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Introduction to CODE?2

This roadmap has been developed in the frame of the CQid&ect, which is cdunded by the
European Commission (Intelligent Energy Eurap¢éEE) and is part of an important market
consultation for developing 28 National Cogeneration Roadmaps across Europe. These roadmaps are
built on the experience of the prasus CODE project (www.cogeoject.eu) and in close interaction

with the policymakers, industry and civil society in each member state through research and
workshops.

The project aims to provide a better understanding of key markets and policy interacimund
cogeneration and particularly to identify the possibilities for acceleration of cogeneration
penetration into industry and SMEs.

Roadmap methodology

This roadmap for CHP Belgiumis written by COGEN Vlaanderen and has beeet) on a range of
studies It has been developed through a process of discussion and exchanges with experts.

The first draft roadmap has been discussed on an interactive workshop with stakeholders from the
three Belgian regions on £December 2013The input from the wdkshop and any additional input
from experts has been used to produce the current versidithough energy and CHP related
matters are regional responsibilities and many aspects of this roadmap will show regional
differences, the document tries to givestatus which is valid for the whole country. However, small
differences may still arise between the regions.

For more details and other outcomes of the CODEZ2 project see: http://www.epagect.eu/
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Summary

In BelgiumCHP has known a steady growihce 2005 and has reached an installed capacity 002

MW in 2012.The growth can be attributed to the success of the certificate systering:Btussels
Capital and Walloon region issue both investment support and Green Certificates, while Flanders has
its CHP certificate system.

Due to the long history of cogeneration in Belgium, the level of awareness is high compared to the
European average. Economic opportunities aftgo high for many different types of installations,
especially when individual befits are being maximized. However with the current spark spread the
IRR can be too low for positive investment decisions in large industrial companies in this period of
crisis. Residential micfBHP is on average struggling with high investment costs.

This study defined the CHP potential in Belgium, as part of a larger European potential study.
Although there are no recent potential studies for CHP in Belgium, existing studies estimate the total
potential for Belgium for 220 to be 3203 MWe. This is an iease of 25% compared to the installed
capacity in 2012For 2030 a doubling of the existing capacity is expectdé highest growth is
expected in the market segment of micro CHP, both residential as larger (up to 50Tke/).
conservation of the existingnstalled capacity and the expansion towards the potential are
important for Belgium since they can realise a primary energy saving of between 18,7 and 22,9 TWh
per year and a GBaving of between 2,3 and 8,1 million tons per year in 2030.

Some importantbarriers can impede reaching this potentithe lack of (binding) targets for CHP,

the low spark spread, especially for large industrial installations, complex and changing policies,
limited awareness among certain groups such as SMEs, and generatcejsions about CHP, the

slow start of residential micro CHP, the lack of experience with district heating and legal issues for
the local use of electricity in common housing.

The scope of this study was to define a number of necessary actions in omertmme the main
barriers. These actions are:

1 Take continuous as well as specific actions at policy level.

Expand the operational field of the CHP associations.

Provide an efficient, effective and stable financial support system.
Improve research andissemination activities.

Develop CHP based district heating.

Involve CHP in smart grids, demand response and virtual power plants.
Strengthen the position of bi€HP.

Launch residential mice€HP.

© 00 N o o B~ W N

Increase the general and specific level of awareness.

This roadmap to 2030 further defines a number of steps to be taken by all stakeholders.
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1 Where are we now? Background and situation

1.1 Current status: Summary of currently installed cogeneration

CHP has known a steady growth Belgiumsince the introduction of the certificate systemin
2005 and has reached an installedpacity 0of2700MW in 2022.

Figurel shows theinstalled capaity of CHP for the 3 Belgian regions from 2000 to201HP has
known a steady growth especially since 2005, when financial support througha@iH@reen
certificates has been introduced. After a stabilisation in 2009 there was a new increase in 2010 and

2011.
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Figurel: Growth in the CHP sector in Belgium (262012)

The total installed capacity is highest for the combined cycle (Figure 2), although the highest number

of installations has an internal combustion engine (260 o&0df in 2010).

Overall, mtural gas is the most commduel type (Figure3) in Belgium, but in Wallonia renewables

are the most dominantKigure4).
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Figure2: Typology of CHP fdBrussels, Wallonia anglanders (2010).
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Figure4: Fuel type of CHP for Flanders, Wallonia and Brussels separately (2010).

The installed capacity is the highest in the sector ofitftistry for Flanders and Wallonia, while in
BrusselsCHP is most common in thertiary sector. However in Flanders ttreéghest number of
applications and the highest growth was situated in #ggiculturalsector.

1.600
1.400
1.200
1.000
800
600
400
200

Mwe

Application
Brussels I Wallonia I Flanders I

M Industry
B Tertiary
m Agriculture

" Housing

Figure5: Installedcapacity per application (2010).
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1.2 The BelgianEnergy and Climate Strategy

The Belgian climate strategy is divided between the federal and regional level. Within |the
framework of the Kyoto Protocol, Belgiuns bound to achieve a 15% ndaTS reduction ir2020
compared to 2005. Although this goahas not yet been divided hisveen the Regional
Governments, each region has made its own climate action plan.

Belgium is a federal state with political powsgregatednto three levels: the federal government,
the three language communities and ttiegee regions(the Flanish Region, the Walloon Regiand

the BrusselgCapital Region)Since energy is mainly a regional responsibility, many aspects of CHP

will be covered at the regional level. However some aspesassogovernedon federal or local
level.

The division of responsibilities on energy matters over the federal and regional governments is

organised as follows.

The Federal Government is responsifie amongst | ¥ ¢ thy 2hH0KsStSUQ
others In December 2013 a preliminary draft wa
9 the supply of electricity and natural gas; adopted by the cabinet concerning

1 the transmission of electricity othe high | YSOKI yA&ayY 2F | WwWadaN
voltage grid (higher than 70 kV); by Secretary of state Wathelet. K A & W 3
1 the storage and transportation of naturg NB & SNIIS Q nitaiensure seéufitylzif
gas; supply after the nuclear phaseut and it
f the management of the LNG terminal; includes a tender for 800 MW of new ga
f the classical and nuclear production q fired plants. The cost for these gas plan
electricity; g2dA R O02ad |o2dzi wme
1 the maximum prices for electricity and g3
for customers; If the CHP sector could prove that it can
9 the gridtariffs (until 2014) equally important in providinghis reserve
This is stipulated in the Federal Electricity Law g capacity (see total potentiahapter 2.3, it
Federal Gas Law. would be much more interesting to inveg
. . this budget in additional CHP capacity.
The Regions are responsible for, amongst others:

9 the local transmission and distribution of electricity owa@tage lower than or equal t@0
kV;

the distribution of naturabas;

the production of electricity from renewable energy sources and cogeneration;

the environmantal aspects (including permits);

the rational use of energy;

the social aspects.

This isstipulatedin the Regional Electricity and Gas Decrees.

=A =4 =8 -8 -4

The Belgiarclimate strategy is also divided between the federal and regional l&Vehin the
framework of the Kyoto Protocol, Belgium was boundhthieve a total emission reduction of 7,5%.
In order to reach this goalin 2001the three regions signed a coopem@ti agreement with the
federal governmentn order to have a continuous coordination of policy initiativ€his agreement
NBadzZ 6§SR Ay 0 KS W-Ro12) whithpriovides/a fdetafed dvBrviewftall ekistingn n g
measuref the federal and reginal authorities

According to the Europeadsffort Sharing DecisiofeSD) Belgian nd&TS sectors have to achieae
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emission reductionn 20200f 15%compared tothe nonETSmissionsn 2005. However, this goals
has not yet been divided between the Regional Governments.

On regional level the climate strategy is laid outagional climate plans.

1.2.1. BrusselsCapital Region:

Anair quality and climate plar(Plan for the structuraimprovement of the air quality and the battle
against global warmirjgwas made for 2002010 (IBGE- BIM, 2002) a new version is currently
being made.

The new plan finds its legal basis in thecaled COBRACE (COdw dzE St f 2 A a4 RS £ Q! ANJ |
f QYySNHASUO @2GSR AY Hamo® /2yAARSNAY3a (GKS O2ydAy
efficient use of energy and the integration of more renewable energy sources, cogeneration will be

further supportedas an innovative technology. This support will materialize in different ways such as

e.g. the continued guidance from experts and the exemplarity of public bodies when building new
offices/facilities.

1.2.2. Flemish Region

TheFlemish Mitigation Plar{20132020)is part of the Flemish Climate Policy Plan 22030 (LNE,
2013) In the absence of an intrBelgian division of the neRBRTS targets, the present Flemish
Mitigation is based on an indicative n&T Seduction target of 15% foFlanders The main efforts
will have to be made in théransport and buildingsector. The Mitigation Plan includesome
specific aspects related to CHeY, example:

- Action plan micreCHP (providing good examples, gradual stimulation of the market
especially in social housing, research on in situ energy savings, inforroatigraigns

- Grid managemenin the agricultural sectore.g. capacity level of the distributiagrid when
there is a concentration of CHP.

1.2.3. Walloon Region

The Walloon Region hasY L)t SYSY G SR AdGa AN | yRa@Climdge B&® 2062S0
(Région Wallonne, 200.ATHP plays a role in some of the action stegherplan:

1 Promoting the use of renewables and CiHRhe industrial sector, through certificates and
investment support and support for energy audits; and through the encouragement of
research, development and demonstration projects

Supporting sustainablurban development projects such as district heating based on CHP
Promotingenergy audits for buildings in the public and tertiary sector

Supportnginvestmentsfor CHRn the private sectar

= =/ =4 =4

Improvingthe operation of the faciltators: private or asstated experts in specific fields of
02YLISGSYyOSs: ¢K2 KI@S GKS dlFal G2 I R@OAES lye
improve the energy performance of their facilities. There are facilitators for different
renewables as well as CHP.
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1.3 CHPPolicy dewelopment

CHP in Belgium is mainly supported at the regional level through different regional Decides
BrusselsCapital and Walloon regionissue both investment support and Green Certificates.
Flanders has its CHP certificate system.

The Cogeneratiobirective (2004/08/EC) has been fully implemented in Belgium.
Within the Belgian legislation, CHP is supported for the following reasons:

1 to account for European 220-20 goals, in a cost efficient way without compromising the
economy
to reduce greenhousgas and other emissions

to be less dependent on fossjt
fuels Principle of the certificate systems in Belgium

1 to promote economic growth,| o CHP certificate is a tradable product that proves that
technology  innovations  and installation realized an amount of primary energyCQ savings
green jobs by using CHP, compared to a reference installatiore Glner

On the federal levelfinancial support | Of an qualitative CHP installation receives every month
for investmentsin CHP is given through g number of certificates frorr_1 jthdaocal energy regu_latorHe can
reduction of the taxable profits (see then sell them to the electricity sup'plle.rs for a price deterrn!n
Tabled). by th_e free market. In order to maintain thg market, elecity
suppliers have to buy a number of certificates, regulated
All federal and regional incentives arg quota. The owner also has the choice to sell his certificate

summarised in Table 4. The next| the grid regulators for a minimum price.
paragraphs further explain the CHP
policies in the three regionsin all

1
T

. .- g = R ry
regions a certificate based support i g 1, Guaranteed
. . LI ¢ i B %, compensation
system is operational, although the g %O;
. . . . o [ - C O,
practlcql implementation differs bateen Assigning “Ownerof the %%@
the regions. (N

installation

1.3.1. BrusselsCapital Region Free  Gridregulator

arket
In Brussels one type of certificate is use¢d
for both natural gasCHP and renewable
energy sources: theGreen @rtificate
(GC).

The Ordinance 0f19/07/2001 on the

TR
N mnen 3

Certificates e

\\§

Orfine Electricity

0 - ’ Regulator o .
organization of the electricity market ir Obligation- quota. supplier

the BruselsCapital Region lays the
foundation of the system of Greer
Certificates and the system of quota.

Figure6: Principle of the market for CHP certificates.

Several subsequent Decrees and
Decisions regulate the practical procedures, the calculations and the awarding procedures for Green
certificates.
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The general principle of certificates is explainedhia text box.In Brussels the energy regulator is
BRUGEIThe amount of Green Certificates equals the number of kg avoideddi¥ded by 217. The
avoided C@equals:{Pel (MWh)/0,55)x 217 + Pth (MWhJ)0,9 x 217}- {fuel consumption(MWh) x

CQ emission coefficient of the fuel}. The C&nission coefficient of natural gas4d&7 kg/MWh; for
rapeseed oil it iF0 kg/MWHh and for biogas it ranges between 1 and 5 kg/MWh (calculated for each
individual cas). The value of the certificates has been very stable since the begirFiregactual
marketvalue for one certificate is8) p € @

In the Decree of 26/05/2011 a multiplication coefficient was introduced for gas fired CHP in
collective housingouildings.To compensate the lack of financial benefit from local use of electricity
(see further: barriers to CHP) an extra support was givrnce more certificates for CHP <50 KW
and 1,5 times more for CHP >50 KW.

Electricity suppliers have the obligation toyba number of green certificates (quota) from green
electricity producers, as regulated by several Decrees. The last Decree of 29/11/2012 regulates the
guota from 2013 to 2025 (see

Tablel), which give long term perspectives to the sector. In the same Decree a mechanism allows
the minister to increase the quota for the next years if the number of granted green certificates is
higher than 5% of the quota for the last 4 trimestefhe incrase is equalo the surplus quantity.

This gives a strong stability to the green certificates market in Brussels.

Year Obligation
2013 3,5%
2014 3,8%
2015 4,5%
2016 5,1%

X %
2025 12,0%

Tablel: CHPand green electricityquota for the Brussel€Capital Region

Brussels also issues mvestment support2 ¥ opnn G2 npnn €3 RSLISYRAyY3
and with a maximum of 30% of threlevant/eligible parts of the@xpensesFor the basic income this

accounts foilo v 1T T 'OV ‘Qw . More details are given ifiable4.

1.3.2. Flemish Region

The Energy Decreg(Vlaandeen, 2009)coordinates and replaces all previous energy related
decreesamong which the former Electriciiyecreeand the Natural Gas Decree.

The Energy Decree regulates several CHP related tapics
defines high efficienc€HP in Flanders

regulates the general principles of CHP and Gretactricity certificates as well as
guarantees of origin

1 regulates the responsibilities of the electricity suppliers and grid operators regarding priority
to the grid, costs for grid connection and the pessibility in the stimulation of rational
energy use

1 defines the reporting obligéons of the Flemish Government, including an energy balance
with the production of electricity and heat by CHP per subsector and energy source
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10



The lastmajor change to tle decree was made on £3July 2012. This completely changed the
working of the certificate system. The Energy Resolutio(Vlaanderen, 2010)rranges the
implementation of the DecreeThe implementation of the certificate systewas also changed in
2012.

Since 2005, CHP certificates  have been used in Flanders. The support system used to allow for the
granting of CHP certificate per MWh primary energy savingand one green certificate for each

MWh greenelectricity. The supportsystem was so effective that fiesulted in an overshoot of ca.

252% of the obligatiofior CHPin 2012and as a result, many certificates were sold at the bottom
LINAOS 2F enHTX 6KSNBFa GKS YIFNJSG LINROS 461 & enm

In order to address this oversupplthe Flemish authorities increased the obligations on the power
retailers so that they have to redeem a higher number of certificates for the same quantity of power
delivered before. On the other hand however, a substantial part of the power deliveredeto
energy intensive industry is exempt from this obligation, reducing the net effect of the obligation
increaseg(Cornelis, 2013)

Added to that, Flanders' CHP support scheme has lastically reformedafter questions were
raised about the support levels to some renewable power technologies in the green certificate
scheme. In order to avoid owsubsidy, support levels are now no longer proportional to the
renewable energy produced, or the primary energy saved for CHP. dhiteaalso dependent on

the economic feaibility of the technology usefCornelis, 2013)The amount of financial support is
now more adapted to the real needs of the technology, and it is limited in. firags viable typesfo
technologies can be issued more than one CHP certificate per MWh primary energy stéwedjhal

a maximum is set at 1.25 . In 2013, this maximum was even lowered Thelidea is that the
government cannot spend most of its funds on, for example, rieshnologies that are still
expensive and would need a high amount of support to become financially profitable.

The calculations showed that almost all CHP categories needed an amount of support that was
higher than 1 certificate per MWh primary energy sdvBecause they only received the maximum

of 1 certificate, this amount of support will not be enough to be economically feasible in the current
market conditions, for an average installation of that category.

Moreoverit has become a very complex systahich will be permanently evaluated and adapted,
creating more insecurity for the investors.

Year Obligation
2013 8,6%
2014 9,8%
2015 10,5%
2016 11,2%
2017 11,2%
2018 11,2%
2019 11,2%
2020 9,3%
2021 and after 7,0%

Table2: CHP quota for the Flemish Region
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How big is the support then for a CHP owner?

This is calculated by multiplying the number of certificates with the value of the certificates. The

minimum amount of support for one certificate a
GKSe R2y Qi NBI OK

GKSANI ljdz2 it 0

! avhile the fine for the electricity suppliers (if

Ad nwme @

In theory themarket value of the certificateswill be between these two, however in reality it
depends on a number of other factors, such as long term cotdrand the existing oversupply of

certificates in the marketThe number of certificates assigned for every 1000 kWh primary energy
RSTAYSR | & ]

al @Ay 3a Aa

2ySs YdzZ GALX ASR oe@

representing the amount of suppb needed to make the installation financially profitable. As
mentioned before, this factor is limited to a maximum which is currently set at 1. Therefore, in
reality, most (but not all) CHP installations receive one certificate for every 1000 kWh primary
energy savings. Every year, the banding factor and the set maximum are calculated and published.

A similar systems of certificates exists In Flanders for renewable energy, Winees Electricity
Certificates are traded. A CHP running on renewable enecgy obtain both CHP and Green

Electricitycertificates.

uKS

Someinvestment gants in Flanders have been omitted (e.g ecology grant, investment support for

Difference between quota and targets

In the 3 Belgian regions quota are used to suppi
the market for CHP certificates (in Flanders) a
Green certificates (in Brussels and Wallonia).
(binding target for CHP, which would have mo]
connection with the potential, is nonexistent.

The quota are set for a limited time period, an
G§KSNBFT2NB R2yQi NB LINE 2
Moreover, quota of one year can be reached with tl
energy production ofprevious years. As a result
large surplus of certificates impedes the growth
the sector, because the quota can be easily reache

Quota are also relative to the amount of electrici
production. When the electricity production slow
down, e.g. in time of crisis, the amount oi
certificates to be bought by electricity suppliers al:
goes down, and thus also the stimulus.

In Brussels and Wallonia, there is only one type
certificates for CHP and green electricity, so t
jd2 il R2y Qi NBaIMBGHS gnly. a

While quota are necessary and useful to support t
markets of certificates, long term (binding) targe
for CHP are useful to represent the long term visic
to stimulate growth and to reach the potential.

micro-CHPB. Recently (October 2013) a
budget was approved for demonstration
projects with micreCHP in the social housing
sector.

Nonfinancial incentives include priority
acces to the grid improving the ability of
new plans to start dispatching power,
however, there is no priority dispatch for any
generator in Flanders and this applies equally
to CHP.

1.3.3. Walloon Region

CHP is covered by two regulations:

1 Decree of 12 April 200lon the
organization of the regional electricity
market: sets out the guidelines for the green
certificates

91 Decree of 11 March 2004 on

incentives intended to promote
environmental protection and sustainable
energy use: regulates other investment
support

The Walloon Region issu€reen Certificates

for both renewable energy and CHP. This is regulated by the CwWaPE (Walloon Commission for
Energy), who is also responsible for determining the quota.

1/ dINNBy Gfe OSNIATAOLNGSE

I NB

0SAy3 a2ftR F2NJfSaa GKIy

HT € ®

CODE2 - COGENERATION OBSERVATORY AND DISSEMINATION EUROPE

12



The ganting isproportional to theelectricity production of the installationand the amount of CO
reduction compaed to a reference installation:

1 Green Certificate = 1 MWh G sfree electricity (with respect to a reference electricity
production)

With: CQ-emissionof aCCGT power statidior the production ofl MWh electricity withnatural gas
(efficiency of 55%CQ-emission factor ohatural gas: 251 kg CAMWhp) =251kg CQ/ 0,55 = 456

kg CQ

A 1 Green Certificatdor 456 kg C&savings

Thus, onggreencertificate is awardedor 456 kgCQ avoided. The amount of G@duction will be

higher if a renewable energy source is used, because the emission factor will be lower. In that case

more certificates will be granted. The total saving is capped at 208%fine for not achieving the
quotaismnne LISNJ YAaaAy3d OSNIAFAOIGST 4KAES GKS YAYA

Year Obligation
2013 19,400
2014 23,10%
2015 26,70%
2016 30,40%
2017 32,80%
2018 34,1%%
2019 36,030
2020 37,90%

Table3: CHPand greenelectricity quota for the Walloon Region

The quota for the Green Certificates are considered to be realistic and are a meaadiohgthe
target for 20200f 3 TWh of electricity duced by high efficient cogeneratiofhe quota for 2013
2016 and 2020wvere approved in 2012, and for the other quota an indication is giveblé 3)
(CWaPE, 2012)

CWaPE believes that achieving their gedlsdepend on a rapid stabilization of the legal framework
However at this moment is it possible that the support system will be reviewed, although it is not
known when or how this will happen.

Other supportsystems include support for feasibility stadj compensation for injected electricity
and different types of investment support. These are summarizdebie4 (situation end of 2013)
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Table4: Certificate systems iBelgium (Federal and Regional)

Wher | Type Name Target group Amount Terms and conditions
e
~ | & Reduction of the taxablprofits for | - Companies 14,5% of the investment (2013) not applicable to active used for rent
I g g 5 energy saving measures amortization > 3y taxation period
% | g& grant introduction max 3 months after end ¢
i § % ? taxation period
CHReertificates - Private persons # CHP certificates / MWh PES = 1 x Banding Facto installation located in Flanders
- Companies # support = # CHP certificates x market value of it is ahigh efficientCHP installation
§_ certificates ) A o
= aAyAYdzyy @FfdzS /1t OSNUA
% FYRAY3 CFOUZ2NI X MZIHPp
o Green energy certificates - Private persons # GEcertificates / MWhgreen electricity= 1 x Banding - installation located in Flanders
.S % - Companies Factor electricity is produced from renewable source
2 g # support = #GE certificates x market value oBE| limited to a list of technologies
E = certificates
2 Minimum valueGEcertificates =93 €
£ FYRAY3 CFOG2NI X MZHp
o 3 Compensation principle fo| - Private persons electricity meter counts backwards when injecti <10 kW
= E c injected electricity - Companies electricity on the grid/A value electricity injected i§ - Owner can choose between compensatio
S © .9 - NGO and publig sane as value electricity consumed) principle or separate measuring of electrici
"§ o8 entities No compensation for surplus production of electrici consumption and injection
$ET on yearly basis
O0geo
3
_S o - Premium A2 for feasibility stud| - Companies 50% of the amount
L« L2, on energy performance o - Private persons
%E ‘g 5 % buildings and feasibility studies| - NGO and publig
22| 582 for CHP entities
Qg A 2 - Investment premium E2
@)
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Operatonal support for energy

production

Green certificates

Private persons
Companies

NGO and publig
entities

price depends on market
b yne KD/

1 GC =217 kg C@ avoided (referencefor

electricity isgas turbine55% efficiency and fo
heat a boiler with 90% efficiengy taking into
account the C® emission coefficient of the
fuel

time limit 10 years

for collectiveresidentialsector you get 1,5 (i
CHP > 50 kWe) or 2 GCS (if CHP < 50 kwW
217 kg C@reduction

it is a high efficient CHP installation

Compensation
injected electricity

principle fo

Private persons
Companies

NGO and publig
entities

value electricityinjected is same as value electrici

consumed.

CHP <5 kVA

Investment support

Premium E2 for CHP installatiol
with min 5% Ce&reduction

Private persons
Companies

NGO and publig
entities

.F&A0 OFGS3aA2NE Y o0 pnn
Middleincome:a1nn € §f Kot St SO
[26 AyO2YS Y n pnn € F

Limited to max 30 % of the investment

Study on energy performance of buildings
necessary if CHP > 5 k\&d premium A2)
CHP has min 5% €@duction

Energy premium Clb: extr
investment supportif you do a
complete renovation of the boilel
house

Private persons
Companies

NGO and publig
entities

20%extra premium on the cumulative premiums

The total renovatiormust include condensing
boiler, CHP, temperature regulation and
frequency based circulation pumps
Seealso other specificonditions.

Walloon Region

Support for feasibility studies

Audit énergétique (UREBA): for
studies on energy performance on
buildings

NGO and publig
entities

50% of theamount

25% if other grant for the same study
done by authorized expert, grant introductio
max 6 months after payment

Etude de préaisabilité (UREBA):
support for prefeasibility studies

NGO and publig
entities

50% of the amount

25% if other grant fothe same study
done by authorized expert, grant introductio
max 6 months after payment

Etude de faisabilité d'une
installation de production d'énergie
a partir d'énergies renouvelables:
for feasibility studies of renewable

energy plants

Companies

NGO end public
entities (non
UREBA)

50% of the amount

Yl E H p nmetharizatiah préject)
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Operational support for energy

production

Green certificates

Private persons
Companies
NGOs and public
entities

- LINAOS RSLISyRaA

- price warranty of 66 by the Region

2y YI NJ Si

- 1 GC = 456 kg G@voided (referencds gas
turbine)

- More CQ avoided and more certificates whe
using renewable energy sources

- The total saving is capped at 200%.

- time limit 10 or15 years

- reduction factor applied orplants > 10 years
old

- itis a high efficient CHP installation!

Compensation principle for
injected electricity

Private persons
Companies

NGO and publig
entities

- value electricity injected is samas value electricity

consumed

- CHP <10 kVA

Investmentsupport

UREBA: improving energy
performance of buildings

NGO and publig
entities

30 % of the investment

SAY@SaldyYSyd 2F YAYAYdz
- only for high efficient CHP

-min 10% CO2 emission reduction

- limited to anamount of 15% if other support
systems are used fdhe same investment

URE Rational energy use premiun

Private persons
Companies
NGO and publig

- 20 % of the invoice
Yl EAYdzY mpnnn

€

- investment in 2013
-AFT S5A&AGNROG 1 SH
50% of thanvoice and 100000 per DH

6051

entities (non - only for high efficient CHP
UREBA)
URE: support for the installation g - Private persons -mTpn € AT §F pn 132 - investment in 2013
a biomass boiler with automatic Companies -MTpn SdzZNRP A IOk € k{2 A F|- max50% of invoigenax 15000 per installation
feeding NGO and publig-opnb my €k{500kWT wmnn -ifDHY mMnn exY 2F LALIS
entities (non |-mnTnn € by €kl12 AT B p invoice and 100000 per DH
UREBA)
UDE: support for companieg - Companies - Between 20% (BC) ariD% (SME)of the additional| - YAY Ay @SaGYSydY Hpnn
making an investment(e.g. high cost of the installation comparedo the reference| - Excluded: legal entities, NGO, finang

efficient cogeneration}o improve technology institutions, large retailers, healthcarschools,
their energy and environmenta fINBES SySNH& LINEBRdAzOI
footprints.
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1.4 Awareness

Due to the lorg history of cogeneration in Belgium, the level of awareness is high compared to|the
European averageThe main sector that still needs to be addressed are the SMEs and|the
households, where CHP still has a high potential but where the market is not welktigped.

1.4.1. Key role of awareness and knehvow on CHP

Sales of cogeneration to customers rely on a commercial proposition dmactioning marketfor

the application of cogeneration. The policy intervention of the European Union to support
cogeneration and assist the removal of market barriers is an important element of creating a good
commercial proposition however in itself it will not be su#fitt to grow sales of cogeneration if the
customers are unaware or misinformed and lacking support within influencing groups or, and if the
supply chain of skills and suppliers does not exist.

A final buying decision by a customer is the result of a $atomplex interactions, involving the
supplier, the supply chain and the customer. External conditions influence the process as do the
market structure and the policy structure. A mature market for a product is characterized by a high
degree of awarenessnaong all the relevant players in the market and ongoing buying and selling
activity.

1.4.2. Cogeneration Awareness assessment in pilot Member States: Method

An assessment of awareness of cogeneration among key market actors has been developed. Using
gualitative interview techniques with experts and market participants four groups of the socio
economic actors for cogeneration were assessed. The four groups and their subsectors are below.
The list is not exhaustive but contains all the most relevant players.

Customers: utilities (& DH), industry, potential users

Market and supply chain: installation companies, planners, energy consultants, architects,
technology and equipment providers, banks/leasing, energy agencies

9 Policy structure: energy and climate Iglgiors and all levels of government
1 Influencers: media, general public, academics, environrEnDs, associations.
With: ® Poor-O Low-U Early awareness® Interest- B Adive market

Figure7 lists the possible actors under each of the groups in the secomomic model. Thievel of
awareness was assessed for each ofghmupsand rated 15, as below. The detailed comments on
each group are described #nnex1 (p.52).

1.4.3. Role of key adatrs

Among thecustomer group CHP is especially well known among industry and utilities. Awareness is
growing among commercial premises and in certain sectors. For example among greenhouses, CHP is
common practice and owners are supported by their owcteeorganisation.

Although the potential for (micrgCHP for SMEs is very high, these companies are not always aware
of opportunities and the support mechanisms for CHRperience has shown thatid very difficult

to reach this group of people, whose core business is often very distinct from ehsggnly initial
awareness is important in this group, but also guidance during the implementation and operation of
the CHP plant.

Residential micraCHP is becoming slightly more known. However due to the slow start of the
introduction of the technology in Belgium and some negative experiences with manufacturers have
resulted in a negative connotation of the household mi€dP, not only among potentieustomers
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but also among potential investors and governmehithough the general public is slowly becoming
aware of micro CHP, through building fairs and publications in general and specialised press, they are
often not aware of the true benefits and ¢hoptimum siting and sizing.

Themarket and supply chairor industrial or large CHP are well developed and awareness is high
among all playersThe awareness for micro CHP (< 50 KW) is increasing the3agedés.Only for
residential micreCHP (1 kW)he market is not yet well developed, only one producer is currently
operational, which limits also the development (no competition in the market, and no investment
support because of this).

Customers Market
Installers Git] ESCOs
operators
Households
Influencers Policy

General .
public Media Local
Urban &
NGOs Research Regional
Planners

With: B Poor-8 Low-U Early awareness? Interest- B Adive market

Figure7: Level of awareness among key actorsdem the 4 socieeconomic groups

Federal and regiongovernmentsare aware of CHP and specific legislation is implemented. Energy
agencies are very well aware of CHP and cooperate well with the government. However since energy
is mainly a regional matter, legislation is different in the three regions, which compliestaceness

of the legislation for the stakeholders who are operational in the three regions, and which also
complicates awareness of and implementation of new European legislation such as the EED.
Although ®me cities or communities have signed the Covenah Mayors or are adopting
Sustainable Energy Action Platige role CHP could play within these plans is generally not so well
understood.

Amonginfluencers CHP is relatively well known. CHP is covered in academia, articles, research. An
important linkis the role of the CHP sector organisations. Taeythe knowledge centiefor CHP

and organise the consultations between all stakeholders and governrsicooperationassurea

fluent information stream and mutual understanding of specific problers needs, enabling the
government to anticipate adequately and to translate these needs intolerent and supportive
legislaton. However, while the organisation is still operational in Flanders, it is replaced in Wallonia
YR . NHza &St a MdERNERKWHo lcan givel a&vice on CHP related matters,
GKSNBF2NBE | (NHzS O21tAlA2y R2SayQi SEAal KSNBo®
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1.5 The economics of CHP

Economic opportunities are high for many different types of installationsspecially when
individual benefitsare beirg maximized Howeverwith the current spark spreadhe IRRcan betoo
low for positive investment decisions inarge industrial companies in this period of crisis.
Residential micreCHP is on average struggling with high investment costs.

1.5.1. General remarks

To estimate the economic attraction of cogeneration in each member €&BE Il has establishad
standard set of caset® be evaluated in each member staté€Error! Reference source not found.
Error! Reference source not found.

Following factors are important in estimating the viabitifya CHP project:

- investment or capital cost,

- other fixed costs,

- fuel cost,

- value of the electricity used on site,

- value of the electricity sold to the grid,

- value of the heat produced,

- operationalcosts,

- investment support,

- tax exemptions,

- in case ofarge CHP participating in the emission trading system (ETS), theiC3.

These factors will be further discussed below and several examples will be given. However, two
important aspects have to be kept in minHirst, hvestments are being made in tHeng term,
especially for larger installations (edjstrict heating. Therefore people should not only consider
currentvariable costs such as energy prices. Secaosthould be taken into account that energy is in
most casesiot the core businesf$or companies. These parties not only need a sufficient return on
investment, but alsgandequally importanj sufficient stability andgecurity,

1.5.2. Spark spread

The most important factomfluencing CHP viability at this moment in Belgiisnthe sparkspread
i.e. the difference between the power price and the natural gas price, the dominant fuel for CHP
installations.

Due tothe massive investment in renewable electricity in Belgium, as well as in its surrounding
countries, wind turbines became the marginal production unit instead offiged power plants At

this moment we are also facing very low iices and a slightlglecreasing demand for electricity.
Moreover the price for coal is very low (dumping of American coal because of cheap shaksgas)
result thevalue of electricityon the energy markets are historically low.

An important part of the electricity price arntherefore of the economic case for CHP consists of the
transmission and distribution tariffs Requirements for the grid and the grid operators have been
increasing due to the impact of decentralised production units on balancing and safety aspects of the
grid. Not only have tariffs been increasing, but the regulatory framework has been changing several
times in the past and is still prone to change in the future, e.g. when the responsibility will be
transferred from the federal to the regional regulator 2015.Changing tariffs and insecurity have a
negative impact on the CHP sector. On the other hand we expect that the positive impact of CHP on
grid balancing and grid stability will be more validated in the future, and that this will have a positive
impact on these tariffs and electricity prices for CHP.
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On the other handuel costs(especially gas for fossil CHP) are increadihgs results in a structural
over capacity and in a declining or even negative spark sprBEagloperating hours of both gas

fuelled conventional power plants and ghelled CHPinstallations are therefore now being
reduced.

Following graph gives the spark spread based orsglwe prices for the last 4 years.
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Figure8: Electricity and gas price arspark spread in Belgiufm

As can be seen in the figure, the average yearly spark sifbesed on the base price for electricity)
which was still aroundle AY HAamnX o012 ESpecially Auring theySimmer months
the spark spreadmonthly aveage)plungesto -5 or evenm n. €

However, these average monthly data represent only a part of the story. The actual spark spread for
an individual case will depend on a number of other factors, which will be discussed below.

Peak and off peak prices

The above mentioned electricity prices are different betweday (peak periods) andight (off

peak). This results in different spark spreads.

Real efficiencies

The spark spread is by conventibased on the efficiency of a CC&Dbmbined Cycle Gas Turgjn
and iscalculated as follows:

{ LI N] &ALINBIR 6€e0 ch ENZAABOST25t BOANKOH(GE 06¢€0
This calculation is based on an average efficiency of 50%. However the individual efficiency of an
installation can be quite different and can have a d#ferresult.

Market price for gas and electricity

The spark spread can be considerably diffeidunt to different market prices for both electricity and
fuel depending on the installed capacity and the amountaftes

Following figures are based on average electricity and gas prices for different sizes of businesses.
Businesss can generally recover valtededtax (VAT) but no other taxes including energy taxes,

2Gas price is based on Spot margdte (TTF) and electricity price is based on Spot market (Belpex).
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carbon taxes and climatehange levies, so the level of-¥AT taxes is importankigure9 shows the
prices of electricity and gas (withoMtAFtaxes) in Belgium.
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Figure9: Electicity and gas prices for business in Belgium (source: Eurostat)

As can be seen irigure9, for businesses the actual spark sprearklatively good especially for the
smaller onesHowever, this figure also shows that for large companies, electricitgpiare at the
moment vey low and current spark spread may be too low to invest in or maintain a CHP
installation.

Individual opportunities

In reality the economic viability of a project will not only depend on these average prices and spark
spreads. Businesses and even househdaan create specific opportunities which will enhance the
return in many ways:

- Large businesses camegotiate fuel and electricity prices

- Group purchasing of fueteduces costs (see different level of green linesigure9) and
makes the spark spread more positive

- Since the avoided cost of buying electricity when using it on site is much higher than the
price for selling electricity to the gridising as much electricity as possible makes the case
more profitable.Correct sizing of the installatiobufferingand providindflexibility in heat +
electricity productionenhance this advantage even more.

- Selling electricity on thembalance, day ahe@ or intraday market when prices are high can
result in high benefits from the produced electricity.

The electricity and fuel prices that are used in the exampleBigure1l are typical prices for 4
standard installations of a specific size, taking into account average opportuoitigst category.
Type of fuel

Until now the spark spread for gas fired CHP has been used. However, other fuel sources will have a
different spark spreadAn additional opportunity for an individual installation can be to use local
(waste) streams as energy sources.

3 Gas prices (without VAT) fdr:000 GJ < 12 < 10.000, 10.000 GJ <13 < 100.000 GJ, 1.000.000 GJ < I5 < 4.000.000 GJ
Electricity prices (without VAT) f&0 MWh < IB <500 MWh, 2.000 M ID < 20.000 MWh, 70.000 MWh < IF < 150.000 MWh
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1.5.3. Investmentand operationalcosts
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FigurelO: Average investment and operational costs per kWe for different technologies in
Belgium.

Investment and operational costs for different CHP technologies tend to be lower per installed kWe

for larger installations. An estimation of these costs for average installations of different size
categories was made in to serve as a base of the Flemish support sixgiin 2013)These prices

(Figure10) are the result of an operational and competitive market for CHP in industry and SMEs.

They include all costs for a typical installation (all equipment and extra parts that were ndé¢dee

GAGK | O2y@SyiArAz2ylf o02Aft SNiEreakpyice ivil dependiok gifferer®2 & (i a =
factors: differen prices between producers and installers, different parts depending on the
applicationand the sectoE X.g. in the casstudy (s& Annex5) of the CrownePlaza Hotel in

Brussels, the use of a special crane for moving the installation to the basement resultedrinddn n n €
extra osts.

The costs in the economic assessment (below) are bas#tecgveragenumbers.

It should be noted that the relative investment cost for smaller installations (e.g. in SMESs) is not only
larger, but there is also a higher financial risk relatethis cost.If something goes wrong, it can be a
financial catastrophe for a small company, which is less the case in larger companies.

1.5.4. Support system

The support system in the three regions was discussed in paradr&phand Table 4. Following
advantages were taken into account in the economic assessment (pelow

- Federal tax reduction This is only applicable for businesses tlpaly taxes; therefore the
advantage for owners without tax obligation will remobenefitfrom this factor.

- Certificates CHP and green electricity certificates in Flanders, green certificates in Brussels
and Wallonia.

- Investment supportin Brusseland Wallonia
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The economic assessment is made for 4 reference installations. Operational tefersnces and

the other parameters discussed above drased onaverages;every individual project will be
different! For example, installation costs in a hotel will be much higher because the necessity of
using cranes, tax reduction for companies isetaknto account, although this is only valid for
companies paying taxes, investment support in Wallonia depends upon the size of the company and
GKS LINREOGAYOSI X

The input variables and assumptioase estimated fora number of reference installationsin a

simple calculation modellhe resultindRR and payback times are showifrigurell.

1.5.5. Examplessconomic assessment

12 ' 19% 50%

10

Simple pay back time [years]
IRR [%]

Brussels | Brussels | Flanders | Flanders | Flanders | Flanders | Wallonia | Wallonia | Wallonia | Wallonia

M Simple paybacktime @IRR

Figurell: Pay back times and IRR for 4 gence installation$

The result showshat with the assumed variable aritie current level of financiadupport, the IR

ranges between2 and 496, withpayback timesf 2 to 11years for these average installatioris
Brussels, both certificates as investment support are significantly higher than in Flanders, resulting in
much lowersimple payback time§.he difference btween the regions is in this model only the result

of different support systems, which can clearly have a significant impact on the IRR and payback
time.

Large industrial installations suffer from lawnegatived LI NJ & LINB | événd% afeoftetnww Qa 2
not acceptable, especially in times of financial crisis.

1.5.6. Residential micreCHP
The case for theaesidential micreCHP is treated separately, since it is less dependent on the

variables mentioned above, and since a simple payback time isajneot the determining factor
for a household in its decision making process.

*ICE = Internal Combustion Engine, CC = Combined Cycle
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It was already discussed that the relativerestment cost(per kW installed capacity) is larger for
smaller installations. In time, the price will dease once the production increases. As a rule of
thumb it can be assumed that the productions costs decrease with 20% when doubling the
production (e.g. from 10.000 to 20.000 units). However at this moment the investment cost is still
high (on averag&5.n n nfor a 1 kW residential CHP with stirling engine and buffer tank; installed).
Fuel cells are still more expensive and there is no competitive market yet.
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Figurel2: Estimation for decreasing investment cost
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Forelectricity and gas priceshouseholds cannot generally recover any taxes so the level of total tax
levied is importantElectricity prices are above the European avenaggilting in a high price ratio.

Of course the ratio is much higher during the daytime eledtyriziriff than in periods when the night
rate electricity tariff applies.
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Figure13: Electricity and gas prices fétwouseholdsin Belgium (source: Eurostat)

For installations smaller than 10 kW (in Flanders and Wallonia) or 5 kW (in Brussels), the yearly
amount of electricity produced is subtracted from the amount of electricity taken from the grid,
therefore the produced electricity is fully validated The a@nount of certificates is directly
proportional to the installed capacity in Flanders, in Brussels and Wallonia it is directly proportional

to the amount of avoided CQOwhile this is not the case for the investment cost. Therefore a small
installation willreceive a relativelyow amount of certificatesin Flanders (about 5 certificates per

@8SIENJ LG | @rfdzS 2F om € @AStRa F2NJ I ™M Y2 Ayadlf

5 Gas pricesql taxes includepfor: 20 GJ D2< 200 GJ
Electricity pricesd(l taxes includegfor: 2 500 kwWh €DC< 5 000 kwh5 000 kwh ©D< 15 000 kWh

Average electricity and gas consumption for Belgium based htp://www.vreg.be/info-overhet-gemiddeldeelektriciteitsen-
aardgasverbruik
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In Brussels the total investment support for a 1 kW micro t Ad odpramoud | YR 0
OSNIAFTAOIFIGSA A& Fo2dzi W LISNJ & Slh\Walldnia 20ltoy30% aPtBeN 3 S L
investment cost is refunded.

It is clear that despite the gainthe payback timecompared to a condensing boiler will high.

However haiseholds will not only base their decision only on the yearly profit, but also to their
contribution to primary @ergy savings and G&duction and the autonomous electricity production
(lessdependency on electricity prices).

1.5.7. CHP economics matrix

The following matrix gives an overview on theonomicalsituation of cogenerationin the main
market segments foBelgium For most types of installations, the investment climate is normal, with
returns on investments which are acceptable for investord an significant economic barriers for
the implementation.

For residential micrdCHP the investment cost is still too high for many households. Large industrial
installations with relatively low electricity prices suffer from low or negative spark spiaadi$RRs
which can be too low for investors.

Micro Small & Medium Large
Belgium up to 50/Ve up to 10MWe more than 10 MWe
NG RES NG RES NG Coal RES
Industry
District heating =:
Services
Households -

Table5: CHP economics matfix

Legend:

O normal  Cogeneration Investment has good economic benefits, return on investment acceptable for
investors, interesfor new investment exists; there are no significant economic barriers for tt
implementation.

U modest Cogeneration Investment has modest/limited economic benefits and return on investment,
limited interest for new investments.

B Poor Cogeneratiorinvestment has poor or negative return on investment or is not possible due tc
other limitations, no interest/possibilities for new investments.

*hD ' ylIGdzNFf 3+a 2NJ FLILINEBLNRFGS F2aarf FdzSftx wo{ I' NBySslto
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1.6 Barriers to CHP

In Belgium the most important barriers for reaching the CHP potential are: (1) the lack of (binding)
targets for CHP, (2) the low spark spread, especially for large industrial installations, (3) complex
and changing policies, (4) limited awareness amongtam®m groups such as SMEs, and general
misconceptions about CHP, (5) the slow start of residential micro CHP, (6) the lack of expetience
with district heating and (7) legal issues for the local use of electricity in common housing.

Different studies fronthe different regions have already identified a list of barrigkihough many

of these barriers are still valid, this chapter tries to focus on the main barriers at this moment, which
impede the growth of CHP in the sectors where there is still a pakefar CHP for 2030, and which

are important for the 3 regions. The aim of the roadmap for Belgium is to overcome these barriers
and reach the potential.

1.6.1. No targetsare setfor CHP

In the Belgian policy there ar® set targets for CHPThe binding target for renewables in Belgium is
set at 13% by 2020, and on top of that Rbimding targets for renewables are being published and

RAZ0dzA &4 SRE  SDAIONIUEK Sv A dzRB WS 6 | 0 § (PR, SQEE &ITO Y . S¢ °

2013) No targets, binding or nehinding, are set for CHP. The only binding measures are the quota
for CHP or green certificates that electricity suppliers have to acquire, but this is a tool for steering
the certificate market and no longerm target. The lack of targets for CHP increases the risk that
political choices are rather made towards renewable solutions (covered by the targets for
renewables) when they are in direct competition with CHP (e.g. solar water heaters).

1.6.2. Current park sgeadis low.

Spark spreads have been declining and are historically low at this moment. This is especially true for
large industrial companiesvho are facing low electricity priceleading to low levels of investments,
shutting down of gas fire@€HPstations and high insecurities for the futuréhe result is thatdrge

scale projectssuch adistrict heating projectsare sometimesdesigned without CHP, because the
electricity injected to the grid has very little valu€he Flemish CHP certificateystem takes into
account yearly changes in investment and operational costs, bes dot follow changing power

prices for existing installations, ariis limited to a maximum value, which is uninteresting wifib

current spark spread. Installations thase significant amounts of electricity on site hawvemore
positivespark spread, but when the amount of electricity injected is uncertain, or large, this results in
renouncing CHP as an option, even if there is a &ighcontinuousheat demand.

At this momentgrid operators and utilities are aware of the value of CHPgod stability and
flexibility, but this is not yet translated in (financial) benefits for CHP.

1.6.3. Policies and support are changing and cplex, resulting in insecurity

CHP policies and support systems are regulated peginal level. This makes it very complex for
investors, importers or producers who are willing to operate in the three regions, but who have to
cope with 3 different legislations. Also CHP certificates different and not exchangeable between

all 3 regiongWalloon certificates can be imported in Brussels under certain conditions).

Within each region, policies ansupport systemshave been changing regularly, creating more
insecurity. Specific levelsf support for new installations, for example for CHP certificates in
Flanders, are subject to changes every ydarWallonia it is expected that the support system will
change in the future, but it is not known when or how.

This complexity and insecwitlead to a negative investment climatin Brussels the policies are
stable but the insecurity from the other regions has an certain negative influence on the investment
climate.
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1.6.4. Limited avareness among stakeholder groupsd general misconceptions

The avareness level among the different stakeholder groups was discussed in chapt€ompared

to the European average, the level of awareness is very high in Belgionen.sectors Were

awareness is still lacking most dreuseholds and SMES.hese groups should be better informed

because there is still a large potential for mi€@blP Although many efforts have already been made

(e.g. free online feasibility tools for SMEs & LISOAFTAO &SYAYI NB F2N (KSa:
information should be continuously disseminated.

Among other stakeholder groups awareness on the general ptascigf CHP technology is generally
high. When awareness is still lacking, it is fyosh specifiog and recent subjects. It is important to
inform all stakeholder groups on these new innovations and new roles of CHP.

What is, for example, still underadl among many stakeholders, is thenefit of CHP for the grid

(as alreadypartly discussed aboyeMany discussions are still focussing on the total amount of
electricity produced from different sourcesiowever with the changing market of decenisab
production, the value of electricity will be highly dependent on the capacity of supporting the grid
and offering flexibility. The role of CHP in this is not enough recognised.

This has also repercussions at policy level, §df | YLI S5 F2 NJ dey Nl INX @ dz/Sty FEANyA® &
energy balance has to be made over the total period of one year. E.g. a house with PV and heat
pump can be energy neutral in the total yearly energy balance, but can create high imbalances during

the year (large electricity productidn the summer, large electricity consumption in the winter).

A general misconception is the idea that fossil CHP directly competes with renewable technologies.
However it should be made clear to aliakeholder groups that CHP is no energy source but a
conversion technology which efficiently converts valuable primary energy in heat and power. This
primary energy source can be fossil or renewable.

Another important aspegtwhich is often overlookeds the benefit of (fossil) CHP as &ansition
technology Many stakeholders, for example research institutes exploring the transition towards
100% renewable enerd¥PB, ICEDD, VITO, 20t8)es and communities wanting to become carbon
neutral, developers plannindistrict heatingprojects NGOs and others, focus on a long term vision
without fossil fuelsHowever, until the moment we reach this goal, efficient energy use should still
be a priority.For example the most common type of residential mi&idP (with stling engine) has

a high potential in the replacement market for renovated hougemther sector were CHP can be an
important transition technology is district heatinghe potential for district heating in Belgium will
have to be assessed in the frameawwof the EE@see further).

Finally, even though the awareness level is generally migh, technologies and innovationare

emerging regularly, for example micro turbines, CHP combined with PCMs (phase change materials),

fuel cellsfossil fred CHP cpled to CCX 9 FF2 NIl a4 & K2 dzf R a@iSsentrity ihid y dz2 dza f
information to all stakeholder groups.

1.6.5. Residential nicro CHP market has known a slow start.

Different technologies for residential mic©HP are available and despite the high potentradrket
entry has been slow becausedifferent reasons:

- low technical reliability because of producers entering the market too early and bad
adjustments of the installations (to the Belgian specifications of the electricity grid);

- incorrect implementan of CHP resulting to economastes due to lack of experience;

- bad adjustmentand regulation of installations as well as auxiliary burners, resulting in low
electricity production or low efficiencies;

! http://www.energiesparen.be/node/3678
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- limited experience of installers, resulting in foxample heat losses from piping abdffer
tanks;

- experienced technicians are required for this technology, but often micro CHP is not the core
business of the people involved;

- alimited amount of available model®n the Belgian market (at this moment orilyor 2);

- some negative connotation of microCHP among potential users as well ssme
governmental institutions

- noinvestment support in Flanders and Wallonia;
- compdition with other technologies;

- limited awareness;

- high investmentosts

- no microCHP ha been withheld in Belgium in theonversion of the European directive
HANMKHY K9/ F2NJ 0KS WYAYAYdzy £ S@St 2 WhidhSy Ssl 6
has beenimplemented by e.g. France, Germany and Irejamithough the impact of CHP
does havean effect on the energy level calculations of a building

1.6.6. No experience with district heating.

In Belgium the interest in and awareness on district heating is increa&ltigpugh Belgium has

almost no history of district heating and there are only a femall district heatingprojects

operational, more and more studies for potential future projects are being developed. However the
LINEOSaa Aa OSNB O2YLX SE 2y RATTSNBY knoflefggdnt & 6 i S ¢
this matter islimited.

The experience with including CHP in district heating projects is therefore also limited.

1.6.7. Legal issues fdocal useof electricity incommon housing

Although apartment blocks can have an interesting heat profile for CHP, it is not possible to
distribute the locally produced electricity directly to the inhabitant, but only to the public spaces (e.g.
elevators) of the buildingThe reason is that the European energy regulation on the liberalised
energy marketimpedes a direct dispatch of locally produdeelectricity to home owners in
apartment blocks. This is due to the requirement that each apartment unit has separate access to the
electricity grid and that home owners can freely choose their energy supplier.

When a CHP installation produces electrigityan apartment block, most of the electricity will never

see the grid, but will be used onsite, within the building. This local use means a lower amount of
electricity being drawn from the grid, entailing lower transport and distribution losses andexalen

ease on the grid load. However, as the installation has to be connected to the grid via a separate
electricity meter, it appears as if all electricity is injected into the grid. This means the CHP owner
602t t 8OGAGS 27F | LI NI Y 8efvé a oauy &r tie dogafiyNused eldeidhy y Q|
whereas he would if both CHP and electricity users were to be installed behind a single grid access
point. Therefore most of the electricity will virtually pass through the grid, which induces extra costs

(grid costs and taxes) and therefore provides very little financial benefit. Due this fact CHP is not
financial feasible.

To compensate this lack of financial benefit, the Brussels Region has put in place an extra support by
giving more certificates (2 timesore for CHP <50 KW and 1,5 times more for CHP>50 IKW)
Wallonia it is possible for a producer to sell the electricity to specific customers. However this system
is rarely being used.
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2 What is possible? Cogeneratigrotential and market opportunities

Although there are no recent potential studies for CHP in Belgium, existing studies estimate the

total potential for Belgium for 2@0 to be 3203 MWe. This is an increase @5% compared to the
installed capacity in 2012. The highest growth is expected lie imarket segment of micro CHH
both residential as larger (up to 50 kWJ.heconservation of the existing installed capacity and the
expansion towards the potential are important for Belgium since they can realiseimnpry energy
savingof between 18,7 ad 22,9 TWh per year and CQ savingof between 2,3 and 8,1 million

tons per year in 2030.

U

2.1 Potentials and market opportunities

2.1.1. Potential studies for Belgium

Energetic potential study

Anenergetic potential studywas made for Belgium 097 (VITO, 1997)all later studies were based

on this energetic potential.

1400

1200

1000

800

600

Installed capacity {(Mwe)

400

200

Brussels
Greenhouses

Residential *

Sector

Region

Figurel4: Total energetic potential for the three regions and four sectors in Belgi(viiT O, 1997)

* residential: only apartments are considered

The potential thatwvasOl £ OdzZf F i SR A& (GKS WSySNHSGAO
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basic potentialfor Belgium based on the maximuitmeat productionby CHP.Remark that only
installations >85 kW are considered in this studyhe total energetic potential for Belgium was
estimated at2883 MWe of which 66% in industry, 17% in the tertiary sector, 13% in the agricultural
sector (greenhouses) and 4% in the residential sefoaly apartments)6% of the potential was

situated within Brussels, 79% within Flanders and 16% within WallBigjaré14).

In total 60% of the potential could be realized with gas turbines and 40% with engines.
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Figurel5: Division of the energetic potential for Belgium among (sub)sect(w$TO, 1997)

Micro CHP potential study

In the CODE2 micr€HP potential studythe total potential for micro CHP in Belgiusestimated
The goal of this studys to evaluate reasonable uptake scenarios and thus the implementation
potential, not the theoretical maximum potential

The studytakes into account two types of micioHP:
1 Household/residential micrkHP (0,55 kWe)
1 SME & collective micr@HP (>50 kWe)

Micro-CHP is primarily seen as a replacement prodlug¢he domestic heating market, whereasr f

the SME & collective sector micCHP is seen as an add on the existing heating systerihe

uptake scenarie and specific penetration rateare based on the 2013 boiler markednd its
projections and an evaluation and weighing of market alternatives, economic analysis, legislative
environment, awareness among stakeholders and purchasing powy for the household sector).

Three scenarios are calculated: maximum potential, expected potential and low expectaiores.
AYTF2NXYIEGA2Yy AhheR: Mico CHR pgriiasiegsmai® | YR 2y (G(KS [/ h59H

Following table gives the expected potential for mi€@bIP in Belgium. Since the capacity is 1,2 kWe
for a household CHRind 12 kWe for a SME/collective CHRe expected total installed capacity for
2020 and 2030 can be calculatéichbleb).

2020 2030

Number ofinstallations Residential micro CHP 8100 376000
SME & collective micr@HP 15700 71300

Installed capacity (MWe) Residential micro CHP 10 451
SME & collective micr@HP 188 856

8Based on certified installations in Flanders in 2042w.VREG.He
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http://www.vreg.be/

Table6: Potential for micro CHP in Belgium

2.1.2. Potential for BrusselsCapital Region

The Belgian potential studi/1TO, 1997¢stimated the energetic potential for Brussels at 161 MWe.

A revision of this studyICEDD, 2006)stimated the additionakconomicpotential at 123 MWe;
added to the existing capacity this gives a total energetic potential of 138,5 MWe (without micro
CHP)see division among sectors kigurel6). A new studyBrugel, 2011gstimated the energetic
potential for 1 kW micro CHP of 12.276 in 2020; representing 12 MW. This takes into account that
the technology, price, knoswiow and marketinformation will be well developed, like the boiler
market today. The totaéconomicpotential for bicCHP (based on rapeseed oil) was estimated at 43
MW. However, because of the actual cost of rapeseed oil, this scenario is not considered any more.

The same studyestimated the total economic potential in three scenarios: BAU, intermediate
scenario (with an extensive awareness campaign) and ambitious scenario (with the scope of reaching
the 13% renewable energy production by 2020). It was estimated thatirttermediate scenario

could be reached by 2020hile the ambitious scenario is taken as the target for 2025 for Brugsels.
shown inTable7, the total economic potential is 118 MWe including residential mCHP(111

MWe without residential micreCHR and including existing capacity

Others

Residential

Transport and
communication

Figurel6: Division of the potential for electricity production for Brussels among (sub)sectors
(ICEDD, 2006)

Intermediate scenario (2020) Ambitious scenario (2025)
number of installed capacity number of installed capacity
installations (MWe) installations (MWe)
Fossil CHP 9785 117 12737 172
(of which 7 micro) (of which 9 micro)
Bio CHP (biogas) 1 1 1 1
Total 9786 118 12738 173

Table7: Economic potential study for Brusse{Brugel,2011)
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In 2009 a study was made by VITO (Flemish Institute of Technological Development) on the potential

for renewable energy and CHP towards 2Q20rO, 2009)The study is based on two scenarios: the

WY, dzaAySaa | a dzadz f Q 0. Laptive poligyRrhisistudy waswitade within h& R 2 y
context of the European directive 2009/28 which obligates Belgium to reach a target of 13%
renewables in 2020 (gechapterl.2).

2.1.3. Potential for Flemish Region

The prognoses are a series of economic potentials which are valid for a certain year between 2010
and 2020. They are based on pration data of green electricity or heat/cold and a consumption
rate of biofuels.
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Figurel7: Technical potential for CHR Flandersper technology and per sectqVITO, 2009y

The totalenergeticpotential, which was estimated for Flanders in the previous stydyfO, 1997at
2268 MWe, was recalculatezhd estimated aB400 MWe Figurel?). Remark: micreCHP is still not
taken into account (only installations > 85 kW are considered)he BAU scenario, 2000 MWe is
assumed to beealised by 2020; in thBeRO scenario this is 3000 MWe

The study recognises that a growth in this sector is only possible with adequate financial support.

These numbers have been revised in 2Q\ITO, 2011and in therevieed PRO scenaribe potential

for 2020 is estimated &414 MWe Within this potential, the highest installed capacity (1485 MWe)
can be obtained with turbined={gurel8). It can be noted that the potential for green OR@tithis
moment estimated lowerWithin the different sectors the highest growth between 2010 and 2020 is
expected in the industry and agricultural sector (about 150 MWe each), but the highest relative
growth is expected in the tertiary sectofhe potental in the residential sector (nemicro) in this
study is much lower than in the original study from 19Bigqre14), which was mainly based on the
technical potential but too optimistic if we take the current economic potential into account.

A potential study for residential CHP estimated that about 300.000 to 600.000 houses in Flanders
have the potential for instalg a residential mickHRVITO, 2009Y)esulting in 300 to 600 MW.

9 Electricakapacityper technology (steam turbines with diredtive; steam turbines withgrid coupling, potetial for
turbines, CCGT, gas turbines, potential for engines, engines) and per sector (potential for horticulture, horticulture,
potential residential, residential, potential tertiary, tertiary, potential industry, industry). ,
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