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The ENTRANZE project

The objective of the ENTRANZE project is to actively support policy making by provid-
ing the required data, analysis and guidelines to achieve a fast and strong penetration
of NnZEB and RES-H/C within the existing national building stocks. The project intends
to connect building experts from European research and academia to national decision
makers and key stakeholders with a view to build ambitious, but reality proof, policies
and roadmaps.

The core part of the project is the dialogue with policy makers and experts and will fo-
Cus on nine countries, covering >60% of the EU-28 building stock. Data, scenarios and
recommendations will also be provided for EU-28 (+ Serbia).

This report documents model based scenarios for the heating, hot water, cooling and
lighting energy demand under different policy frameworks. The scenarios were dis-
cussed in close contact with policy makers in the all ENTRANZE target countries,
which are AT, BG, CZ, DE, ES, FI, FR, IT, RO. For these target countries, which cover
more than 60% of current energy demand in buildings, we show detailed results. The
results for other countries are documented in a more aggregated way.

Acknowledgement:

The authors and the whole project consortium gratefully acknowledge the financial and
intellectual support of this work provided by the Intelligent Energy for Europe — Pro-
gramme.

Co-funded by the Intelligent Energy Europe
Programme of the European Union

Legal Notice:

The sole responsibility for the content of this publication lies with the authors. It does
not necessarily reflect the opinion of the European Union. Neither the EACI nor the
European Commission is responsible for any use that may be made of the information
contained therein.

All rights reserved; no part of this publication may be translated, reproduced, stored in
a retrieval system, or transmitted in any form or by any means, electronic, mechanical,
photocopying, recording or otherwise, without the written permission of the publisher.
Many of the designations used by manufacturers and sellers to distinguish their
products are claimed as trademarks. The quotation of those designations in whatever
way does not imply the conclusion that the use of those designations is legal without
the consent of the owner of the trademark.

ENTRA ;
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

Content
The ENTRANZE ProjeCt ......cccoeeieiiieieie e cessssss s ss s s sssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnsennes 3
070 01 1= o | P 4
I B o T T L= PSSR 6
= o 8 = ] == 10
EXECULIVE SUMMANY .....oeeciiiiiicccccceecriir s sssce e e s s s s ssn s e e s s s s s smnn s e e e e s s s s mnn e e e e e s sn s snnmnnnnenesnan 12
TN 1411 o T [T 1 e o 14
2. POlICY PACKAQES.....cccccrccr s s s nan 16
3. Methodology ..o ———— 22
3L INVEIMEE-LAD..coiiee e 22
3.1.1 Coverage and data SIIUCIUIE .........ccoiiiiieiiiiiee et 22
3.1.2  MOAEI SIIUCTUIE ..ottt e e e e s e e e e e e e nnaes 23
3.1.3 Basic approach and methodology ...........cocoeeiiiiiiiiiiiiiieeieee e 24
3.1.4 General approach of modelling policy instruments in Invert/EE-
Lab 25
3.1.5 Modelling approach for cooling in Invert/EE-Lab...........ccccooeviiiiiiiiiiiiiiieiennn, 26
3.1.6 Modelling approach for PV in InVert/EE-Lab ............ccccceeiiiiiiiiiiiieiiieeeee 27
3.1.7 Modelling approach for lighting in Invert/EE-Lab............ccccoooiiiiiiiiiiiiiiiiinn, 29
3.1.8 Key input data to the Model...........ccoocuiiiiiiiiiiii e 31
3.1.9 Outputs from INVErt/EE-Lab.........ccooooiiiies 31
G 2 = o [ SO 32
3.3 Input data and drivers for INVErt/EE-Lab ...........cccccoii s 33
3.4  Modelling ambient heat according to the renewable energy directive ...................... 39
4. Scenario results for target countries...........ccoooiiiiiiircin e ———— 43
4.1  Aggregated results for ENTRANZE target COUNLHES. .......covveeiiiiieiiiiieeeeeiiiiieeeeeenn 43
4.2  Comparative analysis of COUNtIY reSUILS ...........cooeiiiiiiiiiiiiiieee e 45
4.3  Energy carrier mix and share of renewables.............cccooiereiiiiiiic e 54
R O @ P =Y 1 ¢ [FS1] 0] 1 57
4.5 Investments, public expenses and fuel COStS..........ooviiiiiiiieiiiiciee e 60
4.6 Scenario Summary DY COUNTIIES ......ccoeeieiiieiiece e 65
5. Scenario results for EU-28..........cciiiiiiiiicriiriinsssccscere s s sssssssssmsse s s s sssssssssmse s e s sessssssanmnnnes 75
6. Uncertainties, open questions and outlooK...........cccccciiiiriririrrrcrrrcrcrrrcrrr s 83
S A O [ Vo =T o = 1 1= PRSI 83
6.2 Feedback of the building’s energy demand on electricity markets: the case
(o) 1 =1 g (ol U UP TP PUPRPPT 87

ENTRA :
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

LS TC T @ U1 o To G N

=Y =] (= e

ENTRA ;
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

List of figures

Figure 1. Disaggregated modeling of the building stock within each country. Where

relevant, climatic zones are taken into account within a country...............cccceeeeee. 23
Figure 2:  Overview structure of Simulation-Tool Invert/EE-Lab.............ccccvveveeeiiiiiciiieeeeeenn 24
Figure 3:  Overview structure of POLES ...........ooi i 33
Figure 4: Residential and tertiary energy price scenarios for EU27 average

reference scenario (left) and ambitious scenario (right) ..o, 35
Figure 5. EU-27 CO, emission content in power production until 2050..........cccccceevviivviiieeeeenn. 38

Figure 6. Calculated seasonal COP if the whole German building stock would be
equipped with heat pumps (calculated for a scenario result in the year

Figure 7. Calculated seasonal COP if that part of the German building stock, where
COP values > 2.5 may be achieved, would be equipped with heat pumps
(calculated for a scenario result in the year 2040)...........coooeiiiiiiie 40

Figure 8. Share of ambient heat accounted in the scenario results............cccccoviiieniiineniinenen, 41

Figure 9. Share of ambient heat from air source heat pumps in reference scenarios for
ENTRANZE target CONIES ... ...oviiiiiiiieiiiiie ettt 41

Figure 10. Share of ambient heat from ground source heat pumps in reference
scenarios for ENTRANZE target CONIES .......covuviiiiiiieiiiiiieee et 42

Figure 11. Final energy demand for space heating and hot water, cooling and lighting
in ENTRANZE target countries in 2008, 2020 and 2030, Policy Scenario
1, [OW €NErgy PriCe SCENANO .....uuuuuuui s 44

Figure 12. Final total energy demand for space heating and hot water in residential
and service building sectors in all ENTRANZE target countries in 2008,
2008 and 2030, Policy Scenario 1, low energy price SCENArio ..........ccceeevrvveeennnen. 45

Figure 13 Savings in final energy demand for space heating and hot water in tar-get
countries in three policy scenarios, from 2008 to 2020, low energy price
(o1 =] o F- 1o PO URP TR POPPP 46

Figure 14 Savings in final energy demand for space heating and hot water in target
countries in three policy scenarios, from 2008 to 2030, low energy price
LS =1 - Lo S a7

Figure 15 Savings in final energy demand for space heating and hot water from 2008
and 2030 and cumulate renovation rate from 2008 to 2030, low energy
O] o] o =T o P-4 o T PP PP PR 50

ENTRA ;
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

Figure 16 Savings in final energy demand for space heating and hot water from 2008
and 2030 and cumulate renovation rate from 2008 to 2030, high energy
O] oI od =T = 4 o 1 PR 50

Figure 17 Share of cumulated deep, medium and light renovated floor area on the
total floor area in 2030, in three policy scenarios in target countries, low
ENETGY PrICE SCENATO .. .eeiiiutiieeiiitite et e ettt e e e et e e st e e st e e e s snbe e e e e aaneas 51

Figure 18 Specific final energy demand per floor area for space heating and climate
corrected specific final energy demand per floor area for space heating in
target countries in 2008, 2020, 2025 and 2030 in scenario 1, low energy
L[0T O PO PP PP PP PUPRP P 53

Figure 19 Electricity demand for space cooling per cooled floor area and share of
cooled floor area from 2008-2030 in policy set 1 — low energy prices ................... 54

Figure 20 Share of energy carriers on the total final energy demand and reduction of
final energy demand in target countries in three policy scenarios, low
L= 0= 0 VN o [ = PPt 56

Figure 21 Total installed on-site PV collector area, Mm? and total PV-electricity
generation, TWh in ENTRANZE target countries in 2008, 2020 and 2030,
in policy scenario 1, 2 and 3, low energy price SCENArio ..........cccveervereeiiiereennnnne. 57

Figure 22 CO,-emissions caused by space heating, hot water, cooling and lighting and
RES-H share. Policy scenario 1, low energy priCes. ......cccvveururieeinieeeeinnieeennineeens 58

Figure 23 CO,-emissions caused by energy demand for space heating, hot water,
cooling and lighting and RES-H share. Policy scenario 2, low energy
PGS e 59

Figure 24 CO,-emissions caused by energy demand for space heating, hot water,
cooling and lighting and RES-H share. Policy scenario 3, low energy
L[ TP UUPRTP 59

Figure 25 Savings in final energy demand for space heating and hot water from 2008
and 2030 and total investments in renovation per total building floor area
from 2008 t0 2030, |OW ENEIQY PrICES...uuuurrrrrrerrrrrererrrrereeeererrerersrrersrerererrrerere... 61

Figure 26 Savings in final energy demand for heating and hot water from 2008 to 2030
and cumulated public expenses in renovation per total building floor area
from 2008 to 2030 (Iow energy PriCe SCENANO) ......ceeeiiuureeeiiiiieeeiiiieeeiieeeeesieeeeeanes 63

Figure 27 Total cumulated expenses and total cumulated public expenses in building
renovation from 2008 to 2030 per total renovated floor area in 2030, in all
three policy scenario in ENTRANZE target countries, low energy price
o1 = T S PP TPRR 64

ENTRA 7
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

Figure 28 Final energy demand for space heating, hot water, lighting and cooling in
2008 and in 2030 in EU-28 in policy scenarios 1, 2, 3. .....ccccoviiieeiiiiieeeiiieee e 76

Figure 29 Final energy demand for space heating, hot water, cooling and lighting by
energy carriers in EU-28 in policy scenarios 1, 2 and 3. .......cccccceeeiiiieeeiniiee e, 77

Figure 30 CO,-emissions caused by energy demand for space heating, hot water,
cooling and lighting by energy carrier in EU-28, in policy scenario 1, 2
and 3, low and high energy price SCENAIIOS ........ccceeviiiciuirreeeeeisiiiiirereee e e s e snneeeeeeas 80

Figure 31 Renewable energy share on the total final energy demand for space heating
and hot water in EU-28 in policy scenario 1, 2, 3, low and high price
ESYoT=1 3 = 5 o R PPN 81

Figure 32 Total cumulated investments in building renovation from 2008 to 2020 and
from 2008 to 2030 and total cumulated public expenses (invest-ment
subsidies and soft loans) in building renovation in EU-28...............cevvvvivvveveveineennns 82

Figure 33: Electricity demand in residential sector in POLES compared to Invert/EE-
Lab Policy scenario 3, Nigh PriCe ... 88

Figure 34: Electricity prices in residential SECION ............cioiiiiiiiiiiii e 89

Figure 36 Final energy demand for space heating and hot water, cooling and lighting
in ENTRANZE target countries in 2008, 2020 and 2030, Policy Scenario
1, high energy priCe SCENAIO........uuuuuuiei e 96

Figure 37 Final total energy demand for space heating and hot water in residential and
service building sectors in all ENTRANZE target countries in 2008, 2008
and 2030, Policy Scenario 1, high energy price SCENArio..........ccceeevvviveeiniieeeennnn. 96

Figure 38 Savings in final energy demand for space heating and hot water in tar-get
countries in three policy scenarios, from 2008 to 2020, high energy price
(o1 =] o T Lo PO UPP TP POPPP 97

Figure 39 Savings in final energy demand for space heating and hot water in tar-get
countries in three policy scenarios, from 2008 to 2030, high energy price
RS =] - o RSP 97

Figure 40 Share of cumulated deep, medium and light renovated floor area on the
total floor area in 2030, in three policy scenarios in target countries, high
LT l=T 0 VA o [T =] o = 4 o TP 98

Figure 41 Specific final energy demand per floor area for space heating and cli-mate
corrected specific final energy demand per floor area for space heating in
target countries in 2008, 2020, 2025 and 2030 in scenario 1, high energy
O] o] o =T o P-4 o T PP PP PR 99

ENTRA ;
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

Figure 42 Share of energy carrier on the total final energy demand and reduction of
final energy demand in target countries in three policy scenarios, high
(== 0 ) AN o] (o =

Figure 42 Total installed on-site PV collector area, Mm? and total PV-electricity
generation, TWh in ENTRANZE target countries in 2008, 2020 and 2030,
in policy scenario 1, 2 and 3, high energy price scenario...........ccccecvveerrvveeennnne.

Figure 43 Savings in final energy demand for space heating and hot water from 2008
and 2030 and total investments in renovation per total building floor area
from 2008 to 2030, high €Nergy PriCeSs .......ccoiviiiiiieiiee e

Figure 45 Savings in final energy demand for heating and hot water from 2008 to 2030
and cumulated public expenses in renovation per total building floor area
from 2008 to 2030 (high energy priCe SCENANIO) .......ccovurrreriurrieiiiieee e snieeens

Figure 46 Total cumulated expenses and total cumulated public expenses in building
renovation from 2008 to 2030 per total renovated floor area in 2030, in all
three policy scenario in Entranze target countries, high en-ergy price
LSYol=T 4 = o TP PPPSRUPPRPPPPPPPPRt

ENTRA ;
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

List of tables
Table 1: Selected policy packages for model based scenario development....................... 17
Table 2: Considered lighting teChNOIOQIES .......cccii i 30

Table 3. Energy price scenarios, Domestic Prices (€05/MWh) (average), Residential —
Services, High/ambitious price SCENAIIOS .......cceeeiiiiiiiiiiieee e 36

Table 4. Energy price scenarios, Domestic Prices (€05/MWh) (average), Residential —
Services, LOW/Reference price SCENAIIOS. .....uuvieeeiiiiuiiieieeeeeiiiiireee e e e e e sssrnrnereeee e 37

Table 25 Final energy demand for space heating and hot water in EU-28 and Serbia in
2008, 2020, 2030 in policy scenarios 1,2,3, low energy price scenario ................. 78

Table 26 Final energy demand for space heating and hot water in EU-28 and Serbia in
2008, 2020, 2030 in policy scenarios 1,2,3, high energy price scenario................ 79

Table 7 Austria: Final energy demand for space heating, hot water, cooling and
lighting by energy carrier and PV-generation ................ccccco e 104

Table 8 Bulgaria: Final energy demand for space heating, hot water, cooling and
lighting by energy carrier and PV-generation ................cccccoeiieeee 105

Table 9 Czech Republic: Final energy demand for space heating, hot water, cooling
and lighting by energy carrier and PV-generation .............ccuevvveveeeveeeeeeeeeeeeenenennnns 106

Table 10 Finland: Final energy demand for space heating, hot water, cooling and
lighting by energy carrier and PV-generation ................ccccccceii 107

Table 11 : France: Final energy demand for space heating, hot water, cooling and
lighting by energy carrier and PV-generation ................cccccci 108

Table 12 : Germany: Final energy demand for space heating, hot water, cooling and
lighting by energy carrier and PV-generation ................cccccci 109

Table 13 Italy: Final energy demand for space heating, hot water, cooling and lighting
by energy carrier and PV-generation............ccccoe e 110

Table 14 Romania: Final energy demand for space heating, hot water, cooling and

lighting by energy carrier and PV-generation ................cccccci 111
Table 15 Spain: Final energy demand for space heating, hot water, cooling and

lighting by energy carrier and PV-generation ............ccccueeeieeiinniiiiiieeee e 112
Table 16 Austria: Renovation and investment iNdiCAtOrs .........cuvvveiiiiieiiiiiie e 113
Table 17 Bulgaria: Renovation and investment indicators..............ceoeeeeiiiiiiiiiiiee e 114
Table 18 Czech Republic: Renovation and investment indicators............ccccvvvveeeveiicciiienneeennnn 114

ENTRA 10
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

Table 19 Finland: Renovation and investment iNdiCAtOrS ..........ccccvcveriireriee e 115
Table 20 France: Renovation and investment indiCators ..........c.ueveiieiieiiieie i 115
Table 21 Germany: Renovation and investment indiCators ..........cccccceeeviiciiieieee e 116
Table 22 Italy: Renovation and investment iNdiCAtOrS. ..........ooviiiiiiiiiie e 116
Table 23 Romania: Renovation and investment indiCators..........ccoccvvieveiee e 117
Table 24 Spain: Renovation and investment iNndiCators ...........cccuvviiiieeen i 117

ENTRA 1
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

Executive Summary

ENTRANZE created a policy ‘laboratory’ to develop and analyse the potential impact of
national strategies and policy sets to achieve targets regarding the implementation of
nearly zero energy building (nZEB) standard and increase the energy performance of
the building stock. A key element in this process was the development of scenarios of
building related energy demand and renovation activities under different policy packag-
es. This report provides an overview of selected policy packages and their potential
impact in several EU Member States.

The scenarios cover the whole EU-28. However, not all activities were carried out at
the same level of detail for all Member States (MS). In nine ENTRANZE target coun-
tries, the selection of policy packages was carried out in close cooperation and discus-
sion with policy makers in a continuous dialogue. Although the specific design of poli-
cies differs by countries, there is a common logic: Scenario 1 refers to a moderate am-
bitious scenario according to current national and EU legislation, Scenario 2 and 3 are
more ambitious, innovative and stringent policy packages. The results of the model
based scenario development was discussed with these national policy groups and ex-
perts and led to iterative improvement and adaptation of policy assumptions. These
ENTRANZE target countries are Austria, Bulgaria, Czech Republic, Finland, France,
Germany, Italy, Romania and Spain covering in total more than 60% of the EU building
stock and all important climate regions.

The development of scenarios for space heating, cooling and lighting was based on
two complementary models: Invert/EE-Lab and POLES.

Scenario results and derived policy recommendations for each target country are de-
scribed in detailed country reports’. Moreover, overall policy recommendations appli-
cable to all EU Member States and to the European Commission have been developed
in the report “Policies to enforce the transition to nZEB: Synthesis report and policy
recommendations from the project ENTRANZE.”

According to the model results for EU-28, the current policy framework could lead to
savings of about 20%-23% of final energy demand and about 25-30%? of delivered
energy® from 2008-2030. In contrast, policy scenario 3, with more ambitious policies,
but still not the maximum of achievable effort and policy innovation, would lead to sav-
ings of 29-31% in final energy and 36%-39% in delivered energy. Due to high fuel

! Available at www.entranze.eu/pub/pub-scenario.

% Ranges indicated in this paragraph refer to the two energy price scenarios.

® Where delivered energy is defined as total final energy demand minus solar thermal and am-
bient energy.
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costs, heating oil systems are more and more being phased out in all scenarios. How-
ever, natural gas still plays a crucial role up to 2030, though with different intensities.
Almost 50% of final energy demand for heating and hot water is covered by natural gas
in 2008, (about 1900 TWh or 165 Mtoe). According to Invert/EE-Lab scenarios, the
business-as-usual framework could reduce natural gas demand in 2030 by about 21-
31% and under policy scenario 3 by almost 36-45%. Thus, energy dependency regard-
ing natural gas could be halved by 2030.

In particular, for consistency with long-term targets, a high renovation depth is crucial.
The share of deep (“nZEB”) renovation in the renovation activities increases in our
scenarios to only about 25% under BAU-policies and to about 50% under policy sce-
nario 3. Although 50% of deep (“nZEB”) renovation would be a strong improvement
compared to the current state, we want to emphasise that the remaining 50% are
locked-in for more substantial improvements until the middle of the century. Thus, the
activities to improve high quality renovation, leading to substantial savings per floor
area, have to be substantially increased.

The current policies implemented for lighting energy efficiency is expected to reduce
lighting energy consumption in our scenarios by about 20% from 2008 to 2030. These
savings however could be more than doubled with even more stringent and more ambi-
tious measures.

In contrast to the considerable savings in space heating and lighting energy demand,
which could be achieved, cooling energy demand is increasing in all scenarios (by
more than 110% for EU-28 from 2008 to 2030). This is mainly related to an expected
increase in comfort demand in accordance with developments in recent years. How-
ever, with a stringent implementation of efficiency measures (mainly shading, but also
the efficiency improvement of chillers), this increase could be reduced.

The strong phase-out of heating oil and coal in the building sector, which could occur in
the coming decades (partly due to environmental and climate policy considerations and
partly due to higher comfort requirements and high fuel prices) and the expected move
towards the decarbonisation of the electricity sector* leads to a reduction of total CO,-
emissions for heating cooling and lighting from 43-50% in policy scenario 1 and 50-
57% in policy scenario 3 from 2008 to 2030.

* CO,-emission factors for electricity generation have been developed with the model POLES
and corresponding scenarios. For more details see the ENTRANZE report “Policy pathways
for reducing the carbon emissions of the building stock until 2030”.
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1. Introduction

What is the potential impact of various policy packages on future energy demand CO,-
emissions and RES-H share in the building sector? How to upscale energy renovation
activities in the building stock at faster pace and higher energy savings? How strong is
a certain policy option to deliver towards an already committed target? What combina-
tion of policies is more efficient in delivering a target? What are the key, fundamental
differences of various policy packages regarding their impact and what are the conclu-
sions for effective and efficient policy making?

These questions were the basic motivation of the project ENTRANZE for developing
policy scenarios for enhancing the nZEB activities in buiding sector of the nine target
countries and EU-28. For this purpose, within a continuous dialogue with policy makers
and stakeholders we defined tailor-made policy sets on each country covered by the
project. For these policy sets, scenarios have been developed by the model Invert/EE-
Lab model while the overall energy system context had been defined with the POLES
model.

This report documents methodological aspects and selected results of the scenario
development. The project covers the whole EU-28. However, not all activities were
carried out at the same level of detail for all member states (MS). The key target coun-
tries (i.e. Austria, Bulgaria, Czech Republic, Finland, France, Germany, Italy, Ro-
mania, Spain) cover more than 60% of the EU building stock and all important climate
regions.

The scenario development was closely linked to the policy process and the other re-
sults and analyses undertaken in the project ENTRANZE such as the followings:

- The policies to be modelled were selected by the policy groups established in
each target country.

- The results of the scenarios were discussed in the policy groups and with other
national experts in each target country. The outcome of this discussion process
was used to revise the policy and modelling assumptions in an iterative process
leading to revised and well based, broadly accepted scenario results.

- The building stock data builds on the data collected in the project ENTRANZE
and presented in the online data tool and the national reports on the building
sector and energy demand in target countries®.

- The results of the stakeholder analysis, related barriers and decision criteria of
building owners carried out in the project ENTRANZE (Heiskanen and
Matschoss, 2012; Heiskanen et al., 2013) were taken into account in the tech-

® http://www.entranze.eu/pub/pub-data
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no-socio-economic modelling of decision making regarding building renovation
and heating system investment (Steinbach, 2013a).

- The cost data collected (Fernandez-Boneta, 2013) for the ENTRANZE target
countries then form the basis of the economic part of the scenario development.

- From the results of the cost-optimality calculations (Pietrobon et al., 2013 and
Fernandez-Boneta, 2014) we derived three levels of renovation packages: light
renovation (standard, typical case of thermal renovation), medium (cost-optimal
standard) and deep (more ambitious energy performance than cost-optimal lev-
el, which could correspond to nZEB renovation). (Kranzl et al., 2014b; Kranzl et
al., 2014a). These three renovation levels are used as technological options
within the model Invert/EE-Lab.

In addition to this report, the results of the policy scenarios are accessible via an
online-scenario tool, allowing to display aggregate figures as well as detailed results.
Moreover, for each target country there is a report available presenting the policy sce-
narios and key recommendations on country level®.

The objective of the scenario development is not a prediction of future energy de-
mand in the building stock, nor to identify maximum or economic potential for improving
the energy performance. Rather, the objective of the scenario development is to show
the potential future impact of pre-defined policies which are the result of an in-
depth discussion process with policy makers. Thus, the modeling of policies should
help to derive policy recommendations supporting consequent policy decisions.

The report starts with a description of analysed policy packages in chapter 2. Chapter 3
documents the key methodological aspects and sources for input data. Subsequently,
we present the results of the scenarios in chapter 4 for target countries and in chapter
5 for EU28. We conclude with a discussion of uncertainties, open questions and an
outlook in chapter 6. The annex includes detailed results of scenarios on country level.

Policy recommendations, which are based on these results are derived in the report
“Policies to enforce the transition to nZEB: Synthesis report and policy recommenda-
tions” (Kranzl et al., 2014d).

® See http://www.entranze.eu/pub/pub-scenario.
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2. Policy packages

Based on the discussion process with policy makers, experts and stakeholders, three
policy sets were selected in each target country. As described in the report “Policies to
enforce the transition to nZEB: Synthesis report and policy recommendations” (Kranzl
et al., 2014d) and the country reports on policy scenarios and recommendations’, .the
rationale and background for the selection of these policy sets was very different in
each country. In some countries the policy makers and stakeholders supported a con-
textual approach in defining the policy sets, i.e. to coagulate holistic policy packages
including all regulatory financial, information and support measures and aiming to fur-
ther significant improvements of the current policy framework. In other countries where
buildings policies are well established in time, the interest was higher for testing ad-
justments to existing policies or the impact of a specific new policy instrument rather
than a very comprehensive policy package. Furthermore, in defining the policy sets for
each country the project team imposed a set of the three following general criteria :

e To be realistic and adapted to the local context

e To address in a fair way a larger spectrum of policy options, from BaU to ambi-
tious ones aiming to transform buildings activities towards nZEB levels

e To consider innovative policy instruments currently under debate in the country

In the following, we show the main ideas and features of these policy sets which were
selected for model based analysis in each target country.

We want to emphasize that none of the investigated three policies should be under-
stood as optimum policies. “Optimum” would mean that the policy package would be
perfect and optimised considering all relevant side conditions. We know that this is
never possible since the number of variables which can be set is too large and uncer-
tainties are high. Rather, we intended to select reasonable settings in the in-depth dis-
cussion process with policy makers. In particular, in some countries (e.g. Germany) the
focus was on developing policies which are in line with energy and climate policy tar-
gets. Thus, the objective was to learn from the simulation runs for these three policy
sets to derive sound and science based recommendations. However, these recom-
mendations may deviate from the detailed settings of the policies if it turned out that
some elements of a policy package could or should be further improved in order to take
into account additional aspects.

’ Available at http://www.entranze.eu/pub/pub-scenario/]
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Although there are country specific deviations and exemptions, the general logic for the
scenario is as follows: Scenario 1 refers to a moderate ambitious scenario according to
current national and EU legislation, Scenario 2 and 3 are more ambitious, innovative
and stringent policy packages. For the target countries, the decisions on policy pack-
ages were made in policy group meetings, for other EU28 countries, generic sets of
policy packages were derived.

The time frame of the policy scenarios is from 2008-2030. While the base year of the
scenarios is 2008, the new and more ambitious policies were implemented only in
2015. This means that the policy scenarios 2 and 3 which are more ambitious than
policy set 1 only have 5 years to show their impact until 2020 and 15 years until 2030.

Table 1: Selected policy packages for model based scenario development

> | e
£ |c| @ . . .
= c| = Scenario and policy description
S |37
S This scenario investigates the currently implemented policy instruments. It focuses on invest-
AT 1 < | ment subsidies, support to residential building construction and renovation (Wohnbauférder-
ung), training and advice activities and to a smaller extent on RES-H/C use obligation.
This scenario includes a) an energy efficiency dependent property tax. Each building has to
° comply with certain standards which are increased dynamically. If the targets are not reached
+ | an additional property tax has to be paid. The maximum tax level starts with 1.1€/m?/yr in
AT 2 g 2015 and increases to 3.7€/m?/yr in 2030. b) a fund for financing long term loans for building
§ renovations initiated by the government in which enterprises and households can invest and
receive a long term moderate, but highly secure interest rate. d) intensified and targeted
coaching to support building owners in the refurbishment process.
5
AT 3 :S Same mix of measures as scenario 2 with a higher level of ambition. In particular, the property
-g tax level starts with a maximum of 4.4€/m?/yr and increases to 14.8 €/m?2/yr
<
The scenario simulates the dynamic of building sector for the case if the current (to the year
BG 1 g 2014) building measures are in place: Building performance requirements from 2009, limited
= | financial resources for building renovation (EU and national funds, private investments), spo-
radic information campaigns and capacity building initiatives.
The scenario included the increase of the requirements for the building component in case of
c building renovation and for new buildings. Further legislative measures are applied for ensur-
BG ) _g ing major renovation if the majority of owners in multifamily buildings agree on this. The level
@ | of EU funds and subsidies from the state budget and national funds are kept. Information
E campaigns for households are foreseen in order to ensure better understanding of the bene-
fits from building renovation and process management.
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Country

Scenario

Title

Scenario and policy description

BG

high

The proposed measures in this scenario included legislative changes for the strengthening of
the building code in 2015 (30% reduction of the U-values) and in 2020 (additional 20%) with
changes in the home owners legislation in order to facilitate the process of major renovation
of multi-family buildings. Higher grants are envisaged for the renovation activities for public
buildings and use of RES for residential buildings. Low interest loans are introduced for renova-
tion activities in the residential sector. The energy saving obligation scheme will ensure addi-
tional support for the building sector. Energy efficient activities in the sector are also support-
ed through wider information campaigns and capacity building according to the roadmaps
developed in Build up skills project.

Ccz

Regulatory

Existing regulatory framework that corresponds to mandatory implementation of EPBD Il and
EED requirements, for instance:

(1) 3% of floor area of central governmental buildings renovated annually;

(2) nZEB implementation for new public buildings from 2018 and 2020 for private buildings.

Ccz

Regulatory
+Financial

BAU + current national supporting schemes (Green Investment Scheme PANEL 2013+ Opera-
tion Programme Enterprise and Innovation — Eco-energy and Operation Programme Environ-
ment according to priority axis 3 Sustainable use of energy sources).

Ccz

Ambitious

BAU + nZEBs obligation from 2014 for both new buildings and major renovations for all build-
ing types. From 2020, requirements on nZEBs are strengthened.

DE

BAU

- Energy efficiency requirements as defined in the Energy Saving Ordinance (building code) in
the current design (EnEV 2014) including the recent changes in the requirements for new
buildings in 2014 and in 2016

- Renewable Heat obligation in new and existing public buildings (EEW&armeG)

- KfW programmes Energy Efficient Refurbishment and Energy Efficient Construction with
average budget of €1.5 bn/year until 2030

- Market Incentive Programme for renewable heat with average budget of €300 m/year.

DE

Regulatory

- Ambitious tightening of energy efficiency requirements for new and existing buildings in 2017
and 2025

- Expansion of the renewable use obligation to all existing buildings in case of heating system
change in 2015

- Continuation of financial support with current budget and support levels:

€1.5 bn/year for Energy Efficient Refurbishment/ Construction and €300 m/year for Market
Incentive programme for renewable heating.

DE

Regulation & in-
formation

- Ambitious tightening of current energy efficiency requirements for new and existing buildings
in 2017 and 2025

- Introduction of an renewable use obligation for all existing buildings in case of heating sys-
tem change in 2015

- Continuation of financial support with current budget and levels as in BAU.

- Increase in compliance rate of energy efficiency requirements and in information awareness
of subsidy programmes.

ES

BAU

Existing regulatory measures (CTE DB-HE 2013) + existing financial instruments based (Royal
Decree 233/2013) and reduced VAT for major renovations (from 21% to 10%) for all residential
buildings owners
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Country

Scenario

Title

Scenario and policy description

ES

Regulatory

Tightening up to 2030 of the 2013 regulation (CTE DB HE 2013) for new buildings and major
renovations of existing buildings + existing financial instruments (Royal Decree 233/2013) for
all residential buildings owners +elimination of VAT reduction for major renovations in resi-
dential sector

ES

Ambitious

Tightening up to 2030 of the minimum mandatory requirements (CTE DB HE 2013) for new
buildings and major renovation of existing buildings + increase funding from state budget for
financial instruments for residential buildings + reduced VAT value for major renovations in
residential sector (from 21% to 10%) +energy efficiency obligations according to Art.7 (EED
2012)

FI

BA
U

Existing regulations and incentives are applied, with energy efficiency requirements for major
renovations and subsidies for selected measures, as well as various informative measures.

FI

Target-group
specific

Heating system changes are stimulated in single-family homes with a new soft loan instru-
ment, enhanced advice and R&D to improve cost-effectiveness of certain measures. Personal
advice is offered to all apartment buildings, almost all of which are supplied with district heat,
when they have been used for > 35 years and hence approach major renovations. Further
support is offered in the form of long-term finance and R&D for specific measures. Additional-
ly, solar PV and solar thermal receive a subsidy.

FI

Energy
pricing

Taxes are increased to raise the price of fossil fuels, heat and electricity paid by consumers by
50%, compared to BAU.

FR

BAU

The Business as Usual scenario simulates retrofitting rates triggered by the existing package of
measures (implemented before 2013),

FR

CO2/energy
tax

Takes into account BAU measures + Implementation of energy/ CO2 tax with reallocation of
revenue to finance retrofitting investments, in priority for dwellings occupied by low income
households. The CO2 tax reaches 100€/tCO2 in 2030 (55€/tCO2 in 2020). Electricity is taxed in
the same way as gas. Implementation of dedicated information centers to help consumers
retrofitting their dwellings (“PRIS”).

FR

Proactive

Takes into account BAU measures + implementation of thermal renovation obligation during
real estate transactions and major transformation to the least efficient dwellings + increasing
information and awareness (Implementation of dedicated information centers to help con-
sumers retrofitting their dwellings “PRIS”)

BAU+

Regulation requesting limits on building envelope, systems and overall energy performances at
cost-optimal level: particularly, for deep renovations, the regulation requests savings > 50%
and consumption < 100 kWh/m2/y (total net primary energy, excluding electrical appliances),
or cost-optimal (minimum global cost) selected solutions at national level has to be adopted, if
their net primary energy demand is lower. Minimum share of primary energy demand supplied
with renewables, from 35% in 2015 to 50% in 2025.

Regulatory instruments supported by a preferential loan covering 75% of initial investment for
refurbishments, with an interest rate of 1%, valid for all buildings. In addition information
campaign targeted on the preferential loans opportunity for all sectors.
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Country

Scenario

Title

Scenario and policy description

Medium

Regulations as in BAU supported with economic incentives only for selected nZEB levels: tax
deductions of 36% of investments for renovation, or an economic incentive for 40% of invest-
ment for all building types. Same preferential loan as in BAU but only for action at nZEB level.
Information campaigns targeted on all incentives for all sectors. Minimum share of primary
energy demand supplied with renewables, from 50% in 2015 to 75% in 2025.

Improved

Regulations as in BAU. For all buildings, tax deduction for up to 65% of investments for renova-
tion at nZEB selected level, or economic incentive for 40% of investment. Same preferential
loan as in BAU but only for action at nZEB level with higher budget than scenario 2. Infor-
mation campaigns targeted on all incentives for all sectors. Minimum share of primary demand
supplied with renewables as in scenario 2 (50% in 2015; 75% in 2025).

RO

BAU+

Smooth but constant improvement of regulatory framework by 2030

Multi-annual budgets for support programmes.

Continuation until 2030 of National Programme for thermo rehabilitation of block of flats with
slight reduction of grant level and a slightly higher budget.

Same structure for the actual renovation programme based on preferential loans and same
‘random’ approach on renovation of public buildings.

Casa Verde Programme to support renewables in new and existing residential and public build-
ings.

Limited programmes for qualification and training in construction jobs.

RO

Growing up

Moderate and constant improvement of regulatory framework.Multi-annual budgets for sup-
port programmes, double than in BaU+.Continuation until 2030 of thermo rehabilitation pro-
gramme for block of flats with a moderate gradual reduction of grant level.Increase budget
and expanded payback time up to 10-15 years for preferential loans for renovation (interest
adjusted according to savings).New renovation programme for public buildings (grant for
envelope measure and ESCO for equipment).Casa Verde Programme only for RES in new resi-
dential and public buildings.Consistent qualification programme for 'low-energy buildings'.
Consistent info, advice and demo actions.

RO

Market transformation

Significant and constant improvement of regulatory framework by 2030.

Multi-annual budgets for support programmes, triple than in BaU+.

Continuation until 2030 of thermo rehabilitation programme for flats with a significant gradual
reduction of grant level.

Preferential loans programme with a payback time of 15-20 yrs.

Renovation programme for public buildings same as in scenario 2.

New Buildings Investment Funds from CEC Bank (public bank) integrating preferential loans,
ESCO facility for public buildings and co-financing line for the thermo rehabilitation pro-
gramme of flats.

Casa Verde Programme to cover mainly ambitious low-energy buildings.

Consistent qualification programme for 'low-energy buildings', improvement of professional
and university education

Consistent info, advice and demo actions, including one-stop-shops, info networks through
municipalities and local agencies, info portal

EU28

BAU

Moderate policy ambition with moderate level of subsidies and available budget. No additional
effort in information, qualification and training. No strengthening of regulatory instruments
and only moderate enhancement of building codes. No innovation in the policy set

ENTRA 2
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

z |
§ e g Scenario and policy description
S (8] "7
* Some effort in more innovative and consistent policy packages, however with a moderate
:g % ambition. Information, qualification and training is intensified. Regulatory instruments (RES-H
EU28 | 2 _g_ E obligation) and enforcement of building renovation are implemented. A moderate energy tax
5 g is introduced. Budgets for subsidies for building renovation and RES-H are increased moder-
=z ately
Strong effort in more innovative and consistent policy packages, with a high policy ambition.
;, " Information, qualification and training is intensified, leading to a comprehensive coaching and
:g 3| support of building owners. Split incentive is addressed in the legal framework leading to a
EU28 | 3 Tg_ E reduction of this barrier. Regulatory instruments (RES-H obligation) and enforcement of build-
5 g ing renovation are implemented. A high energy tax is introduced and accompanied with social
P measures to support in particular low-income households. Budgets for subsidies for building
renovation and RES-H are increased

ENTRA 2
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

3. Methodology

The development of scenarios for space heating, cooling and lighting was based on
two models: Invert/EE-Lab and POLES. POLES delivered the projection of key input
data with regard to the overall energy system such as end-user energy prices and av-
erage primary energy and emission factors of electricity generation in each country
(respectively, toe/lkWh and gCO2/kWh). Invert/EE-Lab was used to derive scenarios for
space heating, hot water, cooling and lighting energy demand scenarios. Moreover, the
results of the model Invert/EE-Lab were checked with POLES regarding the potential
feedback loop on energy prices. In the following, we will provide a short documentation
of these two models.

3.1 Invert/EE-Lab

Invert/EE-Lab is a dynamic bottom-up simulation tool that evaluates the effects of dif-
ferent promotion schemes (in particular different settings of economic and regulatory
incentives) on the total energy demand, energy carrier mix, CO2 reductions and costs
for space heating, cooling, hot water preparation and lighting in buildings. Furthermore,
Invert/EE-Lab is designed to simulate different scenarios (energy prices, renovation
packages, different consumer behaviours, etc.) and their respective impact on future
trends of energy demand and mix of renewable as well as conventional energy sources
on a national and regional level. More information is available on www.invert.at or e.g.
in (Kranzl et al., 2013) or (Mdller, 2012). The model has been extended by an agent
specific decision approach documented e.g. in (Steinbach, 2013b), (Steinbach, 2013a).

The key idea of the model is to describe the building stock, heating, cooling and hot
water systems on highly disaggregated level, calculate related energy needs and deliv-
ered energy, determine reinvestment cycles and new investment of building compo-
nents and technologies and simulate the decisions of various agents (i.e. owner types)
in case that an investment decision is due for a specific building segment. The core of
the tool is a myopical, multinominal logit approach, which optimizes objectives of
“agents” under imperfect information conditions and by that represents the decisions
maker concerning building related decisions.

3.1.1 Coverage and data structure

The model Invert/EE-Lab up to now has been applied in all countries of EU-28 (+ Ser-
bia). A representation of the implemented data of the building stock is given at
Www.entranze.eu.
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Invert/EE-Lab covers residential and non-residential buildings. Industrial buildings
are excluded (as far as they are not included in the official statistics of office or other
non-residential buildings).

The following figure shows the disaggregated modeling of the building stock within
each country. The level of detail, the number of construction periods etc. depend on the
data availability and structure of national statistics. We take into account data from Eu-
rostat, national building statistics, national statistics on various economic sectors for
non-residential buildings, BPIE data hub, Odyssee, which are finally summarized in the
ENTRANZE database (www.entranze.eu).

Residential buildings Non-residential ’ Residential buildings Non-residential
Single family houses Office buildings
e Technologies Energy carriers
(Row houses) Retail buildings
Multifamily houses Condensing boiler Natural gas
Low temperature boiler Heating oil
' ' Solid fuel boiler Electricity
Construction periods Sectors Heat pump soil/water Wood log
Heat pump air/water Wood pellets
. . Gas heat pump Wood chips
State of thermal renovation Construction periods SF’IaT therm"_’“ EEICBINE B!ogas - -
District heating Bio-heating oil
CHP Ambient heat
50-300 building classes  10-70 building classes
v

500 - 4500 reference building segments

Figure 1. Disaggregated modeling of the building stock within each country.
Where relevant, climatic zones are taken into account within a coun-

try.

As efficiency technologies Invert/EE-Lab models the uptake of different levels of ren-
ovation measures (country specific) and the diffusion of efficient heating, hot water,
cooling and lighting technologies.

3.1.2 Model structure

The basic structure and concept is described in Figure 2.

ENTRA 2
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union



http://www.entranze.eu/

Pathways for reducing the carbon emissions of the building stock until 2030

t=t, Database building stock Space heating, cooling and -
i i »| hotwater energy needsand | User behavior
— (t=t,, input of simulation results fort, ... t,) : 8Y !
delivered energy calculation | Climate data
Building StOCk_ data module [on13790] (month_ly mean temp., solar
Installed heating and hot water systems irradiation ...)
* U-values
t=t;..t, | * Geometry / Life time module \

« Installation/constr. period

» . Regions i Weibul Exogenous scenarios
+ Type of use distribution growth of building

Number of Buildings: stock
* Abolished
+ Performing measures
Database heating and hot + Newly construction(envelope,
water technologies Sl SUFY Sy /

+ n/COP/solar yield { [ — —

* investment costs I Diffusion restrictions ‘

* O&M costs . -

4—’ Biomass potentials ‘

« Technological learning o
« energy carriers used Decision Module

*Lifetime Nested Logit < Agent based model
approach
Simulation results Logistic growth <—‘ Policies ‘
Installation of heating and hot water systems | g .
(numbegr, kW, m2) Y model Options for thermal

renovation

’ - 2
Eenovagon ofguﬂ(jjlngs (numtt).er, e * New heating/DHW system ¢ AUvalues
Y CLITEE Gl e el * New building envelope * Costdata

CO2-emissions

Investments, policy program and running costs < Energy prices

Figure 2: Overview structure of Simulation-Tool Invert/EE-Lab

Invert simulation tool originally has been developed by Vienna University of Technolo-
gy/EEG in the frame of the Altener project Invert (Investing in RES&RUE technologies:
models for saving public money). In more than 30 projects and studies for more than
15 countries, the model has been extended and applied to different regions within Eu-
rope, see e.g. (Kranzl et al., 2012), (Kranzl et al., 2013), (Biermayr et al., 2007), (Haas
et al., 2009), (Kranzl et al., 2006), (Kranzl et al., 2007), (Nast et al., 2006), (Schriefl,
2007), (Stadler et al., 2007). The last modification of the model in the year 2010 includ-
ed a re-programming process and accommodation of the tool, in particular taking into
account the inhomogeneous structure of decision makers in the building sector and
corresponding distributions (Muller, 2010). The current state of the model relies on this
new calculation-core (called EE-Lab) leading to the current version of the model In-
vert/EE-Lab. The model has been extended by an agent specific decision approach
documented e.g. in (Steinbach, 2013b), (Steinbach, 2013a).

3.1.3 Basic approach and methodology

The core of the simulation model is a myopical approach which optimizes objectives of
agents under imperfect information conditions and by that represents the decisions
concerning building related investments. It applies a nested logit approach in order to
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calculate market shares of heating systems and energy efficiency measures depending
on building and investor type. The following equation depicts the market share calcula-
tion as logit-model — in order to reduce complexity in the representation:

—Ap-
ms _ e~ b rnjb
nipt
jb,t J —App .
Zj:l e rn]b
_ anb,t
Tnjbt =

J
Zj=1 MmsSpjpt—1 X anb,t
ms,;, = market share of alternative j in building b for investor type n at period t

ryjp = relative utility of alternative j in building b for investor type n

The model enables the definition of a various number of different owner types as in-
stances of predefined investor classes: owner occupier, private landlords, community
of owners (joint-ownership), and housing association. The structure is motivated by the
different perspectives regarding building related investments. For instance, energy cost
savings are only relevant for those owners which occupy the building. The correspond-
ing variable relevant to landlords is a refinancing of energy savings measures through
additional rental income (investor-tenant dilemma).

Owner types are differentiated by their investment decision behaviour and the percep-
tion of the environment, The former is captured by investor-specific weights of econom-
ic and non-economic attributes of alternatives. The perception relevant variables — in-
formation awareness, energy price calculation, risk aversion — influence the attribute
values. (Steinbach, 2013a), (Steinbach, 2013b)

3.1.4 General approach of modelling policy instruments in Invert/EE-Lab

Invert/EE-Lab models the decision making of agents (i.e. building owner types) regard-
ing building renovation and heating, hot water and cooling systems. Policy instruments
may affect these decisions (in reality and in Invert/EE-Lab) in the following ways:

- Economic incentives change the economic effectiveness of different options
and thus lead to other investment decisions. This change leads to higher mar-
ket share of the supported technology in the Invert/EE-Lab (via the nested logit
approach).

- Regulatory instruments (e.g. building codes or renewable heat obligations) re-
strict the technological options that decision makers have; limited compliance
with these measures can be taken into account by limiting the information level
of different agents regarding this measure (see next bullet point).
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- Information, advice, etc: Agents have different levels of information. Lack of in-
formation may lead to neglecting of innovative technologies in the decision
making process or to a lack of awareness regarding subsidies or other support
policies. Information campaigns and advice can increase this level of infor-
mation. Thus, the consideration of innovative technologies, knowledge about
support programmes and compliance with regulatory standards increases.

- R&D can push technological progress. The progress in terms of efficiency in-
crease or cost reduction of technologies can be implemented in Invert/EE-Lab.

3.1.5 Modelling approach for cooling in Invert/EE-Lab

Modelling the development of energy demand for space cooling in INVERT/EE-Lab is
mainly based on diffusion theory. The share of cooled area in a defined type of building
in a certain year t is determined by the logistic function

_ Xinf

O =Ty e

where x_inf is the maximum penetration of cooled area in this type of buildings. lambda
is the rate of diffusion, which is calculated based on the development of the shares of
cooled area in different types of buildings in a country over the past decades. In gen-
eral the logistic diffusion model assumes that the diffusion of technology over time is
fully reflected in its historical developments. Major changes in parameters influencing
the decision whether or not to install a technology are reflected as far as these changes
are already represented in the calibration period for determining the values of lambda.
Increased renovation activities and high energy efficiency standards for new construc-
tion in the building stock may influence the diffusion of space cooling devices. In order
to quantify these possible effects the logistic diffusion approach is extended.

Important parameters for the decision whether or not to install a cooling device in a
building are the emerging cooling loads and their frequency in the summer period. The
higher these values are the higher is the probability of installing a cooling device. In
INVERT/EE-Lab these parameters are not calculated. This model uses a monthly time
resolution to determine the useful energy demand for space cooling of the buildings.
The resulting annual useful space cooling demand per area for a certain cluster of
buildings and its change over time is then used to recalculate the respective rate of
diffusion lambda according to the following formula:

— ; ; 2
Aadapt - Acalibr period * (demand ratiOrenovation class * demand Tatl0construction period)

The correlation between cooling loads and their frequency of appearance in the sum-
mer period and the resulting useful cooling demand over the year is estimated to be
quadratic. The demand ratio in case of renovation (demand ratiOenovation class) IS defined
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as the relative change of the yearly annual useful cooling demand per area in a certain
building cluster undergoing the same renovation actions against buildings of the same
type and construction period not being renovated. The demand ratio for newly con-
structed buildings in the simulation period (demand ratiOconstruction period) reflects the rela-
tive changes against the average useful space cooling demand for all construction pe-
riods in the same type of building.

The main input parameters for the calculation of the diffusion of cooling devices and its
resulting electricity demand in the buildings are as follows:

e the maximum penetration levels,

¢ the current state of diffusion in the base year of simulation,

e its historical developments,

¢ the yearly useful cooling demand as well as the development of the efficiency of
the installed devices over the simulation period.

While the useful cooling demand for each year of simulation is determined endoge-
nously in the model the other parameters are exogenous input. These values are esti-
mated for different types of buildings in each country based on an intensive literature
review. The main sources that have been analysed are the preparatory studies for the
ecodesign directive ((Riviere et al., 2008) and (Riviere et al., 2012)), a study of the bar-
riers and opportunities to improve energy efficiency in cooling appliances in Europe
(Pout et al., 2012), as well as (Hitchin et al., 2013), (Adnot et al., 1999), (Adnot et al.,
2003), (Pardo et al., 2012) and (Gruber et al., 2007). Furthermore country specific in-
formation from the project partners has been used for the target countries as presented
in the reports “The challenges, dynamics and activities in the building sector and its
energy demand in country ...”, available for each target country at
www.entranze.eu/pub/pub-data. The derived parameters have also been compared to
results of other studies and databases namely HARMONAC, ECOHEATCOOL,
INSPIRE and ODYSSEE.

3.1.6 Modelling approach for PV in Invert/EE-Lab

The modelling approach for decisions on investments in PV follows the same logic as
for space heating and hot water or for the choice between renovation packages (ex-
plained above). It is based on two steps: (i) calculate the optimized hourly PV contribu-
tion to electricity consumption (either appliances, space heating or domestic hot water
contribution) and the hourly PV exports to the grid. Based (ii) on the optimized PV ex-
ports and on-site use and the resulting economic effectiveness, the logit approach is
used to calculate market growth and installed capacities.

Step 1: PV contribution
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The PV contribution is modelled by comparing the hourly PV production and the hourly
load profile in a first step. Therefore, the cumulated monthly solar radiation is equally
distributed to every day of the month and the hourly solar radiation is approximated by
using a sinus-curve between 6am and 6pm. Furthermore, the annual PV electricity
production per m2 PV area - for the main climate region with PV oriented towards south
- is defined as an input parameter for the model. The so specified electricity yield is
then distributed proportionally on an hourly level using the calculated hourly solar radia-
tion. The electricity demand is modelled using average hourly standard load profiles for
different consumer types (e.g. households, stores, hospitals, service sector with in-
crease activities on weekends and/or evening hours, industry, general service sector).
Each hour is divided into a peak and base load time. Furthermore, an electricity stor-
age (modelled by energy capacity, maximum load and unload power capacity which
will be scaled linear with the PV size) can be defined for each PV system and will be
considered in the optimization of the PV usage. The difference between PV electricity
production and PV electricity usage for appliances can be used to supply energy for
space heating and/or domestic hot water or can be exported to the grid. The optimiza-
tion algorithm chooses the economically most efficient usage, considering (i) the effi-
ciencies of the heating and/or domestic hot water supply system, (ii) the energy prices
for the applied energy carriers for heating and domestic hot water, as well as (iii) the
electricity revenue when exporting to the grid.

Invert/EE-Lab results show the contribution of PV to electricity consumption (i) for ap-
pliances, (ii) for heating and hot water and (iii) for export to the grid. Taking into ac-
count the following algorithm, Invert/EE-Lab simulates building owner’s decisions re-
garding the choice for a PV system and the size of installed PV collectors.

The algorithm is based on the presumption that PV-electricity in every hour of the year
is used for appliances first. If it is economically efficient — compared to the exporting the
electricity on a monthly basis — to use the electricity for hot water preparation and/or
space heating, this option will be applied. Thus, the assumption is that electric re-
sistance immersion heaters are installed in central heating system boilers, allowing to
replace also fuels like natural gas or biomass with electricity. The electricity which can-
not be used for appliances, space heating and/or domestic hot water production will be
exported to the grid: The following rules apply:

e PV-contribution for hot water preparation:
if PV-electricity export specific revenue < hot water energy carrier price / boiler
efficiency hot water, then the hot water PV-Contribution = minimum (PVproduc-
tion — PVappliances contribution, DHW demand); this is considered on a daily
basis.
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e PV-contribution for space heating:
if PV-electricity export specific revenue < Space heating energy carrier price /
boiler efficiency space heating, then Space heating PV-Contribution = mini-
mum( PVproduction — PVappliances contribution - PVDHW contribution, Space
heating demand); this is considered on a daily basis.

e PV export to grid = PVproduction — PVappliances contribution — PV DHW con-
tribution - PV SH contribution; this is considered on a daily basis.

Step 2: Modelling of PV market growth

Invert/EE-Lab includes two main assumptions: (i) Building owners consider the installa-
tion of PV if there is a need to invest in building services technologies (first of all heat-
ing and hot water systems). (ii) Building owners compare the overall cost of the system
with and without PV. The market share of buildings with and without PV (and moreover
with different PV-collector sizes) is derived from a logit approach.

The result again is subject to a logistic diffusion curve (in the same way as for the diffu-
sion of heating systems technologies). These assumptions are more suitable the more
mature a market is. This might lead to overestimations of PV in regions with currently
low development of PV. Related uncertainties are discussed in chapter 6

3.1.7 Modelling approach for lighting in Invert/EE-Lab

The scenarios of lighting energy demand is build on literature and mainly on the pre-
paratory study for domestic and office lighting in the frame of the ecodesign labelling
directive (Tichelen et al., 2007 and Tichelen, 2009). Thus, in contrast to heating, hot
water, cooling, technologies, renovation options and PV, there is no endogenous mod-
elling of consumer and investor decision making for lighting in Invert/EE-Lab. Instead,
the scenarios build on assumptions regarding the diffusion of different lighting technol-
ogies and their specific energy consumption. These assumptions are based on Tichel-
en (2009).

The energy demand is calculated from
ED=n -A-T-P-s

with
ED Final energy demand for lighting (GWh)
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n specific number of lamps per m? (different for residential and non-residential)
(1/m?)®

A total floor area for residential and non-residential buildings (Mm?2)

T burning hours (h/yr)®

P Wattage (power) of the the lamp per technology™® (source: Tichelen et al 2009,
base case technologies)

s share of technology in the total stock™*

The scenarios differ in the share of technologies in the total stock, which is assumed to
be the same for all countries. We did not distinguish between high and low price sce-
narios.

We distinguished the following four types of technologies as defined in Table 2:

Table 2: Considered lighting technologies
Technology Technology Technology Technology

1 2 3 4
burning hours residential (h/yr) 400 500 800 800
burning hours tertiary (h/yr) 1800 1800 1800 1800
Wattage (W) 54 35 13 10
Share of technologies
2008 70% 10% 20% 0%
. 2020 33% 40% 25% 2%
Scenario 1
2030 15% 20% 45% 25%
. 2020 25% 30% 40% 5%
Scenario 2
2030 18% 20% 47% 15%
. 2020 8% 40% 50% 2%
Scenario 3
2030 0% 20% 55% 25%

® Based on Tichelen, 2009, table 2-11
® Based on Tichelen, 2009, table 2-27
19 Based on Tichelen, 2009, base case technologies

! Share of starting year according to Tichelen et al 2009; scenarios according to own assump-
tions and the scenarios in Tichelen et al 2009 and other related work
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3.1.8 Key input data to the model

The model Invert/EE-Lab requires the following main categories of input data:

Disaggregated description of the building stock: The scenarios presented in this
report are based on the building stock data as described in the reports “Building
sector and energy demand in target countries” and the corresponding online da-
ta tool, both available at www.entranze.eu.

Cost data of heating and cooling systems as well as of renovation options:
These data have been collected by the respective project partners of the target
countries and checked with national experts and against literature in the frame
of the cost-optimality calculations. Data and results of these techno-economic
analyses are documented in the report on “Cost of energy efficiency measures
in buildings refurbishment: a summary report on target countries” (Fernandez-
Boneta, 2013) and the report on cost/energy curves (Pietrobon et al., 2013).

Definition of renovation packages and the link to the cost-optimality cal-
culations: As described above, for those measures leading to a reduction of the
energy need (e.g. renovation of building envelope or heat recovery systems) In-
vert/EE-Lab requires a set of pre-defined renovation packages from which
agents may select. The selection and definition of these renovation packages
was done based on the cost-optimality calculations in this project (Pietrobon et
al., 2013) and the derived energy-cost matrices (Fernandez-Boneta, 2014).
Based on these calculations, three packages have been selected: The standard
renovation package more or less reflects the current practice of thermal building
renovation, the “good” renovation package reflects a set of measures near the
cost-optimality point whereas the “ambitious” renovation package refers to a
level of renovation which is near the “minimum primary energy” level as indicat-
ed in Pietrobon et al., (2013).

3.1.9 Outputs from Invert/EE-Lab

Standard outputs from the Invert/EE-Lab on an annual basis are:

Installation of heating and hot water systems by energy carrier and technology
(number of buildings, number of dwellings supplied)

Refurbishment measures by level of refurbishment (number of buildings, num-
ber of dwellings)

Total delivered energy by energy carriers and building categories (GWh)

Total energy need by building categories (GWh)
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- Policy programme costs, e.g. support volume for investment subsidies (M€)
- Total investment (M€)

Moreover, Invert/EE-Lab offers the possibility to derive more detailed and other type of
result evaluations as well. Based on the needs of the policy processes we will have to
discuss which other type of evaluations of the result data set might be required.

3.2 Poles

The model divides the world into 57 countries or regions. For each region, the model
articulates five main modules dealing with:

- Final energy demand by main sector

- New and renewable energy technologies

- Carbon Capture and Sequestration technologies and infrastructures

- Conventional energy and electricity transformation system

- Fossil fuel supply

POLES is a recursive, step by step simulation model in which investment decisions are
based on a discrete choice process between explicit technologies or fuels through a
logit approach. POLES distributes the market share of each technology given the rela-
tive economic competitiveness and additional non-price related factors reflecting “hid-
den” costs and historical deviations from a pure economic competition.

In the power sector there is an explicit representation of each technology (30 plant
types). The economic competition takes into account detailed power generation costs
including endogenous technology learning (“by searching” & “by doing”) and technical
& resource limitations. POLES’ modelling of the power sector a very detailed imple-
mentation of all relevant policies affecting electricity markets, such as feed-in tariff, in-
vestment grants and other subsidies or taxes.

Final energy demand (buildings, transport, industry) is mainly based on a top down
approach which means investments in equipment or technologies are indirectly cap-
tured in the final energy demand per fuel. The global level of demand per sector de-
pends on price effects, activity effect and “autonomous technological change” (which
captures improvements in energy efficiency for instance). The competition between
fuels allows to take into account end-user fuel prices but also additional factors that
reflect the efficiency, the cost-efficiency or the specific limitations of the underlying
technologies.
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Figure 3: Overview structure of POLES

3.3 Input data and drivers for Invert/EE-Lab

The main input data for Invert/EE-Lab, as building stock data, barriers and stakeholder
behaviour, cost data, selection of renovation packages based on cost-optimality results
and policy sets and specific policy design have been derived from analyses and data
collection within the project ENTRANZE:

- The policies to be modelled were selected by the policy groups established in
each target country.

- in the policy groups and with other national experts in each target country. The
outcome of this discussion process was used to revise the policy and modelling
assumptions in an iterative process leading to revised and well based, broadly
accepted scenario results.
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- The building stock data builds on the data collected in the project ENTRANZE
and presented in the online data tool and the national reports on the building
sector and energy demand in target countries'?.

- The results of the stakeholder analysis, related barriers and decision criteria of
building owners carried out in the project ENTRANZE (Heiskanen and
Matschoss, 2012; Heiskanen et al., 2013) were taken into account in the tech-
no-socio-economic modelling of decision making regarding building renovation
and heating system investment (Steinbach, 2013a).

- The cost data collected in (Fernandez-Boneta, 2013) for the ENTRANZE target
countries the form the basis of the economic part of the scenario development.

- From the results of the cost-optimality calculations (Pietrobon et al., 2013 and
Fernandez-Boneta, 2014) we derived three levels of renovation packages: light
renovation (standard, typical case of thermal renovation), medium (cost-optimal
standard) and deep (more ambitious energy performance than cost-optimal lev-
el, which could correspond to nZEB renovation). (Kranzl et al., 2014b; Kranzl et
al., 2014a). These three renovation levels are used as technological options
within the model Invert/EE-Lab, i.e. we model the building owners choice be-
tween these renovation options or — on an aggregate level — the market share
of these three renovation levels. The key characteristics of these renovation
packages are described in the reports “Policy scenarios and recommendations
on nZEB, deep renovation and RES-H/C diffusion” available for each target
country at http://www.entranze.eu/pub/pub-scenario.

Data flow from POLES to Invert/EE-Lab

Price and electricity generation mix projections in ENTRANZE are derived from two
scenarios of the world energy systems simulated with POLES: a “Reference” scenario
and an “Ambitious Climate” scenario. The two scenarios have the same macroeconom-
ic context. They mainly differ on the carbon policies.

The “Reference” (low energy price) scenario assumes that only on-going and already
planned climate policies are taken into account and that no consensus is reached at
international level. Sustained growth of China and other emerging countries is a power-
ful driver of energy demand at world level leading to high international oil and gas pric-
es but to lower domestic prices. Energy prices for end-users at country level were then

12 http://lwww.entranze.eu/pub/pub-data
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projected, taking into account changes in international prices and taxes (excise tax'?,
VAT) and a carbon price™.

The “Ambitious Climate” (high energy price) scenario explores the implications of
more stringent climate policies and reinforced support for renewables at world level
driven by successful. negotiations between advanced and emerging economies on
climate change. International fossil fuel prices are lower as a result of a lower demand
but domestic prices are higher due to higher taxes and the cost of policies to reach the
emissions abatement targets.

The resulting two energy price scenarios were then used in Invert/EE-Lab as an input,
as well as the corresponding primary energy factors and CO2-emission factors of elec-
tricity, based on POLES projections of the power mix and CO2 emissions by country.
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Figure 4. Residential and tertiary energy price scenarios for EU27 average ref-
erence scenario (left) and ambitious scenario (right)
Source: POLES-Enerdata

The result of the projections for the 9 target countries™ and the EU as a whole are pre-
sented in more details in a separate report “Exogenous framework conditions for En-
tranze scenarios”. Table 3 and Table 4 show energy price scenarios for ENTRANZE
target countries.

¥ Including existing energy & environmental taxes.

4 Carbon prices are different from EU ETS prices and refer to an aggregate metric in POLES
used to characterise the effort necessary to reach climate objectives: they might be seen as
“shadow prices” for policies stimulating low-carbon technologies.

'> Austria, Bulgaria, Czech Republic, Finland, France, Germany, Italy, Romania and Spain.
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Table 3. Energy price scenarios, Domestic Prices (€05/MWh)* (average), Resi-
dential — Services, High/ambitious price scenarios

2010 2020 2030

Ol 69 113 210

8 Gas 56 81 149
‘g Coal 88 133 253
< Biomass 60 37 37
Electricity 178 191 207

Ol 71 115 211

% Gas 29 56 124
o Coal 17 63 184
a Biomass 17 13 27
Electricity 60 114 122

b Oil 54 89 185
x o Gas 38 64 133
S Coal 15 59 180
ge Biomass 53 52 56
© Electricity 104 158 159
Oil 70 124 220

2 Gas 29 64 132
Z Coal 26 72 194
C Biomass 31 29 32
Electricity 119 163 193

Oil 66 112 209

o Gas 52 80 148
S Coal 93 137 258
(i Biomass 47 38 48
Electricity 116 147 192

- Oil 60 105 201
g Gas 59 85 153
£ Coal 102 146 267
8 Biomass 38 27 37
Electricity 223 283 315

Oil 107 151 248

- Gas 65 87 155
g Coal 56 101 222
- Biomass 89 90 95
Electricity 181 211 236

© Qil 76 131 227
c Gas 24 53 125
g Coal 7 54 174
& Biomass 32 22 33
Electricity 90 147 149

Qil 62 107 203

c Gas 50 81 148
s Coal 93 137 258
n Biomass 44 35 42
Electricity 149 194 218

16 Converted 1 US Dollar = 0.80612 Euro
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Table 4. Energy price scenarios, Domestic Prices (€05/MWh) (average), Residen-
tial — Services, Low/Reference price scenarios

2010 2020 2030

Ol 69 84 118

8 Gas 56 56 72
@ Coal 88 89 114
< Biomass 60 31 35
Electricity 178 165 169

Ol 71 85 117

% Gas 29 31 47
o Coal 17 19 44
@ Biomass 17 12 24
Electricity 60 75 94

: Qil 54 58 87
g o Gas 38 39 55
S Coal 15 15 40
Qe Biomass 53 49 54
© Electricity 104 119 133
Ol 70 94 128

° Gas 29 39 55
I Coal 26 29 55
iT Biomass 31 27 27
Electricity 119 138 156

Oll 66 83 117

8 Gas 52 55 71
S Coal 93 94 119
(s Biomass 47 34 43
Electricity 116 133 155

Oll 60 76 110

g Gas 59 60 76
€ Coal 102 103 128
3 Biomass 38 24 34
Electricity 223 237 256

Qil 107 122 156

- Gas 65 63 79
s Coal 56 57 82
- Biomass 89 89 92
Electricity 181 169 179

© Ol 76 102 136
c Gas 24 29 45
g Coal 7 10 34
£ Biomass 32 21 29
Electricity 90 97 111

Ol 62 77 111

< Gas 50 56 72
g Coal 93 94 119
« Biomass 44 33 39
Electricity 149 164 173

The CO, emission factor, i.e. the average amount of CO, emitted per kWh produced in
gCO,/kWh, is linked to the production mix of electricity, especially to the share of fossil
fuels in the power mix and the efficiency of power plants.
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As shown in Figure 5, the average CO2 emission factor of the power sector will im-
prove significantly over time: in the ambitious scenarios, it is expected to decrease by
7%lyear over the period 2010-2030 and by 4%l/year in the reference scenario. This
decarbonisation is obtained thanks to the increasing use of renewables, the increasing
use of carbon capture storage (CCS), and of course thanks to the decreasing use of
fossil fuels.
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Figure 5. EU-27 CO, emission content in power production until 2050
Source: POLES-Enerdata

Even if the average carbon emission factor in power production is decreasing in all
target countries, there are different trends. In the ambitious scenario, the decrease over
2010-2030 is going from almost 4%/year in France and Italy to more than 10%/year in
The Czech Republic, Romania, Bulgaria or Finland.

The result of the projections for the 9 target countries'” and the EU as a whole are pre-
sented in more details in a separate report “Exogenous framework conditions for En-
tranze scenarios” (Sebi et al., 2013).

7 Austria, Bulgaria, Czech Republic, Finland, France, Germany, Italy, Romania and Spain.
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3.4 Modelling ambient heat according to the renewable energy directive

According to the renewable energy directive (2009/28/EC), Annex VII, ambient heat
should only be counted if the seasonal COP > 1.15/eta (with eta = primary energy effi-
ciency of electricity generation). With the primary energy factors (PEF) of electricity
generation derived from POLES scenarios, we write this condition as Seasonal COP >
1.15*PEF.

However, the question arises, which values for the seasonal COP should be applied for
different types of heat pumps.

In order to implement this accounting approach according to the renewable energy
directive (RED), we apply a linear curve of average seasonal COPs derived from In-
vert/EE-Lab calculations for the case of the German building stock. The following figure
shows the seasonal COP which would result in the different parts of the German build-
ing stock if they would be equipped with heat pumps. The values are taken from a sce-
nario for the year 2040. The right hand of the figure plots the seasonal COP for values
above 2.5. We see that in this part of the curve (figure on the right, with those buildings
with seasonal COP>2.5), we can approximate the COP via a straight line. We assume
that the result resembles very well the building stock where heat pumps are in practice
installed (i.e. focus on new and renovated buildings, not unrenovated buildings with
high temperature heating systems).

6.0
>0 \\
4.0  ~
3.0

\q = COP_ground source
2.0 l COP_air source
1.0

0.0

Seasonal COP

0% 20% 40% 60% 80% 100%

Share of building floor area

Figure 6. Calculated seasonal COP if the whole German building stock would be
equipped with heat pumps (calculated for a scenario result in the year
2040)
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Figure 7. Calculated seasonal COP if that part of the German building stock,
where COP values > 2.5 may be achieved, would be equipped with
heat pumps (calculated for a scenario result in the year 2040)

This delivers the share of ambient heat accounted according to the RED:

For ground source heat pumps:

49 —1.15+% PEF))

Sgshp = max(0, min (1,( 18

Sgshp...Market share of ambient heat accounted
PEF..Primary energy factor of electricity generation

The value 4.9 reflects the upper area of achieved seasonal COP of ground
source heat pumps and 1.8 reflects the incline, i.e. the reduction of the seasonal
COP over the relevant part of the building stock.

And for air source heat pumps:

Sashp = max(0, min(1, (3.7 — 1.15 * PEF))

Sashp...Market share of ambient heat accounted
PEF..Primary energy factor of electricity generation

The value 3.7 reflects the upper area of achieved seasonal COP if air source
heat pumps and 1 reflects the incline, i.e. the reduction of the seasonal COP
over the relevant part of the building stock.
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Figure 8. Share of ambient heat accounted in the scenario results

Figure 8 and Figure 9 show the resulting shares of ambient heat according to the RED
for reference scenarios in target countries for air source and ground source heat
pumps. For ground source heat pumps only in a few countries ambient heat would not
be fully accounted, and this only in the first few years of the simulation (i.e. for BGR,
CZE, FRA). On the other hand, for air source heat pumps the regulation implemented
in the RED could be a relevant restriction for the accountability as renewable energy
carrier in a number of countries until 2030 (most relevant among the ENTRANZE target

countries for CZE, BGR, FIN, FRA).

Figure 9. Share of ambient heat from air source heat pumps in reference scenar-

Renewable share of ambient heat accounted
according to the renewable energy directive,
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Renewable share of ambient heat accounted
according to the renewable energy directive,

annex VIl
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Figure 10. Share of ambient heat from ground source heat pumps in reference

scenarios for ENTRANZE target contries
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4. Scenario results for target countries

What drives the future development of renovation activities and market share of differ-
ent heating, hot water, cooling and lighting technologies? How can policies shape fu-
ture energy demand in the building stock? In the following, we want to highlight some
relevant results, which were derived in the scenario development for target countries.

In this chapter, we present selected results of policy scenarios. Some outcomes are
shown for all policy scenarios and for both energy price paths. Some other results are
only shown for selected scenarios and energy price paths. Additional results are shown
in the Annex. Moreover, complete results for all scenarios for heating, hot water and
cooling in non-residential and residential buildings are accessible via the online scenar-
io tool on www.entranze.eu. For every target country the scenario results and recom-
mendations are documented in a specific report (AT: Kranzl et al., 2014c, BG: Georgi-
ev et al., 2014, CZ: Zahradnik et al., 2014, DE: Steinbach et al., 2014, ES: Fernandez-
Boneta et al., 2014, Fl: Heiskanen et al., 2014, FR: Sebi et al., 2014, IT: Pietrobon et
al., 2014, RO: Atanasiu et al., 2014, all accessible at www.entranze.eu/pub/pub-
scenario).

Although the following figures include comparative illustrations of country results, we
want to emphasize that there are limitations of the comparability of these scenario re-
sults: As pointed out above (see chapter 3.1.4), the policy sets have been developed
on a highly individual basis according to the specific needs of policy makers, experts
and stakeholders to understand specific features of policy sets and their design. Thus,
the level of ambition in these policy sets to increase energy efficiency, the share of
RES-H and the number of nZEBs and also the focus on different type of policy instru-
ments is strongly different. Nevertheless, the comparative view may help to highlight a
few insights and main results which in the end helped to derive model based policy
recommendations.

4.1 Aggregated results for ENTRANZE target countries

With around 2550 TWh (219 Mtoe)™® in the year 2008, the ENTRANZE target countries
cover about 60% of the EU-28 final energy consumption for space heating, hot water,
cooling and lighting. The majority of this energy consumption is used for space heating
and hot water preparation (2370 TWh, 204 Mtoe), whereas lighting accounts for only
about 120 TWh (10 Mtoe) and space cooling for about 50 TWh (4.3 Mtoe) in 2008.
About 28% of this energy demand is used in non-residential buildings, the remainder in
residential buildings.

'8 Climate corrected, based on ODYSSEE data. Not all data which were required for the calibra-
tion of the model are included in ODYSSEE. This refers e.g. to electricity consumption for
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Figure 11. Final energy demand for space heating and hot water, cooling and
lighting in ENTRANZE target countries in 2008, 2020 and 2030, Policy
Scenario 1, low energy price scenario®®

Figure 11 shows the development of final energy demand for space heating and hot
water, cooling and lighting in the policy scenario 1, low price. The figures highlight that
for space heating and hot water, Germany, France and lItaly account for more than
75% of the whole energy consumption of the ENTRANZE target countries, whereas for
cooling, Italy, Spain and France consume more than 85% of whole energy demand of
the ENTRANZE target countries for this end-use category. While for space heating, hot
water preparation and lighting the implemented policies and instruments will most
probably lead a reduction of energy demand, for cooling the opposite is the case, which
is first of all due to a growing market diffusion of air conditioning in the building stock.

19 Results for the high energy price scenario are shown in the annex.
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Figure 12. Final total energy demand for space heating and hot water in residen-
tial and service building sectors in all ENTRANZE target countries in
2008, 2008 and 2030, Policy Scenario 1, low energy price scenario®

The time frame of the policy scenarios is from 2008-2030. While the base year of the
scenarios is 2008, the new and more ambitious policies were implemented only in
2015. This means that the policy scenarios 2 and 3 which are more ambitious than
policy set 1 only have 5 years to show their impact until 2020 and 15 years until 2030.
Due to the high inertia, it needs really strong measures to show an impact in the short
period of 5 years until 2020. Thus, the spread of heating energy savings, which can be
achieved by introducing more ambitious measures in 2020 is much smaller than in
2030 (see Figure 13 and Figure 14).

4.2 Comparative analysis of country results

Until 2020, under low energy prices, energy demand savings compared to the base
year 2008 is in the range of 1-5% for cases like Bulgaria, for most countries in the
range of about 5-10% and for Germany 13-15%. Until 2030 the three policy scenarios

2% Results for the high energy price scenario are shown in the annex.
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lead to energy savings (compared to the base year 2008) of about 15-25% for most
countries and up to 30% for the cases of Germany and Romania. However, the
achieved savings as well as the spread between the three policy scenarios vary strong-
ly between the countries. What are main reasons for these differences?

In this chapter we highlight some country specific characteristics and discuss reasons
for different developments in different policy scenarios for different countries.

18%
16%
14%
12%
10%
8%
6%
4%
2%
0%

Savings in final energy demand for space heating
and hot water from 2008 to 2020, %

Policy Scenarioc1 M Policy Scenario 2 M Policy Scenario 3

Czech | Finland

Republic

Austria |Bulgaria France |Germany| Italy |Romania

Spain

Low energy price scenario

Figure 13 Savings in final energy demand for space heating and hot water in tar-
get countries in three policy scenarios, from 2008 to 2020, low energy
price scenario®

?! Results for the high energy price scenario are shown in the annex.
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Figure 14 Savings in final energy demand for space heating and hot water in tar-
get countries in three policy scenarios, from 2008 to 2030, low energy
price scenario®

The renovation rate of the building stock and thus the cumulated share of renovated
buildings are often referred as the main indicator of effective policies. Figure 15 shows
that there is also a clear connection between renovation rate and energy savings in the
different scenarios. However, it is not only the renovation rate which matters. Even
more, and in particular in the period beyond 2030, renovation quality, i.e. the level of
achieved energy savings in renovated buildings matters. Germany achieves the high-
est savings of final energy demand for space heating and hot water with about 30% of
renovated floor area in the 22 years period in the most ambitious policy set, whereas
the cases of Italy and Spain achieve even higher cumulated renovation rates, however
with significant lower energy savings.

The figure also shows that besides for Finland in all countries energy savings of at
least 20% from 2008-2030 can be achieved, even with policy packages which have
been reality checked and discussed and agreed with policy makers in intensive discus-
sion processes. So, it becomes clear that not only in countries with low tradition of en-
ergy performance standards (e.g. Bulgaria, Romania) high efficiency potentials exist,
but also in countries like Germany and Austria. However, the challenges are quite dif-

?2 Results for the high energy price scenario are shown in the annex.
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ferent and in the former countries increasing comfort demand offset, more than in latter
countries, a substantial part of energy efficiency improvement.

Energy prices are a trigger for renovation activities and energy savings (partly
due to renovation activities and partly due to a shift to more efficient heating and hot
water systems), in particular if the price signal is used as a leverage by a strong and
effective policy environment. The comparison between Figure 15 and Figure 16 reveals
that the price effect is different in different countries and in different scenarios.

The different price effect between countries can be explained by the following ar-
guments:

e The price increase from low to high price scenarios varies among energy carri-
ers. Thus, the difference in the energy mix between countries leads to different
price effects.

e Poles results in different price signals for different countries (see chapter 3.1.8).

e The behaviour and preferences of building owners in different countries are dif-
ferent (according to the findings in Heiskanen et al.,, 2013, Heiskanen and
Matschoss, 2012 and Steinbach, 2013a). Thus, the weight on running energy
costs which building owners in average put in their decision making process
varies between countries.

e The policies which are part of the country specific policy packages have an im-

pact on the price effect.
E.g. the price effect in Germany, in particular for policy scenario 3 in general is
lower than in most other countries. This can be explained by the strong focus
on regulatory measures, combined with information campaigns and activities to
guarantee high compliance. Thus, the price signal does not lead to a substan-
tially higher renovation rate and energy savings.

The reasons for different price effects in different policy scenarios for the same
country are lying in the characteristics of the specific policy sets. If policy packages
are pushing efficient heating systems or deep renovation packages near (economic)
effectiveness and attractiveness, and if the policy packages create an overall favoura-
ble environment, an additional incentive (e.g. from rising energy prices) can lead to a
strong push of energy savings.

What are the reasons for different energy savings in the countries in detail?

On the one hand, the share between light, medium and deep renovation provides
an explanation for the different energy savings in different countries. On the other
hand, there is also a difference in the definition of light, medium and deep renovation
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between the target countries®. These three renovation packages have been derived
based on the cost-optimality calculations (chapter 4). Thus, the different climatic condi-
tions and different reference buildings which are typical for different countries also lead
to different definitions of most economic renovation packages for achieving certain en-
ergy performance levels.

Overall, the cumulated share of buildings renovated in the highest considered quality
for each of the countries varies between 15% e.g. in the least ambitious policy scenario
1 (low energy prices) for Bulgaria and up to 60% and beyond in the most ambitious
policy scenario 3 (low energy prices) for the cases like Spain, Czech Republic or Ro-
mania. This indicates that in the latter examples, the policy group decided to analyse
either more rigorous regulatory schemes including compliance measures for building
renovation or specific incentives for deep renovation. Where the impact of deep reno-
vation and a high quality of renovation activities might only partly be visible in the sce-
nario results for 2030, previous studies have shown their essential impact for achieving
ambitious energy and GHG saving targets in the building stock until 2050, e.g. Urge-
Vorsatz et al., (2015), Henning et al., (2013), Muller et al., (2010), IEA, (2013).

2 See country reports on policy scenarios and recommendations:
http://www.entranze.eu/pub/pub-scenario
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2 Results for the high energy price scenario are shown in the annex.
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Figure 18 shows final energy demand for space heating per useful floor area with and
without climate correction?. Finland, Austria and Czech Republic have the highest
specific final energy consumption (without climate correction) in the base year among
the ENTRANZE target countries due to climate conditions, user behaviour, mix of in-
stalled heating systems and overall energy performance of the building stock. Howev-
er, if we apply the climate correction, it becomes clear that the Finnish building stock is
among the most effective ones, whereas Italy and France have the highest specific
energy demand. This is the effect of early introduction of energy performance require-
ments in the Finnish building codes (Heiskanen et al., 2014). Besides the effect in the
base year, this also leads to the effect that the potential for efficiency improvement is
lower than in other countries and the remaining potential is less economic than in other
countries.

Since the graph does not show energy needs but total final energy consumption (for
2008) and total final energy demand (for the scenario years), it also implicitly includes
user behaviour, and comfort levels. E.g. the low values of specific climate corrected
energy demand in countries like Bulgaria and Spain are mainly due to low comfort level
and not due to high energy performance of the building stock. Thus, it is most likely that
in these countries increasing comfort requirements in the coming years will compen-
sate for the energy efficiency gains (e.g. by higher effective indoor temperature after
building envelope insulation). Also the share of room heating systems plays a strong
role. This share is particularly high in Bulgaria, Spain (and to some extent Romania).
Due to the fact that the comfort level (service factor) of room heating systems in prac-
tice is significantly lower than for central heating systems, the shift from room heating
(like solid fuel single stoves) to central heating systems may lead to an increase of final
energy demand, since the increaseing comfort outweighs the efficiency gains of the
heating systems. Besides the different policy ambition levels, this is also one of the
reasons for lower energy efficiency gains in the Bulgarian policy scenario 1 compared
to countries like Italy or the Czech Republic.

The case of Bulgaria also reveals that the current policies have a very low impact due
to high barriers and transaction costs (see Kranzl et al., (2014d), chapter 8).

% Climate corrections enable to compare European countries without the influence of the climat-
ic conditions. The calculation of climate corrected final energy demand is based on the spe-
cific energy demand in a certain country, HDD (heating degree days) in EU-27 and HDD in
the estimated country. Mean HDD are taken from the Eurostat statistic which provides mean
HDD in EU-27 and in each European country from 2000 to 2009 (Eurostat 2014).
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Figure 18 Specific final energy demand per floor area®® for space heating and

climate corrected?” specific final energy demand per floor area for
space heating in target countries in 2008, 2020, 2025 and 2030 in sce-
nario 1, low energy prices®

Figure 19 shows the two main drivers for cooling energy demand: (i) the electricity de-
mand per m2 of cooled floor area and (ii) the share of cooled floor area on total (heat-
ed) floor area. According to the scenario results in this project, the share of cooled area
is expected to increase in all countries and all scenarios (for a discussion regarding
related uncertainties, see chapter 6.1). However, the specific energy demand for most
countries, and in particular for those with highest cooling demand can be reduced
mainly due to more effective shading, but also increased efficiency of chillers and AC

systems.

26 Specific final energy demand is calculated by dividing total final energy demand through use-
ful floor area. Useful floor area in general is about 20% lower than total building floor area.

#" Climate correction has been done on the basis of mean heating degree days in EU-27 from
2000-2009.

%8 Results for the high energy price scenario are shown in the annex.
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Figure 19 Electricity demand for space cooling per cooled floor area and share of
cooled floor area® from 2008-2030 in policy set 1 — low energy prices

4.3 Energy carrier mix and share of renewables

Heating systems typically have a shorter lifetime than building envelope components
like facade, roof or windows. Thus, the structure of heating systems and the resulting
energy carrier mix may change faster than the uptake of renovation measures concern-
ing the building envelope. The following figure shows the energy carrier mix in the tar-
get countries and the three policy scenarios for 2008 and 2030. A general trend is the
significant decrease of heating oil in all scenarios. This is on the one hand due to high
fuel prices for heating oil and on the other hand due to corresponding policies to phase
out heating oil (e.g. in Finland, Policy Scenarios 2) or in general according to the nZEB
concept and the assumed implementation of the RES-H use obligation according to the
renewable energy directive . Another trend is the increase of ambient energy and solar

% Share of cooled floor area is calculated as ratio of cooled floor area and heated floor area.
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thermal systems, which in some countries and some scenarios is significant. Regarding
ambient heat, we follow the accounting requirements according to the renewable ener-
gy directive (2009/28/EC), Annex VII. For this purpose, we take into account the prima-
ry energy factors of electricity generation according to 3.3 and 3.4. Regarding uncer-
tainties, in particular regarding the expansion and potential market growth and corre-
sponding barriers, see chapter 6.1.

On top of the RES-H technologies biomass, ambient energy (heat pumps) and solar
thermal energy, the ENTRANZE scenarios also include PV generation. PV generation
in the policy sets is triggered by economic incentives (subsidies, feed-in-tariffs) on the
one hand and by regulatory instruments (RES use obligation in new buildings or build-
ings undergoing major renovation) on the other hand (see 3.1.6). The scenario results
(Figure 21 and Figure 42) show that under current market conditions, in most countries
PV is near competitiveness with retail household electricity prices. Thus, the model
results in a robust expansion of small scale PV appliances allowing to substitute
household electricity consumption from the grid with PV generation and export only a
small share of PV generation to the grid. Additional incentives in more ambitious sce-
narios show some impact, but the additional effect in most countries is relatively small
due to the economic effectiveness, which is already given for policy scenario 1. It re-
mains the question of barriers, challenges to finance PV plants, transaction costs and
availability of trained staff. Overall, our scenarios show an increase in on-site PV gen-
eration for ENTRANZE target countries from about 5 TWh in the base year 2008 to
about 50 TWh in 2020 and 95-100 TWh in 2030.
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Figure 20 Share of energy carriers on the total final energy demand and reduc-
tion of final energy demand in target countries in three policy scenar-
ios, low energy prices
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4.4 COz-emissions

Figure 22 to Figure 24 show the specific CO,-emissions in kg/(m2yr) caused by the
energy demand for space heating, hot water, cooling and lighting related to the share
of renewable energy*! on the total final energy demand for space heating and hot wa-
ter. The size of the bubbles show the total final energy demand for the space heating,
hot water, cooling and lighting, where the value for selected countries is indicated.

There are several key drivers for the specific CO,-emissions per floor area in the sce-
narios. (1) The overall energy demand and energy performance of buildings, (2) the
share of renewable heating, (3) the shift from coal and oil heating systems to gas and
(4) the reduction in COs-intensity of electricity generation. All these factors lead to a
reduction of specific CO,-emissions, which is already quite substantial in policy scenar-
io 1. However, by more additional and deeper renovation measures, more efficient

% Results for the high energy price scenario are shown in the annex.

%1 Only on-site RES-H is counted in these graphs. PV-contribution to space heating and hot
water preparation as well as the share of renewable in the electricity mix is not considered.
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heating systems and enforcement of the RES-H share, CO2-emissions can be further
reduced in Policy scenario 2 and 3.

Area of bubbles: Total annual demand for space heatingand hot water, coolingand
lighting [TWh/a]
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Figure 22 CO,-emissions caused by space heating, hot water, cooling and light-
ing and RES-H share®. Policy scenario 1, low energy prices.

32 Only on-site RES-H is counted in this graph. PV-contribution to space heating and hot water
preparation as well as the share of renewable in the electricity mix is not considered.
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Figure 23 CO,-emissions caused by energy demand for space heating, hot water,
cooling and lighting and RES-H share. Policy scenario 2, low energy

prices.
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Figure 24 CO,-emissions caused by energy demand for space heating, hot water,
cooling and lighting and RES-H share®. Policy scenario 3, low energy

prices.

% Only on-site RES-H is counted in this graph. PV-contribution to space heating and hot water
preparation as well as the share of renewable in the electricity mix is not considered.
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The average specific CO,-emissions in EU28 are about 40 kg/(m2*yr) in 2008 and be-
tween 20.9 and 17.5 kg/(m?*yr) in 2030 in policy scenario 1 and 3, respectively.

In all scenarios, the decline in heating oil plays a key role for the reduction of CO,-
emissions.

4.5 Investments, public expenses and fuel costs

Energy efficiency measures are typically associated with corresponding investments.
Figure 25 shows the energy savings from 2008-2030 and the related specific invest-
ments per total floor area for each target country and scenario. Within the scenarios for
each country we see a clear trend of higher investments leading to higher energy sav-
ings. The differences between countries are due to climatic differences, differences in
cost structure and differences in the quality of the existing building stock and thus exist-
ing energy efficiency potentials, rebound effects, change of heating systems etc.

For the indicator on the x-axis, total floor area includes the total useful building stock
floor area, not only the renovated floor area, in order to allow for a proper comparison
between the scenarios and countries. Thus, this amount is substantially lower than
investments per renovated floor area.
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Figure 25 Savings in final energy demand for space heating and hot water from
2008 and 2030 and total investments in renovation per total building
floor area® from 2008 to 2030%, low energy prices®

A key element of investigated policy packages are investment subsidies for thermal
building renovation. Figure 26 links savings in final energy demand with the public ex-
penses which are granted as subsidies for energy efficiency improvement in the build-
ing envelope in the different scenarios. Again, as for the previous figure we relate the
costs to the total floor area, no the renovated floor area. It shows that not necessarily
those countries and scenarios with the highest public expenses per total floor area lead
to the highest savings. There are several drivers for the results in this graph: (i) region-

% please take into account that total floor area includes the whole building stock floor area, not
only the renovated floor area, in order to allow for a proper comparison between the scenari-
0s and countries.

* There is one outlier indicating results for Finland excluded from the graph. Policy scenario,
saving in energy demand for space heating and hot water from 2008 to 2030 and cumulated
public expenses in building renovation from 2008 to 2030 are as follows: Policy Scenario 2,
15% and 197 €/m? for Finland

% Results for the high energy price scenario are shown in the annex.
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al differences as explained above for the case of investments and savings; (ii) different
design of policies and the relevance of economic support instruments in the policy
packages. Obviously, policy packages with a strong regulatory element may achieve
substantially higher energy savings with the same amount of public expenses for in-
vestment subsidies. Examples for such policy scenarios are the ambitious policy sce-
nario 3 in France, which leads to about 27% of energy savings from 2008-2030 with
public expenses for subsidies of less than 2 €/m? total floor area. This is achieved with
a mix of regulatory instruments (obligation to renovate the least efficient buildings in
case of real estate transactions), moderate subsidies and strong target oriented infor-
mation instruments and coaching (Sebi et al., 2014). The German scenarios show the
impact of stepwise increasing compliance and information measures to ensure a high
effectiveness of regulatory instruments (Steinbach et al., 2014). These examples are in
strong contrast to scenarios e.g. for Austria. Scenario 2 leads to 22% energy savings
from 2008-2030 with about 11.5 €/m? total floor area public expenses. Scenario 3
achieves 25% of energy savings with public expenses of 27 €/m? public expenses. So,
this huge difference to the prior examples can be explained by (1) the higher specific
investments in Austria (see Figure 43), (2) a strong tradition in subsidies for building
renovation (and new building construction) and (3) the type of investigated policy mix:
the subsidies (which are counted here as public expenses) are financed through a
property tax on low energy efficient buildings. In particular in the Austrian policy scenar-
io 3, the additional revenues from the property tax would even overcompensate the
expenses for subsidies (Kranzl et al., 2014c).

Even though there are regional differences in cost structure, policy traditions, climatic
conditions and ways of financing public subsidies, the general conclusion is that the
effectiveness of policy scenarios which are located on the right hand side of the graph
could probably be improved by giving more weight on measures which do not require
high public expenses, i.e. stronger regulatory instruments (building codes, RES use
obligation) including measures to increase compliance, building specific renovation
roadmaps and more effective information activities, quality checks, training and coach-
ing of building owners.

Besides the private and public investments for building renovation, the total expenses
for final energy for space heating and hot water are crucial for the economic effective-
ness.
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Figure 26 Savings in final energy demand for heating and hot water from 2008 to
2030 and cumulated public expenses in renovation per total building
floor area from 2008 to 2030 (low energy price scenario®’)®

%" Results for the high energy price scenario are shown in the annex.

*® There are two outliers indicating results for Austria and Finland excluded from the graph. Poli-
cy scenario, saving in energy demand for space heating and hot water from 2008 to 2030
and cumulated public expenses in building renovation from 2008 to 2030 are as follows: Pol-
icy Scenario 3, 25% and 27 €/m? for Austria and Policy Scenario 2, 15% and 27 €/m? for Fin-
land.
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% Results for the high energy price scenario are shown in the annex.
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For evaluating fuel costs savings vs. investments, it is necessary to take into account
the savings beyond the investment period, since investments trigger savings also in the
period beyond 2030. For the example of the low energy price scenario, cumulated fuel
cost savings in the scenario 3 compared to scenario 1 for the period from 2008-2055
vary between 660 bn€ and 290 bn€ for the total of all target countries in policy scenario
1. In contrast, the NPV of additional investments in the period from 2008-2030 in policy
scenario 3 compared to policy scenario 1 are 460 bn€ to 660 bn€. The range of results
is due to different assumptions for interest rates (starting with a cumulated value with-
out discounting and a long-term macro-economic discount rate of 3%).

Thus, it becomes clear, that the discount rate is the crucial factor in this assessment. In
case of a very low interest rate (which might reflect the view of a responsible-minded,
long-term approach taking into account fair intergenerational allocation of ressources),
fuel cost savings in the long term are slightly higher than the required investments,
even in the scenario with low energy prices.

4.6 Scenario summary by countries

Detailed scenario results are documented in the country reports “Policy scenarios and
recommendations on nZEB, deep renovation and RES-H/C diffusion”. Moreover, the
online scenario tool includes a lot of more detailed results and indicators. Both country
reports and scenario tool are available on the project website at:
http://www.entranze.eu/scenario-results/online-scenario-results . The annex of this re-
port documents the development of final energy demand by energy carrier for each
target country and scenario.

In the following, we will shortly highlight for each target country the main idea for policy
packages and the corresponding overall results. Policy recommendations from these
scenarios are derived in the documents mentioned above as well as in the report “Poli-
cies to enforce the transition to nZEB: Synthesis report and policy recommendations
from the project ENTRANZE.”°

Austria

The Austrian policy group decided to investigate the potential impact of innovative poli-
cy packages mainly based on the following elements, on top of the existing ones:

4% \www.entranze.eu/pub/pub-scenario/.
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e A property tax depending on the energy efficiency of buildings;

¢ Intensified coaching of building owners before and during a thermal building retro-
fit;

¢ Innovative financing of thermal building retrofit by initiating public/private funds
providing the financial support for building renovation at low interest rates. Partly,
increased tax revenues from the property tax could also be used as a source for
this fund.

Three model-based scenarios were developed: (1) a business-as-usual (BAU) scenario
with the current schemes remaining constant, (2) a scenario with a new policy ap-
proach described above, however, with a low ambition and (3) a new policy approach
with a higher ambition.

While the BAU scenario leads to about 20% -24% reduction of final energy demand
and almost 25% -30% of delivered energy demand (under moderate and high energy
prices) from 2008-2030, the additional measures in scenario 2 induce only very moder-
ate additional reduction of energy demand. Thus, new policies as such do not guaran-
tee a substantial progress. They have to be designed and implemented in an ambitious
way. The third scenario indicates a significant increase of renovation activities and re-
lated energy performance. However, it has to be taken into account that the implemen-
tation of a property tax related to the energy efficiency of buildings would require a
comprehensive building registry and corresponding energy performance certificate reg-
istry. Thus, corresponding activities have to be enhanced. Moreover, there is a need for
further work and elaboration of coaching of building renovation activities. Correspond-
ing pilot projects should be intensified. The options how to initiate funds to finance
building renovation needs to be investigated more concretely. Although building codes
and the regulatory framework were not the focus of the scenario work, the comparison
with other countries revealed that the Austrian nZEB definition is not at the forefront of
the European standard. Thus, stricter regulatory measures would be required to
achieve ambitious long term climate and energy policy targets.

Bulgaria

The building stock in Bulgaria has had a very high level of energy consumption for
heating and also for cooling in the recent years. First legislative initiatives for heat en-
ergy conservation were introduced in 1961, strengthened for the panel buildings in
1979 and for all buildings subsequently in 1987, 1999, 2004 and 2009. The official ap-
proval of the national definition for nZEBs and an additional increase in the energy effi-
ciency requirements for new buildings and also in the event of a major renovation are
expected by the end of 2014. The economic incentives to support the national policy for
energy efficiency and the use of RES in the building sector up to now were limited

ENTRA o
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

mainly to public buildings and multi-family apartment blocks. The current legislation
does not address barriers relating to the renovation of condominiums.

Compared to the existing policy scenario, the “medium term policy” scenario and “poli-
cies in two steps+” show good results for the period up to 2030. It is expected that less
electricity will be used for heating and DHW as the share of natural gas, solar thermal
and ambient heat will increase. The scenarios foresee investments between EUR 6
and EUR 14 billion in the building sector for the period 2030.

The policy recommendations for Bulgaria include the introduction of building codes with
stronger requirements for energy performance characteristics and use of RES for new
buildings and also in the event of major renovation. This should be implemented in two
phases in 2015 and in 2020. The financial support from the EU funds is limited and
additional resources should be mobilised — national funds, private resources (through
public private partnership) and bank resources (soft loans), as tax reductions are a
workable option which are already giving some results. Important policy instruments
are related to ensuring the quality of renovation, and information and awareness-
raising campaigns targeted at the relevant stakeholders.

Czech Republic

In the Czech Republic, energy efficiency in buildings requirements are being revised
since their introduction in late 1960°s. Hand in hand with implementation of the recast
EPBD into national legislation, the strengthening of minimum standards for buildings
has been done within updates of the energy efficiency law as well as providing a regu-
lation in 2013. The introduction of requirements on nZEBs was a part of this update.
Future updates are expected after gaining relevant experience under the existing legis-
lation.

Although keeping the present system of supporting schemes for a wide range of build-
ing types and keeping the volume of funding (scenario 2) can lead to fulfilment of EED
requirements, still higher savings and efficiency can be achieved by implementation of
a more ambitious approach (scenario 3) by the earlier introduction of the nZEB stand-
ard. Such acceleration would be feasible because the legal national requirements on
nZEBs are not as strict in the country at present. Figure 8 shows the development of
final energy demand in the Czech Republic by energy carriers that relates to the differ-
ent policy scenarios defined. The three policy sets relate to basic regulatory framework
fulfilment without the involvement of support schemes (Scenario 1), “business as usual”
that takes into account existing support schemes in the same intensity (Scenario 2) and
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the third policy set (Scenario 3) that involves mandatory requirements** for nearly Zero-
Energy Buildings in 2014 already, in addition to the previous scenario. The decrease in
natural gas and coal demand is visible as well as the increase in the share of ambient
energy (i.e. renewable sources). The policy sets reflect mainly the direct subsidy pro-
grammes as these already have a considerable tradition.

The differences in the scenario results defined above lead to two main recommenda-
tions:

. Focus shall be put on increased renovation of the existing building stock in
order to intensify it and support complex solutions.

. Revision of requirements on nearly Zero-Energy Buildings as their effect on
energy performance (compared to present requirements on buildings) is
quite low and the nZEB level is not ambitious enough.

Finland

Finland was one of the first countries to introduce stringent energy standards in the
building code in 1976, with several revisions in the subsequent decades. The most
recent revision has been the introduction of specific energy efficiency standards for
buildings undergoing renovation in 2013. Because of this, policy makers would like to
first test the effects of this regulation before introducing new regulatory instruments.

However, the Finnish ENTRANZE Policy Group was eager to evaluate two new ideas:

e A target-group specific approach, where separate instruments are implemented for
single-family homes (most outside the district heating system) and multifamily
homes and other larger buildings (most served by the district heating system). Sin-
gle-family homeowners gain support for changing their heating system from elec-
tric and oil to heat pumps or biomass, which are cost-effective. Multifamily build-
ings gain tailored advice when approaching the age of major renovations. Both
groups are offered private finance with loan periods that correspond to the lifetime
of the renovated building components. Technology procurement is used to reduce
the cost of certain measures.

e The other idea evaluated was a tax on fossil fuels, district heat and electricity,
which raises the price paid by the consumer by 50%. Economic instruments are

“! Energy Management Act 406/2000 Coll. and Regulation 78/2013 Coll. on energy perfor-
mance of buildings
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popular in Finland and it was considered interesting to see what they can deliver in
principle with an extreme scenario.

Compared to the existing policy scenario, the target group specific scenario shows
good results. Energy demand is reduced and a large share of purchased energy is re-
placed with “ambient energy”, i.e., energy gained from the ground and air via heat
pumps. However, this requires technology procurement to develop cost-effective solu-
tions for single-family homes lacking central heating. Scenario 3 also reduces energy
demand, but is not feasible in practice and could lead to social problems. Moreover,
this scenario outcome also requires additional measures to restrict the use of biomass
in urban areas, which can cause local air pollution.

France

Despite five updates of building codes since 1974 for new construction and the fact that
the last building code implemented (RT2012) is one of the most stringent in EU*, the
specific energy consumption per m2 and per heating degree days in buildings in France
is still significantly higher than in other EU countries. Indeed, buildings built before the
first regulation still represent today 64% of the stock. Many economic incentives for
building renovation have been implemented, such as subsidies or tax credits, and still
the renovation rate remains very low. Therefore, the scenarios mainly considered are
measures targeting existing buildings. Beyond a BAU scenario including existing
measures as of end of 2012, two scenarios with additional measures have been con-
sidered®:

e The implementation of a progressive energy or CO, tax reaching 100 €/t CO,
(CO./energy tax scenario), with reallocation of the tax revenue as a priority
to low income households to provide additional resources to subsidise energy
efficiency investments, reduce fuel poverty and increase the cost-effectiveness
of the investments.

2 imit of 50 kWh/m? in primary energy (kWhep) since January 2013 for all new dwellings for 5
end-uses (space and water heating, air conditioning, lighting and auxiliaries (ventilation,
pumps). With the next update in 2020, all new buildings will be energy positive (consumption
below 0 kWhep/m?, or 12 kWhep/m? for heating).

*3 Both CO,/energy tax and proactive scenarios include an increased effort on information for
households.
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¢ A mandatory thermal retrofitting of the least efficient dwellings during real es-
tate transactions and major transformations (when economically feasible) (Pro-
active scenario).

The energy demand for space and water heating is expected to decrease by up to 32%
in 2030 compared to the 2008 level in the proactive scenario. The CO,/energy tax sce-
nario would allow an intermediate reduction of 20%*. As the proactive scenario imple-
ments more stringent measures on existing buildings, the renovation dynamics are
significantly higher: in 2030 around 30% of the stock would be renovated with a strong
share of deep renovation.

Germany

In Germany there is already a well-established instrument portfolio addressing the en-
ergy refurbishment of buildings. The main policy instruments are: the energy efficiency
requirements defined by the building code; low-interest loans and a repayment bonus
for energy efficient refurbishment and new buildings depending on the energy standard
achieved; investment grants (existing buildings) and use obligation (new buildings) for
the implementation of RES-H; and a variety of instruments for information and motiva-
tion as well as supply side measures.

However, calculations about the expected future development of energy consumption
by the building sector show that the impact of the existing instruments will not be suffi-
cient to reach the targets set for energy consumption. These results have also been
validated by the scenario calculation within the ENTRANZE project.

A business as usual (BAU) scenario - assuming a continuation of current policy design
— and two additional policy sets — considering further policy measures — have been
analysed. The second policy set (regulatory) considers a tightening of the building code
requirements as well as an expansion of the RES-H use obligation for existing build-
ings. In addition to the regulatory policies, enforcement and information measures to
improve compliance are included in the third policy set (regulatory & information). The
final energy demand for space heating and hot water declines in the period 2008 to
2030 by 24% in the BAU scenario and by 27% in the regulatory policy set. The combi-
nation of tightened regulations and additional measures to improve compliance results
in a decrease of 30% by 2030. Driven by the RES use obligation for existing buildings,

* A sensitivity analysis showed that increasing the CO,/energy tax from 100 to 200€/tCO2 in
2030 will reduce energy consumption by an additional 20% and would have the same result
as the proactive scenario.
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RES-H accounts for 33% and 36% of total final energy demand in 2030 in the second
and third policy set, respectively. In the BAU scenario, a RES-H share of 28% is
achieved by 2030.

The results clearly show that the enforcement of regulatory instruments and the im-
provement of information in combination with an ambitious tightening of the building
codes and the implementation of use obligations for RES-H will have the highest im-
pact on energy efficiency and the RES-H share.

Italy

Three possible policy sets were developed for Italy in strong collaboration with the na-
tional policy makers and experts involved in the dialogue groups. In line with EPBD
requirements, the focus was put on cost-optimal solutions to determine regulation lim-
its for refurbishment. In those few cases where the cost-optimal solutions have been
already incorporated in the current regulations, we selected more ambitious renova-
tions levels to keep on the regulation improvement process.

With these goals in mind the following regulations were suggested:

¢ Renovation has to reach savings greater than 50% in total net primary energy
(excluding electrical appliances), in respect to base refurbishment level.

e Total net primary energy has to be lower than the maximum threshold of
100 KWh/m?/y.

¢ Alternatively the most cost-optimal solutions have to be adopted if it is calculat-
ed that they lead to lower net primary energy demand.

e And in general the indicated minimum percentages of primary energy demand
have to be covered by renewable energy systems.

In more ambitious policy sets selected solutions and performances for nZEB were con-
sidered as limits to take advantage of proposed incentives. In the three policy sets for
renovations, indicated respectively as BAU Plus, Medium and Improved, the policy
measures considered consist of: regulatory instruments, tax deductions, economic
incentives, preferential loans and information campaigns. Also a regulation for
new buildings has been proposed, mainly focused on nZEB levels in regulations, start-
ing from 2020.

Among the main recommendations which the process led to we can highlight:
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¢ the need of more complete indices (e.g. energy needs, load matching indices,
long-term comfort indices, etc.) for description / ranking of buildings and NZEBs
as foreseen by EPBD;

e policy instruments which will remain in force certainly for long periods, mainly
giving financial support to initial investments, integrating private and public
sources; and there is need for investment in quality control over renovation
interventions;

e the crucial importance of information campaigns particularly for the demand
side;

e adopting solutions of progressive tariffs with unitary energy price growing with
consumption and making real time consumption data available to customers;

Romania

The policy scenarios for Romania have been elaborated in close cooperation with poli-
cy makers and stakeholders through dedicated meetings and workshops organised
over the project lifetime. Up for debate were the following topics: data on the building
stock, analysis of behavioural aspects relating to investing in energy performance and,
finally, existing buildings policies in Romania, support programmes and potential ways
to improve them by 2030.

As a result of the continuous dialogue with Romanian stakeholders, three policy sets
were defined, exploring different levels of policy ambition. Based on the results of the
modelling exercise, policy recommendations are provided for securing the transition to
nZEB in Romania:

¢ Need to further improve the strategic planning and dynamic regulation based on a
periodical evaluation of policies in close cooperation with main stakeholders

e The energy performance and thermal requirements from buildings regulations have
to be stricter and properly enforced in order to ensure a high level of compliance in
construction work

e Need to further improve measures for information and provision of guidance to
buildings owners and stakeholders

¢ Need to introduce qualification trainings of the workforce and to improve the edu-
cation curricula from high schools and universities in order to prepare the work-
force to properly implement nZEB construction.

e Need for financial support programmes. These programmes can be built on exist-
ing ones, but by increasing predictability (through cross-party support, multi-annual
budgets, transitioning from high intensive grants to more commercial instruments).
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e Buildings renovation programmes have to be in close coordination to complemen-
tary programmes and measures on urban development and district heating in order
avoid inconsistency between them, to minimise costs and therefore to increase
their effectiveness.

The modelling results show a decrease of final energy demand for heating and domes-
tic hot water leading to energy savings of up to 31% (as comparing to 2008) in the most
ambitious scenario. Renewable energy share will also increase from about 41.6% in
2008 up to 51-56% by 2030 in the most ambitious policy scenario. In all policy scenari-
os modelled, the contribution of oil, coal and district heating to final demand decreased
by 2030.

Spain

The current Technical Building Code (TBC-updated in 2013) is in line with the minimum
requirement for energy efficiency associated with the cost-optimal analysis that has
been submitted to the European Commission by Spain. There are already quite attrac-
tive subsidies for building renovation and yet the renovation rate remains very low.
Three policy sets have been chosen and their impact calculated with Invert/EE-Lab: (1)
business as usual, (2) focus on regulatory measures and (3) ambitious scenario.

The scenarios show that the most ambitious policy set 3 leads to the highest energy
saving (around 27% in 2030 compared to 2008). In addition, the following main findings
have been identified:

e |t is estimated that the current policies regarding the energy efficiency of build-
ings implemented in Spain will result in energy savings (for heating and hot wa-
ter) of between 2% and 4% in 2020 compared to 2008.

e Achieving more ambitious savings (e.g. 15% -25%) in 2020 and 2030 neces-
sarily requires the implementation of more ambitious policy instruments. In
some cases the currently implemented policy instruments can be strengthened
or improved (e.g. strengthen minimum requirements of regulatory instruments),
in other cases new and innovative instruments are needed (e.g. related to build-
ing owners' information/motivation to invest in energy efficiency in order to
strengthen the impact of financial support programmes).

e A market transformation is needed in order to meet the quality assurance re-
quirements of the implemented energy efficiency measures. Several experts
point to the development of an effective surveillance system which will ensure
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the quality of the whole process (from project design to implementation and
maintenance) in order to ensure compliance with the TBC* requirements.

* Technical Building Code (updated in 2013)

ENTRA 74
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

5. Scenario results for EU-28

The following part highlights selected results for the aggregate energy demand in the
EU-28 building stock. The scenario results build strongly on the policy packages and
results from the target countries, which cover in total about 60% of the overall EU-28
energy consumption by space heating, hot water, cooling and lighting. For the other
countries, generic policy sets were applied, with the same logic as for the target coun-
tries: Scenario 1 refers to a moderate ambitious scenario according to current national
and EU legislation, Scenario 2 and 3 are more ambitious, innovative and stringent poli-
cy packages. However, it was not possible to carry out an in-depth policy discussion
process and a thorough analysis of the current state of policies in the remaining coun-
tries of the EU-28.

As a starting point, Figure 28 shows the substantial energy savings which can be
achieved in the different policy scenarios starting from about 15.5 EJ (~ 4300 TWh or
370 Mtoe) in the base year 2008 until 2030. l.e. according to the model results for EU-
28, the current policy framework could lead to savings of about 20%-23% of final ener-
gy demand and about 25-30% of delivered energy from 2008-2030. In contrast, policy
scenario 3, with more ambitious policies, but still not the maximum of achievable effort
and policy innovation, would lead to savings of 29-31% in final energy and 36%-39% in
delivered energy.*°

“® Invert/EE-Lab also has been applied in the “Study evaluating the current energy efficiency
policy framework in the EU and providing orientation on policy options for realising the cost-
effective energy-efficiency/saving potential until 2020 and beyond” (Eichhammer et al., 2014)
ordered by the European Commission. Since the objective of this project was not the same
as in ENTRANZE and because of different policy assumptions and framework conditions,
the results of the two projects are slightly different. Taking into account the different side
conditions and assumptions the results can be considered as consistent with each other.
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Figure 28 Final energy demand for space heating, hot water, lighting and cooling
in 2008 and in 2030 in EU-28 in policy scenarios 1, 2, 3.

The figure also confirms for EU28 the findings from Figure 11, i.e. that the lion’s share
of the energy demand in buildings is for space heating and hot water, while cooling and
lighting represent much smaller shares of total energy demand.

The current policies implemented for lighting energy efficiency is expected to reduce
lighting energy consumption in our scenarios by about 20% from 2008 to 2030. These
savings however could be more than doubled with even more stringent and more ambi-
tious measures. In contrast to the considerable savings in space heating and lighting
energy demand, which could be achieved, cooling energy demand is increasing in all
scenarios (by more than 110% for EU-28 from 2008 to 2030). This is mainly related to
an expected increase in comfort demand in accordance with developments in recent
years. However, with a stringent implementation of efficiency measures (mainly shad-
ing, but also the efficiency improvement of chillers), this increase could be reduced.

Figure 29 indicates the energy carrier mix for space heating, hot water, cooling and
lighting as well as PV generation. Due to high fuel costs, heating oil systems are more
and more being phased out in all scenarios. However, natural gas still plays a crucial
role up to 2030, though with different intensities. Almost 50% of final energy demand
for heating and hot water is covered by natural gas in 2008, (about 1900 TWh or 165
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Mtoe). According to Invert/EE-Lab scenarios, the business-as-usual framework could
reduce natural gas demand in 2030 by about 21-31% and under policy scenario 3 by
almost 36-45%. Thus, energy dependency regarding natural gas could be halved by
2030. All scenarios show a significant growth of solar and ambient energy. Ambient
energy is accounted according to the reporting requirements of Member States for the
renewable energy directive (see chapter 3.4).

The share of RES-H increases from about 12% in 2008 to about 25-29% in 2030 under
policy scenario 1 (under low and high energy prices respectively) and to 28%-33% un-
der more ambitious policies. However, considerable uncertainties remain, e.g. regard-
ing the growth of solar thermal, which are discussed in chapter 7.5. In contrast to reno-
vation of the building envelope, the growth of renewable heating technologies can hap-
pen faster due to higher exchange rates. This is one of the reasons why the growth of

renewables is more sensitive regarding the level of energy prices than the renovation
activities and overall energy demand.
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Figure 29 Final energy demand for space heating, hot water, cooling and lighting
by energy carriers in EU-28 in policy scenarios 1, 2 and 3.
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Table 5 Final energy demand for space heating and hot water in EU-28 and Ser-
biain 2008, 2020, 2030 in policy scenarios 1,2,3, low energy price sce-

nario®’
Low energy price scenario
Scenario 1 Scenario 2 Scenario 3
TWh, 2008 2020 2030 2020 2030 2020 2030
Austria 101.3 93.7 81.3 92.8 78.8 90.3 73.7
Belgium 133.1 126.1 116.5 1245 1134 1173 97.3
Bulgaria 27.3 27.0 24.7 26.7 23.9 25.8 21.6
Cyprus 3.6 3.6 3.4 3.5 3.2 3.4 2.8
Czech Rep. 89.1 87.5 76.1 83.9 71.1 82.8 69.9
Croatia 19.0 19.4 17.8 19.2 17.2 19.0 16.8
Denmark 59.2 55.9 54.3 53.9 50.7 53.4 52.1
Estonia 12.6 12.4 10.8 11.9 10.1 11.8 10.0
Finland 73.9 69.6 67.6 67.1 63.2 66.4 64.8
France 578.4 550.9 508.7 5435 4944 5129 425.9
Germany 8215 712.1 6234 710.7 606.0 6954 572.8
Greece 58.8 57.4 54.0 56.4 51.1 52.8 43.2
Hungary 82.4 80.8 70.2 77.5 65.6 76.5 64.5
Ireland 41.7 39.6 38.5 38.2 36.0 38.0 371
Italy 436.2 404.4 359.8 397.3 3479 3873 328.0
Latvia 22.0 21.6 18.8 20.7 17.6 20.5 17.3
Lithuania 19.2 18.9 16.5 18.1 15.4 17.9 15.2
Luxembourg 3.0 2.5 2.0 2.5 1.9 2.4 1.7
Malta 0.4 0.4 0.4 0.4 0.3 0.4 0.3
Netherlands 169.4 145.6 125.3 145.2 121.3 142.0 114.2
Poland 240.6 183.5 1474 1793 1384 1751 1285
Portugal 24.5 24.4 23.4 24.0 21.9 22.7 19.1
Romania 82.1 77.1 67.6 75.4 63.8 73.4 58.0
Slovakia 40.8 39.8 34.4 38.1 32.0 37.7 31.5
Slovenia 14.7 14.0 12.8 13.6 11.8 13.0 10.6
Spain 165.0 162.0 153.3 159.3 1447 1496 1236
Sweden 85.6 80.9 78.5 78.0 73.4 77.3 75.4
UK 570.2 420.8 3384 417.4 330.6 408.2 309.6
Serbia 22.7 22.4 20.5 22.2 19.8 21.4 17.9

" Results for the target countries (AT, BG, CZ, DE, ES, FI, FR, IT, RO) have been reviewed
and discussed with policy makers and experts in an iterative way. For the other countries,
the reviewing process and data collection process was less rigorous.
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Table 6 Final energy demand for space heating and hot water in EU-28 and Ser-
biain 2008, 2020, 2030 in policy scenarios 1,2,3, high energy price

scenario®
High energy price scenario
Scenario 1 Scenario 2 Scenario 3
TWh, 2008 2020 2030 2020 2030 2020 2030
Austria 101.3 88.5 77.5 87.8 75.6 85.6 71.2
Belgium 133.1 122.8 109.5 1239 1124 113.8 90.4
Bulgaria 27.3 26.2 24.1 26.0 23.2 25.1 21.0
Cyprus 3.6 3.5 3.4 3.5 3.1 3.3 2.7
Czech Rep. 89.1 83.9 68.6 80.7 65.6 79.7 64.2
Croatia 19.0 19.2 17.3 18.9 16.6 18.8 16.2
Denmark 59.2 55.4 53.4 53.5 50.0 53.0 51.1
Estonia 12.6 11.9 9.8 114 9.3 11.3 9.1
Finland 73.9 69.1 66.5 66.7 62.3 65.9 63.6
France 578.4 5351 475.8 5409 491.6 496.5 394.5
Germany 8215 7126 6221 711.2 6015 6973 5729
Greece 58.8 56.0 52.2 55.1 49.3 51.6 42.0
Hungary 82.4 77.6 63.4 74.6 60.6 73.7 59.2
Ireland 41.7 39.3 37.9 37.9 35.5 37.7 36.5
Italy 436.2 391.8 333.2 385.0 3219 3755 302.8
Latvia 22.0 20.7 17.0 19.9 16.2 19.7 15.9
Lithuania 19.2 18.1 14.8 17.4 14.2 17.2 13.9
Luxembourg 3.0 2.5 1.9 2.5 1.8 2.4 1.7
Malta 0.4 0.4 0.4 0.4 0.3 0.4 0.3
Netherlands  169.4 145.6 124.2 1452 119.8 142.3 1139
Poland 240.2 183.3 147.0 181.2 1372 176.6 126.7
Portugal 24.5 24.1 22.9 23.6 21.4 22.4 18.8
Romania 82.1 75.7 65.0 74.0 61.9 72.1 57.0
Slovakia 40.8 38.5 31.2 36.9 29.7 36.6 29.1
Slovenia 14.7 14.1 13.4 13.6 12.3 13.0 11.1
Spain 165.0 158.6 1489 1559 140.3 146.7 120.7
Sweden 85.6 80.2 77.3 77.4 72.4 76.7 74.1
UK 570.2 409.4 323.3 406.1 317.2 399.3 298.7
Serbia 22.7 21.8 20.0 21.6 19.3 20.8 17.4

8 Results for the target countries (AT, BG, CZ, DE, ES, FI, FR, IT, RO) have been reviewed
and discussed with policy makers and experts in an iterative way. For the other countries,
the reviewing process and data collection process was less rigorous.
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The increasing energy performance of the buildings stock, the strong phase-out of
heating oil and coal in the building sector, which could occur in the coming decades
(partly due to environmental and climate policy considerations and partly due to higher
comfort requirements and high fuel prices) and the expected move towards the decar-
bonisation of the electricity sector leads to a reduction of total CO2-emissions for heat-
ing cooling and lighting from 43-50% in policy scenario 1 and 50-57% in policy scenario
3 from 2008 to 2030.
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Figure 30 CO,-emissions caused by energy demand for space heating, hot water,
cooling and lighting by energy carrier in EU-28, in policy scenario 1, 2
and 3, low and high energy price scenarios
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Figure 31 Renewable energy share on the total final energy demand for space
heating and hot water in EU-28 in policy scenario 1, 2, 3, low and high
price scenario

In particular, for consistency with long-term targets, a high renovation depth is crucial.
The share of deep (“nZEB”) renovation in the renovation activities increases in our
scenarios to only about 25% under BAU-policies and to about 50% under policy sce-
nario 3. Although 50% of deep (“nZEB”) renovation would be a strong improvement
compared to the current state, we want to emphasise that the remaining 50% are
locked-in for more substantial improvements until the middle of the century. Thus, the
activities to improve high quality renovation, leading to substantial savings per floor
area, have to be substantially increased.

The cumulated investments in building renovation (improvement of building envelope,
without heating systems) from 2008-2030 varies from about 1,150 billion Euro in sce-
nario 1 (low energy prices) to 1,975 billion Euro in scenario 3 (high energy prices) and
thus would be a relevant push for the European overall economy. These results con-
firm that a macro-economic evaluation of policies in the building sector should also be
taken into account in the policy decision making process.
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Figure 32 Total cumulated investments in building renovation from 2008 to 2020
and from 2008 to 2030 and total cumulated public expenses (invest-
ment subsidies and soft loans) in building renovation in EU-28
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6. Uncertainties, open questions and outlook

6.1 Uncertainties

Uncertainties are an intrinsic element of every modelling approach. So, the interpreta-
tion of results and the formulation of conclusions and recommendations should be
done in careful consideration of these uncertainties. Hence, in the following part we will
list and shortly discuss the most relevant of these open points and related questions.

In policy scenario 1, for most target countries and on the level of EU-28 cur-
rent policies remain in place and we assumed at least some ambition to im-
plement the EPBD-recast. However, we should also take into account that a
failure in the implementation of the EPBD is still possible and Member States
could also reduce their current efforts, e.g. regarding financial support of build-
ing renovation. Moreover, as we pointed out in chapter 5, a number of Member
States die not yet definitely decide on the concrete implementation of the EPBD
(e.g. in terms of nZEB definition). These aspects could lead to the results that
the significant amount energy saving under current policies (more or less re-
flecting policy scenario 1) from 2008-2030 could also be lower than indicated in
this report.

The role of different heating systems and energy carriers

We assumed a certain concrete implementation of the renewable energy di-
rective regarding the accounting and reporting of ambient energy.* Howev-
er, in practice there are uncertainties how to determine the seasonal perfor-
mance factor of heat pumps with different types of heat sources (e.g. air source
vs. ground source heat pumps) and installed in different types of buildings (e.g.
with low temperature vs. high temperature heating system). Moreover, the re-
sults depend strongly on the primary energy factor of electricity generation,
which was derived from POLES scenarios and which was not in the key focus
of this project. So, the amount of ambient heat reported by Member States in
the frame of the renewable energy directive very well could also be higher or
lower, even with the same amount of heat pumps installed.

9 See documentation of the methodology in the report “Pathways for reducing the carbon emis-
sions of the building stock in the EU28 until 2030” (Kranzl et al., 2014b),
http://www.entranze.eu/pub/pub-scenario
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The role of district heating depends on a humber of complex interactions of
impact factors like energy related spatial planning, the investment strategy of
district heating companies, the (currently low) economic effectiveness of CHP,
the development of heat densities in various regions etc. In ENTRANZE, our fo-
cus was on the building side and on investment decisions of building owners
regarding the choice of renovation packages and heating, hot water, cooling
and lighting systems, not on the development of district heating grids and not on
specific policies for district heating. Thus, the results for district heating might be
revised when taking into account the modelling of grid expansion.>

With the market slowdown of solar thermal in the past years (ObservER,
2013) the further development is uncertain. The model calibration in periods
with discontinuous to market development leads to ambiguities. Our results for
solar thermal reflect the assumption that markets for solar thermal under gener-
ally favourable market conditions would lead back to a market growth as it has
been the case until around 2008. However, this assumption might be too opti-
mistic in particular in the view of low learning effects and the growing competi-
tion with more attractive technologies like PV (in contrast e.g. to PV almost no
cost reductions were achieved in the past years for solar thermal collectors).
Biomass currently is the dominating renewable energy source for heating. A
relevant share of this amount is covered by old, inefficient stoves or boilers. Ex-
amples from the past have shown that countries with a high tradition in biomass
heating often shift to modern, more efficient types of biomass heating. However,
this will depend on cost development, availability of high quality equipment and
qualified staff, support policies, dust emission regulations, trends and the migra-
tion from rural to urban regions. Even more, in the long term, towards 2050 and
beyond the crucial question arises of optimal biomass allocation for different
energy related and non-energy related end-uses.

Small scale on-site PV systems turn out to be either economic effective or
very near to economic effectiveness, in particular in southern countries, if the
design of the systems is carried out in a way to allow the replacement of
household electricity consumption by PV and export only a low share of PV to
the grid. Thus, the scenarios show a robust market growth of these technolo-
gies. However, still there might be non-economic barriers and barriers in the in-
formation of users, in particular also barriers for the financing of PV installa-
tions.

*% In this context we want to refer to the H2020 project “Supporting the progress of renewable
energies for heating and cooling in the EU on a local level (progRESsSHEAT)”, which will start
early 2015.
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Power to heat might play a relevant role in future energy systems with a high
share of volatile renewable electricity generation. There are several options for
power to heat in large scale heat pumps integrated in district heating grids or
small scale systems within buildings. If power to heat will become more rele-
vant, this could provide an additional incentive for heat pumps. Since the link
between heating and electricity system was not part of the ENTRANZE project
we leave this question for future research.

In a few countries, first of all Poland, coal still covers a significant share of
space heating energy demand. Due to our results, coal would decrease strong-
ly, not only in ambitious policy scenarios but also in policy scenario 1. This is
the result both of economic considerations and non-economic barriers (comfort
aspect etc). However, part of the coal for small scale end-uses is traded in in-
formal markets and thus is economic effective. Moreover, if there is a high tradi-
tion with solid fuel heating, people might be used to it and the barriers and com-
fort requirements might play a different role. Since Poland was no target coun-
try, it was not possible to investigate the future role of coal in more detail in this
country. However, we consider this question as worth to be further analysed in
future studies.

Input data and drivers

In general, all type of input data is related to some amount of uncertainty
and different levels of reliability. E.g. building stock data, in particular the
amount of previously renovated buildings remains an open issue. Almost no
countries do have sufficiently reliable data available regarding renovation activi-
ties or even more regarding renovation depths. This is a considerable source of
uncertainty. Thus, data availability — also in order to allow for a proper monitor-
ing of policies — should be strongly improved, if possible in a consistent Euro-
pean building stock data observatory.

Future development of the building stock, number and distribution of floor
area, migration between regions within Europe and within countries are im-
portant drivers. We assumed that floor area will develop mainly according to the
demographic development in different countries and that the newly constructed
dwellings slowly adapt to the same levels across Europe. New buildings are
much less relevant for overall energy demand compared to existing ones. How-
ever, still these assumptions drive the results.

In some target countries (e.g. Finland, Romania) we distinguished between ru-
ral and urban regions, since this turned out to be relevant for specific policy
guestions. However, we did not investigate the impact of such a split in all tar-
get countries.
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o Data regarding cooling energy needs, final energy demand for cooling, pene-
tration of cooling devices in the building stock are hardly available. We relied on
several data sources from the literature®'. However, official, national statistics
have large gaps in this field. Even more, the possible future diffusion of cooling
devices is highly uncertain and strongly drives the future demand of cooling en-
ergy demand.

e Energy prices play a relevant role in the incentive structure for building renova-
tion and heating system choice. We built on POLES scenarios regarding the fu-
ture development of energy prices. However, prices could very well develop al-
so outside of the range which we have covered (labelled with low vs. high ener-
gy prices above).

e We dedicated an important part of this project on the investigation of barriers
and drivers for investment in energy efficiency in the building stock. However,
these barriers may substantially change in periods of economic crises or even
shocks and discontinuous economic development. In particular in countries
like Spain, the question of availability of capital to carry out renovation
measures for different groups of building owners is crucial and would need fur-
ther investigation.

Modelling approaches and considered aspects

e The model Invert/EE-Lab endogenously models the impact of rebound ef-
fects, e.g. when it comes to the replacement of manually fed solid fuel single
stoves by central heating systems or comfort increase after increasing the
thermal performance of the building envelope. However, these approaches
have been calibrated on data from countries like Germany and Austria. In coun-
tries like Bulgaria, the relevance of increasing comfort and rebound effect might
be much higher and different. Further research on this question would be highly
important to correctly estimate this effect and derive the corresponding policy
recommendations.

e Training, qualification measures, R&TD, awareness raising etc are im-
portant measures and should have a direct impact to cost of technologies and
renovation packages as well as their actual impact on energy performance. On
the one hand, specific staff costs might increase due to higher qualified staff.
On the other hand, the qualification would pay of by higher quality of work and
higher effectiveness of work. However, there is little empirical evidence on the

° See the report “Pathways for reducing the carbon emissions of the building stock in the EU28
until 2030” (Kranzl et al., 2014b), http://www.entranze.eu/pub/pub-scenario
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guantification of these effects. Thus, there are still open questions how to con-
sider these aspects in quantitative modelling work as done in this project with
Invert/EE-Lab.

e |t has been shown that climate change will have an impact on future heating
and cooling energy demand. For our scenarios, we did not take into account
climate change signals but rather assumed a constant climate. The temperature
change signal in most climate models and climate change scenarios remains
ambiguous until around 2030, which is the time frame of the ENTRANZE sce-
narios. Only towards 2050 and beyond, the climate signal towards increasing
temperature levels becomes unambiguous and significant.

6.2 Feedback of the building’s energy demand on electricity markets: the
case of France

The impact of Invert/EE-Lab results on international prices of oil, gas or coal is
another relevant question and potential uncertainty of model results. For this reason,
this section we check the need of the feedback loop from ENTRANZE Invert/EE-Lab
results to the POLES energy price projections. Indeed, it may have some feedbacks on
energy prices as Invert/EE-Lab has used the result of the POLES projections regarding
energy price projections and primary energy factors of electricity generation.

The impact of Invert/EE-Lab results on international prices of oil, gas or coal can be
neglected: even if the fuel demand in EU buildings was much lower than simulated in
Poles this would not really change the volumes of oil, gas or coal exchanged on the
world market (marginal effect).

Concerning electricity, the situation is different as the power mix is more dependent on
each country situation and in particular on its power demand. In other words if the elec-
tricity demand in very strong (e.g. France), policy scenarios simulated in Invert was
much lower than what was simulated in POLES, hence this could affect the power mix
and thus the price of electricity. However, as only the part of electricity used for heat-
ing, water heating, cooling and lighting is concerned (appliances are excluded), this will
represent in most EU countries a small part of the total electricity demand and again
the impact of the policy scenario can be neglected. However in some countries with
higher use of power for thermal uses like France the impact has to be checked.
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To compare scenario results®®, we isolated the electricity demand simulated in In-
vert/EE-Lab from the electricity demand simulated in POLES for residential buildings.
Before implementing Invert/EE-lab price effect in POLES, we observe 18% of differ-
ence between both models in 2030 in total electricity demand demand.
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Figure 33: Electricity demand in residential sector in POLES compared to Invert/EE-
Lab Policy scenario 3, high price
Source: Entranze

We then check the potential price effect of the Invert/EE-Lab demand scenarios on
electricity price in the case of France, i.e. what would be the impact on electricity price
if we decrease POLES electricity demand demand up to ENTRANZE INVERT/EE-lab
2030 level. To adjust electricity demand in POLES at ENTRANZE INVERT/EE-lab level
we assumed:

e Energy efficiency factor or a substitution effect for space heating or cooking
(switching electricity demand toward other energy)

¢ Change in demand behaviors : i.e. decreasing preference of final end-users for
electricity

e Strong energy efficiency factors for electrical appliances (including air cooling).

*2 To benchmark scenarios we considered the most ambitious Entranze policy set (e.g. scenario
3 “proactive” in the case of France) in case of high price and the POLES “reference” scenar-
io (more information available in chapter 3.3)
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In France, the share of electric space heating is currently high compared to other Euro-
pean countries. In our forecasted variant scenario, the electricity demand for space
heating is decreasing substantially: this could be explained by a big switch towards
non-electricity space heating (other energy carriers), or towards more efficient electric
heating systems (e.g. heat pumps).

As a result POLES price slightly increased in 2030 with the INVERT/EE-Lab adjust-
ment (only by 1.9% in 2030, see Figure 34.
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Figure 34: Electricity prices in residential sector
Source: Entranze

The fact that price is increasing (at the margins) can be explained by the fact that in-
stalled power generation capacities are used fewer hours, and thus amortize their costs
on fewer sales of electricity. Indeed, demand is decreasing sharply; supply of electricity
is adapted to that, as is the capacity planning, however the latter cannot adapt as
quickly to the decreasing demand, leading to a situation of overcapacities and slightly
higher prices.

Hence we can conclude in the case of France that the Invert/EE-lab price effect in
POLES is marginal.

As France is among those countries with a very high share of electric heating, we can
extrapolate this result to any other EU countries and conclude that price effect is very
low. Hence, it turned out that there is no need for establishing an iterative feedback
loop between Invert/EE-Lab and POLES within this project.
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6.3 Outlook

Based on the scenario results developed in ENTRANZE and presented in this report,
conclusions and policy recommendations have been derived and iteratively discussed
with national policy makers and experts. The results of these recommendations are
presented in country reports (www.entranze.eu/pub/pub-scenario) and in the report
“Policies to enforce the transition to nZEB: Synthesis report and policy recommenda-
tions from the project ENTRANZE.” (Kranzl et al., 2014d).

Scenario development is a continuous, never ending process. New insights regarding
data, modelling aspects, policies, building owner’s and occupants behaviour etc has to
be integrated in the modelling framework.

Scenario development and modelling strongly builds on reliable, up-to-date data.
ENTRANZE provided a comprehensive set of data and at the same time we also identi-
fied the gaps. For well based, reliable monitoring, adaptation and foresight in the con-
text of energy efficiency policies it would be highly important to close these data gaps,
in particular regarding monitoring of market activities, renovation measures and market
maturity towards nZEB. The IEE project ZEBRA2020 (Nearly zero energy building
strategy 2020) covers some of these elements. It focuses on tracking the market transi-
tion to nearly Zero-Energy Buildings (nZEBs) to derive recommendations and strate-
gies for the building industry and policy makers and to accelerate the market uptake of
nZEBs.

Thus, the scenarios and the online tool to access their detailed indicators should be
understood as a means for a structured discussion which has to be adapted according
to the detailed question to be answered and according to new insights and data. Fol-
lowing such a process, the scenario development and modelling should form one of the
key elements for evidence based policy decision making towards an nZEB building
stock in Europe.

ENTRA o
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union



http://www.entranze.eu/pub/pub-scenario

Pathways for reducing the carbon emissions of the building stock until 2030

References

Adnot, J., Orphelin, M., Carretero, C., Marchio, D., Waide, P., Carre, M., Lopes, C.,
Cediel Galan, A., Santamouris, M., Klitsikas, N., Mebane, B., Presutto, M.,
Rusconi, E., Ritter, H., Becirspahic, S., Giraud, D., Bossoken, E., Meli, L.,
Casandrini, S., Auffret, P., 1999. Energy Efficiency of Room Air Conditioners
(EERAC) - Final report. Armines.

Adnot, J., Waide, P., Rivier, P., Marcho, D., Holmstrom, M., Naeslund, J., Saba, J.,
Becirspahic, S., Lopes, C., Blanco, |., Perez-Lombard, L., Ortiz, J., Papa-
konstantinou, N., Doukas, P., Joppolo, C.M., Casale, C., Benke, G., Giraud, D.,
Houdant, N., Colomines, F., Gavriliuc, R., Popescu, R., Burchu, S., Georges,
B., Hitchin, R., 2003. Energy Efficiency and Certification of Central Air Condi-
tioners (EECCAC) - Final report - Voume 1. Armines, Paris.

Atanasiu, B., Kenkmann, T., Burger, V., Kranzl, L., Toleikyte, A., 2014. Policy scenarios
and recommendations on nZEB, deep renovation and RES-H/C diffusion: the
case of Romania, Report in the frame of the IEE project ENTRANZE.

Biermayr, P., Cremer, C., Faber, T., Kranzl, L., Ragwitz, M., Resch, G., Toro, F., 2007.
Bestimmung der Potenziale und Ausarbeitung von Strategien zur verstarkten
Nutzung von erneuerbaren Energien in Luxemburg. Endbericht im Auftrag des
Ministeriums fur Energie.

Burger, V., 2013. Overview and assessment of hew and innovative integrated policy
sets that aim at the nZEB standard, Report in the frame of the IEE project
ENTRANZE.

Directive 2009/28/EC on the promotion of the use of energy from renewable sources
and amending and subsequently repealing Directives 2001/77/EC and
2003/30/EC, 2009.

Eichhammer, W., Braungardt, S., Elsland, R., Fleiter, T., Klobasa, M., Krail, M., Pfluger,
B., Reuter, M., Schlomann, B., Sensfuss, F., Tariq, S., Kranzl, L., Dovidio, S.,
Gentili, P., 2014. Study evaluating the current energy effi-ciency policy frame-
work in the EU and providing orientation on policy options for realising the cost-
effective energy-efficiency/saving potential until 2020 and beyond. By order of
the European Commission, Karlsruhe/Vienna/Rome.

Fernandez-Boneta, M., 2013. Cost of energy efficiency measures in buildings refur-
bishment: a summary report on target countries, Report in the frame of the IEE
project ENTRANZE.

Fernandez-Boneta, M., 2014. Energy cost matrices, Deliverable from the project
ENTRANZE.

ENTRA o
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

Fernandez-Boneta, M., Kenkmann, T., Kranzl, L., Toleikyte, A., 2014. Policy scenarios
and recommendations on nZEB, deep renovation and RES-H/C diffusion: the
case of Spain, Report in the frame of the IEE project ENTRANZE.

Georgiev, Z., Paunova-Galeva, D., Kenkmann, T., Blrger, V., Kranzl, L., Toleikyte, A.,
2014. Policy scenarios and recommendations on nZEB, deep renovation and
RES-H/C diffusion: the case of Bulgaria, Report in the frame of the IEE project
ENTRANZE.

Gruber, E., Sofronis, I., Dusée, R., Plesser, S., 2007. Detailed Analysis of Electricity
Consumption in Tertiary Buildings as a Basis for Energy Efficiency Policies. Til-
lerson Kenya Ed 1-4.

Haas, R., Miller, A., Kranzl, L., 2009. Energieszenarien bis 2020: Warmebedarf der
Kleinverbraucher. Ein Projekt im Rahmen der Erstellung von energiewirtschaft-
lichen Input-parametern und Szenarien zur Erfillung der Berichtspflichten des
Monitoring Mechanisms. Im Auftrag der Umweltbundesamt GmbH. Wien.

Heiskanen, E., Matschoss, K., 2012. Working paper: Literature review of key stake-
holders, users and investors. Report in the frame of the project ENTRANZE.

Heiskanen, E., Matschoss, K., Kranzl, L., Toleikyte, A., Kenkmann, T., 2014. Policy
scenarios and recommendations on nZEB, deep renovation and RES-H/C diffu-
sion: the case of Finland, Report in the frame of the IEE project ENTRANZE.

Heiskanen, E., Matschoss, K., Kuusi, H., 2013. Report on specific features of public
and social acceptance and perception of nearly zero-energy buildings and re-
newable heating and cooling in Europe with a specific focus on the target coun-
tries, Report in the frame of the IEE project ENTRANZE.

Henning, H.-M., Ragwitz, M., Blurger, V., Kranzl, L., Schulz, W., Miller, A., 2013. Erar-
beitung einer Integrierten Warme- und Kéltestrategie (Phase 2) — Zielsysteme
fir den Gebaudebereich im Jahr 2050. Im Auftrag des deutschen Umweltminis-
teriums.

Hitchin, R., Pout, C., Riviere, P., 2013. Assessing the market for air conditioning sys-
tems in European  buildings. Energy  Build. 58, 355-362.
doi:10.1016/j.enbuild.2012.10.007

IEA, 2013. Transition to Sustainable Buildings. Strategies and Opportunities to 2050.
International Energy Agency.

Kranzl, L., Atanasiu, B., Fernandez-Boneta, M., Blrger, V., Kenkmann, T., Mdller, A.,
Toleikyte, A., Pagliano, L., Pietrobon, M., Armani, R., 2014a. “NZEB Renova-
tion” in the Building Stock: Policies, Impact and Economics. Presented at the
World Sustainable Energy Days 2014, Wels.

Kranzl, L., Brakhage, A., Guartler, P., Pett, J., Ragwitz, M., Stadler, M., 2007. Integrating

ENTRA z
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

policies for renewables and energy efficiency: Comparing results from Germa-
ny, Luxembourg and Northern Ireland. Presented at the eceee 2007 summer
study, La colle sur Loup, France.

Kranzl, L., Fette, M., Herbst, A., Hummel, M., Jochem, E., Kockat, J., Lifschiz, ., Mul-
ler, A., Reitze, F., Schulz, W., Steinbach, J., Toro, F., 2012. Erarbeitung einer
Integrierten Warme- und Kaltestrategie. Integrale Modellierung auf Basis vor-
handener sektoraler Modelle und Erstellen eines integrierten Rechenmodells
des Warme- und Kaltebereichs. Wien, Karlsruhe, Bremen.

Kranzl, L., Hummel, M., Miller, A., Steinbach, J., 2013. Renewable heating: Perspec-
tives and the impact of policy instruments. Energy Policy.
doi:10.1016/j.enpol.2013.03.050

Kranzl, L., Muller, A., Toleikyte, A., Hummel, M., Forthuber, S., Steinbach, J., Kockat,
J., 2014b. Policy pathways for reducing the carbon emissions of the building
stock until 2030. Report within the project ENTRANZE.

Kranzl, L., Miiller, A., Toleikyte, A., Kenkmann, T., Birger, V., 2014c. Policy scenarios
and recommendations on nZEB, deep renovation and RES-H/C diffusion: the
case of Austria, Report in the frame of the IEE project ENTRANZE.

Kranzl, L., Stadler, M., Huber, C., Haas, R., Ragwitz, M., Brakhage, A., Gula, A., Fi-
gorski, A., 2006. Deriving efficient policy portfolios promoting sustainable ener-
gy systems—Case studies applying Invert simulation tool. Renewable energy 31,
2393-2410.

Kranzl, L., Toleikyte, A., Muller, A., Hummel, M., Heiskanen, E., Matschoss, K., Pietro-
bon, M., Armani, R., Pagliano, L., Sebi, C., Lapillone, B., Atanasiu, B., Stein-
bach, J., Kockat, J., Rohde, C., Georgiev, Z., Fernandez-Boneta, M., Diaz-
Regodon, I., Burger, V., Kenkmann, T., Zahradnik, P., Karasedk, J., 2014d. Pol-
icies to enforce the transition to nZEB: Synthesis report and policy recommen-
dations from the project ENTRANZE.

Muller, A., 2010. Hat Heizen Zukunft? Eine langfristige Betrachtung fiir Osterreich.
Presented at the Symposium Energieinnovation, Graz.

Miiller, A., Biermayr, P., Kranzl, L., Haas, R., Altenburger, F., Weiss, W., Bergmann, I.,
Friedl, G., Haslinger, W., Heimrath, R., Ohnmacht, R., 2010. Heizen 2050: Sys-
teme zur Warmebereitstellung und Raumklimatisierung im 06sterreichischen
Gebaudebestand: Technologische Anforderungen bis zum Jahr 2050. Geférdert
vom Klima- und Energiefonds.

Nast, M., Leprich, U., Ragwitz, M., Blrger, V., Klinski, S., Kranzl, L., Stadler, M., 2006.
Eckpunkte fir die Entwicklung und Einfilhrung budgetunabhangiger Instrumen-
te zur Marktdurchdringung erneuerbarer Energien im Warmemarkt“ Endbericht.

ENTRA o
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

Im Auftrag des deutschen Bundesministeriums fir Umwelt, Naturschutz und
Reaktorsicherheit.

ObservER, 2013. The state of renewable energies in Europe. 13th EurObserv’ER Re-
port.

Pardo, N., Vatopoulos, K., Krook-Riekkola, A., Moya, J.A., Perez, A., 2012. Heat and
cooling demand and market perspective (JRC scientific and policy reports No.
Report EUR 25381 EN).

Pietrobon, M., Armani, R., Pagliano, L., Kenkmann, T., Blrger, V., Kranzl, L., Toleikyte,
A., 2014. Policy scenarios and recommendations on nZEB, deep renovation
and RES-H/C diffusion: the case of Italy, Report in the frame of the IEE project
ENTRANZE.

Pietrobon, M., Armani, R., Zangheri, P., Pagliano, L., 2013. Report on Cost/Energy
curves calculation, Report in the frame of the IEE project ENTRANZE.

Pout, C., Hitchin, R., Butler, D., 2012. Study to assess barriers and opportunities to
improving energy efficiency in cooling appliances/systems. bre.

Riviere, P., Adnot, J., Greslou, O., Spadaro, J., Hitchin, R., Pout, C., Kemna, R., Van
Elburg, M., Van Holsteijn, R., 2012. Ecodesign Preparatory Studies: Lot 6 Air
Conditioning Systems - Task 2 - final repor. Armines.

Riviere, P., Grignon-Masse, L., Legendre, S., Marchio, D., Nermond, G., Rahim, S.,
Andre, P., Detroux, L., Lebrun, J., L'Hoest, J., Teodorose, V., Alexandre, J.L.,
Sa, E., Benke, G., Bogner, T., Conroy, A., Hitchin, R., Pout, C., Thorpe, W.,
Karatasou, S., 2008. Ecodesign Preparatory Studies: Lot 10 Residential Room
Conditioning Appliances - Task 2 - final repor. Armines.

Schriefl, E., 2007. Modellierung der Entwicklung von Treibhausgasemissionen und
Energieverbrauch fir Raumwarme und Warmwasser im Osterreichischen
Wohngebaudebestand unter Annahme verschiedener Optimierungsziele. Tech-
nische Universitat Wien, Wien.

Sebhi, C., Lapillone, B., Kenkmann, T., Kranzl, L., Toleikyte, A., 2014. Policy scenarios
and recommendations on nZEB, deep renovation and RES-H/C diffusion: the
case of France, Report in the frame of the IEE project ENTRANZE.

Sebi, C., Lapillone, B., Keramidas, K., 2013. Exogeneous framework conditions for
Entranze scenarios, Report in the frame of the IEE project ENTRANZE.

Stadler, M., Kranzl, L., Huber, C., Haas, R., Tsioliaridou, E., 2007. Policy strategies and
paths to promote sustainable energy systems—The dynamic Invert simulation
tool. Energy policy 35, 597-608.

Steinbach, J., 2013a. Internal working paper: literature review of integrating user and

ENTRA o
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

investment behaviour in bottom-up simulation models. Karlsruhe.

Steinbach, J., 2013b. Akteursspezifische Untersuchung von Strategien zur Steigerung
der Energieeffizienz und zum Ausbau erneuerbarer Energien im Wohngebau-
debereich. Presented at the 8. Internationale Energiewirtschaftstagung (IEWT),
Wien.

Steinbach, J., Rohde, C., Kockat, J., Kenkmann, T., Burger, V., Kranzl, L., Toleikyte,
A., 2014. Policy scenarios and recommendations on nZEB, deep renovation
and RES-H/C diffusion: the case of Germany., Report in the frame of the IEE
project ENTRANZE.

Tichelen, P.V., 2009. Preparatory Studies for Eco-design Requirements of EuPs. Final
Report. Lot 19: Domestic lighting (No. 2009/ETE/R/068). VITO.

Tichelen, P.V., Jansen, B., Geerken, T., Bosch, M., VanHoof, V., Vanhooydonck, L.,
Vercalsteren, A., 2007. Preparatory Studies for Eco-design Requirements of
EuPs Final Report. Lot 8: Office lighting (No. 2007/ETE/R/114).

Urge-Vorsatz, D., Cabeza, L.F., Serrano, S., Barreneche, C., Petrichenko, K., 2015.
Heating and cooling energy trends and drivers in buildings. Renewable and
Sustainable Energy Reviews 41, 85-98. doi:10.1016/j.rser.2014.08.039

Zahradnik, P., Karasek, J., Kenkmann, T., Burger, V., Kranzl, L., Toleikyte, A., 2014.
Policy scenarios and recommendations on nZEB, deep renovation and RES-
H/C diffusion: the case of the Czech Republic, Report in the frame of the IEE
project ENTRANZE.

ENTRA o
NZE[ig

Co-funded by the Intelligent Energy Europe
Programme of the European Union




Pathways for reducing the carbon emissions of the building stock until 2030

A.1 Comparative result graphs for high-price scenarios

140
2500 120 mSpan
= Romania
o Italy |
10p WGermany 120
2,000 - France
Finland
m Czech Republic 100
80 - mBulgaria
1500 m Austria
: o
- 60
=
E 6{] -
£ 1,000 -
<
40 -
5 w0l
ﬁ 500 i NS
20 1 04—
0 — 0
2008 ‘ 2020 ‘ 2030 2020
Space heating and hot water Cooling Lighting

Figure 35 Final energy demand for space heating and hot water, cooling and
lighting in ENTRANZE target countries in 2008, 2020 and 2030, Policy
Scenario 1, high energy price scenario
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Figure 36 Final total energy demand for space heating and hot water in residen-
tial and service building sectors in all ENTRANZE target countries in
2008, 2008 and 2030, Policy Scenario 1, high energy price scenario
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Figure 37 Savings in final energy demand for space heating and hot water in tar-
get countries in three policy scenarios, from 2008 to 2020, high ener-
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Figure 38 Savings in final energy demand for space heating and hot water in tar-
get countries in three policy scenarios, from 2008 to 2030, high ener-
gy price scenario
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total floor area in 2030, in three policy scenarios in target countries,

high energy price scenario
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Figure 40 Specific final energy demand per floor area for space heating and cli-
mate corrected®® specific final energy demand per floor area for space
heating in target countries in 2008, 2020, 2025 and 2030 in scenario 1,
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A.2 Annex 2: Final energy demand for space heating, hot water,
cooling and lighting by energy carrier and PV-generation.
Scenario results for target countries.

Table 7 Austria: Final energy demand for space heating, hot water, cooling and
lighting by energy carrier and PV-generation
Low energy price scenario

Scenario 1 Scenario 2 Scenario 3
TWh, 2008 2020 2030 2020 2030 2020 2030
Coal 1.05 0.38 0.04 0.37 0.03 0.34 0.03
oil 23.18 15.76 5.36 15.56 5.17 15.16 4.92
Gas 2383 218 1760 21.71 17.08 2130 16.15
Electricity 9.74 6.97 5.01 6.86 4.93 6.83 4.81
Heat 16.92 21.63 26.08 21.52 2542 20.85 23.79
Biomass 2421 22,54 20.77 22.20 19.78 2133 17.83
Ambient 0.99 2.47 3.42 2.47 3.42 2.41 3.22
Solar 1.34 2.09 3.02 2.07 2.98 2.08 2.98
Space heating 101.26 93.69 81.30 92.76 78.82 90.30 73.73
Cooling 0.33 0.89 1.56 0.89 1.56 0.89 1.54
Lighting 3.82 4.30 3.60 3.74 3.46 3.32 2.64
Total 105.41 98.88 86.47 9739 83.84 9451 7791

PV-generation 0.14 0.15 0.21 0.18 0.28 0.18 0.28
High energy price scenario

Coal 1.05 0.33 0.03 0.32 0.02 0.29 0.02
oil 23.18 12.58 3.46 12.45 3.34 1215 3.13
Gas 23.83 18.04 9.98 17.95 9.77 17.71 9.35
Electricity 9.74 7.41 6.72 7.38 6.63 7.20 6.37
Heat 16.92 2130 24.27 2119 23.82 20.81 22.69
Biomass 2421 2413 2463 2379 23.60 2282 21.67
Ambient 0.99 2.62 5.28 2.64 5.28 2.56 4.88
Solar 1.34 2.07 3.16 2.07 3.14 2.07 3.10
Space heating 101.26 88.49 7753 87.80 7559 85.61 71.21
Cooling 0.33 0.89 1.55 0.89 1.55 0.88 1.51
Lighting 3.82 4.30 3.60 3.74 3.46 3.32 2.64
Total 10541 93.67 82.67 9243 80.60 89.80 75.36

PV-generation 0.14 0.19 0.39 0.23 0.53 0.23 0.53
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Table 8 Bulgaria: Final energy demand for space heating, hot water, cooling and
lighting by energy carrier and PV-generation
Low energy price scenario

Scenario 1 Scenario 2 Scenario 3
TWh, 2008 2020 2030 2020 2030 2020 2030
Coal 3.33 2.23 1.04 2.20 0.97 2.08 0.83
Oil 0.93 0.75 0.57 0.73 0.51 0.72 0.46
Gas 1.26 2.79 4.23 2.78 4.03 2.71 3.69
Electricity 7.27 5.33 3.35 5.29 3.27 5.22 3.07
Heat 6.47 7.24 6.71 7.17 6.54 6.89 5.91
Biomass 7.77 7.59 6.59 7.48 6.38 7.10 5.54
Ambient 0.28 0.70 1.24 0.68 1.19 0.67 1.15
Solar 0.03 0.40 0.94 0.40 0.96 0.41 0.98
Space heating 27.33 27.02 2465 26.74 23.85 2580 21.63
Cooling 0.53 1.14 1.92 1.14 1.95 1.12 1.76
Lighting 1.91 1.80 1.51 1.55 1.45 1.35 1.08
Total 29.77 29.96 28.08 29.43 27.26 28.27 24.47

PV-generation 0.00 0.27 1.01 0.28 1.10 0.30 1.29
High energy price scenario

Coal 3.33 1.81 0.71 1.79 0.67 1.69 0.56
Oil 0.93 0.73 0.44 0.71 0.41 0.69 0.36
Gas 7.27 5.20 3.74 5.18 3.64 5.10 3.42
Electricity 7.27 5.20 3.74 5.18 3.64 5.10 3.42
Heat 6.47 7.08 6.01 7.04 5.72 6.79 5.11
Biomass 7.77 7.64 7.84 7.61 7.65 7.22 6.67
Ambient 0.28 0.68 1.92 0.68 1.84 0.67 1.77
Solar 0.03 0.40 0.93 0.40 0.95 0.40 0.99
Space heating 33.34 2875 2535 2857 2453 27.67 2231
Cooling 0.53 1.14 1.92 1.14 1.96 1.12 1.75
Lighting 191 1.80 1.51 1.55 1.45 1.35 1.08
Total 35.77 3169 28.78 31.26 2795 30.13 25.14

PV-generation 0.00 0.27 1.00 0.28 1.09 0.31 1.26
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Table 9 Czech Republic: Final energy demand for space heating, hot water, cool-
ing and lighting by energy carrier and PV-generation
Low energy price scenario

Scenario 1 Scenario 2 Scenario 3
TWh, 2008 2020 2030 2020 2030 2020 2030
Coal 6.67 4.49 2.26 4.30 2.10 4.33 2.12
oil 0.34 0.69 0.71 0.48 0.44 0.60 0.51
Gas 40.37 39.11 33.48 3248 2349 33.79 24.37
Electricity 8.12 6.87 5.20 7.92 6.89 7.10 6.19
Heat 19.60 19.62 17.44 1875 1597 19.26 16.36
Biomass 1363 1435 1331 14.63 14.20 14.44 14.02
Ambient 0.35 1.26 1.73 4.28 6.12 2.19 441
Solar 0.06 1.10 1.98 1.04 1.88 1.09 1.91
Space heating 89.13 8749 76.11 83.89 71.09 8280 69.90
Cooling 0.26 0.70 1.16 0.70 1.19 0.69 1.19
Lighting 2.70 2.77 2.43 2.39 2.33 2.08 1.74
Total 92.08 9096 79.69 8698 74.61 8557 72.83

PV-generation 131 1.61 2.05 1.62 2.10 1.62 2.08
High energy price scenario

Coal 6.67 10.37 491 9.99 4.29 10.04 4.58
oil 0.34 109.32 36.36 119.15 40.99 101.62 26.48
Gas 8.12 30.76 2545 3235 30.00 30.15 2847
Electricity 8.12 30.76 25.45 3235 30.00 30.15 28.47
Heat 19.60 88.92 91.09 93.87 103.55 98.81 105.66
Biomass 13.63 87.83 143.79 99.50 150.86 111.73 152.92
Ambient 0.35 7.06 9.11 7.21  17.81 7.75 17.81
Solar 0.06 11.44 16.58 12.29 2248 1421 2531
Space heating 56.88 376.45 352.74 406.70 399.99 404.45 389.70
Cooling 0.26 1099 16.72 11.13 1794 1114 17.92
Lighting 2,70 38.92 30.24 3377 29.04 29.83 21.94
Total 59.83 426.35 399.70 451.59 446.97 445.42 429.56

PV-generation 1.31 1116 1410 11.17 1480 11.15 14.75
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Table 10 Finland: Final energy demand for space heating, hot water, cooling and
lighting by energy carrier and PV-generation
Low energy price scenario

Scenario 1 Scenario 2 Scenario 3
TWh, 2008 2020 2030 2020 2030 2020 2030
Coal 0.14 0.10 0.04 0.10 0.04 0.10 0.04
Oil 9.85 7.90 5.25 4.01 0.63 7.48 4,93
Gas 0.34 0.99 1.04 0.83 0.83 0.98 1.01
Electricity 12.73 11.10 9.76 10.73 9.41 10.18 8.80
Heat 30.59 29.47 28.14 28.68 26.98 2847 27.32
Biomass 17.03 1455 15.04 1338 10.58 13.77 14.49
Ambient 3.17 5.26 7.78 8.85 13.51 5.07 7.39
Solar 0.01 0.28 0.55 0.57 1.19 0.41 0.81
Space heating 73.86 69.64 67.60 67.14 63.16 66.45 64.78
Cooling 0.43 0.69 0.92 0.69 0.92 0.69 0.92
Lighting 5.34 4.84 3.92 4.21 3.76 3.73 2.87
Total 79.63 75.18 7244 72.04 67.84 70.87 68.57

PV-generation 0.00 0.14 0.51 0.14 0.66 0.13 0.57
High energy price scenario

Coal 0.14 0.10 0.04 0.10 0.04 0.10 0.04
oil 9.85 7.90 5.25 4.01 0.63 7.48 4.93
Gas 12.73 11.10 9.76  10.73 9.41 10.18 8.80
Electricity 12.73 11.10 9.76 10.73 9.41 10.18 8.80
Heat 30.59 29.47 2814 28.68 26.98 28.47 27.32
Biomass 17.03 1455 15.04 13.38 10.58 13.77 14.49
Ambient 3.17 5.26 7.78 8.85 13.51 5.07 7.39
Solar 0.01 0.28 0.55 0.57 1.19 0.41 0.81
Space heating 86.25 79.76 76.32 77.04 7174 75.65 72.58
Cooling 0.43 0.69 0.92 0.69 0.92 0.69 0.92
Lighting 5.34 4.84 3.92 4.21 3.76 3.73 2.87
Total 92.02 85.30 81.16 8194 76.42 80.07 76.36

PV-generation 0.00 0.14 0.51 0.14 0.66 0.13 0.57
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Table 11 : France: Final energy demand for space heating, hot water, cooling and
lighting by energy carrier and PV-generation
Low energy price scenario

Scenario 1 Scenario 2 Scenario 3
TWh, 2008 2020 2030 2020 2030 2020 2030
Coal 2.33 0.10 0.04 0.10 0.04 0.10 0.04
oil 126.28 7.90 5.25 4.01 0.63 7.48 4,93
Gas 229.95 0.99 1.04 0.83 0.83 0.98 1.01
Electricity 103.22 11.10 9.76 10.73 9.41 10.18 8.80
Heat 33.99 29.47 28.14 28.68 26.98 2847 27.32
Biomass 73.35 1455 15.04 13.38 10.58 13.77 14.49
Ambient 8.78 5.26 7.78 8.85 13.51 5.07 7.39
Solar 0.51 0.28 0.55 0.57 1.19 0.41 0.81
Space heating 578.42 69.64 67.60 67.14 63.16 66.45 64.78
Cooling 11.21 0.69 0.92 0.69 0.92 0.69 0.92
Lighting 29.94 4.84 3.92 4.21 3.76 3.73 2.87
Total 619.56 75.18 7244 72.04 67.84 70.87 68.57

PV-generation 0.12 0.14 0.51 0.14 0.66 0.13 0.57
High energy price scenario

Coal 2.33 1.36 0.56 1.33 0.57 1.28 0.49
oil 126.28 82.65 4441 8133 4258 77.49 3851
Gas 103.22 72.17 50.80 71.76 50.78 67.66 43.68
Electricity 103.22 72.17 5080 71.76 50.78 67.66 43.68
Heat 3399 49.69 64.63 50.16 65.25 4223 47.32
Biomass 7335 7403 7270 73.19 7177 69.58 62.34
Ambient 878 1575 30.80 16.13 32,53 15.62 27.34
Solar 0.51 16.29 30.90 16.21 30.38 15.92 29.57
Space heating 451.69 384.11 345.61 381.86 344.62 357.45 292.93
Cooling 11.21 1574 1992 15.75 20.05 15.87 19.55
Lighting 2994 26.16 2154 2259 20.68 19.83 15.53
Total 492.83 426.00 387.08 420.21 385.36 393.15 328.01

PV-generation 0.12 13.45 2854 13.25 2829 1333 29.22
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Table 12 : Germany: Final energy demand for space heating, hot water, cooling
and lighting by energy carrier and PV-generation
Low energy price scenario

Scenario 1 Scenario 2 Scenario 3
TWh, 2008 2020 2030 2020 2030 2020 2030
Coal 17.27 10.39 5.02 9.99 436 10.00 4,59
oil 209.86 108.97 36.02 118.85 40.94 101.39 26.38
Gas 392.18 375.03 341.15 344.54 264.46 333.03 243.27
Electricity 51.20 30.79 23.76 32.37 26.08 30.28 24.69
Heat 80.77 89.04 94.69 9391 109.68 98.82 109.62
Biomass 62.69 79.07 98.42 91.17 126.57 99.27 127.01
Ambient 3.46 7.27 6.87 7.38 10.31 8.07 10.52
Solar 4,11 1155 17.44 1246 23.63 1457 26.76
Space heating 821.54 712.10 623.36 710.67 606.05 695.43 572.85
Cooling 465 1098 16.45 11.12 17.70 11.12 17.69
Lighting 4520 38.92 30.24 33.77 29.04 29.83 2194
Total 871.39 761.99 670.06 755.56 652.78 736.37 612.48

PV-generation 3.11 1091 1253 10.85 1329 10.86 13.20
High energy price scenario

Coal 17.27 10.37 491 9.99 4.29 10.04 4.58
oil 209.86 109.32 36.36 119.15 40.99 101.62 26.48
Gas 51.20 30.76 2545 3235 30.00 30.15 28.47
Electricity 51.20 30.76 2545 3235 30.00 30.15 28.47
Heat 80.77 88.92 91.09 93.87 103.55 98.81 105.66
Biomass 62.69 87.83 143.79 99.50 150.86 111.73 152.92
Ambient 3.46 7.06 9.11 7.21  17.81 7.75 17.81
Solar 411 1144 16.58 12.29 22.48 1421 25.31
Space heating 480.56 376.45 352.74 406.70 399.99 404.45 389.70
Cooling 465 1099 16.72 11.13 1794 1114 17.92
Lighting 45.20 38.92 30.24 33.77 29.04 29.83 21.94
Total 530.41 426.35 399.70 451.59 446.97 445.42 429.56

PV-generation 3.11 1116 14.10 1117 1480 11.15 14.75
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Table 13 Italy: Final energy demand for space heating, hot water, cooling and
lighting by energy carrier and PV-generation
Low energy price scenario

Scenario 1 Scenario 2 Scenario 3
TWh, 2008 2020 2030 2020 2030 2020 2030
Coal 0.04 0.07 0.07 0.06 0.07 0.08 0.07
oil 60.32 40.62 23.27 40.15 22.70 39.13 21.19
Gas 314.34 286.81 248.33 281.05 239.26 274.23 223.66
Electricity 13.82 1241 1198 12.28 11.68 1190 11.33
Heat 2.62 4.55 5.26 4.33 5.02 4.26 4.67
Biomass 20.75 29.60 3455 29.13 33.47 2854 32.05
Ambient 23.74 2458 26.43 24.26 2554 23.18 24.81
Solar 0.78 5.79 9.96 599 10.14 6.02 10.21
Space heating 436.40 404.43 359.84 397.26 347.88 387.35 327.99
Cooling 18.85 26.83 3252 26.78 32.33 26.69 32.22
Lighting 18.14 1793 1561 15.65 15.00 1393 11.59
Total 473.39 449.20 407.97 439.68 395.21 427.97 371.80

PV-generation 0.20 12.08 2220 12,54 2424 12,59 24.45
High energy price scenario

Coal 0.04 0.06 0.05 0.07 0.07 0.06 0.04
oil 60.32 3899 2094 3850 20.44 37.88 19.12
Gas 13.82 1221 12.80 12.00 1244 11.62 1233
Electricity 13.82 1221 12.80 12.00 1244 11.62 12.33
Heat 2.62 4.51 4.98 4.47 4.90 4.32 4.46
Biomass 20.75 29.44 36.69 29.14 3534 2837 3381
Ambient 23.74 2398 28.13 2340 27.19 2235 28.26
Solar 0.78 5.83 10.16 6.01 10.29 6.05 10.16
Space heating 135.88 127.24 126.55 125.59 123.12 122.25 120.51
Cooling 18.85 26.83 32.52 26.78 3233 26.68 32.23
Lighting 1814 1793 15.61 15.65 1500 13.93 11.59
Total 172.87 172.00 174.69 168.01 170.46 162.87 164.34

PV-generation 0.20 1275 25,54 12,71 2530 12.69 24.44
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Table 14 Romania: Final energy demand for space heating, hot water, cooling
and lighting by energy carrier and PV-generation
Low energy price scenario

Scenario 1 Scenario 2 Scenario 3
TWh, 2008 2020 2030 2020 2030 2020 2030
Coal 0.59 0.36 0.10 0.35 0.09 0.35 0.09
Oil 6.38 3.83 1.78 3.76 1.75 3.68 1.59
Gas 21.53 25,57 23.09 2492 2191 23.77 18.38
Electricity 1.46 1.29 1.29 1.30 1.30 1.27 1.23
Heat 18.02 12.04 8.70 11.93 8.26 11.64 7.34
Biomass 3410 3232 2952 3141 27.29 31.01 26.12
Ambient 0.01 0.26 0.66 0.27 0.64 0.27 0.62
Solar 0.04 1.45 2.46 1.46 2.56 1.46 2.64
Space heating 82.14 77.12 67.61 7540 63.80 73.44 57.99
Cooling 0.66 1.47 2.39 1.47 2.46 1.47 2.48
Lighting 2.25 2.66 2.51 2.32 2.41 2.07 1.88
Total 85.05 81.25 7251 79.19 68.68 76.98 62.35

PV-generation 0.00 0.82 1.83 0.89 2.58 0.90 2.68
High energy price scenario

Coal 0.59 0.27 0.07 0.26 0.06 0.26 0.06
oil 6.38 3.82 1.68 3.75 1.66 3.67 151
Gas 1.46 1.28 1.38 1.28 1.38 1.27 1.31
Electricity 1.46 1.28 1.38 1.28 1.38 1.27 131
Heat 18.02 12.29 8.61 12.25 8.40 11.96 7.56
Biomass 3410 32.28 32,62 3137 3045 30.90 2851
Ambient 0.01 0.25 0.79 0.24 0.73 0.27 0.75
Solar 0.04 1.45 2.59 1.45 2.65 1.47 2.71
Space heating 62.07 5293 49.11 5189 46.71 51.08 43.72
Cooling 0.66 1.47 2.41 1.47 2.49 1.47 2.49
Lighting 2.25 2.66 2.51 2.32 2.41 2.07 1.88
Total 64.98 57.06 54.03 55.68 51.61 54.62 48.09

PV-generation 0.00 0.84 1.91 0.92 2.71 0.93 2.83
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Table 15 Spain: Final energy demand for space heating, hot water, cooling and
lighting by energy carrier and PV-generation
Low energy price scenario

Scenario 1 Scenario 2 Scenario 3
TWh, 2008 2020 2030 2020 2030 2020 2030
Coal 2.30 1.30 0.49 1.28 0.48 1.20 0.38
oil 51.69 3226 1486 31.80 1431 2999 11.90
Gas 47.82 49.79 48.15 49.13 46.19 4586 38.24
Electricity 35.33 29.61 2443 29.23 23.16 27.32 19.08
Heat 0.00 3.13 4.80 3.15 4.54 2.95 3.69
Biomass 26.65 33.48 36.84 3259 33.79 30.18 28.14
Ambient 0.08 4.23 7.72 4.13 6.80 3.81 6.01
Solar 1.49 8.52 16.31 8.31 15.68 8.62 16.42
Space heating 165.36 162.31 153.59 159.63 144.96 149.94 123.87
Cooling 15,79 2549 32,66 25.23 31.17 24.62 29.01
Lighting 1546 1493 13.02 13.02 1251 11.57 9.61
Total 196.61 202.73 199.27 197.87 188.64 186.13 162.49

PV-generation 0.51 1328 2753 18.32 36.05 18.45 36.32
High energy price scenario

Coal 2.30 1.23 0.40 1.20 0.38 111 0.29
oil 51.69 3140 1349 31.19 13.08 29.33 10.86
Gas 3533 29.46 2733 2878 25.28 27.15 2131
Electricity 3533 2946 2733 2878 2528 27.15 2131
Heat 0.00 2.98 4.06 2.96 3.93 2.70 3.13
Biomass 26.65 33.68 3857 33.13 35.86 3048 29.91
Ambient 0.08 449 11.85 4.04 9.83 4.12 9.06
Solar 1.49 8.69 16.31 8.50 16.00 8.78 16.59
Space heating  152.88 141.39 139.34 138.59 129.64 130.82 112.47
Cooling 15.79 2548 3258 25.22 31.11 24.64 28.97
Lighting 1546 1493 13.02 13.02 12,51 11.57 9.61
Total 184.13 181.80 184.94 176.83 173.25 167.02 151.05

PV-generation 0.51 13.27 26.66 1851 37.55 18.78 38.24
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A.3 Renovation and investment indicators. Scenario results for
target countries.

Table 16 Austria: Renovation and investment indicators
Low energy price scenario
Scenariol Scenario2 Scenario3
2020 2030 2020 2030 2020 2030
Cumulated renovated floor area since 2008 (Mm?) 52.8 103.0 61.2 134.4 77.3 166.8

Renovated floor area on the total floor area, % 11.4 23.4 13.3 30.5 16.7 37.8
Deep renovation, % 5.3 9.2 64 124 9.2 19.6
Medium renovation, % 3.2 6.1 3.8 85 39 8.7
Light renovation, % 3.0 7.0 3.0 82 3.6 7.8
Total cum. Investments since 2008, bn € 23.7 436 27.8 57.3 381 804
Total public investments since 2008, bn € 4.1 6.7 5.1 9.3 7.4 157

High energy price scenario
Cumulated renovated floor area since 2008 (Mm?2) 57.7 118.6 64.5 143.4 77.2 168.6

Renovated floor area on the total floor area, % 12.5 269 14.0 325 16.7 38.3
Deep renovation, % 59 112 7.1 145 9.8 21.1
Medium renovation, % 3.0 6.2 3.5 79 35 8.1
Light renovation, % 3.5 84 33 86 35 7.4
Total cum. Investments since 2008, bn € 25.7 50.2 29.2 616 384 82.0
Total public investments since 2008, bn € 4.1 6.7 5.1 93 75 157
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Table 17 Bulgaria: Renovation and investment indicators

Low energy price scenario
Scenariol Scenario2 Scenario3
2020 2030 2020 2030 2020 2030

Cumulated renovated floor area since 2008 (Mm?)
Renovated floor area on the total floor area, %
Deep renovation, %

Medium renovation, %

Light renovation, %

Total cum. Investments since 2008, bn €

Total public investments since 2008, bn €

Cumulated renovated floor area since 2008 (Mm?)
Renovated floor area on the total floor area, %
Deep renovation, %

Medium renovation, %

Light renovation, %

Total cum. Investments since 2008, bn €

Total public investments since 2008, bn €

74 173 89 245 21.2 595
29 69 35 98 83 239
04 10 12 35 6.2 191
06 14 17 50 11 29
19 44 06 10 09 13
07 17 11 32 32 91
00 00 01 05 10 3.0
High energy price scenario
7.8 196 94 278 214 633
30 79 3.7 112 84 254
04 14 13 43 6.3 20.2
06 16 18 55 11 3.2
20 47 06 11 10 13
08 19 12 36 32 96
00 00 01 05 1.0 3.2

Table 18 Czech Republic: Renovation and investment indicators

Low energy price scenario
Scenariol Scenario2 Scenario3
2020 2030 2020 2030 2020 2030

Cumulated renovated floor area since 2008 (Mm?)
Renovated floor area on the total floor area, %
Deep renovation, %

Medium renovation, %

Light renovation, %

Total cum. Investments since 2008, bn €

Total public investments since 2008, bn €

Cumulated renovated floor area since 2008 (Mm?)
Renovated floor area on the total floor area, %
Deep renovation, %

Medium renovation, %

Light renovation, %

Total cum. Investments since 2008, bn €

Total public investments since 2008, bn €

13.4 34,6 248 56.4 232 523
43 112 79 183 7.4 169
07 27 42 93 52 137
1.7 64 18 68 15 22
19 19 19 19 07 0.7
26 7.0 57 127 57 129
00 00 21 39 20 39

High energy price scenario

15.1 42.8 26.8 63.9 249 594
48 139 85 207 7.9 19.2
0.8 38 44 102 56 157
20 78 21 80 16 25
20 20 21 21 0.7 07
29 87 6.0 142 6.0 146
00 00 21 39 20 39
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Table 19 Finland: Renovation and investment indicators

Low energy price scenario

Scenariol Scenario2 Scenario 3

2030 2020 2030 2020 2030

2020
Cumulated renovated floor area since 2008 (Mm?)  21.4
Renovated floor area on the total floor area, % 8.3
Deep renovation, % 2.2
Medium renovation, % 2.9
Light renovation, % 3.2
Total cum. Investments since 2008, bn € 17.4
Total public investments since 2008, bn € 2.0

Cumulated renovated floor area since 2008 (Mm?2)  21.5

Renovated floor area on the total floor area, % 8.3
Deep renovation, % 2.2
Medium renovation, % 2.9
Light renovation, % 3.2
Total cum. Investments since 2008, bn € 17.4
Total public investments since 2008, bn € 2.0

444 33.1 720 215 451
171 128 276 83 173
42 45 9.7 22 45
60 50 113 29 6.1
66 33 62 31 6.6
31.2 329 613 174 315
36 45 86 20 36
High energy price scenario
45.1 33.2 72.6 21.6 46.7
17.3 12.8 27.8 8.3 18.0
44 46 100 22 47
6.1 50 11.2 29 63
6.7 33 63 31 6.7
31.7 329 612 175 321
36 45 86 20 37

Table 20 France: Renovation and investment indicators

Low energy price scenario

Scenario 1 Scenario 2 Scenario 3

2020 2030 2020 2030 2020 2030
Cumulated renovated floor area since 2008 (Mm?) 130.9 353.3 137.6 392.7 319.2 780.1
Renovated floor area on the total floor area, % 50 139 53 154 123 30.6
Deep renovation, % 1.1 3.0 1.8 5.9 4.3 10.7
Medium renovation, % 1.9 5.0 1.8 4.9 59 146
Light renovation, % 2.0 5.4 1.7 4.2 2.0 4.6
Total cum. Investments since 2008, bn € 46.3 125.8 50.1 145.7 120.5 297.3
Total public investments since 2008, bn € 3.4 6.4 6.3 211 3.6 6.9

Cumulated renovated floor area since 2008 (Mm?) 132.5

Renovated floor area on the total floor area, % 5.1
Deep renovation, % 1.2
Medium renovation, % 1.9
Light renovation, % 2.0
Total cum. Investments since 2008, bn € 46.9

Total public investments since 2008, bn € 3.5

High energy price scenario

375.7 139.4 409.1 323.1 818.1
148 54 16.1 124 321
33 18 6.1 44 113
54 18 52 6.0 154
57 17 43 2.0 45

133.8 50.8 152.2 122.0 312.9
64 64 214 36 6.2
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Table 21 Germany: Renovation and investment indicators

Low energy price scenario

Scenario 1 Scenario 2 Scenario 3

2020 2030 2020 2030 2020 2030
Cumulated renovated floor area since 2008 (Mm?2) 520.1 1,029 508.2 993.5 595.7 1,221
Renovated floor area on the total floor area, % 12.5 25.2 12.2 24.4 142 29.9
Deep renovation, % 2.2 4.6 2.3 4.9 2.4 5.2
Medium renovation, % 4.1 7.7 4.0 7.4 4.6 9.0
Light renovation, % 6.1 121 56 111 7.0 147
Total cum. Investments since 2008, bn € 154.9 293.5 169.0 353.7 200.5 440.5
Total public investments since 2008, bn € 11.0 210 111 21.1 112 21.2

Cumulated renovated floor area since 2008 (Mm?) 522.1

Renovated floor area on the total floor area, % 12.5
Deep renovation, % 2.2
Medium renovation, % 4.1
Light renovation, % 6.0
Total cum. Investments since 2008, bn € 156.2
Total public investments since 2008, bn € 11.1

High energy price scenario

1,058 508.8 1,029 589.4 1,220
25,9 122 252 141 299
5.5 2.4 5.5 2.5 5.7
76 40 75 46 9.0
120 56 113 6.8 14.1

309.2 169.8 370.3 199.2 443.6
21.0 11.0 211 112 213

Table 22 Italy: Renovation and investment indicators

Low energy price scenario

Scenario 1 Scenario 2 Scenario 3

2020 2030 2020 2030 2020 2030
Cumulated renovated floor area since 2008 (Mm?2) 268.8 495.8 319.1 581.9 401.5 765.1
Renovated floor area on the total floor area, % 11.7 224 139 26.3 175 345
Deep renovation, % 3.7 7.0 5.0 8.6 5.3 10.3
Medium renovation, % 3.7 6.7 4.8 8.4 6.4 114
Light renovation, % 4.3 7.8 4.2 8.2 58 11.7
Total cum. Investments since 2008, bn € 56.5 106.4 69.5 1274 92.0 1774
Total public investments since 2008, bn € 4.4 4.4 8.4 8.8 104 16.3

Cumulated renovated floor area since 2008 (Mm?2) 276.3

Renovated floor area on the total floor area, % 12.0
Deep renovation, % 3.8
Medium renovation, % 3.8
Light renovation, % 4.4
Total cum. Investments since 2008, bn € 57.9

Total public investments since 2008, bn € 4,5

High energy price scenario

542.0 326.9 627.5 408.9 806.4
245 142 283 17.8 364
7.7 5.1 94 54 11.0
74 49 9.1 6.6 12.0
84 43 88 58 121

115.7 71.1 136.7 93.7 186.4
4.5 84 88 105 16.6
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Table 23 Romania: Renovation and investment indicators
Low energy price scenario

Scenariol Scenario2 Scenario 3

2020 2030 2020 2030 2020 2030
Cumulated renovated floor area since 2008 (Mm?2) 17.5 46.3 30.5 81.6 43.5 117.3
Renovated floor area on the total floor area, % 35 94 6.0 165 86 237
Deep renovation, % 19 6.0 3.6 108 5.2 16.0
Medium renovation, % 1.2 23 19 47 26 6.3
Light renovation, % 03 09 05 05 0.8 0.8
Total cum. Investments since 2008, bn € 19 50 46 11.8 6.3 164
Total public investments since 2008, bn € 1.0 22 13 29 1.9 4.3

High energy price scenario

Cumulated renovated floor area since 2008 (Mm2) 18.8 52.2 31.4 82.3 44.7 1147
Renovated floor area on the total floor area, % 3.7 106 6.2 16.7 8.8 23.1
Deep renovation, % 20 64 37 105 54 15.1
Medium renovation, % 1.3 27 19 51 26 6.6
Light renovation, % 03 13 05 05 0.8 0.8
Total cum. Investments since 2008, bn € 20 59 47 122 6.5 16.5
Total public investments since 2008, bn € 1.0 22 13 2.7 1.9 4.0

Table 24 Spain: Renovation and investment indicators
Low energy price scenario

Scenario 1 Scenario2  Scenario 3

2020 2030 2020 2030 2020 2030
Cumulated renovated floor area since 2008 (Mm?2) 140.3 325.9 176.2 418.2 321.1 746.3
Renovated floor area on the total floor area, % 75 179 9.4 229 171 40.8
Deep renovation, % 1.5 3.7 2.2 6.8 7.6 237
Medium renovation, % 2.1 4.4 3.6 109 2.7 6.4
Light renovation, % 3.9 9.3 3.5 4,5 6.8 9.6
Total cum. Investments since 2008, bn € 35.8 82.7 46.5 110.5 90.1 2129
Total public investments since 2008, bn € 1.7 3.1 1.7 3.1 5.6 13.8

High energy price scenario

Cumulated renovated floor area since 2008 (Mm?2) 141.0 337.2 177.2 428.4 324.3 755.6
Renovated floor area on the total floor area, % 7.5 185 9.4 235 173 413
Deep renovation, % 1.5 3.9 2.3 7.1 81 245
Medium renovation, % 2.1 4.5 36 111 1.6 53
Light renovation, % 3.9 9.5 3.5 4.5 7.6 104
Total cum. Investments since 2008, bn € 36.0 86.0 46.8 113.5 90.9 215.5
Total public investments since 2008, bn € 1.7 3.1 1.7 3.1 5.6 13.7
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A.4 Policy Modelling in Invert/EE-Lab

In the following, we give some examples how policy instruments can be modelled and
which level of detail we can cover.

A.1.1Investment subsidies
Investment subsidies for renovation measures

For simulating the impact of investment subsidies for renovation measures, it is re-
quired to define:

- The standard of renovation measures being supported (e.g. in terms of U-
values for building components; may differ between building categories; three
different levels of renovation packages can be defined for each building catego-
ry).

- The percentage of overall investment costs being granted by the scheme (may
differ between building categories).

- Optional: maximum support level in €/m? floor area and/or €/building (Invest-
ment subsidies)

- Optional: Total support budget (M€ on an annual basis, can change from year
to year)

The agents in Invert/EE-Lab decide among the options “no thermal renovation meas-
ure” and several different renovation measures including policy measures, as defined
above, targeting on them individually. The policy instrument will increase the market
uptake of this specific type of renovation measure addressed in the policy instrument
depending on the agents awareness of the instrument and the relevance of economic
aspects in the decision making process of different agents.

Investment subsidies for renewable heating

For simulating the impact of investment subsidies for renovation measures, it is re-
quired to define:

- The percentage of overall investment costs being granted by the scheme for dif-
ferent heating technologies.

- Optional: maximum support level €/building and/or dwelling (Investment subsi-
dies)

- Optional: Total support budget (M€ on an annual basis, can change from year
to year)

The agents in Invert/EE-Lab decide among the different heating and hot water options.
The instrument will increase the market uptake of the specific type of (renewable) heat-
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ing system addressed in the policy instrument depending on the agents awareness of
the instrument and the relevance of economic aspects in the decision making process
of different agents.

Investment subsidies for renewable heating independent on public budget

Similar to the conventional investment subsidies financed by the public budget In-
vert/EE-Lab is able to simulate the impact of instruments financed e.g. on a levy on
fossil fuels. (see e.g. (Burger, 2013) for “Non-fiscal instruments strengthening support
and financing activities within the market”). There are different specific options for
adapting the levy automatically on the support level of renewable heating systems.

A.1.2 Regulatory schemes
Building codes for new buildings

Minimum standards for new buildings are defined exogenously in Invert/EE-Lab. All
new buildings will have at least this minimum standard. So, the definition of this stand-
ard is a relevant regulatory instrument. For this definition, the U-values of relevant
building components or performance based criteria have to be defined.

Building codes for renovation of buildings

As a default, in Invert/EE-Lab building owners are free to select either “no thermal ren-
ovation measure” or some level of renovation measures. However, it is possible to in-
troduce an obligation to carry out at least a minimum set of thermal renovation
measures in case that a building is being refurbished. This minimum set should be de-
fined in terms of U-values of relevant building components or performance based.

Moreover, Invert/EE-Lab is able to define certain thresholds after which a renovation
has to take place (e.g. in case that a building or building component has reached a
certain lifetime).

RES-H obligations

For an obligation to use renewable heating, there are the following options to be de-
fined in Invert/EE-Lab:

- When will the obligation come into force? (a) in case of new building construc-
tion, (b) in case of renovation of buildings or (c) in case of each change of heat-
ing systems
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- Which share of renewable heating is obligatory for this specific building? (e.g.
25%, 50%, 75%7?)

- Are there penalties in case that the obligation is not being fulfilled? How high
are they (€/m?floor area).

- Optional: the penalty may also be linked to increasing the thermal efficiency of
the building

- Optional: there might be a weighting between different renewable energy carri-
ers, i.e. solar thermal might be weighted higher than biomass.

A.l.3Information, training, advice

Information, training advice may lead to higher awareness level of different type of
agents. Invert/EE-Lab is able to model the impact of a higher level of awareness from
different type of agents.

A.1.4R&D

For each technology implemented in Invert/EE-Lab, we can define cost reduction (or
increase) or efficiency development over time up to 2030/2050. This changes the at-
tractiveness of the different options and subsequently (according to the logit-approach)
the market share of different measures, energy carriers and technology options.
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