration Roadmap. These roadmaps are built on the experience of the previous CODE project

(www.codeproject.eu) and in close interaon with the policymakers, industry and civil society
through research and workshops.

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

cogeneration and acceleration of cogeneration penetration into industyyaéding a bienergy

CHP and micr€HP analysis to the Member State projections for cogeneration to 2020, the project

O2ya2NliAdzy A& LINRLRaAy3a I+ O2yONBGS NRdziS G2
Draft roadmap methodology

NB I §

This roadmap for CHP tine Czech Republic is written by CODE2 partner Jozef Stefan institute based

on a range of studies and consultations (see Anfedt has been developed through a process of

discussion and exchanges with expérts

Acknowledgement

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

contributions to develop this roadmap, which has been valuable regardless of whetheal avitic

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

reflect those of the consulted experts.

Summary

Czech Republicsi one of the leading cogeneration member states in the EU wihlong

powerful domestic CHP manufacturers and project providers. Cogeneration fits imédl the key
national energy policy goals to increase energy efficiency and decrease greenhouse gases em
especially bythe necessary retrofit and replacement of exisg old CHP plants in district heatin

than 25% of the finaklectricity demand beconmg an important sustainable pillar othe electricity
supply inthe Czech Republic alongsideclear energy and other renewable generation.

methodology until 2030. Considering the likely implementation path of such a roadmap up
12 TWh/a PES an@ Million tonnes of C@a reductions are achievable in practiaentil 2030 which

could contribute more tlan 35% of the national indicative energy saving target [@&h) till 2020
resulting in huge benefits forthe national economy. Establishing stable long term support
framework for cogeneration andor the energy retrofit of district heating systemsalong with the

removal key barriers are prerequisite conditionsfor achieving these results Conscientious
implementation ofthe EuropeanEnergy EfficiencyDirective (EEDgould significantly contribute tca

significant future CHP role in sustainable energy pply for the Czech Republi@and for the

implementation of thisroadmap.

cogeneration tradition, a rather broad awareness focogeneratior2 @advantages, growing CHI
electricity generation, an incentive support framework for new small scale CHP investments g

systems by modern CHP uniésd agradual switch from coal to natural gas and wood biomass. C
electricity generation could increasby up to 30%over the 2010 level util 2030 and provide more

The CHP roadmap path would deliverT®h/a of primary energy saving (PES) under the E

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

% First discussions with policy authorities and experts took place in October 2013 in Prague on the Cogeneration days 2013

and was later continued with several national expert consultations.
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1. Where are we now? Background and situatiasf cogenerationin the
Czech Republic

1.1 Current status: Summary of currently installed cogeneratiom the Czech
Republic

The Cogeneration capacity anénergy production in the last years isalatively stable and reachd
14% share in total gross electricity generatian 2010. 4,7 GWe of the installed CHP apacity®
produced11 TWh of electricity and close to34 TWhof heat in the year2011

The majority of electricity from CHRs produced in steam condensing extraction turbinesmd steam
backpressure turbinegointly 95%, internal combustion enginegrovide 3% and combined cycle ga
turbines (CCGT) with heat regeneratigarovide 2% The major fuel sourcenfore than 75% shareis
domestic coal witha growing share of R& @%)and natural gas (7%beside other fuels.

The installed capacity of higifficiency cogeneration ithe Czech Repubfién the period 20082011
was less or more on the level of abouf7&W, but the electricity production from the high
efficiency cogeneration varied between TWh and 12 TWh inthis period Aose to 70%of this
production is frompublic district heating plants and the restfromindustry and service§.he share
of cogeneragd electricityin gross electricity production is around 14%,p24 in 2010 and 18in
2011).

The total CHP heat production increased from 3TWh in 2008 to 37 TWh in 2010 and then
decreased to 3B in 2011.More than50% ofthe heat supply irthe Czech Republic is provided by
district heating systemsAround70%of this heat is producelly CHPplants.

The majority of the electricity from CHP in 2010 was produced in steam condensing extraction
turbines (59%, with installed capacity oR235W), followed by production in steam bagkessure
turbines (36%, with installed capacity 2 IGW), combustion engisg3%, with installed capacity of
0,5GW) and combined cycle gas turbines (CCGT) with heat regeneration (2%, with installed capacity
of 0,2GW).

Solid fossil fuels (brown and black coal) are the main fuels used for electricity production from
cogeneration(2011) with more than 75% sharén total fuel used by CHP plantfollowed by
renewable energy sources (mainly biogas and wood) with almost 8% share, 7,5% share of natural gas
(growingin recent years, mainly in medium and small size Jnlt&% share of oil productnd 8%

share of other fuels.

The statistical data about the installed capacity, gross electricity and heat production from high
efficiency cogeneration in the Czech Repdilitiche period 20082011 are shown in th&ablel and
Figurel.

% second Progress report on the cogeneration of electricity aedt in the Czech Republic according to Directive
2004/8/EC, June 2012.

* Second Progress report on the cogeneration of electricity and heat in the Czech Republic according to Directive
2004/8/EC, June 2012.

® Eurostat: Combined Heat and Power (CHP) datauhe 2013

4
CODE2 - COGENERATION OBSERVATORY AND DISSEMINATION EUROPE



Tablel - National data on cogeneration ithe Czech Republic 20682011

CHP Installed electrical | Total heat Total CHP electricity Total electricity Total % of

capacity supplied generated generated gross electr
[GWE] [TWh] [TWh] [TWh] production
2008 4,82 35,45 11,88 83,52 14,22%
2009 4,76 33,31 11,05 82,25 13,43%
2010 4,79 37,69 12,24 85,91 14,25%
2011 4,66 33,64 11,18 87,41 12,79%

Source: Eurostat: Combined Heat and Power (CHP) data, 11 June 2013
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Figurel: CHP &ectricity production by technology inthe Czech Republic

The CzechRepublicis the third larger EU net electricity exporter (after France and Germany) with
about 17TWhor 25% of gross consumptiaxport in last period. Although close t®% of86 TWh
gross ¢ectricity generationis generated frondomesticcoal and nuclear energypid development

of decentralized electricity productioappened inthe last 20 and especiallgst 10 yearswith fast
growth or RES generation (wind and PV).
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1.2. Energy and Climate Strategythie Czech Republic

The objective of the revised State energy concept (SEC) in 2012 gipesrity in electricity supply
to the increase of nuclear power generation (from 16% to about 35% by 2@4@)economically
viable RES and natural ggsower generation(balancing energy and cogeneration) to gradual
replace current predominant rolef domestic coal.

Maximising energy efficiency anthe reduction of pollutant and GHG emissions are one of the k
energy policy goaldor the Czech Republiwith ambitious targetsto reduce total aggregate CQ
emissionsby 25%by the year2020 compared tdahe year2000.

The basic priorities of energy policy of the Czech Refublicindependence and safety of energy
supplyand sustainable development. Two majoalsof the energy policy ar¢ghe maximising of
energy efficiency and environmental friendliness (minimising greenhouse gaisdasther harmful
emissionsetc).

The revision of the State energy concept (SEC) in @éfides the main energy policas beingo

reduce GHG emissions based on the increase of nuclear power generation from currently 16% to
about 35% by 2040to decreag the use of coal (only CHRode new coalfuelled energy sources

will be permitted andthe gradualelimination ofthe support for renewable energy.

The target ofthe environmental policy in the Czech Republic for the first commitment period of the
Kyoto protocol (2002012) has been an 8% reductiom GHG emissionsompared to 1990. The
total GHGs emissions havaeanwhile decreased extremely (23.4%) mostly as a consequence of
economic transformation. The last dd@bout the change in GHG emissions for the Czech Republic
for 2012 shows35% decrease compared to 1990
The National Programme téAbate Climate Change Impacts in the Czech Replbkts these
additional targets after the end of the first commitment period of the Protocol:

e reduce C@emissions per capitalt2020 by 30 % compared the 2000,

e reduce total aggregate G@missions t®020 by 25 % compared to 2000,

e continue in the commenced trend to 2030.

The main measures in the energy field to achieve the goals of the energy and environmental policies
are focused on the improvement of energy efficiency, increasing utilization ofwadre energy
sources angecondary energy sources wheen® of main targetsf Czech Republiare™:

¢ higher utilization of renewable and secondary energy sources,
e higher usage of energy saving potenfial

® State energy policy of the Czech Republic, Prague 2004.
 Another 2.000 MWe is planned in Temelin and heat supply to the district heating systems is foreseen for the future.

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

° Total GHG emissions were decreased for 5.8 MeG@r-4.4% compared to 2011. Beside negative economic growth
(GDP fell byl.3 %), RES grew by 11 % aandlear energy generation was increased by 7 % compared to 2011.

10 Ministry of the environment of the Czech Republic: The National Programme to Abate the Climate Change Impacts in the
Czech Republic, 2004.

1 Ministry of industry and trade of Czech Republic (Responses of the Czech Republic to the SLT of IEA Questionnaire):
Periodic review of the Czech energy policy, Prague, September 2009.

12 Act. No. 180/2005 Coll. on promotion of energy production from rertde@nergy sources and amending certain acts.
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o fulfil national goal in electricity production fro renewable sources in gross electricity
consumption (8% in 2010), (minimally 15% in 2030) etc.,
¢ minimize C@emissions and local pollutants, mainlyiery largecombustion sources.

1.3. Policy developmenin the Czech Republic

Green premiuns, set yearly for differenCHPsize categories and operation hours classes is the
CHP support instrument inthe Czech RepublicThe Green Premium&nable an economic
environment for CHP investments and operation. Special extra rates (bonuses) arefpai@HP]
electricity generation fromrenewable energy

The development of energy policy depends and follows the development of economic policy in the
Czech Republic. The energy policy is focusing on preferring renewable energy sourdbe and
promotion of combined heat and electricity production. The support for cogeneration in the Czech
Republids publishedn the State Energy Concept (SEC) and the State environmental policy (SEF).

Support for high efficiency cogeneratitiasa long tradition in the Czech Republidrom 1 January
2013 the governing regulation isct no 165/2012 Sb. oRromoted Energy Sources.The current
support scheme for electricity from cogeneratiga universalscheme not targeted to specific
sectors) is inthe form of green premiuns6 & 3 NB S ywhizRayedmgasised asollows:

e Fourcategories according to the installed electric capac{typ to 200kWe,from 200kWe
to 1 MWe, from 1 MWe to 5MWe andover 5MWe)

e For categories up to 5MWe each Category fditinto three operating hours classg8000,
4400 and 8400 hours per yepFor units above 5MWe the hours classes do not exist.

e The premium level is differentiated according to therifhary Energy Savings (PES)ith
minimum support forplants which havePES below and up to 15%savings anchigher
supportfor sources above 5SMWe aRESreater that15%

e Special extra rategbonus additional to the basic rate of green bonas) used for support
of CHP electricity generation fromnewable sourcegsolid biomass also gasification and
co-firing, biogas, mine or drained gas, etc.).

e Support is applicable alsato modernized old CHP plantswith proved improved
performance.

The premium leval are set yearly bythe Energy regulatory officédERJ) based on the market
conditions(reflectingthe actual electricity and natural gas priceShe system operates as a fooh
price regulation conducted by the ERMbere a price decisiornis applied to the whole market and
not asa support mechanism subject tdirect state aid®. Overallthe support for cogeneration
represens only 5% of the overall financial resources for th&al supportwhich is jointly provided
for renewablesand CHPbut contributes48% ofthe total supportedelectricity generation

The ERJ have establisheda CHP project team a team of experts and stakeholders to design a
system of support for cogeneration in the Czech Republic, which is a good practice example of

3 As the level of the support is setting for next calendar year, stablettenng investment conditions for investors are not
provided.
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cooperation of different CHP market actors witte common goal bdeveloping and maintaining
financialy reasonabé, sustairableand predictable CHP support environm¥ént

Table2: Green premiums for fossil CHP units in the year 2014

Installed capacity off .
Type of supported source plant [kKW] Operating Green
(generating plant) hours | premiums
to [hrryr] [CZK/MWh]
from | . )
(inclusive)
a d e j m
0 200 3000 1610
0 200 4400 1150
0 200 8 400 220
Combined heat and power generation 200 1 000 3 000 1150
except plants claiming aid under (1)
and/or (2.1) hereof and except municipal 200 1000 4400 750
waste firing 200 1000 8 400 140
1000 5 000 3000 800
1000 5000 4400 470
1000 5000 8 400 45
Combined heat and power generation
simultaneously claiming aid under (1)
and/or (2.1) hereof and municipal waste 0 5000 8400 45
firing
Installed capacity of PES [%] Energy generation
Type of supported source plant [kW] efficiency [%] Gre_en
(generating plant) premiums
to to to [CZKIMWH]
from ) . from . ) from . .
(inclusive) (inclusive) (inclusive)
a d e f g h i m
5000 - 10 15 - - 45
Combined heat and power generation | 5000 - 15 - - 45 60
plant 5000 - 15 - 45 75 140
5000 - 15 - 75 - 200
New or moderrused combined heat and 5000 . 15 . 45 . 200
power generation plant

Additional tariff | to basic tariff of green premium for electricity from CHP

Type of supported source| Date of operation start Installed capacity of| Biomass type| Green premium

(generating plant) plant [kW and usage [CZK/IMWh]
From Till From To

Generating plant which fire| 1.1.2013 31.12.2013 0 5000 O 100

biomass 1.1.2014 31.12.2014 0 5000 [®) 455

Generating plant which fire| 1.1.2013 31.12.2013 0 2500 [®) 455

(separately) gas from solid 551, | 39150014 0 2500 o 755

biomass gasification

Generating plant which fire biogas ) ; 5413 | 31122013 0 2500 AF 455

in biogas station

New generating plant which fire| ; 1 5514 | 31122014 0 550 AF 900

biogas in biogas station

Generating plant - which fire| ) ; 5515 | 31155014 0 5000 ; 455

mining gas or drained gas

Electricity produced by firing of

municipal waste or_cdiring of - 31.12.2014 0 5000 - 155

municipal waste with different

energy sources

Generating plant which fire : 31.12.2014 0 5000 ) 455

(separately) natural gas

% Current support level is appropriate for optimal and maximum efficiet® @roject only.
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1.4.Exchange of information andwarenesdn the Czech Republic

A long CHP tradition in industry and district heating aradwell developed CHP market wit
domestic manufacturers and technology provideese key drivers fora reasonablyhigh level of
CHP awareness in Czech Repulfiproper awareness of other market linkike supportive energy

policy, a positive attitude of financial institutions, ESCOs, energy companies, sector organisat

and research, ar@ery muchkey drivers for the stable volume of CHP investments

A god awarenes®f the benefits of cogeneration, among the differesbciceconomicactors, is

one of the basic conditions toreate an active CHP market. This is necessary to achieve the full

potential of CHP. Good awarenegees hand in hand withvell-informed customers Awareness
among professionand influencers that inform and advise the other grogppport policy makers

to create andorovideeffectiveframeworks for a functioning marketfor the purpose of this analysis
the actors on the CHP marketgere classified into four sociaconomic groups, shawin Figure2.

The level of awareness was assessed for each of the actors and rétefll Jpoorand 5 Active
market), as shown below. The detailed comments on each group are describadex 1.

Customers Market
Installers <
operators
Commercial Households
Consultants Banks
ESCOs

Influencers Policy
Specialist ) |
Media Regional Loca

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

5 Active market [ |

Figure2: Assessment of four groups of the soes@onomicl O (i awaier®ss of
cogeneration in Czech Republic

Customers

Thereis an ative and growing CHP market especially in servgstors industry and
district heating CHP applicatisrwith an associated reasonablevel of CHP awareness by
customers in all sectors, which is driven mainly by market plage good practie
exchange.

Market players

There is a wll-developed manufacturers, technology providers and energy companies
sector whichare key CHP market driveslayes. The practically base@HP awareness of
financial institutions and installers beside other actasscrucial for fluid CHP investment
market in Czech Republic which is facing strong competitiom other heat supply
technologies (heat pumps, wood biomass, etc.), especially in services and households.

Influencers

Severakector organisationsAssociaton for the District Heating of the Czech Repubdind
COGEN CZzECHte very activeand complementary in CHP promotion between different
market players. Renewable energy sourcea kgy focus of most of the NGOgsiwh seem
often to have a rathenegativeattitude to cogeneration suppomnainlydue togovernment
stop of the PV and other RES electricity generation sup@rbd CHP research support
exists in the Czech Replic andthe inclusionof CHRN education programs ian important
factor forthe quality level of CHBEevelopment

Policy makers

Cogeneration awareness lisasonablyhigh among the relevant policy makees it is well
positioned inCzechnational energy policy resutttg in one of the most attractive and active
CHPsupport framework in EU.The iture position ¢ CHP strongly depesdn how the
EEDs implemented (foreseen till the end 02014), especiallyn the analysis ofhe heating
and cooling potential. Future development of nuclear energy will haaeimportant
influence on CHP iegtments. Energy agencies know GidRiciently well howevethey are
more oriented to RES solutions.
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1.5. The economics of CHifPthe Czech Republic

The awrrent CHP support framework enablea reasonableprofitability for micro CHP units in
servicesand CHP units up to BIWe on natural gasacross the economy. By contrast theconomic
conditions for larger coal and RES CHP units are modeabt adequatefor new investments

A cogeneration plant is a large investment and its feasibility is mo#teofime 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 cogeneration unit and its maintenance
compared to a standard boiler. The ma#gnificant 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
fuel required to produce this unit of electricity. The support systems described in CHaptrould
improve the business case for CHP installations.

An economic analysis is made on four CHP cases, which are standardized within the CODE2 project
to compare the economic situation of CHP between the Member States. The cases are:

e a50 kWe internalcombustion engine (ICHEj)stalled in a hotel

¢ al MWe internal combustion engine installed (ICR)an industrial plant

e al0 MWe combined cycle (CCHP producing district heat and power in a public utility

o a500 kWe biogas engineogeneration placed at a farm, where the heat is sold to a client.

Results for Czech Republi€HP economic indicators, shownRigure3 show, that only micro CHP
unit in hotel achieves appropriate profitability level (IRR 7%), whereas all other CHP cases are facing
zero or negative IRR, bellow typidaly @ S Jrofiablliy @xpectations.

=
o

r 50%

- 40%

- 30%

- 20%

- 10%

IRR [%]

- 0%

Simple pay back time [years]

- -10%

O = N W kR U O N 0 O

- -20%

50 kWe ICE 1 MWe ICE 10 MWe CC 0,5 MWe
Biogas

H Simple pay back time @ IRR

Figure3: Economic calculations of for reference CHP plants in Czech Republic

In spiteof prevailing negative economic indicators for standard CHP cases, current market conditions
aK2¢ Y2NB 2 LI A Y markétsiDationyeRpedaly FoNdidrd GHP units in services and
other CHP units on natural gas up téM8Ve in all sectorsThis proves that only optimal and very

!> The details of this economic analysis can be found in Annex 4: Assumptions used in the economics of CHP.
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efficiently implemented CHP projects are economically viable within established supportfcakae
which is important challenge for the investors.

The very mdest situation is typical for larger coal and RES plamigreasconditions for larger
natural gas CHP units are poor.

Table3: Market economic situation of CHP in njoa user groups

Micro Small & Medium Large
Czech -
] up to 50kw up to 10MW more than 10 MW
Republic :
NG RES NG RES NG Coal RES
Industry
District heating

Services

Households

Legend:

I:I a y 2 NJY CHP¢ 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 4a Y 2 R S &HiP¢ Investment lsamodest/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/possibilities for new

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

1.6. Barriers to CH the Czech Republic

An wnreliable long term perspective of the support framewoifior CHPis the key risk and barrie
for new CHP investmenin the Czech Republién spite of current favourable conditions for CH
projects. Weak support for the increase of competitiveness of existing district heating systerag
threat for the future developnent of these systemswhere majority of existing CHP plantare
located

16 Assessment relevant for CHP units up td\&/e only.

" Market potential for larger coal and RES CHP is only within the reconetruaftiexisting units (no potential for new
units.)
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In the ®cond CHPprogress report(2012) presented to the EQ1] the Czech government has
indicatedplaned measures fahe removal of threemportant barriersto CHP

a) Lengthy authorization processe®r energy facilitieg amendment of the Building act

b) Reserved connection capacitigfer not implemented RES projegtoption of cancelation
introducedin new act on promoted energy sources

c) Negative influence of additional ETS codtsr CHP units above 20W input powerc
new carbon ta introducedto non-ETS sector

Beside thes¢he followingadditionalgeneralbarriershave beeridentified:

e Unclear longerm prospects in the area of state aid;

e A complex legal framework;

¢ Complex and tim&onsuming administrative procedures;

¢ The influences of other legislation;

e The availability of connection to the grid (financial, tinedated);

e The updating of the grid in order that electricity generated by way of cogeneration may be
supplied;

e Unfavourable conditions for reserve suppl@selectricity from the grid,;

e Delayed submission of reports on cogeneration.

Althoughseveral listed barriers have been successfulifigated and the Czech Republic is one of

the newer EU member states where current policy and regulatory frameworkostige and
adequate for CHP investments, based on recent market assessment and expert opinion we have
identified three still existing barriers for faster and stable CHP development, listed in descending
order of importance:

Barrier 1 Unreliablelong term supportframework for CHRposesrisks for investors

Althoughthe current CHP support scheme is one of the most attractiveunofte, the long term
perspectiveis uncleatdinked to theuncertainty infuture energy policywhere futurerole of nuckar
energy and security of natural gas supply are the most actual influencing iShegjuestion of

state aid compatibilityvith present support scheme and any modificatiogsncreasinghe risksfor
potential CHP investors, especially fitre more ecaomiclly exposed SMEsThe rotification
process to the European commission of the support for electricity and heat produced from RES and
cogeneration started already in January 2Ci®1 has not been completedt the time of writing.

(the case has been sphnd positive decision was issued on June 2014 for RES electricity support

only'®).

Barrier 2: Weak support forthe increasedcompetitiveness ofDistrict Heating systems compared
to other heat supply optionshampers the growth of CHP and district heating.

Increasng theenergy efficiency oéxisting olddistrict heating systemg@H)is a key challenge fothe
future developmentthese systemsn the open competition between all heat supply optioims
buildings For district heating based CHP and the associated heat networks to prosper reguires
well-structured proportionate support schemeto enableenergy retrofit of the inefficient old heat

'8 State aid SA.35177 (2014/Nzech RepublicPromotion of electricity production from renewable energy sources.
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network and its further expansiorhe fare of wrrent cohesionfunds investmentby the Czech
regionsfor measures enabling exploitation tife large energy savingmtential in the energy supply
systemis not proportionate to the opportunityand the large majority of investmens allocatedo
other end useenergy efficiecy measures.

Additional ETS costs and higher air qualityuieements for larger production units (IEf) are
eroding the competitivenessof District Heating compared to individual heat supply options,
resulting in a need for additional investment to modernise and upgrade the larger péauuts
network systemghrough this transition period in legislation.

Barrier 3:A Complexlegal frameworkaround CHP andaround CHP gridonnectionadds cost and
risk to CHP projects which translate in to a barrier to additional investment.

The legal frameworlaround CHHs still complexand time consumingn administrative hours.
Proceduressuch as authorisationare bureaucratic and extensivand the involvement of and
absence of cardination betweenseveral competent authorities stitreates asubstantial barrier
for investors

Extensive documentation and requests for additional equipmémiestments around the
connections poin{more than necessanghould beeliminated andsimplified to decrease time and
additional investment costs dhe grid connection Theg latter pointsespecially burden investment
profitability of smaller CHP unitsnd SME installatian

2. What is possibleZTogeneration potential ananarket opportunitiesin the Czech
Republic

The evident economical CHP potentiakhich exist inthe Czech Republishould be reassessed
within Energy Hficiency Directive prescribed comprehensive assessment. %8V or 5,6TWh of
additional CHP generatiowas earmarked as additional economic CHP potentiap to the year
2020 in theNational potential studyfrom 2006 and this should be reconfirmed. Additionally th]
growing role for bio and micro CHP potential proved by recent CODE2 analhgihlights
additional opportunities.

Following latestCzechNational energy efficiency action pfdna new comprehensive assessment of
the potential for the application of higkfficiency cogeneration and efficient district heating and
cooling will be prepared in duime till the end of 2015 and in the meantime the results of Analysis
of the National Potential for Higkfficiency Cogeneration in the Czech Republic from 209he
most relevant sourcen cogeneration market potential.

¥ potential savings in energy generation and distribution could be more balanced edseddEAP where more than 75%
of savings are coming from end use measures.

% Directive 2010/75/EU of the European Parliament and of the Council of 24 November 2010 on industrial emissions
(integrated pollution prevention and control).

#|ssued on 30th Afir2014.

2 Report on the Results of the Analysis of National Potential of Combined Electricity and Heat Generation in the Czech
Republic Pursuant to Directive 2004/8/EC, January 2006.
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The aditional technical CHP pential out to 2020 was estimated2006)at more than 36TWh of
electricity or 30GWe expressed in electrical capacityOnly 9% of total estimated technical
potential (2,8 GWor 5,6 TWh)was earmarked as additional economic CHP potential till the year
2020 To achieve 2,&We increase of CHP capacity, @\W®e of new investments was foreseen as
refurbishment of existindarge and agingoal CHP unitswith a gradual switch to natural gas and
wood biomass (also cdfiring with coal)and 2,2GWeof new CHP units, mainly industrial and small
scale units on natural gas and liquid fuels.

New

B Reconstruction

CHP capacity and el. generation [GWe, TWhe]

OFRNWRERNON®OWY

M Existing units

Figure4: Cogeneratiorexpansion- economic potential in the period 20052020

It is now a challenge to producsuchan increasein CHPcapacityunder thecurrent difficult and
changed market condition®ecent trends of stable investments in small scale CHP units (app.
20MWe new installed capacitper year) proves the market potential in services, households and
industry, especiallyin case of fasér economic crisis recovery in Ethese small units are at the
capacity which can provide energy cost advantages for sSktl their important increase of
competitivenessAt present the efurbishment and repowering of existing large CHP unitfistrict
heating systems is driven by increased environmental restrictions and gradual decrease of domestic
coal exploitation andhe needto increase theefficiency and competitivenessf older plants. This
represents an opportunity to upgrade the plar#ed also address the new plant design the changes
foreseenfor the electricity market as decarbonisation out to 2030 creates a demand for more
flexibility in electricity supply units and favours smaller generating capacities than was historically
the caseCurrent support from cohesion founds is appreciated but not sufficient to enable retrofit of
all heating infrastructure needed for further CHP operation and development.

Bio energy

Currenty there isaroundan 8% share ofenewable fuels useth CHP generatigmmore than 60% of
that iswood biomassThiscould be increased in the future, especially withammbustion of wood
biomass with coal in larger CHP units @he technologcal development of biomass gasification in
smaller CHP applicatis.

An analysis 6 Bio CHP potentidbr the CzecHRepublic wascarried out within CODE2 project, based
on published biocenergy forecasts and member states own reportingved & 02 NE O NR& | Y I
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The analysis suggests thtae potential for bio CHBrowth up to the 20% of CHP generatiexists
to 2030 (see annex 3yhich is in line with theevision of the State energy concef®] where an
almost 60% increasaf wood biomass is foreseen 2030 compared to the 2010 consumption.

Micro CHP

TheCODE2 micro CHP potential analysis estim#tatithe market potential for micro CHP units
the Czech Republic is aroui@0 units per yeafl6 MWe) in the year 2020 (300 units afl kWe in
households and 400 units efl0 kWe in services) whidin terms of totalcapacityfits to the current
trends (20MWe of small scale CHP units per year) althotighcurrent market conditions are still
not enablingthe smallestCHP investments in single family housetake placgsee Annex 2)

3. How do we arrive there? The Roadmap

Followingthe current ambitious energy policy goals and orientatitims Czech Republic can remain

one of the leading European cogeagon countries with further growth of CHP generation and
global export of CHP technology. Cogeneration can significantly contribute to the key energy policy
priorities namely themaximising of energy efficiency and environmental friendliness (minimising
greenhouse gasses emissions) and can complement the development of nuclear energy generation
andthe use of RES for heating (heat pumps).

3.1. Overcoming existing barriers and creating a framework for actiothe Czech
Republic

Establishingalong term stable and predictable legahcentive framework for cogeneration is key
priority necessary for the future CHP developmeintthe Czech Repuldi Intensifying the supporf
instruments for increasinghe efficiency and competitiveness of district heiaig systems is crucig
for their future economic operation and preserving the majority of current CHP generation.

implementation should beused as arimportant tool for putting CHP policy in placand to push
for anincrease of the efficiency in heatupply where simplification of administrative procedure
and giid connection is one of the importanssues

Action 1: Establishing long term stable and predictable legal framework for cogeneration

The «isting supportschemeis one of the best irthe EU withcareful annualsettingof the level of

the supportoffered (CHP project has to be optimally built and operate with maximum efficiency in
the locations with reasonable heat demand to asteithe requested profitability with a necessary
yearly adatation to the actual market conditiongés and electricity prices) arcentives for the
CHP support of grid operation (peak operation unitéle ley current wek point is the lack adilong

term perspectiveon how this support mechanism may evolveber modified which is crucial for the
investors.The CzecMinistry and DGCompetitionshould speed up and intensify the communication
to quickly complete the notification procedure and resolve the question of state aid compatibility.
Based on that and orhe set energy policy goalse CzechGovernment should preparalong term
CHP support framework for further development of modern cogeneration applications in Czech
Republiaunder the EED article 14.
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Within Energy regulatory office (ERE3tablished CHIproject team of experts and stakeholders
should continue with operation anlde deeply involved in this process

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

The majority of current CHP generation is traditionally linked to the district heating (DH) systems
which presentavery important infrastructureesourcefor the efficient and environmentally friendly
heat supply today and also in the futurEhis network is bincreasing importance for the flexibility

of fuel use which it can introduce to heat supply allowilffedent fuel options and fuel switching in
situations where security of supply may be a conc&mforcing the support instruments increase

the gridefficiency andaround thenecessary plant environmental retrofit (IED requests) are crucial
to enabk future competitiveness and economic operation of DH systeé®mecial emphasis should
alsobe placeon smalllocalheatingnetworkswith old heat only boiers where CHP units could dgs

be introduced anaasefulfilment of IED requirementby boiler replacement.

The Ministry of Industry and Trade should allocate proper and balanced finance resources for the
implementation of measurew increasethe efficiency in energy supply compared to the measures
directed atthe demand side Linking Energy policy and industry policy in this respect is an
advantage. This can lixe continuation ofalready established schemes of investment subsidias

other financialinstrumentsfor increasing efficiency of heat supply systems in the next financial
perspective (2014¢ 2020) by Operational Programme Entrepreneurship and Innovations for
Competitivenes€014-202G° and foreseenalsoin NEAP 204

Article 3 of the EEBequires that energy targets be expressed eventually in primary energy savings
(PES) terms where the member state can gain substantial improvements through CHP. Article 14 and
15 EED clearly encourage energy savings measures along the supply chamiced allows the

use of CHP in meeting the energy efficiency improvements necessary in end use.

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

New assessment of heating and cooling potential should bring new information of the real technical
potential and advantages of cogeneration agidtrict heating and coolingdHQ options. The CBA

for market potential could contribute to better awareness okthogeneration opportunities in all
sectors andthe potential contribution to the national strategic climate energy goals vitie
approval of necessary additional adequate measures for the cogeneration support.

The EED implementatiois also an ideal todb bring other benefits for increase efficiency in heat
supply:

o Clear priorities in heat supplyArticle 14 (4)x new comprehensive approach as basis for
the shaping of local legislative rules and practice on municipality level to enforce local
energyplanning and new sustainable investments in the heat supply.

e Assessment of energy efficiency potential in gas and electricity infrastructure
(Article15(2)). as cogeneration has positive influence on better infrastructure utilisation,
decrease of lossesnd load balancing, assessment should better position the role and
contribution of cogeneration units to the energy efficiency in gas and electricity grids.

= Priority Axis 3 "Effective management of energy, energy infrastruaterelopment and renewable energy sources,
support the introduction of new technologies in areas of energy waste and secondary raw materials".

4 Measure 2.24 Increasing the efficiency of heat supply systems.
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e Improving acess to electricity networks and priority of dispatdior cogeneration(Article
15 (5))¢ introduction of improvements and newsimple proceduresespecially for small
scalecogeneration uniteind SMEs

e Enable conditions for introduction of system services from cogenerat{@uaticle 15 (6))
demand response, balancing, etc.

Action 4:Simplification of the administrative procedures and gi connection

Further efforts of all involveduthorities (Ministries, Network operators, Regulator, etc.) should be
made toremowe the administrative barriersaround efficient and fast CHP project iigmnentation
and grid connection, following also requirements from EED (Article 15)

Special emphasis should peat on micro CHPotential following the provisions from the article4l
and 155)2 F GKS 995Y AAYLX S y2idATFAa Oiing %et2. Wherd mofeé G I £ f )
opened approach should be introduced in the Energy law for units up kW0

3.2. A possible pathto further growth of CHHn the Czech Republic

CHP could contribute more than 25% of final electricity demand and becomestistainable pillar|
of electricity supply inthe Czech Republithrough establishing a long term stable anahcentive
legal framework for cogenerationand district heating systems proposed in CHProad map
implementation. By necessary replacement of ¥4 ofsttig CHP capacities by 2Z3/Ne of modern
CHP plants and 40% implementation of economic potential0,9GWe ofnew CHP unitgurrent
CHP electricity generation could be increased for 30% td'¥éh till the year 2030.

Followingthe trends ofrecent yearsCHP electricity generatioat the level ofaround 12TWh. we
can expect onlyninimumgrowth in the futurewith resultsfar from the assessed economic potential
and economic opportunitieander a business as usual approach

With the proposedCHProad mapimplementation we can strengthen the CHP development and
significantly contribute to the EU energy climate targdtke eeonomic potential for CHP growth is
evidentin district heating systemgrocesandustry, SMEs anderviceqfor various technologies and
growing share of renewable energyaJthough before the implementation of comprehensive
assessment of actual potentidue under the EEBve can reasonably take part of the economic
potential assessment from 2006 asarget CHPpath to growth till the year 2030:

e Reconstructionof 25% of existingold CHP capacityargely situated indistrict heating
systems and industrgl,2 GWe ¢ whichis necessary due to the lifetime expiration and new
environmentalrestrictions¢ by new CHPcapacity of 2,3GW; and 6,7TWh, of electricity
generation

e 40% implementation of new CHP plantconomic potentialmainly in industry, services
and smaller DH systems0,9 GW, and 2,6 TWh, of electricity generation

as shownin Figure5 and the following energy and environmental indicators for roadmap impact
assessment.

18
CODE2 - COGENERATION OBSERVATORY AND DISSEMINATION EUROPE



12,2

CHP capacity and el. generation [GWe, TWhe]
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Figureb: Target path to CHP growth till the year 2030

e CHP electricity genera@n: anincreasefor 4 TWh, to 16 TWh ormore than 30%of current
12 TWh, generation with the largestcontribution of existing reconstructed CHP plants in
district heating systems, partial switcled to renewables and natural ga&s,7TWhe
generation in reconstructed units as supplement for 5y8he generation in old replaced
CHP plants)

e Share of cogeneration electricity in final energy demanthe share of CHP electricity
generation in final energy demand could be increased frdth% to &% by 2030 and
establishthis energy efficiency technique as amportant pillar for sustainable electricity
generation in Czech Republic beside nuclear and other renewable generation.

20
18
16
14
12
10

CHP Electricity generation [TWh]

o N A O

30%

25% 27%
24%
21%
18%
15%
12%
9%
6%
3%
0%

21% 21%

2005 2010 2020 2030

I Business as usual

I Road map

—=-% Business as usual

Share of CHP in final el. demand [%]

-8-% Road map

Figure6: CHP Roadmap Electricitydicators
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3.2. Saving of primary energy and gémissions by the CHP roadmap

The Potential CHPprimary energy savingsould contribute more than35% of the indicative
national target of energy savings till the year 2020 and reduce, @@issions for up to6 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
redudion of energy use and G@missions:

1. Methodology prescribed by EE@ccording to Annexes | and?f)
2. Substitution methodc new developed method for assessment of actual achieved s&Vings

New CHP generatioproposed by Road maywould contribute9 TWh of PES(32PJ)calculated by
the EED methodology aip to 12 TWhof PES43 PJ)calculated by substitution methods shown in
Table4. Especially reconsicted CHP plantahich are replacing existing low efficient caallants
contribute the majority of the potential PE8hich is importantfrom the perspective of national
goals till the year 2020 and 203Real potential savings by substitution methae &or 1/3 larger
than assessed savings by EfBthodology wherecomparison to the best available alternative
technology for separate electricity and heat generatido not reflect the actual savings in the
country.

AssessedCHP PEotential (12TWh till 2030, 5TWh till 2020) is very close to 1313Vh of the set
indicative national target of final energy savings in the year 262Qvhich mean that
implementation of CHP roadmap can contribute more than 35% to the national godlenergy
savingsor even morewith faster CHProad mapimplementation toward the year 2030

By using same approach potential real achievable COsavings by substitution method are
6 miot of CQ, much higher than niot of CQ savings by EED methodold§yBy increasing the
share of renewable energy and faster transition to natural gas potential,Gavings would be
even higher.

% EED methods used at a member state levalday 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 comparing its actual operating performanatadvith 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 determined by fuel type and year of cactin.

% 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 base changes in the member state
supply over the period are calculated. Téiiation in 2030 is compared to the current status in the country.

7SetinNEEAP-®+ NERYN F16yN LIty SySNASGAO|S g6Aayyzaitri 2ws | LINAE

BCcHP plants using renewable energy are not achieving&@anhgs by EED methodology (compared to spaenewable
generation), but in reality they are replacing current coal generation.
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Table4: Saving of primary energy and @By the CHP roadmapll 2030

Substitution method EED method
Business as usug Road map | Business as usui Road map
PE saving 2 TWh/a 12 TWh/a 2 TWh/a 9 TWhl/a
CQ saving 1 Mio t/a 6 Mio t/a 0,4 Mio t/a 2 Mio t/a
-per kWh,*® | 1,55 kg/kWh 1,56 kg/kWh,

% This value represents the @@duction of the power generation. It includes the avoided CO2 emissions from fuel
savings for separate heat generation in boilers; itsthnot 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
approach in accordance with the EU CHP directive reference values.

21
CODE2 - COGENERATION OBSERVATORY AND DISSEMINATION EUROPE




Annex 1. Stakeholder group awareness assessment

Users

Industry

Utilities

SMEs SMEs are getting more and more aware of CHP technology, especially
engines, where efficient CHP solution with short payback time shoul
competitive to the other potential investments in companies (otf
technology ad efficiency investments).

Households Cogeneration technology is far less known than more competitive

popular heat pump solutions in households. Due to proper CHP supp(
30-50kWe CHP units, gas engines are getting competitive heat supply s
for multifamily buildings, although sometimes inappropriate competition
district heating. Awareness of cogeneration is growing and facing very s
competition with other heating options.

Market and supply chain

Manufacturers/

Technology

providers

Installation Cogeneration is well known by installation companies witbppr number of

companies CHP installers for the CHP market in Czech Republic. Installation com
often prefer heat pumps, boilers and other more simple heat
technologies.

Grid operators Negative effects of recent PV boom caused negative attitude alsather
decentralised sources (CHP treated the same as PV) but in general the |
cogeneration awareness among grid operators has risen and smart
concept discussion has already started.

Consultants Consultants are in principle acquainted with CHBt often focussed or
other technologies.

Architects

Banks, leasing The financial sector is well acquainted with cogeneration technology

support environment and is active in the CHP project financing. Fin
institutions are interested in new technology investments although unst
investment conditions (policy k¥ and sometimes low profitability are k
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barriers for financing CHP projects in comparison with other perspe
investments.

ESCOs In spite of mature ESCO market, CHP installation is not usual measure
Several big energy companies (CEZ, R@H, Etc.) are active in investmen
and financing of CHP projects in different sectors.

Policy

Policy makers o
different levels

Energy agencies Energyagencies know CHP although they are more oriented to RES soluti¢

Planners CHP is in principle known, but the CHP market is key driver for
investments.

Influencers

Sector
organisations

General public

Media No special attitude to CHP in media for the general public.

Academic area/

Research

NGOs Prefer renewables, several against current CHP sugptmpped for RES).
Legend:

e Active CHP market [ 1 LowCHP awareness

] Interest in CHP I Poor CHP awarenes:

[ ] Early CHP awareness
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http://www.cogen.cz/

Annex 2: Micro CHP potential assessment

micro-CHP potential
summary
Czech Republic -

Country statistics

Population: 10 600 000 (2010)
Number of households: 4 590 000 (2010)
GDP per capita: € 20 200 (2010)

INTELLIGENT

y ENERGY
EUROPE

Primary energy use: 25 600 ktoe/year (2010)
GHG-emissions: 139 Mton CO, ,/year (2010)

Household systems (1 kWe)

Boiler replacement technology

SME & Collective systems (40 kWe)
Boiler add-on technology

Present market (2013)

Boiler stock: 1 200 000 units Boiler stock: 60 000 units
Boiler sales: 152 000 units/year Boiler sales: 7 700 units/year

Potential estimation Potential estimation

Indicator Score

Present market (2013)

Indicator Score

L L
Global CBA 2 Global CBA
Legislation/support 1 Legislation/support 2
Awareness 1 Awareness 1
Purchasing power 1 Total 7 out of 9
Total 5 out of 12

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

Yearly sales Yearly sales

Sales in 2020: 300 units/year*® Sales in 2020: 400 units/year*®
Sales in 2030: 26 000 units/year* Sales in 2030: 1 600 units/year*

Yearly sales household systems Vearly sales SME & collective systems

/ - 7
e e L /
. _— _/ . L—]
20 2015 200 205 200 s15 2010 2015 2 2025 00 s15

Stock in 2020: 2 500 units*
Stock in 2030: 103 000 units* Stock in 2030: 12 700units*
Stock in 2040: 307 000 units* Stock in 2040: 16 700 units*

Potential savings in 2030 Potential savings in 2030

Primary energy savings:
9 PJ/year*
227 ktoe/year*
GHG-emissions reduction: GHG-emissions reduction:
0.2 Mton CO, .q/year* 1.0 Mton CO, .o/year*

*Corresponding to the expected potential scenario.

Stock in 2020: 700 units*

Primary energy savings:
2 PJ/year*
51 ktoe/year*
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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
Indicator Score Indicator Score
_eketstenoies |0 | | eketstenoives | 0|
Global CBA 2 Global CBA 4
Legislation/support 1 Legislation/support 2
Awareness 1 Awareness 1
Purchasing power 1 Total 7 outof 9
Total 5 out of 12
Market alternatives Market alternatives
There is strong competition of other heating technologies in There is strong competition of other heating technologies in services:
households: extensive district heating systems in towns, heat pumps extensive district heating systems in towns, heat pumps (low electricity
(low electricity prices), wood biomass (cheap heating source). prices).
Global CBA Global CBA
SPOT: 9 years SPOT: 3 years

Legislation/support Legislation/support

Current support offer moderate incentives for this size CHP project
implementation in service sector triggering several investments in
recent years

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.

Current incentives on microchip: not yet sufficient for the
economic project implementation

With proper support, strong domestic equipment producer and several
number of successful CHP projects awareness in services is growing and

o is on moderate level.
Manufacturers are not yet active in the market.

GDP: € 20 200 per year
. ____________________________________________________________________________________________________|
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Annex 3. Bio CHP potential assessment
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