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Abstract
COP21 led to an agreed target of keeping the increase in global 
average temperature below 2  °C compared to pre-industrial 
levels. The EU-contribution to this target will require GHG-
emission reductions of at least 80–95 % from 1990-levels un-
til 2050. Due to the high potential for decarbonisation, the 
building stock will have to achieve at least the same level of 
reduction. Policy makers are asked to develop a correspond-
ing framework. Important for assisting decision makers in this 
context are policy driven scenarios. 

The research questions of this paper are: (1) Do long-term 
scenarios (and in particular those labelled as ambitious) of en-
ergy demand in buildings reflect the COP21 target? (2) If not: 
What are reasons for the gap? (3) What can we learn for policy 
making? 

The method builds on following steps: (1) Analysis of GHG-
emission reduction in scenarios from the policy driven bot-
tom-up model Invert/EE-Lab carried out recently for various 
European countries in several EU and national projects (e.g. 
ZEBRA2020, progRESsHEAT, Tender for DG Energy on Map-
ping of Heating/Cooling, etc.); (2) compare scenarios among 
each other and analyse whether the scenarios lead to an achieve-
ment of GHG-emission reductions in the range of 80–95 % until 
2050; (3) identify reasons for possible gaps in GHG-emission re-
ductions like insufficient stringency of building codes, deficient 
economic incentives etc. and (4) derive conclusions regarding 
policy making. 

Results show that scenarios labelled as being “ambitious” e.g. 
in ZEBRA2020 for several EU MSs achieve GHG-emission re-
ductions of 56 %–95 % until 2050, but only three of them above 
85 %. The reason is that policies have been developed together 
with policy makers, who were not willing to go beyond certain 
stringency of modelled instruments. In particular, this was the 
case for regulatory instruments which turn out to be essential 
for achieving ambitious climate targets. 

Introduction
COP21 led to an internationally agreed target of “holding the 
increase in the global average temperature to well below 2 °C 
above pre-industrial levels and to pursue efforts to limit the 
temperature increase to 1.5  °C above pre-industrial levels” 
(UNFCCC, 2015). The EU-contribution to this target will 
require GHG-emission reductions of at least 80–95  % from 
1990-levels until 2050. Due to the high potentials for decar-
bonisation, the building stock will have to cover at least the 
same reduction (see e.g. European Commission, 2011). Thus, 
policy makers face the challenge to develop a corresponding 
framework. 

Important for assisting decision makers in this context are 
policy driven scenarios. There are numerous scientific reports 
and academic journals assessing long-term energy demand in 
the building sector using different scenario frameworks includ-
ing energy price development, climate change, policy measures 
and technological change (Olonscheck et al, 2011, Asimako-
poulos et al, 2011, McKenna et al, 2013, Töglhofer C. et al, 2012, 
Ó Broin et al, 2013, Steinbach, 2015). These papers show identi-
cal future trends, namely a decrease in heating energy demand 
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in winter and increase in cooling energy demand in summer. 
Decreasing heating energy demand is affected by better thermal 
performance resulting from mandatory efficiency standards for 
new buildings and building renovation whereas the increasing 
cooling energy demand is led by a warmer climate and rising 
comfort standards. Although many studies show a decrease in 
the energy demand for space heating, many papers conclude 
that in a reference case, the targets for 2020 or 2030 are not 
met and further political intervention is required. McKenna et 
al, 2013 modelled energy demand scenarios for the German 
building sector by 2050 showing that in the reference scenario 
which leads to 17 % of energy savings for space heating and hot 
water from 2010 to 2050, the target for 2020 is not met. Policy 
instruments are required leading to higher renovation rates to 
achieve higher energy savings. (Ó Broin et al., 2013) shows the 
impact of energy efficiency increase by 2050 in EU-27 build-
ing stock. The authors of this paper also contributed to the lit-
erature of scenarios of energy demand and CO2-emissions in 
several studies, e.g. Kranzl et al., (2014), Müller, (2015), Kranzl 
and Müller, (2015). 

However, despite this wide range of scenarios and modelling 
work, the authors are not aware of a rigorous check to what ex-
tent these scenarios are consistent with the Paris targets. Even 
though some of these scenarios identified above have been 
classified as “ambitious scenarios” or “climate mitigation sce-
narios” or “high policy intensity scenarios”, it remains unclear 
how far their “ambition level” goes. Given the huge relevance 
of the Paris targets on the one hand and the building sector’s 
energy demand and related CO2-emissions on the other hand, 
we believe that it is essential to test energy demand scenarios 
in the building sector towards their consistency with strong, 
or indeed almost complete, decarbonisation targets until 2050. 

Hence, the research questions of this paper are: (1) Do long-
term scenarios (and in particular those labelled as ambitious) 
of energy demand in buildings reflect the COP21 target? (2) If 
not: What are reasons for the gap? (3) What can we learn for 
policy making?

The scope of this paper are long- (2050) and medium (2030) 
term scenarios of the building stock’s energy demand, in par-
ticular energy demand for space heating, hot water and cool-
ing, the applied mix of technologies and energy carriers and 
resulting CO2-emissions. We focus on scenarios for different 
European countries, derived with the model Invert/EE-Lab 
(see chapter “Methodology” for more details). 

We start with a more detailed description of our method-
ology, i.e. which scenarios were selected, a description of the 
model Invert/EE-Lab and which indicators we selected to test 
the consistency with Paris targets. The results chapter presents 
the selected indicators for a wide range of scenarios in different 
countries. From this, we derive conclusions and discuss policy 
implications. 

Methodology
The method builds on the following steps: 

1.	 Analysis of GHG-emission reduction in scenarios from the 
policy driven bottom-up model Invert/EE-Lab carried out 
recently for various European countries in several EU and 
national projects; 

2.	 compare scenarios among each other by various indicators 
and analyse whether the scenarios lead to an achievement 
of GHG-emission reductions in the range of 80–95 % until 
2050; 

3.	 identify reasons for possible gaps in GHG-emission reduc-
tions like insufficient stringency of building codes, deficient 
economic incentives etc. and 

4.	 derive conclusions regarding policy making.

In the following, we will first explain the system boundaries 
and scope of our study, subsequently we explain the model on 
which the scenarios considered in this paper are built, i.e. In-
vert/EE-Lab, and finally we will discuss the approach of com-
paring scenarios and selecting indicators for this comparison. 

SYSTEM BOUNDARIES, SCOPE OF THE STUDY AND SELECTED SCENARIOS
We focus on space heating, hot water and cooling energy de-
mand in both the residential and non-residential building 
stock. Since the main focus of this paper is on the achieved 
level of greenhouse-gas (GHG) reductions, we also need to take 
into account the applied mix of technologies and energy carri-
ers and resulting CO2-emissions. 

We restrict our analysis to the building sector as such and do 
not explicitly include scenarios and modelling of the electricity 
and district heating generation mix. This leads to some impli-
cations on the selected indicators and also some limitations, 
which we will discuss below. 

The scope of the paper are long- (2050) and medium (2030) 
term scenarios for different European countries, derived with 
the model Invert/EE-Lab. 

We select scenarios from different countries within the EU28 
from several projects, which were to some extent labelled as 
“ambitious” efficiency, renewable and/or climate change sce-
narios. 

The projects and scenarios which selected are:

•	 IEE-project ZEBRA 2020: “ambitious policy scenarios” for 
15 selected countries1 (Bointner et al., 2016). In the project 
ZEBRA 2020, a current policy scenario and an ambitious 
scenario were developed. Compared to the current policy 
scenarios, the ambitious policy scenario is based on more 
intensive policies which lead to higher renovation rates and 
depths, more efficient new building construction, a higher 
share of renewable energy and corresponding CO2 and ener-
gy savings. The detailed policy settings have been discussed 
with national stakeholders and policy makers. In particu-
lar, building codes have been strengthened in 2017 for new 
buildings and building refurbishment. Public budgets for 
subsidies have been increased in the ambitious scenario 
compared to the current policy scenario. Finally, obliga-
tions to install RES-H systems have been implemented in a 
more stringent way in the ambitious policy scenario. How-
ever, the detailed settings are country specific, based on the 
stakeholder consultation. For more detailed documentation 
see Bointner et al., (2016). For the analysis in this paper, we 
selected only the “ambitious policy” scenarios. 

1. Belgium, Germany, Denmark, Spain, France, United Kingdom, Italy, Lithuania, 
Luxembourg, Netherlands, Norway, Poland, Romania, Sweden, Slovakia.
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•	 IEE-project ENTRANZE: “ambitious scenario, high energy 
prices”, for 8 countries2 (Kranzl et al., 2014). Although there 
are country-specific deviations and exemptions, the general 
logic for the scenarios derived in ENTRANZE is as follows: 
Scenario 1 refers to a moderate ambitious scenario accord-
ing to current national and EU legislation, Scenario 2 and 3 
are more ambitious, innovative and stringent policy pack-
ages. The decisions on policy packages to be modelled were 
made in policy group meetings, which resulted in country 
specific deviations. The time frame of the policy scenarios 
is from 2008–2030. More details are described in Kranzl et 
al., (2014). For the analysis in this paper we selected the sce-
narios with the highest energy savings and highest share of 
RES-H in each analysed country. 

•	 Mapping and analyses of the current and future (2020–
2030) heating/cooling fuel deployment (fossil/renewables): 
unpublished sensitivities with higher support for RES-H/C, 
28 European Countries3. In this project, we developed a cur-
rent policy scenario considering targets and measures con-
cerning RES-H/C and energy efficiency which have been 
agreed or already implemented at the latest by the end of 
2015. Within this scenario, all implemented instruments are 
assumed to be in place by 2030, including current financial 
support programs, without significant changes throughout 
the years. The time frame of the scenarios is 2030. 

•	 Energy scenarios for Austria 2015. Heating demand of small 
scale consumers. A project in the frame of the reporting ob-
ligations for the monitoring mechanism (Müller and Kranzl, 
2015). In this project, three scenarios have been developed: 
The scenario “with existing measures” takes into account 
the currently implemented policy framework. The sce-
nario “with additional measures” considers also measures 
which are under preparation and expected to be in place 
very soon. The scenario “with additional measures – plus” 
assumed a high policy intensity towards energy efficiency 
improvement and RES-H/C implementation. These policy 
measures were discussed and agreed upon with stakehold-
ers and policy makers. The scenarios have been developed 
until 2050. For the analysis in this paper, we took into ac-
count the scenario “with additional measures – plus”. 

•	 Long term scenarios and strategies for the expansion of 
renewable energy in Germany considering sustainable de-
velopment and regional aspect. (Pfluger et al., 2017). This 
project provided two scenarios: A reference-scenario, as-
suming that relevant measures of the Energiewende” will 
not be further be in place, and a basis-scenario, assuming 
further enhancement of the Energiewende in all relevant 
sectors, including the building stock. We selected the latter, 
more ambitious “basis-scenario” for this paper. 

A comparison with other scenarios from the literature would 
be interesting and relevant. However, at least for some work 
(e.g. global scenarios of building related energy demand in 

2. Austria, Bulgaria, Czech Republic, Finland, France, Italy, Romania, Spain. 

3. Austria, Belgium, Bulgaria, Switzerland, Cyprus, Czech Republic, Germany, Es-
tonia, Spain, Finland, France, United Kingdom, Greece, Croatia, Hungary, Ireland, 
Italy, Lithuania, Luxembourg, Latvia, Malta, Netherlands, Norway, Poland, Portugal, 
Romania, Slovenia, Slovakia.

Ürge-Vorsatz et al., (2011) or the scenarios available at http://
www.gbpn.org/) only part of the required information is avail-
able, i.e. energy demand development but no energy carrier 
mix. For this reason, we limited the analysis to scenarios de-
rived with the model Invert/EE-Lab and intend to extend this 
work in future studies to other literature. 

For the objectives of this paper, we need long-term scenarios, 
if possible until 2050 or beyond. However, as explained above, 
some of the scenarios are available only until 2030. This will 
have some implications on the indicators to select (see below). 

THE MODEL INVERT/EE-LAB
The scenarios discussed in this paper have been developed by 
the model Invert/EE-Lab. It is a dynamic bottom-up simula-
tion tool that evaluates the effects of different policy packages 
(economic incentives, regulatory instruments, information and 
advice, research and technology development) on the total en-
ergy 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, differ-
ent 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 e.g. in Müller, (2012), Kranzl et 
al., (2013) or Kranzl et al., (2014a) The model has been ex-
tended by an agent-specific decision approach documented e.g. 
in (Steinbach, 2013a), (Steinbach, 2013b), (Steinbach, 2015). 
The model Invert/EE-Lab up to now has been applied in all 
countries of EU-28 (+ Serbia). 

The key idea of the model is to describe the building stock, 
heating, cooling and hot water systems at a highly disaggre-
gated level, calculate related energy needs and delivered energy, 
determine reinvestment cycles and new investment in build-
ing components and technologies and simulate the decisions 
of various agents4 (i.e. owner types) in case that an investment 
decision is due for a specific building segment. 

The core of the simulation model is a myopic5 approach 
which optimizes objectives of agents under imperfect informa-
tion conditions and by that represents the decisions concerning 
building related investments. It applies a nested logit approach 
in order to calculate market shares of heating systems and en-
ergy efficiency measures depending on building and investor 
type. 

The model allows the definition of different owner types as 
instances of predefined investor classes: owner occupier, pri-
vate landlords, community of owners (joint-ownership), and 
housing association. Owner types are differentiated by their 
investment decision behaviour and the perception of the en-
vironment. The former is captured by investor-specific weights 
of economic and non-economic attributes of alternatives. The 
perception relevant variables – information awareness, en-
ergy price calculation, risk aversion – influence the attribute 

4. For details regarding the modelling and clustering of agents please see the de-
scription in this chapter below. 

5. The myopic approach implies that the model does not include a perfect fore-
sight optimisation. We assume that investors optimize over the whole considered 
depreciation time. However, the investors are not (or only partly) aware that energy 
prices or investment costs might change over time. 
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values. The modelling of agents is country specific, according 
to the characteristic situation, the relevance of various groups 
and data availability. More information on specific selection 
and description of these groups is documented in Heiskanen 
and Matschoss, (2012) and Heiskanen et al., (2013). For more 
details on the modelling of these aspects in Invert/EE-Lab see 
Steinbach, (2013a) and Steinbach, (2013b) 

Invert/EE-Lab models the decision making of investors re-
garding building renovation and heating, hot water and cooling 
systems. Policy instruments may affect these decisions (in real-
ity and in Invert/EE-Lab) in the following ways:

•	 Economic incentives change the economic effectiveness of 
different options and thus lead to other investment deci-
sions. 

•	 Regulatory instruments (e.g. building codes or renewable 
heat obligations) restrict the technological options that de-
cision makers have; limited compliance with these measures 
can be taken into account.

•	 Information, advice, etc: Agents have different levels of in-
formation. Lack of information 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 information. 

•	 R&D can push technological progress. The progress in 
terms of efficiency increase or cost reduction of technolo-
gies can be implemented in Invert/EE-Lab. 

Input data regarding building stock data, economic and policy 
drivers etc. are documented in the sources listed above for each 
of the scenario groups. 

INDICATORS TO ASSESS WHETHER A SCENARIO IS IN LINE WITH THE 
PARIS COP21 AGREEMENT
Since the objective of this paper is to assess the consistency of 
different scenarios with the Paris agreement, we need to define 
indicators for this assessment. 

The first and probably most obvious indicator is the achieved 
reduction of GHG-emissions from the base year until 2050. 
Here, we face the problem of how to deal with GHG-emission 
factors for electricity and district heating. Since for the analysis 
in this paper we have decided to purely focus on the building 
stock as such, we decided not to distort results by assuming de-
creasing emission factors for these two sectors. This also would 
have to be distinguished between countries, making it difficult 
to identify key impact factors and drivers for decarbonisation. 
Thus, we apply the following two indicators: 

•	 CO2 emission reduction assuming constant emission factors 
for district heating and electricity

•	 CO2 emission reduction excluding electricity and district 
heating. 

This second indicator focuses on direct emissions in the building 
stock, and implicitly takes into account that also the electricity 
and district heating sectors will need to decarbonise. However, 
we should also need to know about the increasing share of elec-
tricity and district heating to cover the building stock’s energy 
demand. This is covered in the additional two indicators: 

•	 Increase district heating from base year (pp)

•	 Increase electricity from base year (pp)

Also the use of biomass as a decarbonisation option is of rel-
evance, since biomass is expected to play a more and more 
crucial role in sectors where carbon energy carriers are more 
difficult to substitute (e.g. aviation, industry). This is taken into 
account with this third indicator: 

•	 Increase biomass from base year (pp)

These three indicators are defined as difference of the market 
share in the base year and the years 2030 and 2050, respectively. 
We are aware that these three indicators above could be avoided 
if a fully sector coupled modelling approach would be chosen. 
On the other hand, we believe that they also provide additional 
insights, which often are not available in a transparent way in 
cross-sectoral modelling. 

•	 Energy savings compared to the base year (%)

This indicator accounts for the share of final energy demand 
reduced from the base year until 2030 and/or 2050. We want 
to emphasize that this is not delivered energy, but final energy 
demand in the sense of the renewable energy directive, i.e. in-
cluding solar thermal and ambient heat. 

Another difficulty is that only some scenarios are available 
until 2050. So, the question arises as to which indicator could 
represent the future decarbonisation perspective best. For this 
purpose, we selected: 

•	 Installation of fossil based heating systems. 

Due to the long life time of heating systems (often even above 
20–30 years) a high share of the heating systems installed e.g. 
in 2030 will still be in place in 2050. And also markets typically 
do not change very quickly. E.g. if the share of fossil heating 
systems in the installation of all new heating systems in the 
year 2030 is still very high, it would need really strong regula-
tory policy instruments including also a complete change of 
the manufacturer structure to reduce this market share quickly. 
Moreover, stranded investments could occur in case that heat-
ing system replacement would be required before the lifetime 
has ended. 

Thus, this indicator allows an assessment also for those sce-
narios which have been modelled only until 2030. 

Results
Figure 1 illustrates the range of direct greenhouse gas emissions 
in different scenarios and for various European countries. It 
shows that the reduction of these direct greenhouse gas emis-
sions varies strongly across these scenarios and we need to un-
derstand better the reasons and drivers behind it. 

Figure 2 presents an overview of the distribution of the main 
indicators, defined above. One of the most obvious results is 
that none of the 2050 scenarios achieve sufficient CO2-savings 
(i.e. >80 %) if constant CO2-emission factors for electricity and 
district heating are assumed. Assuming that decarbonisation 
efforts have to take place also in these sectors, the indicator of 
the direct CO2-emissions may be more relevant. However, also 
with respect to this indicator, only a very few targets achieve 
levels of more than 85–90 % CO2-savings to 2050. This is a cru-
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cial outcome, because actually the intention of these scenarios 
in fact was to provide a significant increase in policy intensity. 
And the discussion processes carried out within the project 
ZEBRA2020 also showed that stakeholders and policy makers 
classified these measures as highly ambitious – in some cases 
even beyond what would be imaginable the current political 
framework.

Table 1 indicate all indicators explained in the methodology 
section for all analysed scenarios. 

Three scenarios showed reduction of direct CO2-emissions 
of at least 85 % until 2050. This is the case for the presented 
ZEBRA – “ambitious policy scenarios” in ES and LT and the 
“basis-scenario” for Germany from the project “long-term sce-
narios”. 

For the case of Spain, we see a mix of different drivers lead-
ing to this result. Firstly, currently, there is a relatively high 

share of fuel oil in the energy carrier mix. In all countries and 
scenarios we see a strong shift from fuel oil to other energy 
carriers – both in the past and in our scenarios. Thus, there is 
a high potential for decarbonisation, which is exploited in this 
scenario. Secondly, compared to other countries, the discussion 
process in the project ZEBRA2020 led to more ambitious pol-
icy packages than in other countries. In particular, renewable 
heat obligations and obligatory efficiency improvement, com-
bined with advice and proper economic side conditions were 
implemented. Thirdly, the share of solar thermal energy in the 
total final energy demand is much higher than in other coun-
tries and scenarios, reaching more than one third in 2050. Due 
to the fact that solar thermal collectors partly are still combined 
with fossil heating systems, the share of fossil based installa-
tions in the heating system market of 2050 is still surprisingly 
high. However, due to building renovation and the high share 
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Figure 1. Scenarios of direct greenhouse gas emissions for space heating, hot water and cooling (i.e. excluding electricity and district 
heating) in selected scenarios in various European countries.

Figure 2. Box plots of indicators to assess the Paris-consistency of selected scenarios. 
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Table 1. Comparative assessment of scenarios regarding CO2-emission reduction, installation of fossil based heating systems and increase of district heating, 
electricity and biomass. Bold: Values indicating towards consistency with Paris targets. 

Country Project

CO2 reduction 
assuming 
constant 
emission 
factors 

CO2 
reduction 

excl 
electricity 

and district 
heating

Increase 
district 

heating from 
base year 

(pp)

Increase 
electricity 
from base 
year (pp)

Increase 
biomass from 

base year 
(pp)

Share of 
installation of 
fossil based 

heating 
systems

Energy 
savings 

(reduction of 
final energy 

demand from 
base year)

2030 2050 2030 2050 2030 2050 2030 2050 2030 2050 2030 2050 2030 2050

FR ENTRANZE 58 % 67 % 7 % -5 % 8 % 39 % 33 %

AT ENTRANZE 40 % 76 % 15 % -1 % 7 % 10 % 30 %

BG ENTRANZE -69 % 56 % 1 % -10 % 3 % 21 % 23 %

CZ ENTRANZE 15 % 59 % 1 % 1 % 9 % 25 % 28 %

ES ENTRANZE 24 % 63 % 3 % -4 % 9 % 26 % 27 %

FI ENTRANZE -12 % 48 % 1 % -4 % -1 % 4 % 14 %

IT ENTRANZE 38 % 44 % 1 % 1 % 6 % 66 % 30 %

RO ENTRANZE 41 % 46 % -9 % 1 % 9 % 18 % 31 %

FR Mapping 36 % 37 % 2 % -2 % 8 % 40 % 9 %

AT Mapping 21 % 57 % 13 % -4 % 1 % 31 % 19 %

BE Mapping 39 % 42 % 5 % -2 % 10 % 76 % 23 %

BG Mapping 44 % 51 % -3 % -6 % 12 % 21 % 10 %

CH Mapping 11 % 14 % 1 % 0 % -10 % 70 % 2 %

CY Mapping 17 % 62 % 0 % 5 % 12 % 18 % -15 %

CZ Mapping 37 % 52 % 2 % -2 % 22 % 27 % 6 %

DE Mapping 39 % 38 % 1 % -1 % 0 % 84 % 33 %

EE Mapping 54 % 57 % -2 % -6 % 13 % 6 % 22 %

ES Mapping 57 % 59 % 0 % -5 % 36 % 15 % 4 %

FI Mapping 23 % 48 % 4 % -9 % 5 % 7 % 2 %

GB Mapping 37 % 40 % 9 % -2 % 3 % 75 % 30 %

GR Mapping 55 % 59 % 1 % 0 % 15 % 42 % 35 %

HR Mapping 39 % 63 % 10 % -1 % 19 % 15 % 8 %

HU Mapping 39 % 47 % 4 % -1 % 14 % 48 % 23 %

IE Mapping 29 % 27 % 0 % -2 % 3 % 92 % 19 %

IT Mapping 39 % 37 % 0 % -1 % 9 % 57 % 23 %

LT Mapping 38 % 49 % 4 % -1 % -2 % 18 % 34 %

LU Mapping 25 % 27 % 4 % -2 % 8 % 78 % 9 %

LV Mapping 28 % 18 % 1 % -2 % -7 % 51 % 29 %

MT Mapping 44 % 52 % 2 % -13 % 17 % 18 % 24 %

NL Mapping 30 % 35 % 5 % 0 % 4 % 83 % 24 %

NO Mapping 32 % 41 % 0 % 0 % -2 % 1 % 13 %

PL Mapping 26 % 18 % -6 % -1 % 3 % 73 % 11 %

PT Mapping 30 % 23 % 1 % -5 % 1 % 67 % 14 %

RO Mapping 39 % 41 % -9 % 1 % 16 % 7 % 12 %

SI Mapping 48 % 63 % 7 % -4 % 18 % 6 % 14 %

SK Mapping 35 % 36 % -1 % -1 % 8 % 71 % 24 %

AT MonMech 31 % 65 % 32 % 75 % 4 % 6 % -4 % -2 % 1 % -4 % 34 % 19 % 52 %

DE
Long-term 
scenarios 40 % 71 % 45 % 85 % 6 % 11 % -1 % 4 % -1 % 0 % 58 % 34 % 29 % 56 %

The table continues on the next page. →
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of solar thermal energy, the resulting GHG-emissions from 
these remaining fossil fuels are moderate. 

In Lithuania the largest part of the heating demand in the 
year 2012 is covered by district heating (43 %) and biomass 
(37 %). The scenarios lead a strong increase of both of them (in 
particular district heating) to an overall share of almost 90 %. 
Despite the fact that solar thermal and ambient heat show only 
very moderate market growth in our scenario, the reduction of 
the remaining direct GHG-emissions is very high, also due to 
a considerable share of coal in the base year 2012 (7 %). More-
over, the reduction achieved final energy demand with 55 % 
from 2012–2050 is among the highest of the considered sce-
narios. 

Finally, what can be seen from the selected scenario for 
Germany are high energy savings of 56 % until 2050. Remark-
ably, the share of biomass does not increase which means 
that in absolute terms biomass use for heating in the build-
ing sector is reduced. However, the market share of district 
heating increases quite substantially by 11 percentage points. 
What might be striking is the relatively high share of 34 % 
of fossil based heating systems still in the boiler market in 
2050. The reason why this is in line with a high reduction of 
direct CO2-emissions is that there is a substantial share of 
solar energy in the final energy carrier mix, i.e. many of the 
solar supported heating systems still use fossil based energy 
carriers as a backup. 

On the contrary, the lowest reductions in CO2-emissions 
until 2050 take place in the ZEBRA scenarios for Poland 

(56 %) and Luxembourg (62 %). For the case of Poland, the 
current political framework does not show any ambition to 
strongly reduce the high share of coal. This led to the fact that 
even in the ambitious policy scenario the stakeholders and 
policy makers involved in the ZEBRA discussion process did 
not consider it as realistic to implement really strong RES-H 
policies. Even though the share of coal reduces, this is mainly 
the case in favour of natural gas. Moreover, our scenario con-
tinued the current trend regarding the decreasing role of dis-
trict heating. 

The results for the indicator ”share of installations of fossil 
based heating systems” reveal that the change in the boiler 
market will be a crucial challenge in the coming years. The 
scenarios of the project ”Mapping” (Fleiter et al., 2016) high-
light that under current policy conditions, the share of fossil 
heating systems in the boiler market of 2030 is by far not con-
sistent with reasing Paris targets. The share of fossil heating 
systems in new installations in most scenarios and countries 
is beyond 50 %. However, in the scenarios of the project EN-
TRANZE, labelled again as ”ambitious policy” scenarios, this 
share is significantly lower at least for some countries. The 
main reason is that, in particular for the cases of Austria and 
Finland rigorous fossil-phase out policies were implemented 
in the policy scenarios. Moreover, the share of fossil heating 
systems in these countries already in the base year is sub-
stantially lower than in other countries. Overall, it turns out 
that only a few scenarios in selected countries achieve mar-
ket shares of fossil heating systems below 50 % in 2030. This 

Country Project

CO2 reduction 
assuming 
constant 
emission 
factors 

CO2 
reduction 

excl 
electricity 

and district 
heating

Increase 
district 

heating from 
base year 

(pp)

Increase 
electricity 
from base 
year (pp)

Increase 
biomass from 

base year 
(pp)

Share of 
installation of 
fossil based 

heating 
systems

Energy 
savings 

(reduction of 
final energy 

demand from 
base year)

2030 2050 2030 2050 2030 2050 2030 2050 2030 2050 2030 2050 2030 2050

FR ZEBRA 38 % 65 % 42 % 75 % 5 % 10 % -2 % -1 % 2 % -1 % 38 % 38 % 17 % 31 %

BE ZEBRA 47 % 72 % 53 % 80 % 10 % 15 % -1 % -1 % 10 % 12 % 66 % 62 % 33 % 53 %

DE ZEBRA 50 % 70 % 51 % 78 % 1 % 2 % 0 % 4 % 1 % 1 % 76 % 71 % 43 % 59 %

DK ZEBRA 34 % 53 % 59 % 80 % 3 % 0 % -2 % -3 % 8 % 11 % 25 % 16 % 17 % 30 %

ES ZEBRA 46 % 78 % 51 % 86 % 0 % 0 % 0 % -2 % 3 % 4 % 25 % 38 % 28 % 43 %

GB ZEBRA 45 % 65 % 49 % 79 % 9 % 24 % -2 % -2 % 4 % 6 % 68 % 66 % 34 % 46 %

IT ZEBRA 45 % 67 % 44 % 71 % 0 % 1 % -1 % 1 % 4 % 4 % 54 % 43 % 30 % 48 %

LT ZEBRA 40 % 68 % 54 % 95 % 5 % 6 % 0 % 0 % -3 % 4 % 7 % 3 % 36 % 55 %

LU ZEBRA 35 % 55 % 38 % 62 % 3 % 9 % -2 % -2 % 11 % 15 % 75 % 73 % 19 % 34 %

NL ZEBRA 36 % 57 % 41 % 67 % 5 % 14 % 0 % 2 % 5 % 7 % 79 % 62 % 30 % 48 %

NO ZEBRA 32 % 67 % 41 % 74 % 1 % -1 % -3 % -8 % 2 % 1 % 3 % 6 % 21 % 46 %

PL ZEBRA 33 % 60 % 27 % 56 % -6 % -15 % 0 % 1 % 0 % 3 % 65 % 64 % 22 % 46 %

RO ZEBRA 33 % 60 % 29 % 77 % -7 % -12 % 1 % 5 % 4 % 4 % 14 % 11 % 24 % 49 %

SE ZEBRA 20 % 35 % 29 % 76 % 4 % 5 % -5 % -6 % 3 % 0 % 3 % 2 % 22 % 36 %

SK ZEBRA 39 % 72 % 43 % 82 % 2 % 0 % 0 % 5 % 6 % 12 % 62 % 46 % 30 % 60 %
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shows that the model based scenarios do not only indicate a 
high inertia in the existing heating system stock but also in 
the boiler market. It is evident, that high shares of fossil heat-
ing systems in the newly installed stock contradicts ambitious 
climate targets. However, surprisingly, there are also cases of 
scenarios achieving more than 85 % of GHG-emission reduc-
tions with fossil heating system market shares of more than 
30 % even in 2050. This is only possible if high energy savings 
(at least 50 % of final energy demand reduction) and high 
shares of solar energy limit the energy demand supplied by 
these fossil heating systems. 

Discussion, conclusions and outlook
Overall, despite the fact that the analysed scenarios show sig-
nificant climate change mitigation progress, under current 
policies the (almost) complete decarbonisation of the build-
ing sector is far out of reach until 2050. Even in the scenarios 
labelled as “ambitious policy scenarios” in different projects 
listed above, the speed of change, in particular in the market of 
newly installed heating system is not fast enough. 

KEY CHALLENGES FOR ACHIEVING A STRONG DECARBONISATION 
SCENARIO
A further reduction achieving 95 % of greenhouse gases re-
duction is possible from a technical point of view. To achieve 
this goal, no new technology development in the building sec-
tor is necessary. This means that technologies are currently 
available on the market; however they have to be entirely 
implemented assuring a high-quality in different phases of 
the renovation process (e.g. higher renovation rate and depth, 
high quality in construction ensuring high-quality workman-
ship). 

To achieve a higher reduction as it was calculated and pre-
sented in this paper, the following challenges occur. 

Due to the long life time of the heating systems (some over 
40 years), ambitious measures must be implemented at an 
early stage. Additionally, there are only limited options to use 
renewable heating systems in apartment buildings especially. 
A specific challenge will be switching from gas heating systems 
(which is “accepted” in an 80 % reduction scenario) to central 
heating systems in combination with low carbon heat genera-
tion. Strict regulatory interventions can be a suitable measure 
to tackle this challenge but might also lead to problems of ac-
ceptance from building occupants.

This leads to the key challenge 1: transition in the boiler 
market – How can a complete phasing out of fossil fuel heat-
ing systems be achieved by the year 2025?

Both, the renovation rates and renovation depths have to 
be further increased compared to an 80 % reduction scenar-
io. Energy need reductions of 70 % after renovation are techni-
cally feasible and renovation rates should be increased to 2.5 % 
or even more to 3 % earlier than in an 80 % reduction scenario. 
Here, too, public acceptance problems are expected, especially 
in the case of financing and economic feasibility of renovation 
measures in buildings with low-income households in both 
rental dwellings and owner occupied single-family homes. 

This leads to the key challenge 2: How can high renovation 
depth be implemented in accordance with policy require-
ments and social acceptance?

The supply sectors (electricity, district heating) have to be 
completely decarbonized for a 95 % reduction, such that the 
use of efficient district heat and heat pumps lead to reduced 
emissions in the full energy supply chain. Even the reduction 
of direct CO2-emissions (i.e. excl. GHG-emissions from elec-
tricity and district heating) to a level beyond 90 % is extremely 
challenging. If substantial emissions from district heating and 
electricity remain, decarbonisation is not possible. 

In this context, it should be noted that the energy demand 
for heating often does not correlate with the availability of 
the renewable energy (solar, wind). The use of heat pumps can 
increase the peak load which can lead to capacity bottlenecks in 
the power supply. The demand peaks caused by electrical heat 
pumps can be relevant for the design of distribution networks 
due to the relatively high simultaneousness. A certain control-
lability of the heat pumps is almost indispensable with such a 
high share and targeted emissions reductions. Note that this 
effect is less relevant in district heating networks with multi-
ple supply options. Due to the potential flexibility in supply 
(combination of cogeneration, power-to-heat and peak-load 
boilers), heating networks could provide a balance between 
heat and electricity demand and supply peaks. Additionally, 
there is a need for a re-conceptualization of heating networks 
(temperature levels and integration of waste heat, solar heat, 
and ambient heat). The optimal share of district heating in an 
almost carbon free heat supply system is still an open issue and 
will need to be clarified in further research. All these aspects 
can only be addressed in a sector coupled model, which is of 
high relevance, but out of scope of this paper. 

It is clear however that efficiency improvements leading to 
reductions of heat demand of more than 50 % are realistic with 
acceptable measures. Due to the major challenges with regard 
to the decarbonisation of the electricity sector and the limited 
availability of biomass, it is likely that a cost-effective CO2 re-
duction pathway will go beyond a 50 % heat demand reduction 
and will more likely be in the range of up to a 60 %–70 % re-
duction. However, it strongly depends on the cost development 
of the renewable energy sources in the electricity sector (for 
example, the technological progress in wind and solar energy) 
and the costs of renewable and alternative heat sources and in 
particular also the availability of biomass. Even in an emission 
reduction scenario of 80 %, the question of efficient allocation 
of biomass between different sectors arises. In a 95 % reduction 
scenario this issue becomes even more relevant since biomass 
is even more used in the mobility sector, industry and the con-
version sector. Consequently, in the case of a complete decar-
bonisation of the building sector, there is rather less biomass 
available than in less ambitious scenario. Thus there is a need 
for a cross-sectoral analysis of the potential and efficient alloca-
tion of biomass. 

This leads to the key challenge 3: How much biomass is 
available for heating purposes and what is the electricity mix 
for the operation of heat pumps?

Since the presented scenarios do not include a holistic en-
ergy (and resource) system modelling but rather a detailed 
representation of the building stock, there is no clear answer 
possible. However, it is evident that a too high share of biomass 
allocated to the low-temperature heating sector may contradict 
reading climate targets in other sectors, in particular in indus-
try or transport. 
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Last but not least, the question arises as to what we as mod-
ellers and the modelling community in general should learn 
from these results. 

First, modelling and scenario development is always em-
bedded in a certain institutional setting. Clients, stakehold-
ers and policy makers typically are involved in an interactive 
discussion process, which is essential to increase the impact 
of scenarios on real life policy making. At the same time we 
should be aware – and the results of this paper support this 
fact – that the involvement of these stakeholders can decrease 
the ambition level of scenarios bringing them to a level that – 
for these specific stakeholders – is in their interest or which 
they think is compatible with current policy decision making 
processes. Thus, often modellers are faced with a tension of 
their own intrinsic motivation to illustrate possible pathways 
of (almost) complete decarbonisation and the interests of cli-
ents, stakeholders and policy makers. This also leads to the 
question of the responsibility of the modelling community to 
also actively drive the discussion process and not only act as 
“recipients of orders”. 

Second, also methodological questions occur. To what ex-
tent are models able to deal with really ambitious climate 
and policy targets? In general, techno-economic bottom-up 
models as Invert/EE-Lab are better suitable for modelling more 
extreme transition pathways. However, there are also compo-
nents in the model which reflect the inertia of changes in the 
stock of heating systems and buildings. Although this inertia 
is in line with what empirically can be observed, it cannot be 
completely ruled out that under a strong, joint societal effort to-
wards decarbonisation also investment cycles and replacement 
rates of technologies could strongly change, even if this would 
be associated with higher private and societal costs. 

We think that the energy modelling community, not only in 
the building sector has to adapt existing paradigms and work-
ing processes, partly also modelling approaches to better reflect 
the needs of the Paris targets also in the scenario results. 

Finally, this paper also leads to the question: To what extent 
do scenarios matter for the policy process? Is it important 
that there are also Paris-consistent scenarios out there? We be-
lieve that scenarios at least should reflect the current reality of 
the discourse. If this is true, then the conclusions of this paper 
are alarming. 

Moreover, we think that one objective of scenarios is to show 
the range of possible futures. So, as long as our energy demand 
scenarios do not at least include some examples of Paris con-
sistent future pathways, the discourse does not even include 
this agreed and adopted target as a conceivable and possible 
future. 

Thus, the modelling community – including the authors – 
and future projects in this field face the challenge to change 
this situation. 
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WHICH ACTIONS HAVE TO BE TAKEN NOW TO STAY ON TRACK FOR A 95 % 
EMISSION REDUCTION UNTIL 2050?
Given the long life time of the building stock and heating 
systems, short-term action is required as it is very likely that 
buildings, which will be renovated in the coming years, won’t 
be further renovated before 2050. This is also the case for the 
heating system exchange. In an 80 % reduction scenario emis-
sions stemming from older fossil fuel heating systems can be 
accepted to a certain extent which is not the case in 95 % reduc-
tion world where the building sector needs to be fully decar-
bonized. Given the current market shares of heating systems 
in new installations of heating systems (still a high share of gas 
fired systems and also significant shares of oil fired systems), it 
is very likely that the European heat supply is not on track for a 
95 % reduction. To reach that target a phase out of fossil heat-
ing systems within the next 10 to 15 years would be required. 
This also means that current subsidies for efficient fossil heat-
ing systems (e.g. condensing gas boilers or gas-fired micro 
CHPs, also corresponding measures in the frame of the energy 
efficiency obligations, Art 7 of the EED) are not in line with a 
95 % emission reduction target. Consequently also the existing 
gas grid infrastructure needs to be addressed. If the gas supply 
cannot be substituted by “renewable gas” or hydrogen, a 95 % 
emission reduction would also have to go hand in hand with 
a step wise removal of gas grids across European settlements.  

Finally, as already addressed it is crucial to immediately take 
measures to increase renovation rates with the goal of achiev-
ing average renovation rates across Europe of more than 
2.5 % by 2020 to 2025. In a 95 % emission reduction scenario 
those renovation activities would have to lead to reductions 
of more than 70 % of heat demand on average across all ren-
ovated buildings across Europe which calls for significantly 
deeper renovation measures to be taken compared to current 
practice. 

In summary we conclude that current measures in the build-
ing stock are not sufficient to reach a greenhouse gas emission 
reduction in Europe which is in line with the Paris targets. For 
that goal the building sector would have to be almost fully de-
carbonized which calls for even more ambitious measures to 
be taken now. While a full decarbonisation is feasible from a 
technical point of view at acceptable cost increases, there will 
be major challenges with regard to the acceptance by home 
owners, tenants, architects, builder and other stakeholders like 
fossil heating system or natural gas suppliers. With respect to 
that, a 95 % reduction target is seen to be very ambitious. It 
will need to be accompanied by extensive information, edu-
cation and consulting campaigns to get the necessary support 
and acceptance across the main stakeholders in the European 
building sector. (Pfluger et al., 2016) 

OUTLOOK AND CONCLUSIONS FOR MODELLING AND SCENARIO 
DEVELOPMENT
This paper is just a starting point for assessing how current 
scenarios, reflecting also expectations of policy makers and 
stakeholders, are in line with Paris targets. In addition to the 
work presented in this paper, a more comprehensive literature 
review would be interesting. Moreover, cross-sectoral effects in 
the electricity sector should be addressed. However, we believe 
that this would not substantially alter the overall conclusions 
derived in this paper. 
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