
“Buildings are the single largest energy consumer in Europe, using 40% of our energy, and creating 36% of our greenhouse gas emissions. That is 
because most buildings in the EU are not energy efficient and are still mostly powered by fossil fuels. We need to do something about this urgently, as 

over 85% of today's buildings will still be standing in 2050, when Europe must be climate neutral.” 
Kadri Simson, EU Commissioner for Energy

In light of these figures, decarbonization requires renovation of the existing building stock. Nevertheless, the annual weighted energetic refurbishment
rate remains persistently low at around 1%. Given the increased focus on building vulnerabilities due to the COVID-19 pandemic and to implement the
Green Deal, the EU Commission launched the Renovation Wave for Europe in 2020 with the aim of doubling the annual renovation rate and reducing
carbon emissions over the entire life cycle of a building. However, as previous measures are insufficient to achieve the climate targets and to adjust
the related specific European legislation, the so-called “Fit for 55” package of proposed measures was announced in 2021.

I. Zielsetzung und Motivation

II. “Fit for 55“ Climate Package

Objective of the set of proposals is to reduce Green House Gas (GHG) e-
missions by 55% by 2030 compared to 1990 levels. In total, it comprises
13 directives and amendments concerning climate, energy and trans-
port-related regulations. Concerning building stock emissions, the key
measures are contained in the following:

1. Energy Performance of Buildings Directive (EPBD)
Reclassification of energy efficiency classes, obligatory renovations
and renovation passports, emission-free new buildings, energy certi-
ficates, e-mobility charging stations and national renovation plans.

2. Energy Efficiency Directive (EED)
Renovation of public buildings, reduced energy use in the public
sector and energy performance contracts (EPC’s).

3. Emission Trading System (ETS)
European emissions trading scheme for the buildings and road trans-
port sectors (EU-ETS 2), Social Climate Fund and Innovation Fund.

4. Renewable Energy Directive (RED II)
Energy Mix, renewable energy sources, heating and cooling and
district heating.

III. Building Stock Characteristics II
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III. Building Stock Characteristics I

Fig. 1: Floor space distribution across European regions
Source: Economidou 2011, p. 8

Fig. 2: Age categorization of housing stock in Europe according to region
Source: Economidou 2011, p. 9

IV. Emission Characteristics

Worldwide, 39% of GHG emissions originate
from the building sector, according to the
United Nations. 11% of emissions are
attributable to embodied emissions (phase
A1-A5 in Figure 14), 28% to operational
emissions.

1. Embodied emissions
On average, eastern European countries
exhibit the greatest amount of GHG
emissions per m2, followed by western
Europe, while in northern Europe, embodied
carbon values are significantly lower (half of
the average per m2 emissions of eastern
Europe).

2. Operational emissions
Gas is the primarily used fuel type in house-
holds (approx. 913.000 GWh in 2020) 32%,
followed by electricity (25%), renewables
(20%)

Fig. 11: CO2  by type of energy use in buildings   
Source: Roscini 2020, p. 9

Fig. 10: Per region share of energy in consumption for buildings
Source: EU 2021, own representation

Fig. 9: Per region and sector average embodied carbon kgCO₂/m2 

Source: Aspen 2021, p. 12-13, own representation

Fig. 8: Embodied, operational and life cycle GHG emissions over a 
paradigmatic building's life cycle
Source: Röck 2020, p. 9

Fig. 7: European Building Constructions Technologies Map 
Source: Landolfo 2020, p. 14 

Fig. 3: Age of the EU building stock and corresponding average U-value for building envelops
Source: d'Angiolella 2017, p. 2

Fig. 5: Distribution of non-residential floor area by country and type of use
Source: Bertelsen and Mathiesen 2020, p. 10

Fig. 6: Share of residential heat consumption from individual heating or deli-
vered via district heat networks, gas grids or electricity grids per member state
Source: EU 2021 

Fig. 4: Breakdown of residential building floor area by country
Source: EU 2021 

The Buildings Performance In-
stitute Europe estimates that in
the EU27, plus Switzerland and
Norway, 25 billion m2 of floor
space exists, which is roughly
equivalent to the land area of
Belgium with 30,528 km2.
Overall, the building stock is
characterized by enormous
heterogeneity, as result of
cultural diversity and historical
development. This is reflected
in a range of building charac-
teristics, from typologies and
construction techniques to
energy intensities, as illustrated
in Figures 1 to 7.

(20%), petroleum pro-
ducts (12%), derivated
heat (8%) and solid fuels
(3%). The total of emis-
sions equals roughly
964.1Mt CO₂ equivalent.



V.II.   Weighting of impact factors

V.IV.   Scenario generation VI. Multicriteria Assessment

In the descriptor analysis, three possible de-
velopment trajectories until the year 2030 were
generated, whereof future images emerge: a
clearly positive one, a clearly negative one as
well as an ambivalent one, neither extremely
positive, nor extremely negative.
Scenario 1, the best case, is the most effective in
terms of achieving the objectives: high regulatory

To evaluate the effi-
ciency of the scena-
rios towards climate
neutrality (by GHG e-
missions, social im-
pacts, cost estima-
tion), methodology
of multicriteria as-
sessment is chosen.
It enables structure-
ing of a decision-ma-
king process many
alternatives with dif-
ferent consequences
are available.

To predict possible development trajec-
tories of the GHG emissions of the
building stock until the year 2030 in light
of the measures of the Fit for 55 climate
package, scenario analysis is chosen as
method. The adjacent figure depicts how
possible futures are systematically
approached are
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V. Scenario Analysis

are systematically approached.

Fig. 12: Scenario analysis phases
Source: Gassmann and Kobe 2006, p. 19, own 
translation and adaption
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V.I.   Key impact factors

V.III.   Descriptor analysis

Fig. 13: Key impact factors
Source: own representation

Fig. 14: Evaluation of the impact factors according to the matrix method
Source: own representation

Fig. 15: Possible trajectories (ranges of the developments) of the key factors
Source: own representation

Fig. 16: Future projections
Source: own representation

Fig. 17: Multicriteria assessment of scenarios
Source: own representation

At the building level, life
cycle stages correspond-
ding to the classification
of the European Norm
15978 [Sustainability of
construction works] are
applied. Subsequently,
an evaluation of the in-
fluence of the respective
factors is performed. Re-
sults indicate: the opera-
tional section is influ-
enced the most by fac-
tors of the exogenous
level, while resource a-
vailability, supply chains,
obligatory renovations
and renovations of
public buildings exert the
highest influence.

Key factors expected to influence the fu-
ture development of building stock re-
lated CO₂ emissions are identified in two
main categories: regulatory level factors
(targets, indicators and obligations of the
EU administrative bodies in the context
of the Fit for 55 package), as well as
environmental factors, referred to as ex-
ternal level (not directly influenced
through building-specific regulations.

effectiveness and an enabling environment ensure a high level of
emission reduction. Under the circumstances of moderate regulatory
effectiveness and an unaltered environment, scenario 2 is moderately
efficient towards climate neutrality. In the worst case, scenario 3,
effectiveness and efficiency of the measures of the Fit for 55 package
are very limited. In conjunction with an inhibiting environment, emission
reduction levels are low.

SCENARIO 1 SCENARIO 2 SCENARIO 3

Score Score Score

residential 37,50% 0,1 3 2 1

non-residential 12,50% 0,03 4 2 1

energy 

production/generation
50% 0,13 3 2 1

residential 37,50% 0,1 4 3 2

non-residential 12,50% 0,03 4 3 2

energy 

production/generation
50% 0,13 3 2 1

residential energy efficiency 

class/building standard
75% 0,2 3 2 1

landfill 80% 0,08 1 1 1

treated 20% 0,02 1 1 1

processes 50% 0,05 3 2 2

use 50% 0,05 2 2 1

2,88 2,08 1,24

Energy consumption 

(residential)
50% 0,01 4 3 1

Domestic production 

(decentralized, PV-roofs)
50% 0,01 2 1 1

Cost of energy as a 

proportion of 

total cost of living 

(affordability)

45% 0,036 3 2 1

Civic participation 15% 0,012 2 2 2

Recieved renovation grants 25% 0,02 3 1 1

Fuel poverty / no access 15% 0,012 2 1 1

0,276 0,168 0,112

Concerning 

constrution 

sector

60% Costs in the building sector 100% Costs in the building sector 100% 0,1 4 3 1

Costs of providing 

electricity, 

process heat and network 

feed-in

50% 0,015 3 3 2

Electricity grid 

expansion costs
50% 0,015 3 2 1

Heat network costs 50% 0,015 2 2 2

Gas network costs 50% 0,015 1 1 3

0,535 0,42 0,22

3,691 2,668 1,572

Note

very high impact = 4

high impact = 3

medium impact = 2

low impact = 1

Relative 

weight
Measure

Relative 

weight
MarkTopic Weight Objective

Relative 

weight
Criteria

2

Waste 10%

Emissios generated from 

waste generated in the 

demolition industry but 

treated out-boundary

100%

non-residential energy 

efficiency class/
25% 0,07 3 3

Stationary 

Energy
80%

33%

Emissions from

consumption of

grid-supplied energy

consumed 

33%

Transmission and

distribution losses

- building energy class- 

insulation

100%
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