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1. Executive summary and key recommendations

1.1 Executive Summary

Ireland has an ambitious vision to benat zero carbon emissions econory 2050. There has been
significant progress recently in renewable based electricity generation but thénigesector whichhas
substantialpotential to reduce he emissionshasrelative to renewable electricityreceivedfew policy
instruments to stimulate targetedmpactful actions.There is a recognition thadw-carbon energycan
play a crucial role idecarbonising space heating and reducing emisstspedally from the residential
sector.

The aim of this repolisto analyse thalomesticheat sector policynd strategyof countries witha similar
temperate climateto Ireland, such aBelgium, France, Netherlasdnd UK. This report providemlicy
recommendations to support the decarbonisation of the domestic heating in Ireland along with a
comprehensivestatistical analysisf similarclimate countriesandtheir housing stocks. This report also
looks at thekey technologies and thenplementtion strategiesof the O 2 dzy Ueddin§id ddmestic
heating decarbonisationAlthough energy efficiency improvemeand deep retrofitwill be of great
importance and has beenrecognisedas a priority policy over any otherapproachesfor heat
decarbonistionin these countriesit hasnot beenconsideredas part othis research.

All the countrieshave considered space heatiag areathat requires bothshortterm and longterm
policyaction Stringent building regulations ardeir timely implementationis considered angbrioritised
for improving the energy efficiency performancengw buildings.A number of policy supposectionsin
the form of incentives, taxation, and subsidiase availableto assistthe uptake oflow carbon
technologies as an immediate solutioespecially fothe new build propertiesProviding more significant
support for deeper retrofit of existing building stock is one of thefkggyritiesin all thesecountries.These
selectedsimilarclimate countries hae alsostarted exploring thepotential resourcesand possibility of
developing low carbon heat network infrastructsrd hesecountrieshaveset up a range ofivestment
grant programmes and mechanismm to attract additional institutional and private investment
Governments are already exploring the ways to proviage significant support for heat pumpicro-
CHPsdeveloping district heating netwosk andresearching the possibility dficorporaing biogas and
hydrogenin the existing gas grid

Key strategies being considered includecal authority engagementconsumer awarenessand

information campaignsplanning to ban fesifuel based boilershuilding truston new technologies
through certificatiorschemesinstallerand developetraining, and creating a enabling environmerthat

isconducive to attradhginvestments.Longer term strategies arén developmento demonstrate policy
stability and to attract investors especidly for the deployment of low carbon heat network
infrastructures. These ountries are also developintgechnical regulations and standardfor these

technologieghat take account ofhe local context.

1 The Support Scheme for Renewable Heat ssgnificant policy instrument baipen to commercial, industrial, agricultural, distrietating
public sector and other nedomesticheatusers.



1.2 Keystatistics andindings

T

The large dwelling size and penetration of central heating has been the key driver for the
variation in heating consumption per dwelling in the EU during thes2@002015.

In four EU Member States, more than half of the total energy used for heating and coatiregy

from renewable energy sources in 2017: Sweden (69.1 %), Finland (54.8 %), Latvia (54.6 %) and
Estonia (51.6 %)in contrast, the lowest shares were in the Netherlands (5.9 %), Ireland (6.9 %)
and the United Kingdom (7.5 %).

The EURenewable EnergRirective statesa requirementto increase share of renewables in
heating and cooling by one percentage point annudiyther, e EUEnergy Efficiency Directive

also stategequiring the measurement of heat use at a building unit level for buildings avit
central source of heat or hot water.

Comparing to the selected countridsgland has seen the highest decline in energy consumption
per dwellingwith more than 38%during the period 20062016. Ireland has alseeported the

largest declinen terms of energy consumption per’raf space heating during the period 2606
2012.

France has the highest share of renewable energy with 10.6% (Ireland and UK have 10.4% and
9.8% respectively) in gross inland consumption whereas, in terms of share of renewable energy
in the electricity generation, Ireland and UK are leading with 30.1928r1.% respectively, which

is dominated by wind.

Ireland has approximately 3% higher share of population who are at the riskecd\yepoverty
compared to the ERB countries. However, energy poverty risk seems to be improving in recent
years in Ireland nlike the Netherlands, which has lowest share of population at the risk of energy
poverty but has shown an increasing percentage over the years.

On average, Ireland has a lower proportion of inhabitants struggling to keep their home warm as
compared to EP8 average in any year. Howevkeland hasa significantly higheproportional

of people struggling to keep their home waam compared to Netherlands, France and Belgium.

In 2014, all new construction in France were nearly zero energy buildings (NZEB). According to
LNBflIyRQa /SyuNrt {0F0GAAGA0A -H/FFM OBSINBH 03 A 25y KU
rating butthere wasno data available on NZEB

With the exception ofreland, where oil is the main source for heatingfuralgasis the dominant

fuel for heatingpurposeslreland is the only country wheimal meetsa significant proportion of

the heating demand, 19% in 201According t02016 census, around 13% ofshiresidential
buildings used solid fuel for central heating

In terms of absolute numbergranc& heat demand for space heating is around 325 TWh per
annum whereas, Ireland has the lowest with 22.3 TWh per annum.

Ireland consumes 15,548 kWh/dwelling,hieh s the second highest among the selected
countries. On the other hand, Ireland has the lowest energy demand among these countries when
compared against the floor area, which was primarily driven by the increasing number of
dwellings; up by 39% betwe&2000 and 2016, together with the increase in average floor area
per dwelling.

In 2016, the average dwelling was 21% larger than in 1990, and 15% larger than in 2000.
Comparing Ireland and UK, the number of new dwellings have significantly increaseldnd Ir
since 1990 which are more energy efficient, and that is reflecting in terms of reduced consumption



per n? of floor area. Also, Irahd has significantly modetached houses as compared to UK and
therefore, it has significantly higher energy consuioptper dwelling.

1 Theavailability of hydropower, natural gas or oil reserves havery important impact orneat
policiesof these selectedountries

1 In Netherlandsasof 1 July 2018, there is no longer a requirement for newly built housing to have
a gas connectionTo achieve the low carbon heating vision, 170,000 houses would need to
disconnected from gas grid every year order to achieve the lonterm climate targts, the
Netherlands Environmental Assessment Agency expects th&02© of homes should be
connected to distdt heating by 2050

. St 3 jidzY¥sQa@ raise the energy performance of residential buildings to the level of 100
kWh/m?2 by 2050. Public buildgs and offices will be required to become energy neutral by 2040
and 2050 respectivelyBrussels Government will examine the issue of mains gas and consider the
possibility of a ban on the installation of cooking, heating and domestic hot water applidrates
use natural gas or butane/propane from 2030.

1 In France, local authorities have been made responsible for the public distribution of heating and
cooling. Local authorities are entitled to clasdifye heating networktype in their area and
identifyingzones in which any new installation must be connected to the grid, providing that at
least 50% of the grid supply comes from renewable energy sources.

1 UK has developed a community heat network toolkitstgpport communityled heat network
projects andare currently investing significantly to overcome the barriers in leveraging private
and other investments to support the design and construction of heat network.

Key census data:

1 lIreland had 27% population increase between 12888 whereas, Belgiumkrance, The
Netherlands and UK had 11%, 11%, 9% and 13% respectively.

1 Ireland has the lowest population density among selected countries, which is approximately half
of the EUaveragepopulation density. Ireland contributes only 1.8% to &DP whereas, Fnae
and UK each makaround 15% contributios

f LNBflIyRQa K2dzaSa KIFI@S O2yaradaSyidte KAIKSNI ydzy
climate-countries. In 2018, Ireland has on average 2.6 persons per household, which is 20% higher
than France and Ne#hrlands, and 16% higher than Belgium and UK.

i1 France has the highest share of apartments with 33.1%, whereas only 8.3% of the population live
in apartments in Ireland. In fact, Ireland has the lowest share of apartment dwellers in the EU.
Ireland has theecond highest share of detached houses among these countries.

1 The UK had the highest proportion of people living in cities (59%), whereas Belgium had the lowest
share at only 27%. Among the smaller countries of the group, Ireland has the largest rural
population at 31%, with another 22% living in potentially {density towns and suburbs.

1 Ireland had significantly more dwellings builtle last 23 decades as compared to other similar
climate countries. According to 2016 census records, 9% of all pheateng in Ireland are from
the construction era prior to 1919 and 7% are dated begw 19191945. However, comparing
with other selectedcountries, the share of older dwellings (built before 1945 or during the period
of 19451969) were significantly lowen Ireland.



1.3 Keypolicyrecommendations

9 Distinctheat strategies, specific actiaand timelines:Ireland hasa very low level of renewable
heat deploymentand therefore,clear shoriterm and longterm implementation strategiegand
drilling-down to detailed actions withitimelines need to be developedThis detailed domestic
heating decarbonisation action plan and timeliwél accompany our National Energy & Climate
Plan2021-203C andrecently released Climate Action Plan 28tofurther boost confidencend
provide direction tahe key market playet#A range of technological options need to be regularly
assessed for the future considerations.

9 Localisation of heating strategiesthe ple of local authorieswill be crucial in achievinghée
national heating energy targets. Aecommended in the Joint Oireachtas Report on Climate
Actiorf and by the European Commissidn the EU Strategy on Heating & Codljngty or
municipal level targets and strategidsr domestic heatingshould be developed. Te local
statistics for heating consumption, type of heating, type of housing, resource availability
utilisation of waste heaand other important parameters requirdetailed examination.Local
governmenthas a widerole for effective dissemiation and consumeawareness, anébr acting
as alocal exemplar for sustainable energy and low carbon inggiractices.

T [20Ft FdzZiK2NAGASEAQ NPT Sonsigering theDvariatlot in pooylaHon RA & G N.
density, degree of urbanisatiomd types of houses in Irelandistrict heatingcouldbe an option
in urban environmentdhoweverit is possiblyunlikely to be economally feasibldor manylower
density housingapplications.The role ofLocal authoriesis important in assessing the current
resourcesanalysing thduture heating potential, bringingn and encouragingey stakeholders
and developing heat network infrastructur@ consultation withthe energy provider, pipe
operator andthe gas network opeator. These focused activities asaggested akey actiorsin
the EUdistrict heating stud§E Effiéfent district heating and cooling systems in th€@BhdA yhe W (i
guide for district heating in Irelag@ublished by SEAThe Dublin Energy Ageney 2 RSY I Q&
partnership with South Dublin County Council to develop theaglalllDistrict Heating Scherhe
for providing low carbon heat ithe Talbght area funded byhe IrishD2 @S NY YSy G4 Qa / f A
Action Fund is already a leadiegampleof a best practicénitiative that is for considerationby
other local authoritiesand energy agencies NBf I yYRQ& 201t | dziK2NAGASa
resourcedto take on suchiole and thereforea supportive framework need to be developed to
help achieveour national obgctives.

9 District heating solutions:reland has the lowest level of household gas connectivity antioeg
countriescompared which providesan opportunity to explore decentralised heatisglutions.
Decentralised district heating solutionan helpimprove distribution lossesnd encouragéocal
business opportunities through engaging facilities management companies or energy service
companies locally. This will also significantly help in reduarisgreadinghe cog of transmission
and distributon pipelines and possibly improving the rate of return on investments on district

2 https://www.dccae.gov.ie/erie/energy/consultations/Pagesikeland % E2%80% 38y aft-NationatEnergyand-ClimatePlar2021-2030.aspx
S https://www.dccae.gov.ie/ere/climate-action/topics/climateactionplan/Pages/climateaction.aspx

4 Report of the Joint Oireachtas Committee on Climate
Action:https://data.oireachtas.ie/ie/oireachtas/committee/dail/32/joint_committee_on_climate_action/reports/2019/2@13B28 report
climate-changea-crossparty-consensugor-action_en.pdf

5 https://ec.europa.eu/energy/sites/ener/files/documents/1 EN ACT partl vi14.pdf

6 https://publications.europa.eu/en/publicatiometail/-/publication/f428333ddede-11e6ad7c0laa75ed71al/languagen

7 https://www.codema.ie/projects/locaprojects/tallaghtdistrictheatingscheme/



https://www.dccae.gov.ie/en-ie/energy/consultations/Pages/Ireland%E2%80%99s-Draft-National-Energy-and-Climate-Plan-2021-2030.aspx
https://www.dccae.gov.ie/en-ie/climate-action/topics/climate-action-plan/Pages/climate-action.aspx
https://ec.europa.eu/energy/sites/ener/files/documents/1_EN_ACT_part1_v14.pdf
https://publications.europa.eu/en/publication-detail/-/publication/f428333d-dede-11e6-ad7c-01aa75ed71a1/language-en
https://www.codema.ie/projects/local-projects/tallaght-district-heating-scheme/

heating networks.According to a 2018 report by thBepartment for Business, Energy and
Industrial Strategy (BEIS) for the UK governféiné rate ofReturn on InvestmentROI)was the
most important parameter for locahuthorities Local authorities in UK have reported being
prepared to accept ROIs in the rang&@% for such projects.

9 Focus on sector couplingVith the increasing renewable mix in the electricity generaton its
future potential renewable heat technology needsrong supportthrough financial as well as
non-financial measures for faster uptakespecially with a special focus on sector coupling
Crosssectorial cooperatiorouldoptimise efforts todecabonise the economy and technologies
such as heat pumps, mic@HPs, district heatingoiomass hydrogenand solar thermalfor
heating sectof’. Developing innovative and effective policy supporttfe@setechnologies will be
key to achieingthe decarborsation in the domestic heating sectas well a®ther sectorssuch
as buildings, industry etc

1 Exploring innovative options fordecarbonising existing gas grid: Significant research,
development and demonstratio(RD&DJnvestment is required t@upport early stage research
andexpeditepilots and live project reference sites fitre use of biogas and hydrogen in the gas
network. This also recently came out as strong recommendation by IEA Country ReViesv
recently funded project for developingthe installation of central grid injection facility for
renewable ga¥ through the Climate Action Fund is a good examBlelated technical, economic
and regulatory barrieralsoneed to be addressedO 02 YLJ y@ Ay 3 { 9! L Q& NBLI2 NI
of bioenergy supply in Ireland 2020353, a further study to compareL NBf I YRQ& 0A2Y
resources and relevant strategies and policies wihose of France would benefit the larger
policy informing activity

1 Addressing energy povertyGovernmenf 8etter Erergy Warmer Homes Schenig already
prioritising delivery of energy efficiency measures to households that are vulnerable to energy
poverty**. But, Ireland still has the highest energy poverty among the selecsedilarclimate
countriesthat need to be addessed and also, we need to ensure that low carbon technology
deployment do not disproportionately affetteselow income household#\ key issue here is to
ensure demand reduction to offset any increaseribed taechnology costThermaly inefficient
homes(especially the home owners living with energy povenigéd to be prioritised for eergy
efficiency improvement andow-carbon heat solutionsneed to be explored and supported
through providing considerablgnancial incentiveand focisedpolicy actions

9 Adopting technology neutral approachTechnology neutral approaekneed to be considered
until there is significantmpiricalevidencegathered orthe specific technology potential, its costs,
resource potential, abatement potentigimpact,andscale. Grants, subsidieandtax incentives
have significantlyhelped countries in the uptake ofariouslow carbon heating technologies.

8

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/699301/Wave 2 Evaluatitve dieat
Networks Develpment Unit - FINAL VERSION.pdf

9 Sector coupling refers to the idea of interconnecting (integrating) the energy consuming sedboiflings (heating and

cooling) transport,andindustry- with the power producing sector

10 hitps://www.cleanenergywire.org/factsheets/sectarouplingshapingintegratedrenewablepower-system

1 Energy Policies of IEA Countries:anel 2019 reviewhttps://webstore.iea.org/energypoliciesof-iea-countriesireland-2019-review

12 https://merrionstreet.ie/en/News

Room/News/Government_Announces_First Successful pgmjander Round One of %E2%82%AC500 million Climate Action Fund.html

13 https://www.seai.ie/resources/publications/Bioenerg§upplyin-lreland20152035SummaryReport. pdf

14 https://www.gov.ie/en/service/betterenergywarmerhomesscheme/



https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/699301/Wave_2_Evaluation_of_the_Heat_Networks_Development_Unit_-_FINAL_VERSION.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/699301/Wave_2_Evaluation_of_the_Heat_Networks_Development_Unit_-_FINAL_VERSION.pdf
https://www.cleanenergywire.org/factsheets/sector-coupling-shaping-integrated-renewable-power-system
https://webstore.iea.org/energy-policies-of-iea-countries-ireland-2019-review
https://merrionstreet.ie/en/News-Room/News/Government_Announces_First_Successful_projects_under_Round_One_of_%E2%82%AC500_million_Climate_Action_Fund.html
https://merrionstreet.ie/en/News-Room/News/Government_Announces_First_Successful_projects_under_Round_One_of_%E2%82%AC500_million_Climate_Action_Fund.html
https://www.gov.ie/en/service/better-energy-warmer-homes-scheme/

While carbon taxes heae shown to behelpful in many instanceshe revenue collected from
carbon taxeshas not /is not often dediated to low carbonactions, as it iseconomically
inefficient. The recommendtion isthat part of thisrevenue can beused to offset the new
burdens that a carbon tax places on consumers and communitiescahdlp assist the -
carbon transition at local level

1 Sequence,coordination, combination and stability of policiesThe sequence,coordination,
combination and stability of policidsashelped several countries in improving the effectiveness
of the policies.Stability of policies canconsiderablypromote industry, as well aconsumer
O2yFARSYOS® Ly OFrasS 2F RAAGNAOG KSFOAy3IZ Al
and create a competitive environment fofinancial institutionsto innovate andfund district
heating projects.Governmeng&. @lose coordination with technology associations, consumer
associatios, and othercommunitypartnerships such as withades associationsnanufacturers,
and energy suppliers have significantly helped the coiastthat are leadinghe deployment of
low-carbon heating technologies.

9 Skill building for lowcarbon heating technologiesThe Irish kills base for the installation and
maintenance of new lovearbon heating technologieend for deep retrofits of buildigs needo
be significany enhanced through a range of measugegh as certificationgraining, workshops,
etc. A dortage of skills irthe supply chain can lead to poor specification, installations and
maintenance of these technologies. Quality assoerand certification schensethrough
independentandthird party agendeswill help build consumer trusbn newtechnologies.

1 Consumer awareness and engageme@onsumer engagement and technology awareness will
also be verymportant forthe uptakeof low-carbon heating technologies. Marketing, promotion
and information campaigns through a range of channels and through a range of actors such as
government, utilities, manufactures, installers, and industry associations need to be considered.
Organisingdcal community events for information dissemination has alserbeery helpful in
leading EU countries.

1 Leveraging digitalising potentiaDigitalisation camprovidean opportunity to increase the share
of renewables to balance heating & cooling demandna significantly reduce the cost of
decarbonisation by optimising operationaytomating planning and business moded&cision
trees, and by connecting producers of heat, users, local stakeholders and energy ffaitetse
is amajorlack ofawareness ofthe benefits of digitalising heating systemindhow the emerging
technologies such as Internef-Things, Blockchaimnd Artificiallntelligencecan help achieve
decarbonisation goalsespecially through remote controlled operation and behaviour based
optimisation The key recommendation isto leverage digital opportunities for the
decarbonisation of heatingithin asupportive regulatoryand policyframework.

1 Energy Efficiencyolicy integration: Although this is not in the scope ofisireport, integrated
policy approacheso technolog adoptionalongside improving energy efficiency will be key to
decarbonifng the heating sector. While integrated approaches are common in building design
practices, there is significant scope to impravrethis for heating applicationg.here is a need for
more stringentenergy efficiency regulations aradstrengtheningof building energy ratingfor
the use of innovative ICTs (Information and communication technologies), automation and sensor
technologies

15 hitp://publications.jrc.ec.europa.eu/repository/bitstream/JRC116074/kjna29702enn.pdf
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2. Introduction to heating sector
2.1 Introduction

European countries are very different in terms of geography, climatic conditions, energy mix,
environmental policies, efficiency of the housing stock, industry intensity, and research and development
resources|n terms of weather and climate, regional variation is an important driver of the magnitude and
type of thermalrelated energy consumption: temperature patterns strongly influence the amount of
heating or cooling demand in buildings and businesBesther, this variation in heating and cooling
demand strongly influences the local demand for fuels (or other energy vectors) to meet these service
requirements Theprice of the energy commaodities can be affected eatural gas or heating oil prices

can benoticeably higher in severe wintersTherefore, b understand the energy requirement for the
heating and/or cooling denral in a specific country, it isnportant to understand the weather and
temperature related data. By O2 dzy G NE Q&4 KSI GAy3Ik 022t Ay3a SySNHe& LR
influenced by the energy consurign patterns which aredetermined by local weather conditions.
Temperature corrected energy consumption davides aperspective forreal energy cosumption

trends and further contributeto the design and measurement of policy goals.

There are manyther contributory factors to heating demand, such as the energy performance of the
building envelope, the type of heating system available, occupardwiebr and energy prices. However,
the external temperature is the onlsfomponent whichcan also baffected by climate chang&ey drivers

for the variation in heating consumption per dwellingtire EUduring the year2000-2015 is shwn in

Fig 2.1below!® where large dwellings and penetrationf central heating (mainly in the south of Europe)
have offset around 1/3 of energy efficiency gains at the EU level.
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Fig 21 Drivers of the variation in heating consumption per dwelling in EU (SoOayesseeMure Database)

16 http://www.odysseemure.eu/publications/efficiencyy-sector/households/driverdeatingconsumptiondwelling-europe.html
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2.2 EU Heating and Cooling Strategy

The European Union has a 2030 Framework for Climate and Energy to help the EU achieve a more
comptetitive, secure and sustainable energy system. This framework provides-th@&enhergytargets

and the policy objectives for the period 20892030. The energy efficiency and renewable energy related
targets for 2030 ar€ 18,

1 a40% cut in greenhouse gas emissions compared to 1990 levels
9 atleast a 3% share of renewable energy consumption
9 indicative target for an improvement in energy efficiency at EU level of at 32a5%

TheEU also has a lortgrm goal of reducing GHG emissions byd8%6, when compared to 1990 levels,
by 2050°. The Energy Roadmap 26%@rovides the guidelines for thedw-carbon energytransition,
providing compatibilityvith the GHG reduction targeivhile also increasing competitiveness and security

of supply.

Heatingandcooling in buildingl Y R Ay Rdza G NE | OO02dzyia F2NJ pmiad 2F 9! ¢
75% of heatingindcooling in the EU imet byfossil fues. Natural gas is the largest primary energy source

for heating and cooling (46%), followed by coal (about 15%), biomass (about 11%), fuel oil (10%), nuclear
energy (7%) and some renewable egyesources (wind, PV and hydro, about 5%). Other renewahlels

assolar (thermal) energy, ambient heat and geothermal engaggount for 1.5% altogether and other

fossil fuels for 4%. In 2017, renewable energy accounted for 1%%f the total energused for heating

and cooling in the European Union. In four EU Member States, more than half of the total energy used for
heating and cooling came from renewable energy sources in 2017: Sweden (69.1 %), Finland (54.8 %),
Latvia (54.6 %) and Estonia (51.% 9 contrast, the lowest shares were in the Netherlands (5.9 %),
Ireland (6.9 %) and the United Kingdom (7.5 %}cording tahe EU currentlythe amount ofwasteheat
produced from industrial processasould meet theentire heating needs in resideati and tertiary
buildings(EU wide¥® 24,

In 2016, the EU proposed the heating and cooldtiategy, whichthe EU Parliamenadopted in
September 2016. A timeline for thiaree key activites in 2016 is shown in Fig. 2.2

The EU Strategy on Heating &Bdoling has given specific fodoghe following four areas:

1 Energyefficiency first principle and demand response prognaes ¢ deep renovation of
buildings and making it easier to renovate

91 Increasing the share of newables through combined heat apdwer, cogeneration and district
heating andcooling

17 https://ec.europa.eu/energy/en/topics/energgtrategyand-energyunion/2030-energystrategy

18 hitps://ec.europa.eu/clima/policies/strategies/2030_en

19 https://ec.europa.eu/energy/en/topics/energgtrategyand-energyunion/2050energystrategy

20 https://ec.europa.eu/energy/sites/ener/files/documents/2(2_energy roadmap 2050 en_0.pdf

21 https://setis.ec.europa.eu/setiseports/setismagazine/lowcarborrheatingcooling/eustrategyheatingand-cooling

22 https://ec.europa.eu/info/news/energyheatingcoolingrenewablesources2019mar-04_en

23 http://europa.eu/rapid/pressrelease MEMEL6-311 en.htm# ftnl

2 Fraunhofer et al. (20150ngoing), "Study on Mapping and analyses of the current and future (22@80) heating/cooling fuel deployment
(fossl/renewables)"”, ENER/C2/20641
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1 Reuse ofwaste energy fromindustry - recovering all thewaste energy andutilising it for
heating/cooling purposes

1 Getting consumers and industries involeproviding better information and empowering them
to control their own energy use

Energy End Use
Efficiency and Energ
Services Directive
2006

Revised Renewable
Energy Directive 201§

Revised Energy
Efficiency Directive
2018

Renewable Energy Energy 2030 Strateg
Directive 2009 (Released in 2014)

EU Published Severs
Directives Proposal i

Energy Performance g
Buildings Directive
2018

Energy Efficiency
Directive 2012 So Called Winter

Package in Nov 2016

Newly Established | |
Heating & Cooling
Strategy Proposed in

Energy Performance --
Buildings Directive
2010

Energy Roadmap 20
(Released in 2011)

Feb 2016

Fig 22 Timelinesfor key directives and strategig®rtinentto heating & coolind20062016%°

The main regulation concerning heating and cooling has been propostbe@ U Renewable Energy
Directive® andthe Energy Efficiency Direct®/e The Renewable Energy Directive has made a proposal to
increase share of renewdes in heating and cooling by @percentage point annually and has clearly
highlighted the importance of integrating electricity into the heating/cooling system. The Energy
Efficiency Directive has made a proposal requiring the measurement of heat use at a building unit level
for buildings with a central source of heat or hot water, as this will be important for the district heating
sector®.

2.3 Selection of specific countries

This study compares theNetherland, France, Belgium and UK with Ireland in terms of policies and
initiatives to decarbonise thelomesticheating sector. We have chosen these countdes to their
similar temperate climates, angith the expectationthat the housing stock will have similges in terms

of the insulation levels and age of construction. Average annual temperature for the capital cities of these

25 https://setis.ec.europa.eu/setiseports/setismagazine/lowcarborrheatingcooling/eustrategyheatingand-cooling
26 https://eur-lex.europa.eu/legatontent/ENTXT/PDF/?uri=CELEX:32018L2001&from=EN

27 hitps://ec.europa.eu/energy/en/topics/energefficiency/energyefficiencydirective

28 https://norden.divaportal.org/smash/get/diva2:1098961/FULLTEXTO1 ladft accessed 11/05/2019
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countrie$® are shown in Table 2.1 which reflects a moderate tempegin all these countries The
heating degree day$iDD) andtooling degree day«&CDD¥ are a measure of both severity and duration

of temperature conditions in a location. Average HDD and CDD for each of these countries for last two
years arealsoshown in the Table 232

Table 21: Average temperature of capiteities

Country City Degree C
Belgium Brussels 10.5
France Paris 12.3
Ireland Dublin 9.8
Netherlands Amsterdam 10.2
UK London 10.3

Table 22: Averagenational HDD and CDD

Country 2017 2018
CDD HDD CDD HDD
Belgium 17 2580 33 2514
France 66 2338 65 2184
Ireland 0 2670 0 2756
Netherlands 6 2544 31 2527
UK 0.22 2865 1 2936

Space heating is responsible for a large componetii@fbuildingenergy usen these countrie¥, so a
decrease in the use of space heating has the potential to leadsigréficarh decrease in overall energy
consumption of the buildingThe number of HDD can be considered a proxy for space heating energy
demand, and hence an indicator for the overall thermal energy use. As we can see the HDD data were of
approximately sam magnitide in all these countries and possiblycauld be an indication for the similar

level of heating requirements. The HDD difference between Ireland and Belgium or Netkedand
somewhere around 9%which is reasonable for comparison of space matdemand. Accordingly, we
canassume that similar strategies and policies need to be adapted for these countries.

Qimate corrected data foconsumption per dwelling and the consumption pef for space hatingis
shown in Fig. 2.3 and ZidspectivelyThere was no data available for Belgium for the energy consumption
per n¥ for space heatingln the case of energy consumption per dwellidglgium hadveenthe highest
energy consuming country for space heatindast 10 years. fie othernotable point is that Ireland has
seen the highest declinie energy consumption per dwelling as shown in Fig.(238%for the period
2006 to 2018. Ireland has also showndeclining trend in terms ofnergy consumption per frof space
heating as compared to threef the othercountries and thdargestdeclineoccurredduring the period

2 https://en.wikipedia.org/wiki/List_of European_cities by temperature
30HDD index is a weathdrased technical index designed to describe the need for the heating energy requirements of buildings. CDD index is a

weatherbased technical index designed tosdeibe the need for the cooling (aionditioning) requirements of buildings.

31 https://ec.europa.eu/eurostat/web/energy/data/database
32 Heating anctooling energy demand has been discussed under section 4.1.

12


https://en.wikipedia.org/wiki/List_of_European_cities_by_temperature
https://ec.europa.eu/eurostat/web/energy/data/database

20062012 Ireland also had a deep recession at this time and oil prices spiked. Dependence on oil and a
reduction in incomes during this recasn played a significant role in this decline.
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Fig2.3. Unit consumption per dwelling for space heating with climatic correction (toe/dw)
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Fig2.4: Unit consumption per Afor space heating with climatic corrections (koéjm

Climate corrected energy consumption fareragespace heating for the years 20@015 both per rof
floor area and per dwelling for 24 EU member states is shown in.bighis comparethe trend between
Ireland, Netherlands and France from our selection of counsmekit could be seen that Ireland has more
average annual reduction in terms of space heating requirement either per dwélinger n? of floor
area“. Overall, he energyconsumption per dwelling decreased less than the consumption gefl his
wasdue toan increase in the average dwelling sizall the countriesThere was a decrease of 1.7%/year
for the consumption per dwelling and 2.1%/year for the consumption pestrthe EU level whereas, the

33 Reduction in the space heating energy requirement per dwelling was 2.78%, 2.5% and 2.12 % respectively for Irelanddgith&nlance.
34Reduction in the space heating energy requiremest i of floor area was 3.51%, 3.23% and 2.28% respectively for Ireland, Netherland and
France.
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dwelling size increased by 6% since 2000 which means that part of the energy efficiency progress for
heating has been offset by the larger size of dwellfagsalso discussed in the introduction secj}in
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Fig2.5: Averageconsumptionper n? Vs consumption per dwellinfgr space heatingclimate corrected)

2.4 Country profile and energy statistics

Population, land area and GDBHRtisticsfor the study countriesare shown in Tabl@.3 below. It is
important to highlight here that Ireland has the lowest population density among tredected
countries, whichis approximately half of the EU population density. Ireland contributes only 1.8% to EU
GDP whereas, France and UK have aroufid d&ntributioneach

Table 23: Key statistics of countries (Source: DG Energy Europe country datasheets)

Country Population GDP Land area Population Population GDP
(million) GDP2010 (km2) Density(inhabitants (%) (%)
[Mrd EUR at per km2)
2010
exchange
rates]
ELP8 510.277 13,825 4,422,773 115.37
Belgium 11.311 389 30,278 373.57 2.2 2.8
Ireland 4.726 251 68,883 68.61 0.9 1.8
France 66.73 2122 549,970 121.33 13.1 15.3
Netherlands 16.979 672 33,893 500.96 3.3 4.9
UK 65.383 2080 241,930 270.26 12.8 15.0

TheSySsloftS SySNB@ wnergy plofile isisiofn ifORaklaf ek Srande hathe
highest slare of renewable energy with 10&(Ireland and UK have 10.4% and 9.8% respectivetypss

35 hitp://www.odysseemure.eu/publicatiors/efficiencyby-sector/households/heatingconsumptionper-m2.htmi
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inland consumptiorwhereas,n terms ofshare ofrenewable energy in the electricity generatidreland
and UKare leadingwith 30.1% and 28% respectivelywhich is dominated by wind.

Table 24 Renewable energy mix in total energy and electricit017

Country % of renewable energy gross inland RE share in electricity generation
consumption
Irelancf® 10.6 30.1
Netherland®’ 6.6 13.9
Francé®*® 10.4 19.9
Belgiunt® 4 7.2 17.2
UK 43 9.8 28.1

The $areof renewabledor the period 2013 to 201dsedfor heatingand coolingin the study countries
is shown in Table 2.5t can be seen that Fran¢avith around21% share of renewable energy, ke
leading country among these selected countri@he other countries have approximately similar

renewable heat share in the range ®B%. UK has seen the highest increase of renewables with around

85%, and Belgium, the lowest, with around 8% increase in the heating system in these five years.

Table 25 Percentagesare of renewables in heating/cooliffg

Country 2013 2014 2015 2016 2017
Belgium 7.42 7.68 7.73 8.09 8.03
France 18.55 19.14 19.89 21.1 21.35
Ireland 5.22 6.33 6.25 6.3 6.86
Netherlands 4.09 5.07 5.35 5.38 5.93
UK 4.02 4.65 6.07 6.97 7.45

36 https://www.seai.ie/resources/publications/Enereg-lreland-2018.pdf

37 https://ec.europa.eu/energy/sites/ener/files/documents/netherlands _draftnecp en.pdf.pdf

38 https://ec.europa.eu/eurostat/statistics

explained/index.php?title=File:Share _of renewables in_gross _inland_energy consumption, 2017 (%25).png

39 https://ec.europa.eu/eurostat/statistics

explained/images/3/32/Share_of electricity fromenewable sources in_gross_electricity consumption%2C -2004 %28%25%29.png
40 https://ec.europa.eu/eurostat/statistics

explained/index.php?title=File:Share of renewables in_gross inland energy consumption, 2017 (%25).png

41 https://ec.europa.eu/eurostat/statistics

explained/images/3/32/Share_of electricity from renewable sources in_gross_electricity consumption%220200%28%25%29.png
2 hitps://ec.europa.eu/eurostat/statistics

explained/index.php?title=File:Share of renewables in_gross_inland_energy consumpfidn, (%25).png

43 https://ec.europa.eu/eurostat/statistics

explained/imayes/3/32/Share of electricity from renewable sources in_gross electricity consumption%2e2@00£628%25%29.png
44 SourceEuroStat 2019, nrg_ind_ren
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3. Housing stoclReviewof selected country cases

3.1 Physical characteristics mfusing stock

Population is one of the main determinants of the number of dwellifigdle 3.1 shows thpopulation
number forthese selected countries. The population increase during last 20 years wasthiiglreland
with around 27%which was significantly higher than the percentage increase in other countries.
Netherlands has recorded the lowest population increase with onlg@dfg this period

Table3.1Y / 2dzy G NA S&aQ LJ2 LJdzt | ik the/perlodlPOS201BNOSyYy G 3S Ay ONB

Country 1998 2003 2008 2013 2018 Population increase

between 19982018
Belgium | 10,192,264| 10,355,844| 10,666,866 | 11,137,974| 11,398,589 11%
France 59,934,884| 61,864,088 64,007,193 | 65,600,350| 66,926166 11%
Ireland 3,693,386 | 3,964,191 | 4,457,765 | 4,609,779 | 4,830,392 27%
Netherlands | 15,654,192| 16,192,572| 16,405,399 | 16,779,575| 17,181,084 9%
UK 58,394,596| 59,501,394| 61,571,647 | 63,905,342| 66,273,576 13%

This population increase is a clear indication for itiereasingrequirement of the number of dwellings.
The total number of dwellings also depends on average number of persons per hod&ehwdphysical
characteristics of the housing stoakd the number of persons living in the howseongly influence the
energy demanaf the house Number of personsving in the house can significantly affect the thermal
energy use of the house as mare rooms will require to be heabteteased hot water weand longer
usage of cooking applianceslong with the number of persons, the amount of time people spendén t
house is also a facttihat affectsthe thermal energy use.

Fig. 3.1 shows the average number of persons per household in the selected countid&f I Yy RQ4&
haveconsistentlyhigher number of occupants as compared to other similar clircatentries. In 2018,
Ireland hason average 2.@ersons per household, which is 20% higher than France and Nethgréard
16% higher than Belgium and UKigher numbers of average persons per househialdrelandis
attributed in part to the housingupplyshortfall that became increasirtg pronounced duringhe last

decade
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Fig3.1 Average number of perssrper household$

45 https://ec.europa.eu/eurostat/tgm/table.do?tab=table&init=1&language=en&pcode=tps00001&plugin=1
46 https://www.seai.ie/resources/publications/Enereg-the-ResidentialSector2018 Final. pdf
47source: Eurostat [fttps://www.pordata.pt/en/Europe/Average+number+of+persons+per+houseridd d
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In terms of ownefoccupier statusFig. 3.2 shows a comparisofresidentiahomesin selected countries.
Research showthat house owneoccupiershave a greater economicincentive to invest in energy
efficiency measures compared to thenantswho rentthe property. This is becaugenants have no
investableincentive to improe the value of a property, anthndlordshaveless motivatiorto invest in
improvements asthey arenot the direct beneficiaes*®4°. Considering this, it is important to understand
the occupier statusf homesin these selected countriesvhich could be a reflection dhe complexities
involved in improving the thermal efficiencks Fig. 3.2 shows, immparing theseselectedcountries,
there was no major difference observetenant occupiechomesvaryin the range of 2786% Countries
that have the larger population sizeich asFrance and UK haweslightly greater rented proportion as
compared to other countriedNote that,Ireland has the lowest population among these countries but still
hasaround 30%of its population somewhat similar to other countrieyingin rented propertieswhere
improving insulations or taking any energy efficiency actions could be complex.
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Fig3.2 Share of owner occupied dwellings vs rented dwellings in 28airce: Eurostaft

The type of dwellings is a major factor in heating enarggsumption. Apartments typically have the

lowest heat loss as compared to houses as they have less exposed surface area. Detached houses are
standalone buildings and therefore have more exposed surface area as compared -desechid and
mid-terrace hoses™. Detached houses are also likely to be larger. Comparing the dwelling types between
thesecountries, Fig3.3showsthat most of the countries except France have more sdatached houses

than detached houses, and this proportion is very higiné@Netherlandsand UK. France has the highest

share ofapartmentswith 33.1%, whereas only 8.3% of the population live in apartments in Ireland. In
fact, Ireland has the lowest share of apartment dwellers in the EU. Ireland has the second highest share
of detached houses among these countries, which indicates a particular need to focus on tackling the
heating needs of these types of houses.

48 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/190149/1DEC
The Future of Heating Accessiil@.pdf

49 https://www.seai.ie/resources/publications/Behaviouraisightson-energyefficiencyin-the-residentiatsector.pdf

50 https://ec.europa.eu/eurostat/web/productseurostatnews/~/DDN-201711021 ?inheritRedirect=true
https://ec.europa.eu/eurostat/web/productseurostatnews/~/DDN-201711021 ?inheritRedirect=true

51 https://www.seai.ie/resources/publications/Enereg-the-ResidentialSector2018 Final. pdf
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Fig3.3: Distribution of Population by dwelling types in 2017; Source: Euf3stat

The dkgree of urbanisation ianotherimportant considerationin any heatdecarbonisation strategyas

the locationand proximityof dwellings can have anajorimpact on the type oheat delivery options that

are economically or practically availabfor examplehigh-densitytowns and citis have greater access

to the gas network or to district heating networkBy contrast the low-densityareas might bebetter
suited tostandalone schemes such as heat pupipemass boiles, or bottled biogasAs shown in Fig.
3.4, n 2017 the UK had thénighest proporton living in cities with 59%wvhereas Belgium hatthe lowest
shareat only 27%Among the smaller countries of the group, Ireland has the largest rural population at
31%, with another 22% living in potentialbw-densitytowns and suburbsOnly France has a greater
proportion of arural population.
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Fig3.4: Share of population bgegree of urbanisation in 2017; Source: Eurcstat

This studyalsolooked at theenergy povertysituation, shown in Fig. 3.5pr these countries Thereis a
myriad ofdefinitionsfor energy poverty The key ideés the inability to hea? y Shanfe when living a
colder climate Thereare anumber of reason$or such a situatiomcludingunemployment, or having not

52 http://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do

53 http://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do

18


http://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do
http://appsso.eurostat.ec.europa.eu/nui/submitViewTableAction.do

enough income taneet the demand foelectricity or gas to hegbower the home, or to have adequate
insulationfor the house.Fig. 3.5 showkeland has approximately 3% higher share of population who are
at the risk of energy poverty compared to the EU 28 countries. However, energy paskrsgeems to be
improvingin recent years in Ireland unlikbe Netherlands, whiclhas lowest share of population at the
risk of energy poverty but has shown an increasing percentage the years A 2015 studyby the
Economic and Social Research Institiitl & Of SI NI & KAIKEAIKGSR GKI @
energy issue, but a function of inadequate resources to cover the livingf.cost
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Fig3.5: Share of population at risk of energy poverty or social exclySoorceEU Building Databas®

TheEU also collects data about spedaffuch as the portion of theopulation who struggle to maintain
their homes sufficiently warmwhich is one of the important isss@inder energy poverty.As shown in
Fig. 3.6in 2014 inthe Netherlands only 2.6 %of peoplefell into this categoras compared to the highest
in UK with 9.3% or the EU28 average with 10.R&tand has significantly higher proportion of people
struggling to keep their home warm as compared to Belgium, Francthamtetherland duringthe year
20122014. It is also important to highlight here thauring 20122014 Ireland wasstarting tomove out

of a serious recessioim 2013, Ireland saw a comparatively higher percentagth approximatelyl0%

of people who were not able to heat ¢fir homes adequately This numbemwas only slightly lower as
compared to ERB average during that year.

On average, Ireland has lower proportion of inhabitants struggling to keep their home warm as
compared to EU28 average in any yelliowever,comparedwith these similar climate countries except
the UK, a significant gap exists indicating opportunities for further improvemerith a potential tobring
much wider benefits tdrishsociety by helping to tackle problems of health, wellbeing aruikd inclusion

541s Fuel Poverty in Ireland a Distinct Type of Deprivatfon@rothy Watson & Bertrand Maitre https://www.esri.ie/pubs/JACB201504.pdf

55 https://ec.europa.eu/energy/en/etbuildingsdatabase
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Fig3.6. Proportion of inhabitants unable to keep home adequately wéBource:
https://ec.europa.eu/energy/en/edbuildingsdatabasé

3.2 Building EnergRRatings

Building Energy Ratings (BER)e a measure thatllustrates the expectedenergy performance of a
building This has essentiatlye sameoperational resultas the Energy Performance Certificate (EPC). The
EPGhows themodelledenergy performance on an easily dable scale from A (best performance) to G
(worst performance) However, the BER Certificai®slightly more detailed in that it subdivides theG\
scale into Al, A2, A3, B1, B2, B3 &e information on both certificates is in the same formaitiseasy

to compare ther®®. EPG or BER are compulsory for all homes offered for sale or rent according to the
Energy Performancef Building Directive (EPBD) 2002Z'he 2010ecastof the EPBD includesrmew set

of requirements to improve the quality, usability and public acceptance of°ERlI28-memberstates
have formally implemented the EPBD requirements in their national legislati@miand useshe BER
rating scale. Tie other selected countriesse theEPC ratin§. EPC/BER ratings depend on (i) the amount
of energy used per frand(ii) the level of C@missions per year.

Looking at the energy performance ratings wfedlings in different countrieshe latest EU buildings data

is availabldor 2015 only and withouthe dataavailable for Belgium. Table 3sBows the EPC grading in

GKS @SIFENJHuanmp Ay (GKSAS FAGS O2dzyiNARSad LY HampZ
significantly lower than France at 7.95% in the same yearalsdsimportant to highlight thaan A rated

dwelling typicallyconsumes$0%75% lesgnergyto heat the dwelling at a comfortable level yeaund
ascompared to an equivalent C rated dwellifigne total of AC rated buildings is highest in Ireland out of

these five countries. Conversely, Ireland has lowest D and below D rated buildings.

56 http://allanarc.com/4342/
57 http://bpie.eu/publication/energyperformancecertificatesacrossthe-eu/
58 http://bpie.eu/wp -content/uploads/2015/10/BPIE_EPC report 2010.pdf
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Table3.2: Share of dwellings with label (F§All 2015 data except Netherlagd/hich is 2012 data. No vals
mean data was not available

Country Rating A Rating B Rating C Rating D Rating >D
Belgium
France 7.95 11.91 14.77 29.77 35.60
Ireland 0.98 11.56 36.88 25.35 25.22
Netherlands 3 11.90 29.70 26.70 28.70
UK 0.15 8.32 26.79 41.07 23.68

Fig 3.7represents the number of dwellings with energy performance certifeégeme of data were not
availablg and showsthat UK and France have significantly higher number of dwellings with energy
performance certificated.ooking at the total number of ERissued for dwellings, in 2015rance issued

11 times moreEPCs as compared to Irelandis important to note that Frané&had 35 million dwellings
while Ireland?* had 2 million dwellings in 2015 and 2016 respectively.

Number of dwellings with EPCs

Copyright Europezn Commission 2016
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Fig. 3.7: Number of dwellinggith EPCs

Table 3.3 below (a picture of the table displayed on the EU Buildings database website) also shows the
total number of EPCs issued for dwellings per year where most of the data were not available.

5% https://ec.europa.eu/energy/en/etbuildingsdatabase
60 https://www.statista.com/statistics/767493/numbehousingfrance/
61 https://www.cso.ie/en/releasesandpublications/ep/pplhii/cplhii/hs/
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Table 3.3: Total number of EPCs issued forlivgs per year (Sourc&U building datadse®?)

Source Unit 2011 2012 2013 2014 2015
Belgium thousand
France ZEBRA2020 @ thousand - - - 1,245.06
Ireland EPC registry @ thousand 107.14 7495  99.72 110.17
Netherlands thousand
United Kingdom thousand

No values mean non-available or non-relevant information

We also looked at the share of dwellings builtg@r 2010 (bpetween 1990 and 1999 (between 1945
and 199 (d built before 1945, during the yesaR011-2014, which gives some interesting insightfiown
in Fig. 3.8Ireland hd significantly moredwellings built in last 23 decades as compared to other similar
climate countriesAccording to 2016 census records, 9% of all private housing in Irafenfilom the
construction ergprior to 1919 and 7%re datedbetween 191919452 However,compaed with other
countries, the share of older dwellings (built before 1945 during the period 0f19451969) were
significantiylowerin Ireland

Share of dwellings built after 2010

10 Copyright Europezn Commission 2016
]
6
4
| ‘ ' I
0 1 M
2011 2012 2013 2014 2015
Belzium ||| France ||| Ireland Nethertands iy United Einzdom
(a)

62 https://ec.europa.eu/energy/en/etbuildingsdatabase

63 E1005: Private Households in Permanent Housing Units 2011 to 2016 by Type of Private Accommodation, County and Qityhiédriod i
Built and Census Year. Corknttal Statistics Office. Available at:
http://www.cso.ie/px/pxeirestat/Statire/SelectVarVal/Define.asp?maintable=E1005&PLanguage=0
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Fig. 3.8: share of dwellings built &fjer 2010 (b) between 1990 and 1999 (c) between 1945 and 1969 (d) built
before 1945
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The #&are of nearly zercenergy buildingsdata s shown in the Table 3.4 where in 203, new
constructionin Francewvere nearly zero energy buildingdZEB)There wasio data available for Ireland

specific to NZER this EU Building DatabageOO2 NRAYy 3 (G2 LNBfFyYyRQ& / Sy {NIf
constructedin201% nmn g SNBE 3IA GBSy Whete washovdathlavailabie Bn NPERI | 3 Ay

Table 3.4: Sharef NZEB in new construction for residential

Source Unit 2011 2012 2013 2014 2015
Belgium ZEBRA2020 @ % 3.41 3.36 5.77 9.68 =
France ZEBRA2020 @ % 25.37 28.15 100.00 100.00 -
Ireland % = = = = =
Netherlands ZEBRA2020 @ % - - - 0.20 -
United Kingdom ZEBRA2020 © % 1.10 0.90 1.00 1.60 2.00

Ne values mean non-available or non-relevant information

This studyattempted to comparethe energy related investments for the renovation of residential
buildingsin these countrieshowever,there was norelevantdata available for any of these countries.

64 https://www.cso.ie/en/media/csoie/releasespublications/documents/environment/2014/DberQ12014. pdf
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4. Heating energy profile and fuel reserves

4.1 Heating energy demand

The table 4.5hows thefuel sourcesised for heating/cooling purposes in 2015. Oil, gas, coal, electricity,
and biomassarethe top four fuel sources in these countries for domestic heatijth the exception of
Ireland, where oil is the main source for heatingtural gasis the dominantfuel for heatingpurposes
Ireland is the only country whereoal meetsa significant proportiorof the heating demand, 19% in
20155, In the 2016 censusaround 13%of Irish residential buildings usexlid fuel for central heatirf§.
According to Heat Roadmap EU dat&$éihe Netherland fulfils 4% oftheir heating requirement through
district heatingschemes, which is highestamong these countriefzrance employs biomass f@0%of
heating energylemand

Table4.1: Share of energy carrier in the total final heating and cooling demand in 2015 (Source: Heat Roadmap
Europeg Final data set 15.3.2017)

Country Domestic Heating/cooling Fuel (%)
Qil Gas Coal | Electricity | Biomass| District Solar Heat
Heating thermal Pump
Irelandf® 40 25 19 14 1 0 <1 <1
Netherlands | <1 84 0 5 6 4 <1 1
France 18 37 1 19 20 3 <1 2
Belgium 36 46 1 10 7 <1 <1 <1
UK 9 75 2 10 4 <1 0 <1

Fig.4.1showsthat space heatings by far thedominantrequirementfor thermal energyas compared to

other purposes. The energy requirement patterns ttoe four differentend usedn all the countries are
verysimilar. Looking at the speciinergy regiirement(in absolute numbers) shown irable 4.2France

heat demand for space heating is around 325 TWh per annum whereas, Ireland has the lowest with 22.3
TWh per annumTo understand the comparison bettehis studyanalysedthe annualenergy demand

for space heating by average dwellings and floor aFeg. 4.2showsfinal energy demand by average
dwelling and by floor aredt can be seethat Ireland consumes 15,548 kWh/dwelljmghich is the second
highest among these countries. On the other hand, Ireland has the lowest energy demand among these
countries when comared against the floor areavhich was primarily driven by the increasing number of
dwellings; upby 39% between 200@nd 2016, together with the increase in average floor area per
dwelling. In 2016, the average dwelling was 21% larger than in 1990, and 15% larger than in 2000.
Comparing Ireland and UK, the number of new dwellings have significantly increased indiretant®90

which are more energy efficient, and that is reflecting in terms of reduced consumption %oefr fitnor

65 SEAI 2016 figures have reported coal at 7% and Peat ¢@itff#i//www.seai.ie/resources/publications/Enerejg-the-ResidentialSector
2018Final.pdj

66 https://www.seai.ie/resources/publications/Emgy-in-the-ResidentialSector2018 Final.pdf

67 https://heatroadmap.eu/heatingand-coolingenergydemandprofiles/

68 As per SEAI, in 2016, space heating accounted for 61% of residential final @ileaggounted for 47% of energy used for space heating, gas
25% and solid fuels 21%.
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area. Also, Irend has significantly mordetached houses as compared to UK and therefore, it has
significantly higher energy consumptionrgiwelling.
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Fig4.1 Percentage share of type of heat for the final residential heat demand
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Table 4.2: Residential space heating consumption in 2015

Belgium France Ireland Netherlands UK

Residentiafpace 69.1 325 22.3 84.8 2735
heating TWh in 201%

UK UK

151.2

NETHERLAN NETHERLAN
IRELAND 15548 IRELAND 119.5

FRANC

BELGIUM 16826 BELGIUM 2211

10000 12000 14000 16000 100 150 200 250
kWh/dwelling kWh/m2

Fig4.2: Comparison of Final energy demand by average dwelling (kwh/dwelling) and final energy demand by floor
area (KWh/n%)8°

89 Source: EU Heat Roadmap: Excel Sheet
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4.2 Fuel reserves arfd 2 dzi S EoArfediivinyQ

Resource endowments such as availabilityhgfiropower, natural gas or oil reserves hawevery
important impact on policiesHeating/@oling energy strategyof any country largely depends on the
available resourceshe existing infrastructure anis ablity to be adapted to new use3able 4.3hows
GKS FdzSt NBaSNPBSa | joke ¢ag nav&KThdUR anthe Rezhgriargs@etieml@ A § &
significantly highepercentage of residences connectad compared to other countrieshe heating
marketsin UK andhe Netherland are currently dominated by piped natural gas, delivered via extensive
distribution networks, and combusted in boilers to provide heat. This system is well estabtidh&dely
inexpensivereliable, and efficient. Thes&o countries benefitted from significant domestic gas reserves,
gas infrastructure development aided by uptake of gas in power generation, and higher population
densities enabling cosdffective rollout of gas distribution infrastructuf® It has also ben reported in

one of the worls of UK Energy Research Centre thathbcountries have limited hydro resources and,
maybe, therefore, very low penetration of heat punipsmmaturity of heat pumptechnology, price of
electricity, and poaer efficiencies fotheat pumps wittDHW(domestic hot waterpare also considereds

other major barriers The small percentage of district heatiing these countriess mainly due to the
connectivity of extensive gas infrastructur@istrict heatingwas common in the UK imé 1960s and
1970s, but fell out of favour due to issues of network efficiency and billing practices

On the other handErance and Irelankdave approximately similgrercentageof K 2 dza S Korfed@ivdtn

with the gas networland similar level ogas reserved. | Ay 3 | AAIYATFAOLylGfe (26
connectivity as compared to UK and Netherlaindicates a significant opportunityfor standalone

schemes such as heat pumpdardeveloping district heating schemesile exploring the oppdunities

for supplyingow carbon gassthrough the existing gas network.

¢FofS nooY CdzSt NBaSNWSa FyR K2dzaSK2f RaQ C

Country Population Density % of households | Gas reserves (trillion Crude oil reserve
(inhabitant per km) access with gas cubic feet}? (Thousand barrels
network per day)c August
20183
Ireland 70 39% (2014%f 0.40 0.00
Netherlands 505 97% (1998% 28 16
France 122 41% (1998Y 0.30 16
Belgium 376 55% (1998Y 0 0.00
UK 273 82% (1998} 6.20 842

70 https://www.theccc.org.uk/wpcontent/uploads/2013/12/FrontiefEconomicsElementEnergyPathwaysto-high-penetrationof-heat-
pumps.pdf

LUKERC Technology and Policy Assessment Best practice in heat decarbonisation policy: A review of the international &xpei@esdo
promote the uptake of lowcarbon heat supply

72 https://knoema.com/atlas/topics/Energy

73 https://knoema.com/atlas/topics/Energy

74 http://www.ervia.ie/decarbonisig-domestiche/KPMGIrishGasPathwaysReport.pdf

5 https://www.eci.ox.ac.uk/research/energy/downloads/Icfreport/appeneiydf

76 https://www.eci.ox.ac.uk/research/energy/downloads/countrypictures/cp _france.pdf

77 https://ww w.eci.ox.ac.uk/research/energy/downloads/countrypictures/cp belgium.pdf

78 https://www.eci.ox.ac.uk/research/energy/downloads/Icfreport/appendiypdf
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5. Current policy support arfdture strategies
5.1 The UK

In the UK, approximately 8% householdsare connected with the gas netwofk A survey hadeen
conducted inthe country which hasreported high levels of satisfaction with the gas central heating
system and there is not much willingness to try any other alternati¥eldowever the government has
taken several initiatives to integrate renewables into the system. UK Government introduced the
domestic renewable heat incentive in 201d cover the additionalkcosts of the lowcarbon heating
installation.This scheme covers biomass bailesolar water heatingndcertain heat pump% 82,

To facilitate the market for district heatinghe UK Government set up the Heat Network Delivery Unit
(HNDU)n 2013to support local authorities in England and Wales through the early stages of heat network
project development. Through HNDU suppdine UK Government has invested over £17 million in grant
funding to more than 200 projects across 140 local authofitie#k governmenfurther announced the
launch in 201®f the £320 million Heat Networks Investment Proj@diNIP)Yo offer loans and grants to

both the public and private sectors in England and Wales for the development of heat networks serving
two or more buildings.This £320nilionFdzy R A& 0 SAy 3 LINE OA RSt overéomér3 | LI
the number of barrierand leverage in around £1bn of private and other investment in order to support
the design andonstruction of heat network8 TheMayor of Lomlon also published a plan in December
2017 where there is a very strong focus on the development of heat nes#oikhis plan identifies a
number of heat network priority areas and recommends major development proposals for communal
heating systerm

To wrther facilitate the heat network investment, ti@EI§Department of Business, Energy & Industrial
Strategy, UKJvebsitealso publishes list of investors witha brief summary to help enable projects and
to reduce the uncertainty of local authoritiesgardingwhich third party investors are actively considering
investment in the heat network sectér A community heat network toolkit is also provided by the
government to help develop communitgd heat network project€. Heat suppliers are also regulated
throughHeat Network (Metering and Billing) Regulations 2814

In addition looking into the future of UK heatinghe governmenthas publisheda strategydocument,
Elean Growtlt ¢ NIy & T 2 NJY AiryD@cemk®R0lswfiich@rovidea long termpolicy framework.
Two other reportsfocusing on substantial growth of low carbon heating in the shorter term have also

7 https://www.ofgem.gov.uk/ofgerpublications/98027/insightspaperonhouseholdswithelectricandothergasheatingpdf
80 https://s3-eu-west-1.amazonaws.com/assets.eti.co.uk/legacyUploads/2015/11/360hsumetinsights.pdf?di=1

81

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment _data/file/774235/national energy iamatecipl
an.pdf

82 https://www.gov.uk/domestierenewableheatincentive

83 Heat Networks Delivery Unitjtps://www.gov.uk/guidance/heanetworksdeliveryunit

84 https://www.twobirds.com/en/news/articles/2018/uk/birdand-bird-and-heat-decarbonisationpolicy-in-the-uk

85 https://www.london.gov.uk/sites/default/files/new_london_plan_december 2017.pdf

86 https://www.gov.uk/guidance/heainetworksoverview

87 https://hub.communityenergyengland.org/resourcesfeurce/151/communitded-heat-projectsa-toolkit-for-heat-net/

88 https://www.gov.uk/guidance/heainetworks
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https://www.gov.uk/guidance/heat-networks

been published(i))D 2 @ S NJY/ YeSpgniseicia Future Framework for Heat in Buildi@gsll for Evidence
(for off-gas grid building®), (i) A Future Market Framework féteat Network® . The key highlights are:
1 The UK governmen$ committed toreduce heat demand of buildings througttegrating energy
efficiency policy in future plans for losarbon heatingUse of digital technologieslata and

control sensors all being explored to provide heat as a packaged service rather than simply as unit

of fueP! %,

1 The gvernment understands the availability of a range of technologies for the-davbon
heating but there is no consensus on whig¢bchnologies will be able to achieve this most
economically and effectively at the scale required.

1 Based on theesearch andevidence available so far to the government, technologies using

electricity, hydrogen and bioenergy have the potential to makedrtgnt contributions to the
transition to low carbon heating in Ukand government is committed t@xamine these
technologies witha number of activitiesTable 5.1 suggests the key considerations for each of
thesetechnologie$®:

Table 5.1: Key activitiagider consideration in UK

Technology Key activitiesto be considered

Electric Heating 71 Developing newand strengthening of theexisting infrastructure to
generate, store and distribute lowadoon electricity

1 Improve understanding of potential futureequirements for electricity,
generation and network reinforcement under different circumstanc
and how these might be cost effectively and practicably met

1 Innovations in demand reduction, system flexibility and energy stof
for demand side management

9 Develop plans for a substantial new project to demonstrate mod
electric heating solutions across a range of building types and consu

Use of hydrogen 1 Develop a comprehensivprogramme of work to demonstrate the
technical and practical feasibiligf using hydrogen in place of natur
gas for heating

1 Enable a more informed debate on the potential of using hydrogen
heat

1 Safety feasibility of repurposing the gas §tid

89

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/762546/Future_Frameworke&brirH
Buildings Govt Response 2 .pdf

90 https://assets.publishing.service.gov.uk/government/uploads/systepidads/attachment _data/file/774586/heahetworksensuring
sustainedinvestmentprotectingconsumers.pdf

91

https://assets.publishing.service.gov.uk/government/uploads/system/uploadattitment data/file/762546/Future Framework for Heat in_
Buildings Govt Response 2 .pdf

92 Catapult Energy Systems, Using the connected home to deliver low carbon energy services that people value, Online dlefebArioy
2018https://es.catapult.org.uk/news/thefight-againstcarborthowtechnologycanhelp-us-heat-our-homesthe-cleanerway/

98 https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment data/file/766109/decarbohisating. pdf

94

https://www.policyconnect.org.uk/sites/site pc/files/report/1001/fieldreportdownload/futuregasptlnextstepsforthegabgebcompressed.p
df
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https://www.policyconnect.org.uk/sites/site_pc/files/report/1001/fieldreportdownload/futuregaspt1nextstepsforthegasgridwebcompressed.pdf

1 Developing new infrastructure including new transmission syst
hydrogen production and storage facilities, and carbon capture ¢
storage facility

1 Practical feasibility of producing sufficient volumes of very low car
hydrogen and the potential for methane leakage

Bioenergy 1 Assessing the potential for expanding the suppfybiomass in ways

which are sustainable and affordable

Production of biemethane for use in the gas grid.

Assessment of thecale of emissions reduction potential the volume

of biomass available

1 The prioritisation of its use across the energy econgprand lifecycle
emissions from production.

= =

A omprehensivepolicy frameworkcombination oftechnologies, tightebuilding regulationsconsumer
awarenessi KN dzAK | NI y3IS 2F AYyTF2NYIFGA2Y & adddBdBlmg O2yad
for engineersaandinstallersare the key approacheshich are beingonsidered.

5.2 The Netherlang

Inthe Netherlands38% of enegy consumption goes to heating, amdsidential heating contributes
around 10% of Duth CQ emission®. Here thegovernment is committed to transform the domestic
heating sector and has identifiesbaceheatingas the key priority areavhere natural gasshould be
replacedby other sources of heatheinitial visionfor sustainable heat wasresentedin the societywide

Energy Agreement for Sustainable Growth that was concluded in September 2013 in The Netherlands with
industries, norgovernmental organisations and governmefit€. It was followed by a Heat Visitin

2015 andfurther the Energy Agenddin 2016.6Energy Agendaindicates the policies that should lead

to an almost carbomeutral economy in 2050. With regard to emissions from buildings, the two main
policies are

1 better insulation to reduce heat demandnd
1 thereplacement of natural gas by alternative fuels with lower erissf°.

Some of the key policiesnder implementatiorfor low-carbon heatingare 1°

{1 Tightening of energy performance requirements for social and privateces#ctort??
1 Encourage homeowners to install further energy saving measures through subeidiéserest
loans and an information campaigjff

9 https://energypost.eu/arevolutionthe-netherlandskissesgasgoodbyebut-will-it-help-the-climate/

96 https://www.government.nl/documents/publications/2013/09/06/energagreementfor-sustainablegrowth
97 https://www.energieakkoordser.nl/doen/engels.aspx

98 https://www.rijksoverheid.nl/documengén/kamerstukken/2015/04/02/kamerbriefvarmtevisie

9 https://www.rijksoverheid.nl/documenten/rapporten/2016/12/07/ea

100 hitps://energypost.eu/arevolutionthe-netherlandskissesgasgoodbyebut-will-it-help-the-climate/

101 https://www.climatexchange.org.uk/media/2084/eu_case_studies netherlands heat policy.pdf

102 hitps://www.rijksoverheid.nl/onderwergn/duurzameenergie/rijksoverheiestimuleertenergiebesparing
103 https://www.energiebesparendoejenu.nl/
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1 Working with the housing construction sector to ensure that all the new buildings are practically
energy neutral by end of 2020.

1 Investment Subsidy in Renewable Energy (ISDE): financial incentive to itialaiptake of
solar thermal, heat pumps and biomass boitéts

1 Sifting tax burden from electricity to gas in order to stimulate uptake of heat pdffps

1 Climate agreement from Netherlardalso considered no gas connection for new built
neighborhood&.

 GoveNyYSyild KIFa |faz2 RSOStow piSpare for the loB tatbanyedergy dzLJLI &
supply in the heating sectolt was also recently amended to give a better protection to
consumers to deal with the monopolist heating suppfigts

1 Geothermal basetieating is being exploréef. In 2015, government announced 3.6 million euros
available for a test drilling to extract heat from the deep earth in Westland which can potentially
provide 80% of heat demand in Westlaftd

1 Complete eat marketreform is beingconsideredto stimulate the development of district
heating

9 Electrification isalso being considered through heat pumps and hybrid heat pumps. To get the
best use of heat pumps, housing insulations are also being improved.

1 Asof1July 2018, there is lmmger a requirement for newly built hoasto have a gas connection.
To achieve the low carbon heating vision, 170,000 houses would need to disconfreategias
grid every year Local authoritiesare playing a keyrole in this proces®f decidingfor each
neighborhood, block or even individual house what the best alternative heating source is.

A range of strategies and technology options for space heating have been considered in the Energy
Report!? (pp 6778) published by Ministry of Economic Aféaof the Netherland During the domestic

heat transition the changing role of different stakeholders have been explained in detail in a report
published by Delta Enertly. Some of thekey technologies and supportive policies are considered for
heat pumpshybrid heat pumps, geothermal pumps, seasonal laatcold storage, residual heat, locally
available biomass, and district heating.

The Netherlands government also believes that decision making on the heat transition will have to
become more of a regi@i concern than it is today, with a greater role for local authorities, building
managers, property developers and residents. The starting pointsteduk a regional heating plaand
government will support the joint efforts and local decisimaking process where possible, by reviewing
the policy and market rules for the supply of energy and the maintenance of the infrastrtiéture

104 hitps://www.rvo.nl/subsidiesregelingen/investeringssubsididuurzameenergieisde

105 https://www.ehpa.org/fileadmin/red/03. Media/Publications/ehpahite-paper111018.pdf

106 hitps://ec.europa.eu/energy/sites/ener/files/documents/01.b.02_mf31 presentationfuél switchvanthof.pdf

107 hitps://www.lexology.com/library/detail.aspx?g=7813c32854436a8b159025b9bbcf3d

108 hitps://ec.europa.eu/energy/sites/ener/files/documents/netherlands_draftnecp_en.pdf.pdf

109 https://www.rijksoverheid.nl/actueel/nieuws/2015/04/02/kabinestimuleertoverstapvangasnaarduurzamewarmte
110 hitps://www.government.nl/documents/reports/2016/01/01/energyeport-transitionto-sustainableenergy

11 Towards a heat transition in the housing sectothia Netherlands Roles and responsibilities of different actors

112 https://www.government.nl/documents/reports/2016/04/28/energyeport-transitiontot-sustainableenergy
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According to theecentDraft National Climate ahEnergy Plai®, the government is further committed

to ensuring a substantial percentage of buildings are no longer heated using naturdh gader to
achieve the londerm climate targets, the Netherlands Environmental Assessment Agency expects that
20-30% of homes should be connected to didtheating by 2050 (PBL, 2017) and suggeststhisvill

only be feasible ithomes are only allowed very limited access&ural gas.

5.3 Belgium

¢tKS 9y SNHe& tI O0Gz ¢ KA OKang diratephtysuitil 2DF0&as Bleaded in RBENQ A Sy S
and eventually approved in March 2038 The key strategies mentioned are closing down nuclear plants

by 2025 strengtheningthe energy standards applicable to all types of consumer goods; speeding up the
renovation ofresidential, tertiary and public buildingsy@banning sales of oil boileir®om 2035. The aim

is to raise the energy performance of residential buildings to the level of 100 k¥\yr2050 Public
buildings and officewill be required to become energyentral by 2040 and 2050 respectivef}!®

Like other countries, Belgium also has a national binding target for renewable energy stated in the EU
Renewable Energy Directive (2009/28/EC) to account for 13% of gross final energy consumption in
2020, The heting/cooling sector need to achieve 12% renewables by 2020. In 2016, Belgium had 8.1%
share of renewable energy irehting andcooling sectol®,

Belgiumis the third most densely populated country in Europe. However, this density varies from one
part of the country to another, with the north of the country being much more densely populated than
the south. Currently, Flanders is home to 57.5 % of the population, Wallonia 32.0 % and the Brussels
Capital Region 10.5 %nergy policy responsibility in Belgiundigided between the federal government

and the three regions (Flanders, Wallonia, and BrugseI3he three regions of Belgium have adopted
numerous policies andneasures,to support renewable energy technologies through investment
subsidies and green ddicates?®. Additionally,both the federal and regional authorities offer tax
incentives folinvestments in renewableechnologie$®™.

The number of households in Belgium has increased by 20% since 1995 and the current housing stock
includes a high propouin of old buildings wheraaturalgas is the main source of heatit Federabnd

regional governmerst have a longterm renovation strategy fothese residential buildingsThethree
regionshave developed their own strategi¢s decarbonise the heating systems in residential buildings.
Theyhavedirectly orindirectlyobliged contractors to install solar panels or heat puntpsnake surehat

the new buildings are targeted for leearbon or zero carbon emissiorithey provide gant subsidies for
smallscale renewable energy infrastructyrand prosumers can also benefit throughnet-metering

13 https://ec.europa.eu/energy/sites/ener/files/documents/netherlands_draftnecp_en.pdf.pdf

114 https://home.kpma/be/en/home/insights/2018/10/abelgianinterfederatenergypact.html

115 http://www.brusselstimes.com/brussels/9809/brussei®vernmentapprovesenergypact

U6 http://energy.siapartners.@m/20180404/energypactbelgiumcostanalysisenvisageeambitions

17 https://ec.europa.eu/energy/en/topics/renewablenergy/nationalaction-plans

18 http://appsso.eurostat.ec.europa.eu/nui/show.do?dataset=nrg_ind _335a&lang=en

9nsights in a clean energy future for Belgium, Impact assessment of the 2030 Climate and &ameegyoFk, May 2018, Working PapeflB,
Federal Planning Bureau

120 https://www.ieabioenergy.com/wpcontent/uploads/2018/10/CountryReport2018 Belgium_final.pdf
21 hitps://webstore.iea.org/energypoliciesof-iea-countriesbelgium2016-review

22 https://ec.europa.eu/energy/sites/ener/files/documents/ec_courtesy translation be necp.pdf
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policy. There are number of other policy tools sucbeseficial credit terms for investments in renewable
energy projects, investment gnts, tax exemptions, VAT reductions, training programmes for installers of
renewables and awareness campaigns. The regadss offer investment and tax support folocal
researchdevelopmentand demonstration programmé.

Flemish Region

Flemish Regiomesidentialbuildings arelooking at a range of technologiescluding high efficiency
condensindpoilers, micro cogeneration systesy) heat pumpsanddecentralised heating appliances with

a total maximum output of 15 W/A and connectionto efficient distict heating systen* On 28
September 2012, the Energy Regulation was revised transposing the building obligations for heat from
renewable energy into Flemish law. For schools and public office buildings the obligations apply since 1
January 2013Accordingly, an obligation of renewable heat of at least 10 kWh per m2 usable floor area of
the building is introducedd®. In June 2017, Flemish government also approved the strategy on heating &
cooling which provides ardaased renewable heating policiesdienvisaged to facilitate the use of waste

heat and renewable energy, especially through district heating

In terms of support, grid operators and municipalities are responsible for setting up premium schemes to
encourage heating and cooling from rendsa energy. The amount of premium attributed and eligible
technologies differs among municipalitiés.FlandersCHP producers aadsoeligible for CHP certificates.

The amount of CHP certificates granted for 1000 kWh of primary energy saved in aigaealitdFacility
compared to a situation in which the same quantity of electricity or heat were produced separately is
multiplied with the respective teamologyspecific banding factét”.

Flanders region also committed to show an exemplary role of pubtiwaties.¢ KS | OG A2y LI} | y
SYSNHASYSdziNF £ S 3S62dzSy Ay fl I yRSNBYQ LlzmtAak
communication, finance and energy for energy neutral buildings in cooperation with
stakeholdersFurther, all the new governmentaluildingsbuilt after 31 December 2018 and owned by

0KS 3I208SNYYSyld ySSR (2 06S alfy2ats SySNBe& ySdzi NI f

Flanders regioalso has its own RD&D policyhe Environment & Energy Technology Innovation Platform
which was created blflemish government in 2005. Currently, the projects under this innovation platform
are divided intdfour categorie¥®. (1) recovery of materials and recycling; (2) reuse of energy, materials
and water; (3) renewable energy and materials; and (4) new busimeslels.

The Flemish governmerisodetermines the legal framework for education and certification of installers
of renewable energy technologi€& The quality and standards of training centres andrgy experts are

123 https://thelawreviews.co.uk/edition/therenewableenergylaw-review-edition-1/1173953/belgium

124 https://ec.europa.eu/energy/sites/ener/files/documents/ec_courtesy_translation _be necp.pdf

125 hitp://www.res-legal.eu/searckby-country/belgium/single/s/reshc/t/policy/aid/flanders-res-h-building-obligation/lastp/107/

126 http://www.res-legal.eu/searckby-country/belgium/single/s/reshc/t/policy/aid/flanders-supportof-res-h-infrastructure/lastp/107/

127 hitp://www.res-legal.eu/searckby-country/belgium/toolslist/c/belgium/s/res-e/t/promotion/sum/108/Ipid/107/

128 hitp://www.res-legal.eu/searckby-country/belgium/single/s/reshc/t/policy/aid/flanders-exemplaryrole-of-publicauthorities/lastp/107/
129 http://www.res-legal.eu/searckoy-country/belgium/single/s/reshc/t/policy/aid/flanders-rdd-policies/lastp/107/

130 http://www.res-legal.eu/searckoy-country/belgium/single/s/reshc/t/policy/aid/flanders-training-programmesfor-installers/lastp/107/
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determined by the Flemish governmerkhe trainingto the installersis organised in existing training
centres, which are recognised by the Flemish Energy Agency (VEA). According to VEA, certificates are
recognised on an indivithl basis after having pas$especific training (32 hours plus exam). The
certificates are valid for a period of 7 years. A certificate of competency is awarded if the installer has
passed the exam successfulis voluntary certification regime for installers has been introduced
concerning the following technologies:

photovoltaic installations

solar thermal installations faomestichot water

solar thermal installations for the combined production of sanitary hot water and heating
biomass stove for decentralised heating

biomass biler for the production of sanitary hot water or heating;

heat pumps, except for shallow geothermal installations

heat recovery by shallow geothermal installations

=A =4 =4 4 -4 -4 -4

According to recent Draft National Climate energy ptanwider uptake of heat pumpss being
encouraged by improving theosteffectiveness in dwellingseducingheating demand and integrating
heat pumps into the electricity market and power grithe region i@dopting a more flexible approach
to heat pumpsso thatoperators could plan for lwer energy tariffs during periods of pealectricity.
District heatings also part of the current policy to support developing tiesv infrastructure to facilitate
conversionand utilisation ofrenewable energy sourcesg. geothermal energylhe focuswill continue
to be on district heating that facilitates the use of renewable or residual,iBaimethaneinjection and
renewable energyThermal solar energy systemBhotvoltaic solar energy systemBjomass (boiler,
stove or qualitative CHRnd othe innovative technologies are also being considéted

Walloon Regiof*

Walloon region has a range of subsidy and loan prograsntoesupport the heating & cooling
technologies. Households willing to improve the energy performance of their houses can Heafit

Ecopack which provides a zero percent interest instalment loan for the installation of heat pumps, biomass
boilers, solar water haters as well as plet wood stovesThe zergper cent interest loan is granted for

the construction of at leastone engy-a I Ay 3 2N @ ¢KS f2FyloftS FY2dzi
30,000, and is repayable over up to 15 years. The credit committee determines the repayment term
depending on the financial situation of the applicgft

Subsidy (Primes Enerdf&)Theinstallation of heating plants through biomass, solar thermal energy (solar
water heaters), shallow geothermal energy, aerothermal or hydrothétmeat pumps is eligible for this
Primes Energisubsidyfrom 1 April 2015Subsidy amounts were slightly mddid from 1 March 2018.
¢ KS &adzaiRe | Ysadajabledr tieanstallation Dftagully automat biomass boiler and

B https://ec.europa.eu/energy/sites/ener/files/documents/ec_courtesy translation be necp.pdf

182 https://ec.europa.eu/energy/sites/ener/files/documents/belgium_en_version.pdf

133 https://ec.europa.eu/energy/sites/ener/files/documents/ec_courtesy translation be necp.pdf

134 http://www.res-legal.eu/searcky-country/belgium/single/s/reshc/t/promotion/aid/wallonia-loan-ecopack/lastp/107/

135 hitp://www.res-legal.eu/searcky-country/belgium/single/s/reshc/t/promotion/aid/wallonia-subsidyprimesenergie2012-1/lastp/107/
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also for theinstallation of a fully automated heat pump in a dwellifidne amount of subsidy for biomass
heating plants or heghumps cannot exceed 70% of the total installation cost (VAT included). There is also
€ M 3ybsidg amounavailable for the installation of a solar water heater in a dwelling where again t
amount of the subsidy for solar water heaters cannot exceedo/70f the total installation costs (VAT
included)

Subsidy (Aide a l'investissementiirough this subsidy programme, Walloon region provides investment
assistance for companies to support renewable energy progeliisgas and biomass CHP plants, biomass
heating plants, and solar thermal installations and geo thermal installatiims.mhimum investment
costs eligible for the investment assistance is aroand H p. Zhe subsidy is calculated on the basis of
the additional costs borne by companies compared with the costs of conventional energy production
plants with the same capacityl.he amount of subsidy differs according to the compbaged on the SME

or large company statt¥®.

Subsidy (Subventions UREBAThe Walloon region provides UREBA subsidies which aim at supporting
public bodies such as towns and provinces in their efforts towards using renewable energy in the buildings.
The material as well as the installation of renewable energy plants for théuption of heat for the
SEOt dzaA @S dzaS 2F (GKS o6dzAft RAYy3 I NB StA3aAaoftSod ¢KS
The subsidy amounts to 30 % of the investment costs (inc. VAT). However, in case the investments are
subject to other supporschemes accounting for over 40 % of the eligible amount of the UREBA subsidies,
then the percentage is based on the share of investments which is not covered by the other subsidies.

In the recentdraft NECP® Walloon region haa significant focus on inmpving the energy efficiency of
homes However,a range ohew innovativetechnologiesare being explored (and supported) based on
the following factors:

- available potential (space, resources, waterways, land, etc.);

- type of project, ideally integrated ith industrial/economic activities;

- cost of production and expected future development;

- socioeconomic implications (jobs);

- environmental impact (recoverable {products, waste management, etc.);
- whether it is variable or constant;

- the overall trend oturrent developments.

By 2030, renewable heat production will cover around 25% of heat consumption for all applications
combined. This target will be achieved using geothermal energy, solid biomass (wafer, pellets, boilers,
stoves or cogeneration), biogdall sources combined), tertiary and residential heat pumps and, to a lesser
extent, solar thermal energy. Natural gas is considered a transitional fuel and is thenglfldve part of

the 2030 mix*°.

136 hitp://www.res-legal.eu/searckby-country/belgium/single/s/reshc/t/promotion/aid/wallonia-subsidyaide-a-linvestissementl/lastp/107/
137 hitp://www.res-legal.eu/searckby-country/belgium/single/s/reshc/t/promotion/aid/wallonia-subsidysubventionsureba-1/lastp/107/
8 https://ec.europa.eu/energy/sites/ener/files/documents/ec_courtesy translation be necp.pdf

139 https://ec.europa.eu/energy/sites/ener/files/documents/ec_courtesy translation be necp.pdf
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BrusselsCapital Region

The use of renewable energy in the region is expected to chaiggficantlybetween 2021 and 2030.
Government of BusselsCapital Region has also developed its own regional secti@mefgy & Climate
Plart*®, Currently, Brussels Capital Region providesrgy subsidies to residential buildings (also to
industry and service sector buildings) which are allocated based on income level for renovation of
buildings.

Energy subsidy schem®rimes énergie 2018

A range ofheat pumptechnologies such aair-sourceheat pumps for the production of heat and/or

domestic hot water, geothermal heat pumps for production of heaplar thermal systems for the

exclusive production oflomestichot water, and hydrothermal heat pumps for production of heat are
supported throwgh this energy subsidy schemePrimes énergie 2018}. This subsidy is allocated

according to the income level and there are three level of subsidies possible:

9 .1aS AyO02YSY B € cTtInpndtH F2NJ aiAy3atsSa I yR
9 aARRtS AyO2YS&T Xn poodErpHH pTbD NI & A ¥ fOHF2 fory R €  n
couples

9 [ 26 AyO2YSY f € ooXpHpdoc F2N aiay3atsSa FyR r

The subsidy is increased by 10 % for residential buildings situated within a Housing and Renovation
Development AreaSolarwater heaters as well as heat pumps for the production of heat and sanitary hot
water can be supported by the energy subsidies.

For ®lar thermal system®r2017. I &S Ay O02YSY € LA I@nm Y% Ww yIRSNI ¥y ndzLJ
aARRES AyOo2MBuJ dizoIdwNmn MR e[ 2d nA Y BAYSY ¢ 0@DBAn LIS
YR € Hnn LIGeNamdunt oflthee Bubstdgp cannot exceed 50 % of the installation d¢osts.
residential buildings, the amount of the subsidy is calculated according toumder of flats benefiting

of the solar water heater.

For a&erothermal heat pumps in residential buildings for the production of sanitary hot wdee income:

€ MInnn LIBNBRRGSEAVQAYSY § 2 gy O2NNSENI R 4.5 edoynE LIS NI R ¢
of the subsidy for residential buildings cannot exceed 50 % of the installation costs.

For aerothermal, hydrothermal and geothermal heat pumps for heat production in residential buildings
for2016. I &S Ay O02YSY ¢ ;Middlie meonSI¥S N RiGEEfRA §REASTA2AYSEY € n
dwelling The amount of the subsidy for residential buildings cannot exceed 50 % of the installation

costs. For service sector buildings, the subsidy amounts to 25 % of the eligible costs.

1“0 https://ec.europa.eu/energy/sites/ener/files/documents/ec_courtesy translation be necp.pdf
141 http://www.res-legal.eu/searckby-country/belgium/single/s/reshc/t/promotion/aid/national-subsidyprimesenergie2012/lastp/107/
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Subsidy (Aide a l'invessement)

This subsidy providéavestmentassistancdor companies which develognvironmentalprojects which
includes investrants in renewable energy systéth Eligible are investments in heat pumps for the
production of heat as well as biogas abidmass CHP and {generation plants for the production of
heating, cooling and electricity. Moreover, the eligible investment shall amount to atdeas00 and
shall concern investments planned hiit the Brussel€Capital region. The amount of the estment
assistance degnds on the size of the compariyticro and smalkenterprises 40 % of the eligible costs;
Mediumenterprises 40 % of the eligible costisargeenterprises 20 % of the eligible costs

The training centre of the Brussels capital regmnrently does not offer training programmes for
installers of renewable energy devices. However, training programmes are provided by several Walloon
and Flemish training centres and certificates issued by other EU members states are acknowledged by the
BrusselsCapital Regiofi®.

According to recent draft National Energy & Climate Plan, during the periodZIBt, the Brussels
Government will examine the issue of mains gas and consider the possibility of a ban on the installation
of cooking, heating andomestic hot water appliances that use natural gas or butane/propane from.2030
Government will alsevork with industry, the Federal Government and neighbouring Regions to develop
an action plan by 2030, with a view to phasing out the gas distributionoritim the Brussels region by
20504,

5.4 France

According to the Energy Market Barometer Regmublished byGrenoble Ecole de Managemétitwhich
explores the opinion of French Energy Experts repgbesthe residential building stodk the sector with

the highest potential to contribute to the French Energy Transition Targetg building codes and
subsidies will be the most important drivers for thermal renovation of buildi@gsnpared to other EU
countries, the average performance of its building stocterms of energy consumption is significantly
poorer. For example, the energy consumption péeirfor space heating for a French dwelling is 50% higher
compared to a Dutch dwelling when adjusted for differences in climate conditions

TheFrench government hasnumber of support schemes tecarbonise the heating sectofhe Heat

Fund (Fonds Chaleur) supports the production of heat through renewable energy plants as well as the use
of district heatindg*’. The Thermal Regulation 2012 also wiates to use renewable energies in family
houses®. It applies to all new buildings for which the building permit was filed after 1st January 2013.
Buildingsmust have primary energy consumption of belo@ BNhPE/m2/year on average which can
relate to consumption for heating, cooling, lighting, generating hot water and auxiliary systems (pumps

142 hitp://www.res-legal.eu/searckby-country/belgium/single/s/reshc/t/promotion/aid/brusselssubsidyaide-a-linvestissementl/lastp/107/
143 hitp://www.res-legal.eu/searckby-country/belgium/single/s/reshc/t/policy/aid/brusselstraining-programmesfor-installers/lastp/107/
44 https://ec.europa.eu/energy/sites/ener/files/documents/ec_courtesy translation be necp.pdf

145 hitps://en.grenobleem.com/sites/default/files/public/kcfinder/files/barometreenergieete-2018 EN. pdf

146 hitp://theconversation.com/francethe-road-to-a-low-carbonbuildingsectorby-2050will-be-a-long-one-103485

147The supply of heat through a district heating networks can be subject to a reduced VAT of 5.5%.

148 http://www.res-legal.eu/searckoy-country/france/toolslist/c/france/s/res-hc/t/policy/sum/132/Ipid/131/
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and ventilators). Furthermore, this threshold is modulated according to geographic location, altitude, type
of building use, average surface area of accommodationGi@ emissior®.

Generation of heat through renewable energy plantsalso promoted through energy subsidies, tax
regulation mechanisms as well as through the granting of a zero peittemést loanwhich are briefly
explained in next few paragraphs

An GA2yLFt LINRPINIYYS OFLtfSR GKIOAGSNI YASdzEE KIF & ¢
income in the thermal renovation of their buildingBhe National Agency for Housing (ANAAbence

Nationale pour I"'Habitat) is in charge of the implementationth&f support programme. This subsidy is

given in form of a premium, which can only be granted in addition to a subsidy of the National Agency for
Housing, provided the renovation works improve the energetic performance of the housing unit by at

least 25% fohomeownersand at least 35% for landlords and associations edwoers (compared to
conventional energy consumptiofiy

The production of heat from renewable energy sources is promoted through several tax inceAtives.
certain percentage of investments in renewable energy technologies can be dedumteithcometax -
calledthe tax credit programmeThis initially raruntil the end of 2012 but for certain installations it has
been extended until the end of 2019,

Hea generationinstallations in buildings are eligible for a reduced VAT wdigeh applies to services,
equipment and delivery.The purchase ofthese installationsby private individuals is indirectly
promoted.In order for the equipment to be eligible, it shall be delivered and installed by the same
company (either directly by this company or by a-sobtractor), and the equipment and the installation
works shalbe listed on the same invoice. The renewable energy technologies sholieas heat pumps,
fireplace inserts, wood burning stoves, solar water heaters are eligible under this séheme

The government has also introduced the zero percent interest loarhfmusing renovationwhere
reduced advancel cash paymentand interestmakes improvinghousing energy performancmore
affordable

In Francelocal authorities are responsible for the public distribution of heating & co8fing order to
promote the useof renewable energiespcalauthoritiesare entitled to classify heating networks located

in their area Grid classification is also a way of identifying zones in which any new installation must be
connected to the grid, providing that, in particular |least 50 % of the grid supply comes from renewable

or recovered enerdy* The Programmation pluriannuelle de I'énergie, PPE also sets out objectives for
2018 and 2023 for developing renewable energy and recovery within district heating and cooling which
are also listed in their National Energy Efficiency Action'Plasew and renovated buildings located

149 https://www.iea.org/policiesandmeasures/pams/france/nan¥®424en.php

150 hitp://www.res-legal.eu/searckby-country/france/single/s/reshc/t/promotion/aid/subsidy-aide-habiter-mieux/lasp/131/

151 http://www.res-legal.eu/searckoy-country/france/single/s/reshc/t/promotion/aid/tax-regulationrmechanismcredit-dimpot-
developpementdurable/lastp/131/

152 hitp://www.res-legal.eu/searckby-country/france/single/s/reshc/t/promotion/aid/tax -regulationmechanismsi-valueaddedtax-
reduction1/lastp/131/

153 hitps://ec.europa.eu/energy/intelligent/projects/sites/ie@rojects/files/projects/documents/ca

res_workng _group publication no 4 en.pdf

54 https://ec.europa.eu/energy/sites/ener/files/documents/CogenerationheatReportFrance _en.pdf

155 https://ec.europa.eu/energy/sites/ener/files/documents/CogenerationheatReportFrance _en.pdf
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within a classified area are obliged to be connected to the heating netWofthe application for the
classification of a heating network shall be subgtdtby the owner of the heating network. It shall contain

a feasibility study, as well as information regarding élsenomicand technological performances of the
heating network. The service area of the classified heating network is defined as a peweatpgment

area. Heat production plants with a capacity over 30 kW installed in new buildings as well as in buildings
subjected to significant renovations and located within priority development areas are obliged to be
connected to the heating network. THeeat production plant can only be connected to the heating
network if the connecting costs are below the tariffs set by the territorial collectives for each priority
development area. The costs related to the connection to a heating network as wellthe adllated
expenses shall be borne by the end consuttier

TheFrench government also has certification schemesdoewable energy technologigsktallations

and different types of training programmes for the installéfie main French certification agisation
AFNOR (Association Frarseade Normalisation) delivecertification labes'®® for heat pumpsincluding
aerothermal and geothermal heat pumgsiomass installations using wood charcoal, wood fuel, wood
briquettes and wood pelletand solar water heaterd.he label ensures the compliance to the French and
European Standards as well as to technical and other requirements set by the relevant standard
committee. The cost of these labellisations are borne by the applicantsder topromote the quality
installations,in the field of solar thermal energy, photovoltaic, biomass as well as heat pumps and
geothermal probes, the association Qualit'EnR was established in POi@&ssociation was established

for private households willintp install a renewable energy plant, with the aim to ensure them a quality
installation.Usually, the company of the installer bears the costs of the training progratime

There is also a qualification programme Qualibatwhich grants qualifications tgrofessionaldn the
building trade, including installers of renewable energy devices. Qualibat grants certification to the
professional installers of photovoltaic, solar thermal, geothermal and biomass d&?ices

In France, heatinig already consideredne of the priority area for sustainable development. The French
government set up theRD&D programmein 2010- a LYy @SadYSy da F2NJ GKS cCdzi
OaLYy@SaiAaas Wl ivascreated id@déritdNgramote the development ainovative

projectsin different areas, including the heating sectdhe French Energy Agency ADEME is responsible

for the implementation of the environmental and energy transitiomovation and the agency was

AN YGSR | 0dzRISH 2F € o do @djetts far zhg dekelbpmentswiismart2 & dzLJL
grid and renewable energies 2018, ADEMfartherrecSA SR | 6dzR3IASHG 2F € pnn YA
budget wouldtotal arounde T ¢ m *¥Q@nfthie hagis/of strategic roadmaps, the ADEME publishes call

for expression of interest for companies.

156 Renewable energy policy database and suppd*ES_EGAL EUROPE National profile: Frdnttge//www.res-legal.eu/searckoy-
country/france/

157 hitp://www.res-legal.eu/searckby-country/france/toolslist/c/france/s/res-hc/t/gridaccess/sum/132/Ipid/131/

158 http://www.res-legal.eu/searckoy-country/france/single/s/reshc/t/policy/aid/certification-programmesfor-res-installationsnf-
pac/lastp/131/

159 hitp://www.res-legal.eu/searckby-country/france/single/s/reshc/t/policy/aid/training-programmesfor-installersqualitenr/lastp/131/
160 http://www.res-legal.eu/searckoy-country/france/single/s/reshc/t/policy/aid/training-programmesfor-installersqualibat/lastp/131/
161 http://www.res-legal.eu/searckby-country/france/single/s/reshc/t/policy/aid/rdd -policiesfondsdemonstrateur/lastp/131/
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6. Keytechnologiesindpolicyconsiderationn leading
countries

This sectiompresentsthe key heat supply technologies for tdecarbonisatiorof the heatingsector.A list

of important heat technologiesvhich are under consideratiofor domestic heat decarbonisation is
summarised in Table 8.CHP, district heating and heat pump technologies are most widely discussed and
beingconsidered for policy support in these selected countries. To find out thepbastices and policies,

we looked at the countries that are ldang the implementation ofhese three keyechnologies. We have

also presented some market related statistics and discussed some of the barriers that these countries
have faced in promotinchese technologies.

Table 6.1: Key technologies for domestic heating decarbonisation

Technology Characteristics andplication

Cogeneration /Combine heat and
power

A micraCHP plant can be installed in an individual house to replace
gas centralheating boiler and provide the majority of the family
electricity needs in addition to heat and hot watdtere aredifferent

types here ¢ reciprocating engine (typical), mictarbine (not

commercial), Stirling engine (trials not fully successful), fusd cells
(requiring H or natural gaseforming)

District heating /Heat network It is a method of delivering thermal energy in the formhafat or hot
water through a network of highly insulated pipelinds.can help
integrate high levels a@HPwaste heat and renewableandcan provide
significant economies of scalén many countries it is seen as a meg
of both improving energy efficiency and renewable deploym#nt
District heating networks also have the greatest potential for
development of co-generatiort®,

Electrification of heating Heat pumps| Homes can have heat pumps supplied with electricityr heating
purposes

(0 Ground Source Heat Pumps and Air Source Heat Pumg
the two key available technologieSurface water sourcs
heat pump (harnessing energy from the sea, rivers, ca
and lakes) is also being recognised as key heat p
technology as it could be more efficient than air sou

heat pumpbecause river is warmer than the air in wintér
165

(i) Gas fired heat pump is another efficient heat pum
technology and it does not use harmful refrigerants |

162 https://ec.europa.euknergy/sites/ener/files/documents/l EN_ACT partl v14.pdf

163 hitps://www.sciencedirect.com/science/article/pii/S1364032116301149

164 https://www.cibse.org/getmedia/caafced@5484ecGb63b-55b237d49cab/CRA-guidefor-ownersvi-2-(no-bleeds).pdf.aspx
165 https://www.icax.co.uk/SWSHP.html
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electric heat pump%®, It canbe fully powered by bioga¥%'.
The other major differences with electrical driven he
pumps is that part of the heateleased by the engine i
recovered and used for heating the wat&t

(iii) Direct electrical resistance heating maso be viable
where excess renewably generated electricity is availal
particularly in conjunction with DHW storage. This sho
only be conglered when other technologies are not viab

Hybrid heat pumps (in combination | Hybrid heat pump system uses a combination of renewable en€

with gas boiler) biomethane, hydrogenand fossil fuels to heat the homelThis can
comprise eheat pump (ASHP or GSHP), arichditional gas, oil, or LP
fuelled boilef®.

Repurposing oéxistinggas grid for use Repurposing the gas grid to trdashigher proportions ohydrogenor

with hydrogen or biogas biogascould be a route to deliver extensive hadgcarbonisationWhile
hydrogen presents significant new challenges, the injection of
methane is a feasible early option.

Biomass boiler Biomass boilers can be used to fulfil domestic space heating anc

water requirement. Biomass fuelan be generated quickly from loc

agriculture and forestry activity although its sustainability in quest
because of air pollutionBiomass boiler has a slower response time
compared to oil or gas heating system andeitjuires more space an
more maintenanc&©17%,

S TEiE] The solar thermal technology could be ugedsupporthot water and

space heatinglemandeither directly in the building or via a district
heating network™273 While currently there is not much evidence as
large scale solution, it can nevertheless provide a source of heat in
scale GSHP storage systems.

For detailed policy analysis, we have considered only three key technoto@egeneration system
heat pump and district heating as these have been most widely considered technaogies the
identified country case studies

6.1 Combine heat andpower

166 https://www.gasnetworks.ie/home/gadenefits/naturatgasappliancefyasfired-heat-pump/

167 http://www.ehi.eu/heating-technologies/gaseat-pumps/

168 hitps://ec.europa.eu/energy/intelligent/projects/sites/iee

projects/files/projects/documents/proheatpump_report on_renewables and heat pumps.pdf

169 hitps://smartrenewableheat.com/blog/whats-hybrid-heat pump-systemduatfuel/

170 hitps://www.seai.ie/resources/publications/Biomad3oilersiImplementationGuide. pdf

171 https://www.seai.ie/resources/publications/Biomad3ile's-TechnologyGuide. pdf

172 https://vbn.aau.dk/ws/portalfiles/portal/265304574/IEA_SHC Task 52 STA_AAU_report 20170914.pdf

173

http://www.estif.org/fileadmin/estif/content/publications/downloads/Potential%200f%20Solar%20Thermal%20iE4@pe Full%20version.

pdf
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Combined heat and power, also known asgemeration system, is an approach applying to existing
technology which can produce heat and electricity in a single integrated sykteat.that is normally
wasted in conventional power generation is recovered as useful energy, which avoids the losses that
would otherwise be incurred from separate generatiofi heat and power. While the conventional
method of producing usable heat and power separately has a typical combined efficiency of 45 percent,
CHP systems can operate at levels as high as 80 p¥fdéniThere are usually two types of CHised

on operatig priorities¢ heat led and electricity led. CHPs are heat led in most cases and it means that the
plant runs when the heat is needed, and the resulting power can be fed to the grid, if supportive
regulations are in place.

CHP installation vary in typgepending on the end us¥f: very large installations, medium installations,
and smaliscale installations called mic@HPs. Micro-CHPs are mainly considered for domestic
applications and it meets the need for heat generation first with the secondaryugtdzking electricity.
Micro-CHPs arebeing consideredas future replacement of the present domestic heating systems,
typically with electric capacities of less than 50*%WUsually, wmlike typical CHP projectsjicro-CHP
projects are sized not to exceeedting requirements®,

The implementation of micrdCHP systems for residential space heating and hot water production is
becoming popular iseveral countriesgspecially in Germany, United Kingdom and the Netherfdhdss

per a recent study, gwth in domestic micrecCHP was strongecentlyin several European countries
representing 36% of European installed CHP capiachystriag Germanyand Fance.
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Fig6.1 why CHP is attractive? (Sourbéps://passivehouseplus.ie/articles/renewabknergy/newpower
generation

The main competing technologies for the mi€€&iP applications atiaternal combustion engine (ICE),
external combustion engin@CE)andfuel cells Although some micracale CHP technologies are primary

174 https://aceee.org/topics/combineeheatand-power-chp

175U.S. EPA (United States Environmental Protection Agency). 2013. CHP: Efficiency Benefits. http://www.epa.gov/chp/basiciefiici

176 hitps://www.fl ogas.ie/business/businedwating/chpcombinedheatand-power-systems.html

779 ) 09dzNBLISIY [/ 2YYA&&aA2Yy0d Hnnnd® G5ANBOGADGS wnnnkyk9/ 2F GKS 9dzNB LIS
Promotion of Cogeneration based on a Useful HeatbgifR Ay (G KS Ly dSNYyIlf 9y SNHe& al NJSd IyR ! YSYRAY
of the European Union 47 (52): 60.

178 https://understandingchp.com/overview/whais-chp/mico-chp/

179 COGEN Europe (Cogeneration Europe). 2005. The European association for the promotion of cogeneration. News archive.

180 http://kojenturk.org/uploads/dokumanlar/Key%20Note%20Speaker¥%20Hans%20Koreweg
Cogeneration¥2as%20Part%200f%20a%20Sustainable%20Energy%20Future.pdf
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used to convert fossil fuels, like the Internal combustion engine (ICE) and micro gas tiirlsiraso
possible to use these technologiadth renewable energy resourc& Among these échnologies, el

cells have better prospects in terms of performance, especially in terms of electrical efficiency. This
attribute will be more important in future CHP applications when the buildings thermal efficiency will be
very high and not much heagquirement would be there. In this case, when electricity efficiency will be
high, haiseholdscan generatenigher revenuesy selling electricity to the grif.

ACEEERAmerican Council for an EnerB¥ficient Economyfas conductedh study onthe envionmental
performance and economic feasibility of a 1 kWe internal combustion engine (ICE)ChiErgysterand
results havepresentd opportunities forsignificant energy costavings The analysis has reporteal
simple payback period of about 4.8 yeargile it hasbeenhighlightedthat both the running hours and
price of electricity have significant effects on the payback period of the prdyicto-CHPsigh initial
costs (when compared to high efficiency condensing boilare)reportedas the major factor hampering
market diffusior®s.

Micro-CHPs is emerging as a proven technology for energy savingmgindnmentalbenefits Srong
and stable support schemes in some market sucBasnanyand Slovenia have supported the uptake of
this technology in last few yearslowever, there are still significabarriers to the growth of the micro
CHP markein many countrie¥“

- Lack of awareness among consumers, installers, utilities and policymakers

- Micro-CHPs has not been considered in the assesit of CHP potential M S Y 0 StstBsQAn
approach to estimate the mic,k@HP potential in member states has been explained in a report
funded by Intelligent Energy Europdnich explains Ireland potential as wWéil

- Unstable and/or unfavourable regulatpframework (e.g. cumbersome grid connection in France
and elsewhere)

- Although EU commission, some of the natiogalernmentsand industries are committed to
reduce the cost ofnicro-CHPs, it is still very costly for residential usdtsere is not enouy
support for the upfront cost available to residential users.

CHP related data is available through EuroHeat Statf$timsd through CeaGen Europ¥’ . The best
practices related to CHP, not specifically mie@HR are organised according to the CODE2 regions and
are available onlin€® A summary of the potential of micf@HPs for residential applicatidny 2030is
presented in the table 6.2 beld{

181 hitps://www.ieabioenergy.com/wpcontent/uploads/2019/05/T32_CHP_Report 01 2019.pdf

182 hitps://read.oecdilibrary.org/environment/betterpoliciesto-supportecoinnovation/microcombinel-heatand-power-
generation_978926409668& en#page6

183 https://aceee.org/files/proceedings/2016/data/papers/1_8.pdf

184 hitps://www.slideshare.net/ COGENEurope/cogeurope-presentatioron-microchp

185 hitp://www.code2-project.eu/wp-content/uploads/D2.52014-12-micro-CHPpotentialanalysis_final.pdf
186 https://ec.europa.eu/eurostat/web/energy/data

187 http://kojenturk.org/uploads/dokumanlar/Key%20Note%20Speaker¥%20Hans%20Koreweg
Cogeneration%20as%20Part%2680a%20Sustainable%20Enerqgy%20Future.pdf

188 http://www.code2-project.eu/north-western-europeanregion/

189 http://www.code2-project.eu/wp-content/uploads/D2.52014 12-micro-CHPpotentiatanalysis _final.pdf
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http://kojenturk.org/uploads/dokumanlar/Key%20Note%20Speaker%20Hans%20Korteweg-Cogeneration%20as%20Part%20of%20a%20Sustainable%20Energy%20Future.pdf
http://kojenturk.org/uploads/dokumanlar/Key%20Note%20Speaker%20Hans%20Korteweg-Cogeneration%20as%20Part%20of%20a%20Sustainable%20Energy%20Future.pdf
http://www.code2-project.eu/north-western-european-region/
http://www.code2-project.eu/wp-content/uploads/D2.5-2014-12-micro-CHP-potential-analysis_final.pdf

Table 6.2Sales and stock of residential mig€#iP systems in the 030 according to the expected potential

scenario
Country | Sales in 203( Stock in 2030
Belgium 89 488
France 289 1323
Ireland 35 156
Netherlands 303 1843
UK 763 3717

Following are some of the key policies and strategies considered for promotioadmudion of micre
CHPs for domestic applicatio(Bource: OECD RepdftPhD thesis byArashRezaeiat?y). Germany has
the highest penetration of mick€HPs andome of theikey strategies aralso presentedThe regulatory
framework related to micreCHP application in Germany, sgapportive but at the same timeyery
complicated It dependson the applicationtechnology type, operating time of a plant, kind of fuel it uses,
output power of the plant and thewnership situation of the plant all influence the application of
regulations and can led to very different results.

- Supporting researchand demonstration programmes: Promoting andsupporting micreCHP
research activities in terms of technology, componenaterial and evaluating the overall system
performance in real operating conditions has been key stratagyding Germany, France and
US Research related to reliability assessment, consumer acceptance, impact of economies of
scale have also been camtted.

- Feedin-tariff and other regulatory supportThe most importanpolicy in Germany ithe CHP
Act which provides supports by the means of féedariffs andobliges the distributed network
operators to buy electricity from producers. In addition, there exist many supporting acts from
the central and state governments for encouraging investments and reducing the costs of
investment in micro CHP plantslicro-CHP owners receive a CHP bonus regardless of whether
they feed electricity into the grid or noln this waythe CHP Actlsoencourages the generators
to consume the generated electricity mostly internally rather than feeding it into the grid.
RenewableEnergy Heat Aéh Germanymandates theuse of renewable energy new buildings
built after 1 January2009 which provides conditions to usige biomass in a CHP plant and to
produce heat come via CHP unit. As an alternative, building owners are alsedtb cover the
heat demand of the building to at least 50% directly from kefficiency CHP plants as well as
district heating

- Loan and subsidy programes: Loan and subsidy progranes at the federal level, such as mini
CHP incentives and the Kivwcentive Progranin Germany provide support for investments in
micro-CHP but it has alsbeen reported that the terms andonditions and the application

190 hitps://read.oecdilibrary.org/environment/betterpoliciesto-supportecoinnovation/microcombinedheat-and-power-
generation 97892640966848-en#pagel7
191 https://d -nb.info/1082237868/34
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procedure is overly complicated. The role of the state governments is as important as that of the
federal government. At the state level, each German state propose attractive incentives for the
promotion of highly efficient technologieimcluding micro-CHR. The analysis shows that the
installed capacity of mick€HP in Germany is directly related to thmount of incentives
provided by each staté’.

- TaxincentveDSNXY I ye@Qa SySNHeé GFE fl1¢6 LINPOARSA az2vY$s
CHP until 2 MW with an efficiency of at least 70% in case their operating hours are more than 60%
of their annualcapacity. According to the Electricity Tax Law, small electricity producers with
production capacities of less than 2 MW, are exempt from paying electricity consumption taxes.
The tax exemption is only valid if the electricity is used for internal consampr directly
delivered to end usersThe value added tax aatso provides some support dghie owner of a
singlefamily house operates the CHP plant, a full deducim¥ATis usually possible

- Planning, governance ancbordination: Coordination vith different ste&keholders on developing
public andprivate investmens, strategic plans and roles of different stakeholders, developing
user trust, reducing uncertainty and creating consensas also been key policy instruments in
several countries.

6.2 District heating or heat network

There is a wide range wériation in thepenetrationof district heating across Europe. Denmark, Sweden
and Finland, with 5&80% of buildings supplied by districtdiag are the leading countries whereas the
countries suhb aslreland, Belgium, Cyprus, Spain, Greece, Madidugal, UK areither not connected or
onlyless than 5 % citizens arennected with the district heating netwot. In Ireland less than 0.8% of
heat demand is covered by district heating. g showvs the percentage of usemho had access to
district heating network for different countries of OECD in 2012.

Some of the policies adopted in leading countries have been discussed below:

- Stable policy andolanning: District heating requires a high degreé local regional or urban
coordination and planning. Policy continuity, financial support and the quality of the consumer
experience are reported as key characterises. For example, in UK;tetmoriand abruptly
changing policies have created uncertgirdand perceived risk for the local government and
businesse$*, and thereforethere has not been enough investment in skills and supply chains. It
has also raised the concerns about future risks to district healiritas been recommended to
include a pakage of policies rather than a single policy to support deployment of district heating.

A detailed and timely heat planning has been recognised as highly useful strategy by stakeholders
across a range of countries. In Denmark, local authorities are refjtiredevelop local heat
strategy identifying the current and future heat demand of buildings as well as heat sources along

192 https://d -nb.info/1082237868/34
193 hitps://www.sciencedirect.com/science/article/pii/S1364032116301149
194 https://heatandthecity.org.uk/poject/heat-and-the-city/
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with its socieeconomic benefit analys®. The Danish Heat Law of 1979 provide mandates to
local authorities to connect new buildings district heating. In Sweden, heat networks were
managed by municipalities and some of the district heating systems were later sold to national
and international utilities. Sweden, Germany and Norway have mandated local authorities to
create local heaplans and support district heating.

100%
90%
80%
70%
o 60%
8 50%
w
40%
30%
20%
10%
0%
@R e DA DA PR AL RS D O
3‘}5\ \«;;5‘\ (030 > & 5;9\ & 3 \Qo {(@? ngo <& {_o"e'\;e’)‘-“\ 5&"\\ B & 0\’°° 6@5\\ _::S"\ “@9\ & \\'a(\ Qabo
v-%\:-c,Q_Q,Qng DA AN SN & \.§_("$\Qf‘ OQq_oc}oc}of_’@éQE{_\o
& oy ¥ 9 {@"b
< &‘Q‘z’ \)0

Fig6.2: Percentage of citizens who have access to district heating networks in 2012

Investment subsidiesDistrict heating is capital intensive. It needs suppoterms of investment
subsidies which can be provided as a grant or laanwell asongoing financial incentives.
Stakeholders from countries where district heating is not significantly develbped reported
investment grants for network development aghly important®®. Germany, Sweden, Norway
and Netherland have seen significant investment during last couple of decades. Investment
subsidies have been widely involved in the development of district heating post liberalisation.
t N} 3dzSQaQ Ryst@m ibldindsial a Buicki of iy Blevelopment has taken place with no
subsidy or grant. In Norwaynvestmentsubsides have been the most important measure for
expanding district heating and investmented9 million were made during 206@8.In Germany,
investment subsidies for heat networks are available based on the length and diameter of pipes
which has encouragesignificantinterest in planning and beginning work on district heating.

https://www.researchgate.net/publication/311809970 Best practice in_heat decarbonisation policy a review of the international_experi

ence of policies to promote the uptake of lexarbon heat supply

196 https://www.euroheat.org/wp-content/uploads/2016/04/Ecoheat4EU_Best Practise Support Schemes.pdf
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- Waste heat related regulationsMandatory regulations requiring thuse of waste heat and its
coordinated planning can also encourage the development of district hé&tiighas been very
successful in Norwayhere waste accounts for the major share (60%) of the total energy input
used for district heat production in 2015, and it has been major energy input since thREIS(.

The waste landfill ban was introduced in Norway in 2009, and this has been artantpdniver

for waste incineration plant investments, and the use of waste in district heat proddt&idm

Sweden, the available waste heat from industry was an important factor for district heating
development in some townsuch as Gotherburg, where 308bthe district heat is waste heat

FNRY AYRdAzZAGNE Yl Ayf & TNRY Sfbsides tvadaiso donsitered NB S Y Q3
important to recover waste heat from industri@$

- Technical standarg Technical standards are importaas they provided the basfer mutual
trust between different stakeholdersHaving design standards for district heating system will
reduce the risk and umgtainty of the projects. CIBSE (Chartered Institution of Building Services
Engineers)has provided gidelines regarding fedslity, design, construction, installation,
operation and maintenancegnd customer obligations for heat netwofRs Technical standard
will also help creating a national market for standard products for the heat networks. In Sweden,
Swedish District Heating Association played an important role in setting performance and
interoperability standards.

- Pricing mechanism ahconsumer protectionPrice regulation can increase consumer confidence
in district heating® Some of the district heating leading countries such as Iceland, Norway and
Denmark have already regulated prices whereas in Finland and Sweden heat priced are no
regulated. Different approaches have been adopted for price setting in different coufitries
Sweden has also mandated through law for the price transparency of the district heating and they
have set up an independent District Heating Board for dispugelution. Germany already has a
standard framework for district heatg related business conditions amtntacts since 1980
which still continues toprotect consumers.Price regulation and other consumer protection
mechanism have been suggested for the minies where district heating is not yet developed,
and heat planning is being used to support the infrastructure planning and develoffhent
A specific district heating marketing campaign in Sweden has been very successful in turning
consumer interests twards district heating. Compani@s Sweden had several meetings with
local residents, arrange with the bank to offer attractive loans and having regular demonstration
vehicles to show the prospective consumers how district heating opéefates

197 Organisation and governance of urban energy systems: district heating and cooling in the UK. Journal of Cleaner Prodaati®h, 5
1%8Nordic Heating & Coolifg 2 NRA O ! LILINR2F OK G2 9! Qa 1 SHGAy3a g /22t Ay3 {GNrGS3e
199 Nordic Heating & Cooling 2 NRA O ! LILINRBF OK (2 9! Q& I SIFGAy3 g /22fAy3a {GNrGS3e
20 |ntroduction and development of the Swedish district heating syste@ritical factors and lessons learned, Lund University

201 hitps://www.seai.ie/resources/publications/2016 _RDD_79. Guide District Heating @ODEMA.pdf

202 hitps://setis.ec.europa.eu/system/files/1.DHCpotentials.pdf

203 hitps://norden.diva-portal.org/smash/get/diva2:109896 1/FULLTEXTO1.pdf

204 hitp://www.ukerc.ac.uk/programmes/technologgnd-policy-assessment/bespracticein-heatdecarbonisatiorpolicy.html

205 htps://www.researchgate.net/publication/227412975 Influencing Swedish_homeowners to adopt district _heating_system
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6.3 Heat pumpechnologies

The progress of heat pump market, as expressed by sales of heat pump, is very mixed. On this basis,
mature market can be identified as France, Finland, Germany, Norway, Switzerland, Sweden, Austria
while the UK, Netherlargl Czech Republic, Rad and others are the developing markkey actors

in the formulation and implementation of policies to support heat pumps include government,
utilities, trade associations, installers, manufacturers, the building sector and research institutes
CountrtSa 6 KA OK | NB KSI G LidzYL) YI NauBahgad rEserireS dliBh aik 2 Y Q
Finand, Sweden and Switzerlanginland and Sweden have also high insulations levels due to climatic
conditions which makes it very suitable for heat pump technologi@sintries like UK and the
Netherlandwhichhave high gas connections and high geservesare workingtowardsintroducing
supportive policies for heat pump technologi&ome of the countries likeran®, Germany and Italy

have a higtpenetratiors of natural gas connection anadlsohavehigh deployment of heat pumps

To get an indication of the selected countriegsydlopment of heat pump sales over the year between
20062014 is shown in thedble 6.3% andunits sold by country in 19 EU countries ah®wn in Fig

6.2 where it can be seen th&rancehas significantly majocontribution as compared to other
countrieswhich is presumably because of low carbon electricity due to nuclear capacity on the grid

Table 6.3: Development of heat pumps sdfesn 20062014

Country | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014
Belgium 101% [ 73% | 22% | 2% -15%
France | 7106 | 20% | 71% | -12% | -31% |18% | 2% 8% 27%
Ireland 43% | -15% | 13% | 9% 54%
Netherlands 7% 47% 20% 4% 10% -3% -15% -8%
UK
149% | 103% | 125% |92% |14% |-1% |-3% |-1% | 6%

206 hitps://www.ehpa.org/fileadmin/red/07. Market Data/2014/EHPA European Heat Pump Market and Statistics Report 2015
executiveSummary.pdf
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Fig 6.22018 units sold by countrl9EU countries (Source: EHPA
Some of the key policy support from the leading countries are presented below:

- Financial supportSimilar to other technologieshe high capital costs for heat pumi3&is the
primary barrier for the marketiptake.Especiallyin the case ofjround source heat pumwhich
is approximately three to five times higher than air source heat puitrip considered as one of
the major barrier The additional cost for the ground sowdeat pump installation comes from
the costs of digging a ground loop into the land outside a property to absorb the heat from the
ground. Despite the greater upfront cost of installing a ground source heat piingmore
efficient when it comes tdeating the homé&”. It is also important to note that air source heat
pump is much more dependent on climate factors, it would have to work harder to produce heat
when the outside temperature is lower.

All the government that are leading heat pump insations provides suppoih terms of grants,
subsidies, tax exemptionghich significantly help reducing the initial cost of equipment and its
installation. Tax breaks on labour costs and capital grants to cover a certain portion of the
installation costhas been the two most common financial incentives to support the uptake of
heat pump$'°. Sweden has implemented investment subsidies to incentivise the replacement of
directelectric heating with heat pump technologi€wiss government had also introducedut

it was discontinuedvithin only two years.lIt is also important to highlight here that investment
subsidies have been criticised severely. According to a survey conducted in Switzerland, 85% of

207 hitps://www.ehpa.org/marketdata/marketoverview/

208|n some cases, there is also a need of high level investments to make the homes ready for heat pump technologies.
209 hitps://www.energysavingtrusbrg.uk/blog/airsourceheatpumpsvsgroundsourceheatpumps

210 htp://www.ukerc.ac.uk/programmes/technologgnd-policy-assessment/bespracticein-heat-decarbonisatiorpolicy.html
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