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1 Executive Summary

Summary

This micreCHP study has been developed in the frame of the CODE2 project, whidmnsled by
the European Commissi@mtelligent Energy EuropelEE) and will launch and structure an
important market consultation for developing 27 National Cogeneration Roadmaps and one Eur
Cogeneration Roadmap. This document contains the background and methodology used to pro
the European mick€HP market until 2030.

Micro-CHP has the potential to reduce £&nissions and reduces primary energy consumption
compared to a conventional boiler with electricity drawn from the grid. They are heating applian
and can be consideresk a boiler replacement technology. Current cost prices are high, but majo
cost reduction is expected through learning and scalingMgnufacturers state that cogtrice
reductions are strongly coupled to the number of installatipneduced and implicly statesthat

with strong political will an economic cesbmpetitive product can be achieved.

With the proposed commercial program, a casimpetitivep r i ¢ e00®mper k\Wedof micrCHP
systems for households could be reached in 202%Hwust be noted that this costcompetitive price is
from the enduser point of view, and does not include additional benefits that can arise due to
increased value of the building, abated grid costs etc.

In2030@ar ound 1,7 million systems will have be
per unit. The commerci al program as a whol
annual primary energy savings of approximately 240 PJ and annfak@ation of 14 Mton.
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2 The micro -CHPtechnology

Micro-CHP i principleto achieveenergy efficiencybyconverting primary energy to heat and electricity
at the enduser level.Ehergy lossesare minimized sincdeat losses at central electricity production
facilities and network lossés the electricity gricare avoided.

Micro-CHPproductsproduce heat and electricity simultaneoudgised on a range aéchnologies They
can be categorized in three groufseealsofigure 2):

1. Internal combustion

2. External combustion

3. Chemical conversion (fuel cells)
Each technology hats unique properties and thereby serving different kiraf end-users and markets.

-y

I

combustion

Figurel: Micro-CHP technologies.

1

Since a micré&CHRPproducesrelatively high temperature heat, it can easily be implemented in the heating
systems of existing buildingsurthermore,it fitswell into the existing gas and electric infrastructure. In
Tablel, a comparison is made between different heating technologies for the éwironmentshowing
that micro-CHPhas the same application areas as a (condensing) laitkhas a unique fit to the market
for existing building

Application Existing connection Fit with

Low temperature High temperature Hot tap = Fit with gas Fit with electric existing heat Other remarks
space heating  space heating water  connection  connection exchangers
No major efficiency improvements to be expecte
Yearly balance of ground source
Feasible in new buildings or renovation projectd

Condensing boiler
Ground source heatpumy]
Air source heatpump

Solar heat \ Seasonal availability
micro-CHP \ \ \ \ \ \

Biomass boiler 3 \ \ \ Biomass (source) availability
District heating \ \ \ \ Heat network needed

Tablel: Comparison of different heating technologies for the buiénvironment.
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The development of mick@HPsystemsds in an early phase of commercialisation. Intésidentialsector,
electrical capacities areip to 5[kWe] and heat capacitydepending on technology up to 20 [k\V
In the SME & collective sect@asenginesystems of capacities frors-50 [kWe]/ 2,5-250 [kW], are used

with over 100000 systemslready installedThese systemsates ual | 'y i mpl| e-mahtheed as a
existing heating systenThis meanshat the systemwill providethe base load heat demand and that
peaksirheatd e mand are cover ed pwhichas placedseparateiyt i onal ’ boil e
In theresidentialsector, most manufacturershat develop fuel cell and Stirlirepnginemicro-CHRsystems

try to positiontheirp oduct s as a ‘replacement’ product of an

the auxiliary boiler in the system.

Although fuel cell technology is in its infancy in Eutdpelapani00,000fuel cell systems have been
placed as part o& government supporte@Enefarm project The two common fuel cell types for miero
CHP are PEM and SOFC fuel cells.

KIRSCH

Figure2: A variety of micreCHP systems.

Household systems SME & Collective systems

Stirling ICE PEM FC SOFC  Stirling ICE PEM FC
electrical efficiency % 20% 25% 40% 60% 20% 35% 40% 60%
thermal efficiency % 80% 65% 55% 35% 80% 60% 55% 35%

€ 150

presentretail price e k1 1€ 0000 [€15000 |000 €17000|€ 10 |€ 1 (€ 10(€ 10
future cost price ekl1i1€ 3 000 € 2 000
units installed worldwide 2013 - 1000s 10000s |10000s |10000s | 100s | 100005| 1000s | 100s

Table2: technical and economic properties of micitOHP.
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Estimating thepotential for micreCHFN Europe

2.1 Objective of the micro-CHP potential analysis

The goal of this study is tvaluate reasonablaptake scenarios and thus tlmplementation potential,
not the theoretical maximum potential, for mictGHP in th€former) 27 EUmember states (MS). From
these scenariggotential energy savings argteenhouse gas reductiose derived.

2.2 Desired output

1 Number of newlyinstalled mico-CHP appliances (sales) per sector per year (per MS), related to
number of conventional boilers.

1 Number of total installed mick€HP appliances (stock) per sector (per MS).

1 Primary energy savings in 2030 in EU.

I GHGemission reductions in 2030 in EU.

2.3 Scope & assumptions

1 All member states (MS) of the EAJ.

1 Micro-CHP up to 50 [kW}/250[kWi]. Division in two sectors:
0 Household/residential micrk€HP @,1-5 kWe)

0 SME & collective mic,k@HP (> 50 kWe)

For the SME & collective sector migttiP is seen as add-on on the existing heating systemn.

Implementation potential up to 2030 is definedotthe technical potential.

Control strategy: Heaed. Micro-CHP is primarily seen ageplacement product in the domestic

heating market. This holds true for Stirling and internal combustion engines. They will produce

electricity when there isa heat demand. Fuel cells, especially SOFCs, are designed to run
continuously. The produced heat is converted to domestic hot water.

1 Trigeneration(combined heat, power and cooling)rist taken into account. Though it can be a
useful addition especially for Southern €tuntries with a long cooling season, the focuff w
remain onstandard CHP. Furthermore, the technologiye( absorption chillers) is limited in
efficiency and availability imicro-CHPsize range.

9 Effects of fuel shifts, such as ftgection orusinggreen gasnstead of natural ggsare not taken
into accountbut will only benefit the environmental savings

= =4 =

IA“repl acement’ product is defined as aDependingonche t hat co
micro-CHPtechnology an auxiliary boiler and or hot water tank is integrated in the product. The product will cover
the whole heat demand. Anh a0 @ ’ product is defined as a product that

system and part of the heating demand.
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3 Approach of estimating the micro -CHP potential

This study aims to give an outlook on the potentialsaro-CHP irthe former27 EU Member states until
2030. The chosen approach to conduct this miCidP potential analysisshown inFigure3. Three core
steps are defined andetailed in the following paragraphs: Defining the boiler market in 268tmating
the market penetration rate and establishiagnarket diffusion Surve.

Micro-CHP
potential

Boiler market Penetration S-curve
2030 rate diffusion

Housin : \ET Gl
. & Boiler data Scorecard :
statistics alternatives

Cost benefit
analysis

Purchasing
power

Legislative

: Awareness
environment

Cost price
development
micro-CHP

Energy prices

Figure3: Approach of the micreCHP analysis.

3.1 Boiler market 2030

The boiler market in 2030 is estimated by combining boiler data and housing statistidSidaee3).
Extensive boiler market dafar boilers between 1&00[kW;] is available for most EU countries for 1990
and 2004. This data is adapted20613 and used as a basis for the boiler marketdptions. No boiler
marketdata was available fasomecountries for thesecountries an estimation weamade of the boiler
market by collecting housing statistics arahalyzing the share of central heating in householdghis
way, an expected boiler méet for each member state in 2013 could derived.This derive®013 boiler
market is taken as reference for 2030 projectiodi&re information can be found in Appendix A.
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3.2 Penetration rate in 2030

The penetration rate of mic)eHP in each MS in 2030 will be assedsgdanalyzing the market
alternatives, and creating a score card based on economics, legislative environment, awareness and
purchasing power of each M this score card, the followiraspects are being assessed and weighted:

. Market alternativessuch as bioenergy, hepumps, district heating, solar.
0 Based on Primes data, Heat roadmap Europe & other sources
. Economidnalysis; aast benefit analysig which per MS the simple payout tinis calculated

by dividing the product price by the cost savings on energy. Since most of the@t&ro
technologies are still in its infancy a mass market product price is assumed

0 The CBA will be expressed in terms of Simpleddagime (SPOT

. Legislatre environment

0 Based on CHP support mechanisms and taxes (Q@i#Het)
. Awarenesamong stakeholders

0 Based on awareness studies per MS (COD&2ct)
. Purchasing power (only for the household sector)

0 Based orGrossDomesticProduct per capita.

For market alternatives, a maximum score of 3 points can be gh@neveryother aspect a maximum
of 4 points can be given. The score card to estimate the penetration rate is preseritadl@3.

‘Weighting aspects {Maximum points

‘ ‘ Household sector ‘SME & Collective sectol

Market alternatives 3 3
I N ——
Economic analysis 4 4
Legislative environment| 3 3
Awareness 2 2
Purchasing power 3
Total points 12 9

Table3: Score card used to estimate country specific penetration rate.

The maximum market shamer penetration ratein an EUmember statedependson the score for the
aspect market alternatives and is as follows:

Weighting aspect Points & maximum market share Weighting factors

Household sector| SME & Collective sector

3-90% 3-50% No competition
. 2-T77% 2—-43% Few competition
Market alternatives .
1-63% 1-35% Some competition
0-50% 0-28% A lot of competition
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Table4: Points on aspect market alternatives and specific penetration rate on the boiler market.

3.3 S-curve diffusion

The third parameter used to predict the market potential of CHP is #hn& diffusionThe penetration
rate is coupled tdhe socalled Scurve,a standard diffusion curve for innovatiomhe Scurve defines
different phases in technology diffusion (deéigure4) and is based on a logistic, rather than linear process
of market diffusion

13

L
=
g, BIEYS JEYJEp

Innovators Early Early Late Laggards
2.5 % AdoptersMajority Majority 16 %
13.5% 34% 34 %

Figure4: Scurve diffusion for innovations is adopted to predict the market penetration of mie@HP systems.

3.4 3 AAT A ®&imdnOdotential, expected potential and low expectations

At the moment, micreCHP i s sti || i n nthépetential amalysigit &s assumed thats t a g e .
micro-CHP will break through and will take a share of the existing boiler mdfketeachEU member

state the market potentiabf microCHHs assessefbr three differentscenariosEach scenarieflects a

different penetration rate in the boiler market. This penetration rate willrbached in 2030 following the

Scurve diffusion.

1 Maximum potential scenario
0 The maximum potential scenariorojectsthe potential in the case of strong market
adoption. The maximum potential scenario for a MS depends on the size of the boiler
market and on thenarket alternativeso CHP in that countriseeTable4).
1 Expected potential scenario
0 This scenariés modeled usinghe size of the boiler market and the market alternatives,
but also includethe MSspecific aspects of the scorecarde c onomi ¢ anal ysi s
environment ' , ‘“‘awar en e Bahmenter dtatewpl saore aa s i ng
certain number of points which is divided by the maximum points on these aspeets. Th
resultingratio ismultiplied by penetration rate of the maximum potential scenario.
1 Low expectations scenario
0 Inthisscenaript he scores on ‘market alternatives’
but the other parameters remain at thegstimated value Depending orthe scores
already given in the analysthis will result in lower penetration raténan in the expected
potential scenario.N.B. The low expectations scenario is not a minimpotential
scenario.The minimum potential scenario is one where there is nokagdiffusion at all.
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4 Micro -CHPpotential in Europe

In this chapterthe resuls of the potential analysis are presented. First the results of the present boiler
marketare presentedNext,the microCHP potential fothe residential markeandthe SME &collective
marketis projected For each sectoresults are shown for the potential development of sales and stock
and the potential energy savings and GHG emission redu&icomparison is made with research done
by DeltaEE and Frost & Sullivan inrégraph3.5.

4.1 Present boiler market (2013)

In this potential analysjshe present boiler market is taken as reference for the future boiler market. In
the figuresbelow, the growth of the boiler marketetween 1990 and 200 cleaty visible.Growth is
expected to continue, at least until 201Bor 2013total boiler salesncluding heatpumps and wood
pellet boilers areexpected to be around.2 million. The totalboiler stock in thdormerEU27is expected

to be around 115 million systenis 2013

(" ) r B

Boiler sales development Boiler stock development

10 000 140 000
9000 +——— o
8000 +—m———— —
7000 - — 100000 —————— —
6000 -
5000 -
4000 -~
3000 -+
2000 -
1000 -

120 000

1990 80000 - — 1990
w2004

2013 (expected)
40000 +— —

w2004
2013 (expected)

60000 - —

'000 of units/year
'000 of units

20000 +— —

0

Boiler sales Boiler stock
\ -l . s

Figure5: The development of boiler sales and stock in the-ELl

The total boiler sales of 9.1 million systems per year can be split&i imillion gas and oil boilers sales

in the residentiakector(88,5% share of total sales), 0.60 million gas and oil boilers sales in the SME &
collectivesector(6,5% share of total sales) and 0.55 million other fuel boilers, like heat pumps and wood
pellet boilers. In the boiler stockoughly the same shares are foynwiith a stock of 100 million and 8
million boilers in the residential and SME & collective sector, respectively

'S ™ 4

Sectorial market share in boiler sales 2013 Sectorial market share in boiler stock 2013
10 000 re0000
9000
. 120000
8000 -
T
7000 4 Other fuels 100 000 4 I

6000 -
5000 -
4000 -
3000 -
2000 -
1000 -

o]

. 80000 4——— T & Other fuels
W SME & collective
market

W SME & collective market

"000 units.

60000 —
Residential market

Residential market

'000 units per year

40000 A R ——

20000 +—— —

0

Boiler sales 2013 Bioler stock 2013
- > \ 7

Figure6: The sectorial market share for thexpected boiler market in 2013.
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For the potential analysjthe salesf 8.1 million systemper yearin the residential sector and 0.6 million
systemsper yearin the SME & collective sector are taken as reference for the future boiler market and
thus for the potential market of micreCHP.

4.2 Micro-CHP potential in residential sector

In the residentiabectorapproximatelyl00 million gas and oil fired boilers are pldee EUhousehold.
Per yearroughly 8.1 million systems are installedhe former EU27.

4.2.1 Micro -CHP sles potential in residential sector

The potential development of the yearipicro-CHPsales in the Etbr the residential sectoare defined
using the boiler market forecast and the score card noeltlas detailed in Paragraph 3.2. The results of
the microCHP meket potential analysis are show kigure8.

Yearly sales household systems

sl aximum market potential mmmf vpected market potential Low expectations scenario

6000 000

5000000

4000 000

3000000

units/year

2000000

1000000

o B

2010 2015 2020 2025 2030 2035

Figure7: Development of the yearly salgsotential of micro-CHHAN the residential sectoin the EU27 member states for three
scenarios.

For all scenarigghe uptake of micreCHP systemim the residential sectois limited till 2020. In 2020
potential micrecCHP sales are estimated to be between 20 000 and 150 000 units petegsarding on
which scenario is taketdereafterit is expected that micrCHP wilinake itsbreakthroughin the market.

I n the ‘' maxi mum pot)amadimuaperetragoo & resdentiad midrdHP is eeached n e

in 2030 with a sales potential of 5.4 million systeyearly, which is 68% of the totaksidentialgas and

oil boilermarket] n t he ‘expected potenti al ' edscaracedforal (pur p
5 weighting factors as described Raragraph2.2. In this scenaripapproximately 3 million micrk&HP

systems will be installed annually2030(37% of residential boiler market)

For the ‘low expectations’ scenario (oreangetleinneéehn,
is downgraded by loweringhe scoreon t he weighting factors ‘market
analysis full penetration is expected in 2035. In 20&0most 1.5 million micrdCHP systems will be sold

yearly in the residential sector following this scendfi®% of residential boiler market)
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4.2.2 Potential micro -CHP stock development in the residential sector

The potential stock of micr@HP systemis shown inFigure8. The stock in 2020 is still relatively small

with 100 000 systems installpeod einni BbUseskelnds i bn
microCHP mar ket i s becoming ‘“satur at e d&HR sydtemadre means
installed to replace theoldmicicGHP systems. I n the ‘|l ow expectation
EUhouseholdareserved byamicr® HP system on the | ong term, For t
30 million households will be servedbyami@dHP system and 55 million hou:t
pot ent i a which si@aesithatapproximately 1 on thénduses in the EU has a mig@dP system

installed in 2035

Micro-CHP stock household systems

Low expectations scenario B Expected potential scenario B Maximum potential scenario

60 000 000

50 000 000

40 000 000

30000000

Units installed

20000 000
10000000 ‘
0 J

2013 2020 2025 2030 2035 2040

Figure8: Potentialmicro-CHP stocklevelopmentin the residential sectoin the EU27 member states for three scenarios

4.2.3 Potential energy savings and GHG emission reduction

Foll owing the ' expmicrd¢CGHRE sygtems leanetthie potential 0 sawenapprokiroately
300 [PJ] primary energper year compared to conventional boilef&his is approximately 0.6% of the total
energy used in the ER7 in 2010.Greerhouse gasses can be reduced byNign of CQ 4{year] by using
micro-CHP systems instead of gas boilers. This is equivalent to 0.3% of the t@AIEWG emissions in
2010.

4.3 Micro-CHP potential in the SME & collective sector

In the SME &ollective sector approximately 8 million gas and oil fired boilersrestalledin the EU in
2013.Annual sales are arour@0 000systemsn 2013.

4.3.1 Micro -CHP sles potential in the SME & collective sector

In FigurelO, the potential development of the yearly micr@HP sales in the EU for the SME & collective
sector are shown for the three scenarios.
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Yearly sales SME & collective systems

wlylaximum market potential =ty pected market potential Low expectations scenario

il

250000
200 000 /
150 000
‘ 100 000 /
/
50000 / |
|

0 I __..--""‘
2010 2015 2020 2025 2030 2035

Units/year

Figure9: Development of the yearly sales potential of micloHP in theSME & collectivesector in the ELR7 member states
for three scenarios.

The uptake of micreCHP systems in thBME and collectiveectoris modest till 2020n all scenarios
Theraafter, it is expected that micreCHP will make its breakthrough in the market.

I n the *‘maxi mum potential’ scenario (blue 1line),
expected market alternatives in each EU member state, full penetration of r@ieilésystemsds reached

in 203 with a sales potential &30 000systems yearly, which 838% of the total gas and oil boiler market

in this sector

I n the '‘expected potapproximaely2 00nticeoiCHR systemqwill berinstalled | i n e )
annually in 203010% ofSME & collectiveoiler market) However the market is still growing. Reason for

this is

For the ‘low expectations
is downgraded by minimizing thepant s on t he weighting factors
analysi& In 2030 almos26 000micro-CHP systems will be sadnuallyin the SME & collectiveector
following this scenariod@ of residential boiler market).

" scenario (orange |line),
‘‘mar

4.3.2 Potential micro -CHP stock development in the SME & collective sector

The potential stock development of mie@HP systems shown inFigurel0. The sbck in 2020 is still

relatively small with 10 000 systems installedhe SME & collective sectorn t he ‘' expected |
scenario. The micreCHP markein the SME & collective sector is still neaturated by 2030. n 't he ‘| ow
expectations s c e500000 nicreCHP pystentsare mstalleel in yhe SME & collective
sectorin2040 For t he ‘' expe ca®Ed0mrmCHPrsystenaslll beinstatlexland2r3i o

million microoCHP systemisn t k&€ muma p ot e nihtheaSME & solleetimeasactiordy 2040.
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Figure 10: Potential micreCHP stock development in the SME & collective sector in the2EUnember states for three

scenarios

4.3.3 Potential energy savings and GHG emssion reduction

Fol l owi

ng

t he

‘ e x p e c tCelld sygiems heave the poteritial ® sagerapproxkimatelyni ¢ r o
240[PJ] primary energy annually if gas boilers and central electricity production are taken as refarence

the SME & collective sectdrhis is approximately 8% of the total energy used in the 23 in 2010.

Greenhouse gasses can be reduceddjMion of CQ4{year] by using micrdCHP systems instead of gas

boilers. This is equivalent to 0.3% of the totatEXUGHG emissions in 2010
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4.4 Summarized results of the micro -CHP potential for the EU-27

In the table below the results of the mic@HP potential analysis are summarized for the residential and
SME & collective sector.

Residentialsystems (+1 kWe) SME & Collective systems (+40 kWe)
Boiler replacement technology Boiler addon technology

Present market (2013) Present market (2013)
Boiler stock: 101 300 000 units Boiler stock: 8 200 000 units
Boiler sales: 8 100 000 units/year Boiler sales: 599 000 units/year

Micro-CHP potentia{expected potential scenario) Micro-CHP potential (expected potential scenario)
Yearly sales Yearly sales

Sales in 2020: 52 000 units/year Sales in 2020: 2 700 units/year
Sales in 2030: 2 900 000 units/year Sales in 2030: 68 000 units/year
Stock in 2020: 103 000 units Stock in 2020: 18 000 units
Stock in 2030: 14 400 000 units Stock in 2030: 290 000 units
Stock in 2040: 30 500 000 units Stock in 2040: 950 000 units

Potential savings in 2030 Potential savings in 2030

Primary energysavings: Primary energy savings:

300 PJ/year 240 PJlyear

7 100 ktoelyear (0,6% of ERY PEZ(2010)) 5 800 ktoe/year (0,5% of E2¥ PEC)

GHGemissions reduction: GHGemissions reduction:

13 Mton CQgqyear (0,3% of EA27 GHG emission (2010) 14 Mton CQedyear (0,3% of E27 (2010)

|
Table5: Summarized results of the micr@HP potential analysis for the EU.

2PEC; Primary Energy Consumption
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4.4.1 Summarized results of the potential analysis per member state

| Sales in 2030 | Stock in 2030

‘ '000 units/year . '000units
Member state Residential SME & Total Residential SME & Total

collective collective

Austria 27 0 27 139 2 141
Belgium 89 4 93 488 18 506
Bulgaria 0 0 0 1 0 1
Cyprus 0 0 0 0 0 0
Czech Republic 26 0 26 103 1 104
Denmark 6 0 6 29 0 29
Estonia 0 0 0 0 0 0
Finland 0 0 0 1 0 1
France 289 2 291 1323 8 1331
Germany 215 16 231 1076 71 1147
Greece 10 3 13 44 13 57
Hungary 22 0 22 88 1 89
Ireland 35 0 35 156 3 159
Italy 742 9 751 3739 45 3784
Latvia 0 0 0 0 0 0
Lithuania 0 0 0 3 0 3
Luxembourg 1 0 1 6 0 6
Malta 0 0 0 0 0 0
Netherlands 303 0 303 1843 3 1846
Poland 27 0 27 101 0 101
Portugal 22 2 24 106 11 117
Romania 18 0 18 67 1 68
Slovakia 9 0 9 38 2 40
Slovenia 1 0 1 3 0 3
Spain 276 16 292 1325 69 1394
Sweden 0 0 0 0 0 0
United Kingdom 763 7 770 3717 37 3754
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Total EU27 2881 59 2940 14 396 285 14 681

Table6: Sales and stock of micf@HP systems in the EX¥ member states in 2038ccording to the expected potential scenario.

4.5 Comparison to other micro -CHP potential studies

Following the scenariospresented in this study 2020 micreCHP sales will still be limited with

approximately 160 000 unitoldper year.But from2030onwards,micro-CHP can really takaff andan

annual multimillion euro sales market for mick€HP systemsan be expectetly 2030 Butis this in line
with other potential studies?

In 2011 Delta Energy & Environment, an indepent research and consulting conspatey,that the
European micré& mini CHP marketould reach over 600 000 systems per y&slicro-CHP is defined as
systems between-® [kWs] and miniCHP as systems betweei1 60 [kW]. The range is different as taken
in this potential analysis in whiahicro-CHP is defined as systems below 50 Jk\Wlowever, the main
part of these 600 000 systems are expected to be sold in the HiEB range (B [kW]).

Frost & Sullivan reported that over 5 million conventional boilers sold annually can be replahediero-

CHP unitsHowever, they are also warning about developments that are threatening this prospect of the
Europeamicro-CHPmarket. A mixed policy outlook, fickle government support and the lack of initiatives
educating consumers about the benefitbthe technology are seen as threats. In their opirfiavorable
government policies, financial backing and aggressive promotion will be necessary -stakicke
market?

The potentials presented by Delta Energy & Environment and Frost & Sullivartisditothe potentials
presented in this study are not on their own.

3 Delta market projectionEuropean combined Mini & Micro CHP annual sales can reach 600,202®\Delta
Energy & Environment; 22 March 2011.
4 European MicreCHP Market will Perish without Strong Government Support; Frost & Sullivan; 5 March 2013.
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5 Micro -CHP roadmap: getting out of the niche

Following the expected potential scenayi® millionunits can be installegder year by 2030This means

micro-CHP stock of more than 30 million migEdiP systems installéal Europeby 2040 Thesesystems

will result inenormousenergy saving Howeverto be able to reach this scenaribe technology needs

to be scaled ugrom a niche product to a masrarket product. The challenge is gurvive the period

where micreCHPas astarting technologies h&to compete with incumbent technologies that already

passed their learning curve and have reached an acceptable-mmas®t pricethe vc al | ed *vall e
d e a.fThisbringsa big challenge for companies that are considering new investments to expand the use

of micro-CHP Therefore micreCHP faces two paths; one in which it remains a niggke pricel product

and one in which it becomes the de facto stardlan existing buildings.

microCHP develops microCHP becomes the
further as a niche « de facto standardin
product existing buildings

Figurell: The two paths micreCHP is facing.

The European Uniois settingstrong targets for increasing energy efficiency and sustainable energy and
decreasing greenhouse gasses. A pdrthis ambition has to be realized in the built environment and
implementing micreCHP is @ossiblewaythat contributesto the targets ofincreasingenergy efficiency
anddecreasingreenhouse gasses.

Micro-CHPhas tocompetewith other emerging technologieike solar heating anthybrid)heat pumps
These systems are gaining more ground in the EUdmatthe same challenge as mig€eélP. Assuming a
sharp decline in cost price, the outlook for mi€ZdiP is quite positive sinitecan be implemente@asily
in the existing heatininfrastructure

Programmes and incentives on residential micro -CHP
In Europe, but also in Japan, activities aregoing to stimulate the mick€HP markeilThey are presente
below.

o

Ene-Farm scheme (Japan)

The aim of the En€arm scheme has been to make fuel cell miCHP systems cesbmpetitive. After
four years of demonstration and customer trigdlee scheme became commerciahd the Japanege
gover nment made a subsi dy @eranttb eohttibete to the pédréhasg mi | | i
price in 2009 Since it should become cesbmpetitive the government has reduced its financial
contribution (per unit) in each successive year with an aim to remove it by 2015.

Callux (Germany)
The Calluprogrammeis a field test programme faesidentialfuel cells in Germany. It was launched by

the German Ministry of Transport, Construction and Urban Development together with nine industrial
partners in 2008Goals of the project are among others to demonstradehnical maturity, developing

5 http://www.fuelcelltoday.com/analysis/analystiews/2013/1302-27-latest-developmentsin-the-ene-farm-
scheme
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supply chains, enhance product profile and validate market requirements. In the programme up|to 560
fuel cell heating appliances are to be installed by the end of 2013.

Ene.field (Europe)
The ene.field projecis a demonstration programme which is launched in 2012. The project is scheduled
to run for five years and witleploy and monitor approximately 1,00@w installations of residentidiliel
cell CHP across 12 keyropean UniotMember States. By learningdtpractical implications of installing,
operating and supporting a fleet of fuel cells with real world customers, ene.field will demonstrate the
environmental and economic imperative of micro -EBP, and lay the foundations for market

exploitation’

The German Cogeneration Act (KWK -G) and investment subsidy programmes

In Germanymicro-)CHP systems are well supportealv-a-days As part of th&serman ©generationAct
(KWKG) micreCHP systems (up to 50 kWWillgetaCHP r e mi um of  5¢prddicedoc®nt / k Wh
years or 30 000 operational hours. Besides the -@Gtgfium an additional investment subsidy |is

available for micreCHP whi ¢ h ¢ a2600@&pkrckWingallet depefdent on used micoHR
technology and incentives offered by fedeemd state governments.

5.1 The next stepz a commercial isation program ?

To reach thepotential millions market different kind of elementsalieto be aligned, and technical and
economic performances of mict@HP systems still has to be improved in the next coming years.
Succesin upscalingequiresproper incentives

Manufacturers state that cosprice reductions are strongly coupled to the number of installations
produced and implicitly states that wittstrong political will an economic costompetitive product can
be achieved. However, without proper incentives the technoloBy2 Say Qi KI @S (G KS
expected cosfprice reductiors.

O
A
<
O
N

The programmes in Européke Callux and ene.fieldhowthat there isactivity in the market but are
these activities ambitious enough@omparing the steps taken by the governmentlapanto those in
Europe activitiesin Europe arenodestand thisraises the question if and what we can learn from the
JapanesexperiencesJapan shows that some mie@HP technologies are ready for market entgn
Europe make auick leapfrog to a commerciaation programin which manufacturers can show the
propoed cost price reductions?

Europe is supporting technologies into commercialisation in order to assist the EU in achieving its
energy and climate targetThe incentives in the European Union or in individual member states shquld

be narrowly targeted to bring the product set to volume production and markepbmpetitivenessand
to some extentto showcase the possibilities of the technology to enders and other stakeholders.

5.1.1 Expected cost price development

In the study; it is assumed thaa costcompetitive pricewould bearound€ 3 , 0 O.for &khdusehold
system. However at this moment (2013) the technology is still too expensive fonmaakst introduction,

5 www.callux.net

7 http://enefield.eu/

8! ncentives for fuel cell technology in a “booming” Ger
at the Fuel Cell Expertise Network Conference in Amsterdam on 27 November 2012.
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appr oxilmaoo/lNLfgr Stifling/combustion engines ar@l2 0 , 0 Efdr fudd cdlls It is expected

that for every doubling of productiorfuel cell micreCHPprices will go down with approximately 15%
(learningratefBut is it realistic d&kmowinegthe expecedsales frgnrthisce o f
potential analysis, and if so, how long will it takeget an acceptable cost price?

To answer these questiona market analysis has begerformedby anal ysing the ‘exp
potential’ a sysFer she Eudopeanmmictd@HP markstt isieckpectedhat approximately

10 manufacturers will be preseit the long termThe expected sales in the European Urtianebeen

divided evenly over these manufacturers, so every manufacturer should producexamately300,000

systems per year by 2030. Each manufacturers will have produced atobirmdllion systems in total in

the period till 2030 as can be seen in the figure below.

i 3
Yearly sales household systems EU

—'early sales EU-27 Yearly sales per manufacturer =—Cumulative sales per manufacturer

4000000 r

3500000 f

3000000 f

2500000 [

2000000 f

units (per year)

1500000 F

1000000 |

500000 |

[1]
2010 2015 2020 2025 2030 2035

Year
\ v

Figurel2: EU27 sales of micraCHP systems in theousehold sector.

The cumul ative sales are then transl ated-gemto a ¢
kW: in 2013 (sales approximately 50 per manufacturer) with a cost price reduction of 15% for each
doubling of production (or doublingf cumulative sale). The results are shown in the fidnagiow.

SFromvarioustsudi es; a.o. “The co€6HPos$ysoemstjcl fustateeéll m&c
Coll ege London, july 2012; *“ Lear Alinocg K. Schoois& B.C.C.oandes ol i d «
Zwaan, Energy research Centre of theh¢eglands, 2010.
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Cumulative sales & Cost price development
—Cumulative sales per manufacturer =—Cost price development
4000000 r 4 €32000
3500000 (- < €28 000
3000000 (- € 24 000D
2500000

4 €20000

2000000 | 4 €16 000

Units sold [-]

1500000 4 €12000

Costprice microCHP [£/kWe]

1000000 [ 4 €8000

500000 f 4 €4000

0

€0
2010 2015 2020 2025 2030 2035
Year

FigureldY / dzYdzf F A @S &l tSa LISNI YIydzFl OGdzNENI GSNE dza O2 gailontJNA OS RS
volumes (10s units per year).

From the grah ,it can be seen thafollowing our micraCHP potential and market analyséscost price
2 ¥ € m-ncann beneXpected in 2017 at low volumes (a couple of thousands produced |per
manufacturer). A pricdevel2 ¥ | NP dzy: per l&\p(Etailpric&e4,000 per kW) can be expected
in 2025at relative low volumes 150,000 units produced per manufacturer).

5.1.2 The price of a supportive commercial isation program

To reach thicost price, an EU wide coordinatedommerciaisation programshouldbe set up.In the
commercialisation program a lostgrm investment subsidy is needed so that the difference between the
“actual cost pri ce an dpertebhaology@mups coveradg-alowing thev e ¢ 0 s |
assumptions made in this study commercihprogram is needed till 2025 starting in 2013/20figure

13 it is shown how much units will be sold annuahdhow much subsidy iseeded.

From thesefiguresit can be seen that in the beginnirtgl approximately 2017a large subsidy péd\. is

needed. However in these yeassles volumes are relatively low, thereby limiting the total necessary
subsidyAtthe end ofthis c o mmer ci al ,cost@icetsbulddroppedgt hoa s€e 1 kWdod 0 per
fuel cellsinthe next p-c e mme r ¢ i sales volymessstreto grow substantially and total necessary

subsidy also increases mmmaximum of3 0 0 M€ . iInrR022cOsPplce should havelroppedto
approxi matel yelfh 4 h®EOhexdr ‘kerly commer ci als’ phas:
needed and in 2025 t he c aqshouldhave been reachad,graking mifro € 3,
CHP a costompetitive prl uct compared to ‘conventional?’ boil er

This program can be split up in phases to keep toddke achievedost price reductionand to decide
the necessity and layout affollow up program
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Cost of a commercial scheme Cost of a commercial scheme
3000000 €24000 M€ 300 €24000
\ - €21000
2500000 Me 250 €20000
\ F €18000
2000 000 T Me 200 t €16000
T b €15000 — £ =
g ] g z
3 S z s
‘g 1500000 + €12000 £ Mg 150 + €12000 2
S z 2 3
k4 2 2
2 2 E E
& - esoo0 @ 3 a
8 €3000

&
1000000 M€ 100
\  €6000
500000 M€ 50
0 T - b e ME 0

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2013 2014 2015 2016 2017 2018 2018 2020 2021 2022 2023 2024 2025
= Sales ——Subsidy mmTotal subsidy ——Subsidy per kWe

Figurel4: The costs of @ommercial program to support mick€HP cost price reduction.

With the proposedcommercial programa costcompetitive cost price2 ¥ € 0 = n g (netaiLp8as]
€ 000 per kW) of micro-CHP systems fdrouseholdscouldbe reached in 2025At the end of this period
around 1,7 milliora @ 3 Svya gAft KIFIOBS 06SSy az2f RI (KSNTbe:
O2YYSNODAIFf LINRPANFY Fa | ¢K2ft Sntdead dzdiRg taeRrial primary
energy savings of approximately 240 PJ and annual CO2 reduction oftéa dtound 2030

12

b Y1 A
{INR EA Y
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Appendix A Approach of estimating the micro -CHP potential
This appendix goes into more detail on the estimation of the m@irl® potential

Al 3AAT AOET 6 OFprevely@spéct h country gets a number of points, these points
are defined anddivided as follows:

Weighting aspects Maximum points Weighting factors Points

Household sector | SME & Collective sector

No competition
Few competition
Some competition
A lot of competition

SPOT: < 4 year
SPOT: 47 years
Economic analysis 4 4 SPOT: #10 years
SPOT: 1013 years
SPOT: > 13 years

Market alternatives 3 3

o B N W

o P, N W b

High support

. ) Medium support
Legislative environmen| 3 3
Low support

o Fr N W

No support

High
Awareness 2 2 Medium

o Fr N

Low

GDP:80k€/ yr

GDP:25-30 k€/y
GDP:1525 k€/y
GDP: < 15 k¢

Purchasing power 3

o P, N W

Total points 12 9

Table7: Score card used to estimate country specific penetration rate.

A.2 Boiler market 20 30
Extensive boiler market data is available for most EU countries for 1990 andr2@0irst step is to adapt
the available boiler market data to data which is representable for 2013. This is done in the following
order:
1 For 1990 and 2004 the market penation rates of boilers (in all sectors) are derived by dividing
the number of installed boilers (stock) by the number of households in 1990 and 2004
respectively.
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1 The market penetration rate of boilers for 2013 is then assumed to be linearly extrapotated f
the 1990 and 2004 rates.

1 The number of installed boilers in 2013 (stock) is the projected market penetration rate for 2013
multiplied by the number of households in 2013.

1 The yearly sales of boilers in 2013 is assessed by dividing the stock withtheodra of “ st oc k” /
sales” for 2004.

I The market share of each sector of 2004 is assumed to be the same for 2013.
1 The 2013 boiler market is taken for as input for 2030 projections.

A.2.1 Countries without boiler market data
For the countriesvithout boiler market data an estimation is made of the boiler market in another way.
Since the household systems are the majority (in absolute numbers) of the boilers systems the share of
central heating in households is taken as the basis. This data is av&lahll EU countrié&
1 For the countries for which market data is available the average penetration rate of boilers in
households with central heating is derived.
1 For the countries without market data this average penetration rate is takennauitiplied by
the number of households with central heating in that country.
1 The yearly boiler sales are obtained my dividing the number of boilers by the average EU
replacement period of boilers.
1 To make the differentiation between individual and colleetboiler market, the average market
share per boiler type for the EU countries with boiler data is taken as reference.

In these ways an expected boiler market for each member state in 2013 is derived.

A.3 Primary energy savings and GHG emission reductions

A.3.1 Primary energy savings

The primary energy savings are calculated by taking into account the extra gas input that is needed, in
comparison to a condensing boiler, with a mi&@slP for delivering the same heat. The electricity
production of the micreCHP is copared to central electricity production with an efficiency of 44%.

PES = gas input mie@HRP- gas input condensing boilerelectricity generation micrdCHP/44%.

A.3.2 GHG emission reductions

GHG emission reductions are calculated by taking into account thyabarning a cubic meter of natural
gas 1,78kg of COs produced. The produced electricity of the mi€blP is multiplied by the GHG
emissions of the present national electricity mix.

10Housing statistics in the European Union 2010, K. Dol & M. Haffner , Ministry of the Interior and Kingdom
Relations, September 2010, The Hague.
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A.4 Data used
To this end, the following information sources have beead to arrive at country specific potentials:

1. Boiler market data 1990 and 2004 (based on EHI data)
a. The available data is split up by sector:
1. Household sector (gas and oil) (<35kWth)
2. SME & collective sector (gas and oil)}-G8DkWth)
2. EU member statstatistics (based on Eurostatipang others
a. Number of households
b. Number of household with central heating
c. Energy prices
d. GDP
MS regulatory framework
Primes
CODE {results
Cost pricadevelopment assessments foricro-CHP
Technological developmenssessmets for micro-CHP

No gk w
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Appendix B Implementation of approach

B.1 S-curve diffusion
The maximum market sharan an EUmember statedependson the score for the aspect market
alternatives and is as follows:

Weighting aspects | Points & maximum market share Weighting factors

Household sector | SME & Collective secto

3-90% 3-50% No competition
. 2-771% 2-43% Few competition
Market alternatives .
1-63% 1-35% Some competition
0-50% 0-28% A lot of competition

This market share will be reached ihaximum number of pointis gained at the other score card aspects
Lesspoints will result in a lower expected potential.

For the household sectpma maximumboiler market share 0of90%is definedin 2030, since it can
theoretically replae almost aléxisting boilersFor the SME & collective sector a maximum boiler market
share of 50% in 2030 (in boiler sales) is chosen, due to the diversity of users in terms of heating and cooling
demand there are more technological alternatives in this sector.

B.2 Assesment of score card

B.2.1 Market alternatives (such as bioenergy, heat pumps, district heating, solar)

If in market alternatives exist that are in competition with mieg€iP, it can be expected that mietéiP
will not develop as much as imember stateswith little or no competition. Points are assessed based on
data from among others Primes and Heat roadmap Europe.

B.2.2 Cost Benefit Analysis (CBA)
The cost benefit analysis is performed under the assumption that r@étB has reached acceptable
(mass markg price.The CBA will be expressed in terms of Simpledgajime.

Cost price development

Many micreCHP technologies are still in their early phases of market entry (Stirling engines, small gas
engines, fuel cellsT.hrough learning and upscaling, caesdluctions can be achieved. We expect a learning
rate of 15%, based on different souréesrhis learning rate implies that for every doubling of production

the cost price will reduce with 15%. Thus, for a mmliflion mass market application the costs Iviié
brought down significantly for these new technologies.

11n a study on the costs development of fuel cells a price development have been seenpérlddabling of
capacity in recent years (The cost of domestic fuel cell r@ti® systems, I. Staffell & R. Green, july 2012, Imperial
College London).
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Figurel7: Cost price developmenof micro-CHP unitatalearnigNJ 6 S 2F wmp: FyR | &adl Nldayd 0O2ald
100 units produced per year

From anend-user point of view, we consider a cost price€of 3 aQkWdor a r et ai | price
4,000a 1kW to be cost competitive. With such a price, the system can be paid back in approximately 10
years. It must be noted that this is a cost price pfioen the direct benefitsto theend s e r . I't does

take additional benefits into account that can arise, for example increase in the value of the building,
abated grid costs etc. etc.

In our analysiswve expecthatc o st pr i cadkWonficroc€€HRouldb@ Gchieveth 2030.This can

be reached by scaling up from 100 units per manufacture€ 45 , 0 0 0. top1@Q,000kuMits per
manufacturerusing a learning rate of 15%.hi s pot ent i al c oedstseepamininen of € 3,
in Staffel and Green stuéfy

Thetable belowshows the individual components of fuel cell CHP system and their cost price at 100.000

units. From these figures it is expected that mi€TolP systesitfor collective and SME usage can reach
pricelevelsohr ound 1,800 €/ kW

Potential minimum
1kW, FC| 1kW, FC| 40kw, FC

Fuel cell stack perkW, | $ 200( € 160| € 160
Major sub-systems |[perkW, | $ 600( € 470| € 470
Balance of plant perkW, |$ 1500|/€ 1170|¢€ 1170
Auxiliary boiler perkW., |$ 1000|€ 780| €
Hot water tank perkW, |$ 500(€ 390|¢€

$ € €

Total cost price per kW, 3 800 2970 1 800
Selling price per kW, € 4000|¢€ 2 500
Table8: Potential minimum costs for manufacturing each component of a fuel cell miGidP system at high volursés3

On top of thecost price the manufacturer needs a profit a$o the retailers. Therefore we use 4,000
€/ ka&n d 2, 5.@ultidateksslling price for a household system respectively Sidhll:tive
system for the cost benefit analysis in this study later on.

21n a study on the costs development of fuel cells a price development have been seen of 16% fiagddub

capacity in recent years (The cost of domestic fuel cell r@ti® systems, I. Staffell & R. Green, july 2012, Imperial

College London).

BThe costs estimation for a 1kWe fuel c¢eQHP issy@#atdeonpst’e d f

Staffell & R. Green, july 2012, | mperi al Coll ege Londol
estimation of the 40kWe system is based on the assumption that an auxiliary boiler and hot water tank are not
necessary in that situatios, i nce it -wnhnt?!l obethe“addsting heating infras
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Technological development

In Figurel8the results are shown of i@chnicalassessment of the existimgicroCHP technologig€®,5—

5kWE). In this figurethe electrical and thermal efficiencies are plotted against each otBgling engines
produce little electricity and lots of heat, while SOFC fuel cells produce mainly eleckoity.these
figures we expect an averagéeetrical efficiencyf micro-CHR of 40% and aroverall efficiencyof 90%
(LHV)yellow star in figure).

Electrical vs. themmal efficiency

100

i \1

” \\
Emn =

| FEM

g & B _ -
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T [ | L
£ 0 4.“*’ \\ W Stirling .
W 40 | m Gss Engine|
E u \ — 100%
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Figurel8: Hectrical & thermalefficienciesof (existing) micreCHP technologies.

Further assumptions CBA
9 Continuous operatioi6000 hours/year)

0 100% use of produced electricity
0 90% use of produceldeat
A Heat for room heatingnd hot water preparation.
9 Thermal outputmicroCHP replaces thermal output boiler.

1 Gas & Electricity prices households and industrial consutfiers.
o For household sector household price data is usél.
o For SME & collective sector  industrial price data issed?®
9 Purchase price micr@HP:
o For household sector; € 4,000/ kW
o ForSME & Collectivseector; € 2,500/ kW

I Maintenance costs:
o For household sector: €0,03 / kWh produced electricity
o For SME & collective sector: €0, 01 / kWh produced el ect |

9 Costs savings = Costs for gas input boiler + Saved electricity cost&COstP for gas input
CHP-Maintenance Costs CHP

1 SPOT = Additional investment costs / Cost savings

¥ SourceEurostat energy prices May 201820 natural gas price data available for Greece, Finland, Cyprus and
Malta.

S Household energy consumptigarofile: 15,000 kWh/yeanaturalgasand 3,500 kWh/year electricity.

18 SME energy consumptigarofile: 0.25 GWh/year natural gas a@dGWh/year electricity.
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B.2.3 Legislative environment & support schemes

For assessing points to the aspetiegislative environment & support schemes the results of the CODE
project are used’ Though these schemes are only valtdthis momentand can be changeih both a
positive and negative wayn ia short period it gives an indication of tharrent reguative position of
micro-CHP in a country.

B.2.4 Awareness

Awarenessn a country isised as aimdicatorto showto what levelstakeholderénfluencers in a country
knowwhat the technological, financial and/or market consequences are of AUetB Awarenesscores
are based orresults fromthe awareness studgarried out inCODE2

B.2.5 Purchasing power (only for the household sector)

At the end the customer wil/l have to invest i n a
However the ability to do s not the same in each country. For this we use the GDP to indicate the
purchasing power of the customers.

B.2.6 Score card result
EachMSgains aotal number of pointshrough the score card assessment. The more poiriéSaets,
the more share micraCHP wilget in the boiler market in 2030.

B.3 2030 boiler market expectation

The performed market data adaption results in the expectation of the 2013 boiler mamkshawn in
Table9. Total sales outlook for 2013 is 9.2 million boilers per year and this is taken as potential market for
micro-CHP in the EQ7 MS up to 2030. This number is close to a reported sales outlook of 8.9 million
boilers per year in th&uropean Union in 2025,

17 http://www.code-project.eu/wp-content/uploads/2011/02/231 21 EuropearSummaryReporton-
CHPsupportschemes.pdf

8 Ecodesign of boilers; Market Analysis, VHK, September 2007, Delft.
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Boiler market ELR7 (household & SME & collective sector)

2004° 2030

Stock Sales Stock Sales

000 units | 000 units/year | 000 units | 000 units/year
Total EU27 91 740 6 991 115 457 9199
Member state
Austria 1134 84 1377 102
Belgium 2236 175 2707 212
Bulgaria 169 13
Cyprus 40 3
Czech Republic | 1158 148 1896 242
Denmark 690 34 688 34
Estonia 40 5 58 7
Finland 501 19 571 22
France 13 354 834 17 517 1094
Germany 17 542 810 14 586 674
Greece 1709 80 2 056 96
Hungary 1266 111 1747 153
Ireland 967 113 1386 162
Italy 15 166 1360 21428 1922
Latvia 34 13 51 20
Lithuania 89 22 167 41
Luxembourg 71 5
Malta 1 0
Netherlands 5048 420 5614 467
Poland 1343 237 2051 362
Portugal 223 50 388 87
Romania 1884 144
Slovakia 401 60 578 86
Slovenia 284 27 372 35
Spain 5720 546 9876 943
Sweden 1443 81 1830 103
United Kingdom | 21 392 1762 26 348 2170

Table9: Expectations of the 2013 boiler market, usediaput for the potential marketin 203020

19 Sourceshttp://www.ecoboiler.org/public/ecoboiler_task2_final.pdfnd
http://susproc.jrcec.europa.eu/heating/docs/ProductDefinitieMarket-TechAnalysis.pdf

20 For Bulgaria, Cyprus, Luxembourg, Malta and Romania no historical market data is available. Cyprus,
Luxembourg and Malta are as expected only small potential markets. Romania andeBshgav potential

interesting markets for micr€HP. For Romania the number of sales are in line by a reported sales of 135,000 units
in 2011, also since growth is expected in this country. For Bulgaria the number of sales are perhaps still a little low,
since the Bulgarian Government has the aim to increase the share of gas connected households to 30% in 2020, in
contrast, it was 1,5% in 2011. This gasification project is carried out to replace electrical heating by natural gas
heating. 30% gas connectéduseholds would mean that approximately 1 million households will be connected

to gas.
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