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ExEcutivE summary
From the emotional to the architectural value, buildings occupy a key place in our lives 
and society as a whole. Yet, the energy performance of our buildings is generally so 
poor that the levels of energy consumed in buildings place the sector among the most 
significant CO2 emissions sources in Europe. While new buildings can be constructed 
with high performance levels, it is the older buildings, representing the vast majority 
of the building stock, which are predominantly of low energy performance and 
subsequently in need of renovation work. With their potential to deliver high energy 
and CO2 savings as well as many societal benefits, energy efficient buildings can have a 
pivotal role in a sustainable future.  

Achieving the energy savings in buildings is a complex process. Policy making in this field  requires a 
meaningful understanding of several characteristics of the building stock.  Reducing the energy demand 
requires the deployment of effective policies which in turn makes it necessary to understand what affects 
people’s decision making processes, the key characteristics of the building stock, the impact of current 
policies etc.

Amid the current political discussions at EU level, BPIE has undertaken an extensive survey across all 
EU Member States, Switzerland and Norway reviewing the situation in terms of the building stock 
characteristics and policies in place. This survey provides an EU-wide picture of the energy performance 
of the building stock and how existing policies influence the situation. The data collected was also used 
to develop scenarios that show pathways to making the building stock much more energy efficient, in 
line with the EU 2050 roadmap. 

 

bE

 Building gross floor space in the EU27, 
 Switzerland and Norway

Building floor space in Europe
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A vitAl picture of the europeAn stock
It is estimated that there are 25 billion m2 of useful floor space in the EU27, Switzerland and Norway.  The 
gross floor space could be concentrated in a land area equivalent to that of Belgium (30,528 km2). Half of 
the total estimated floor space is located in the North & West region of Europe while the remaining 36% 
and 14% are contained in the South and Central & East regions, respectively1. Annual growth rates in the 
residential sector are around 1% while most countries encountered a decrease in the rate of new build in 
the recent years, reflecting the impact of the current financial crisis on the construction sector. 

Non-residential buildings account for 25% of the total stock in Europe and comprise a more complex and 
heterogeneous sector compared to the residential sector. The retail and wholesale buildings comprise 
the largest portion of the non-residential stock while office buildings are the second biggest category 
with a floor space corresponding to one quarter of the total non-residential floor space. Variations in 
usage pattern (e.g. warehouse versus schools), energy intensity (e.g. surgery rooms in hospitals versus to 
storage rooms in retail), and construction techniques (e.g. supermarket versus office buildings) are some 
of the factors adding to the complexity of the sector.

Floor space distribution
Source: BPIE survey
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1 The European countries have been divided based on climatic, building typology and market similarities into three regions

North & West
AT, BE, CH, DE, DK, FI, FR, IE, LU, NL, 
NO, SE, UK

Population: 281 mil

Central & East BG, CZ, EE, HU, LT, LV, PL, RO, SI, SK Population: 102 mil

South CY, GR, ES, IT, MT, PT Population: 129 mil

European buildings at a glance

Regions considered in the study

Source: BPIE survey
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Space standards (expressed through the floor area per capita) are the highest in countries in the North 
& West while the countries of Central & Eastern Europe have the lowest residential space standards both 
in single family houses and apartment blocks. Economic wealth, culture, climate, scale of commerce, 
increased demand for single occupancy housing are some of the factors affecting the size of spaces we 
live and work in. The general tendency however is to seek larger floor spaces over time. This along with 
the increasing population projections has clear implications on future energy needs, emphasising the 
subsequent urgency for improving the energy performance of our buildings.

A substantial share of the stock in Europe is older than 50 years with many buildings in use today that 
are hundreds of years old. More than 40% of our residential buildings have been constructed before the 
1960s when energy building regulations were very limited. Countries with the largest components of 
older buildings include the UK, Denmark, Sweden, France, Czech Republic and Bulgaria. A large boom 
in construction in 1961-1990 is also evident through our analysis where the housing stock, with a few 
exceptions, more than doubles in this period.  

The performance of buildings depends on a number of factors such as the performance of the installed 
heating system and building envelope, climatic conditions, behaviour characteristics (e.g. typical indoor 
temperatures) and social conditions (e.g. fuel poverty). Data on typical heating consumption levels of the 
existing stock by age shows that the largest energy saving potential is associated with the older building 
stock where in some cases buildings from the 1960s are worse than buildings from earlier decades. The 
lack of sufficient insulation of the building envelope in older buildings was also reflected through the 
historic U-value data which comes with no surprise as insulation standards in those construction years 
were limited. 

 

Residential floor space standards in Europe
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The building sector is one of the key consumers of energy in Europe where energy use in buildings has 
seen overall a rising trend over the past 20 years.  In 2009, European households were responsible for 
68% of the total final energy use in buildings2. Energy in households is mainly consumed by heating, 
cooling, hot water, cooking and appliances where the dominant energy end- use (responsible for around 
70%) in homes is space heating.  Gas is the most common fuel used in buildings while oil use is highest in 
North & West Europe. The highest use of coal in the residential sector is in Central & Eastern Europe where 
also district heating has the highest share of all regions. Renewable energy sources (solar heat, biomass, 
geothermal and wastes) have a share of 21%, 12% and 9% in total final consumption in Central & Eastern, 
South and North & West regions, respectively. 

The average specific energy consumption in the non-residential sector is 280kWh/m2 (covering all 
end-uses) which is at least 40% greater than the equivalent value for the residential sector. In the non-
residential sector, electricity use over the last 20 years has increased by a remarkable 74%. 

Energy mix in residential buildings by regio

Average final consumption levels for heating (kwh/(m2a)) of single family homes by construction year
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Buildings vary remarkably in terms of size where large variations are expected in the non-residential 
categories. From our data, we can see that policy measures applied only to non-residential buildings 
over 1,000 m2 in floor area would miss a substantial portion of buildings in many countries, especially 
in educational buildings, hospitals and offices. The structure of ownership and occupancy has also a 
significant relevance on the ability to renovate. The largest share of the residential stock is held in private 
ownership while 20% is allocated to ‘pure’ public ownership.  Social housing is typically fully owned by 
the public sector but there is an increasing trend towards private involvement as is the case in Ireland, 
England, Austria, France and Denmark while in the Netherlands social housing is fully owned by private 
sector. Moreover, at least 50% of residential buildings are occupied by the owner in all countries. Countries 
with the biggest share of private tenants are Switzerland, Greece and Czech Republic and countries with 
significant portions of public rented dwellings are Austria, the UK, Czech Republic, The Netherlands and 
France. The ownership profile in the non-residential sector is more heterogeneous and private ownership 
can span from as low as 20% to 90% from country to country. 

 
Tenure of residential buildings in Europe

NOTES

Units are in number of dwellings except France which is in m2.

AT:  Data up to 2001.
CY:  Data up to 2001.
CZ:  Based on estimations.
HU:  Data up to 2005. ‘Other’ includes public and private empty 

dwellings and other
IT:  Data up to 2001
NL:  ‘Other’ consists of social housing associations owned by private 

bodies for which conditions (e.g. rental prices) are heavily 
regulated by the government.

RO:  Data up to 2002
SK:  Based on 2001 data 
ES:  Social housing is mainly delivered through the private sector and is 

controlled through subsidies, subsidized loans and grants for both 
developers and buyers

UK:  ‘Other’ consists of Registered Social Landlords (often referred to 
as housing associations) which are government-funded not-for-
profit organisations that provide affordable housing. 

Source: BPIE survey
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the europeAn policy scene 

There are many reasons why investments in energy saving measures in buildings are often overlooked, 
rejected or only partially realised. Experience over several decades has identified numerous barriers that 
hinder energy saving investments. Financial, institutional and administrative, awareness/information and 
split incentives are the main categories of barriers identified by the BPIE survey which have a particular 
impact on existing buildings. Although financial barriers were one of the highest ranking barrier 
category among the country responses, alternative investments are in many cases preferred to energy 
saving measures due to the lack of awareness, interest or in fact, ‘attractiveness’ of energy efficiency as 
an investment option. For the market to work well, correct and appropriate information is essential. 
Ambitious renovations comprise a major decision and can only work if the right advice is available for 
the consumer. In addition, energy efficiency service industries should be fully capable of delivering those 
measures; and ultimately sufficient satisfaction levels should be guaranteed for the consumer. The split 
incentive is probably the most long-lasting barrier, particularly due to the complex structure of occupancy 
both in terms of the residential and non-residential sector.

At the European level, the main policy driver related to the energy use in buildings is the Energy 
Performance of Buildings Directive (EPBD, 2002/91/EC). Implemented in 2002, the Directive has been 
recast in 2010 (EPBD recast, 2010/31/EU) with more ambitious provisions. Through the EPBD introduction, 
requirements for certification, inspections, training or renovation are now imposed in Member States 
prior to which there were very few.

While all countries now have functional energy performance certification (EPC) schemes in place, five 
countries have not yet fully implemented the scheme for all requested types of buildings.  Only eleven 
countries currently have national EPC register databases while ten countries have databases at regional/
local level or development plans underway. Data on the number of issued EPCs show that the current 
share of dwellings with an issued EPC in different countries can vary from under 1% to just above 24%.

 

Implementation timeline of EPC scheme (EPBD, 2002/91/EC)

30

25

20

15

10

5

0

1995  1996   1997   1998   1999   2000   2001   2002   2003   2004   2005   2006   2007   2008   2009   2010   2011

N
um

be
r o

f c
ou

nt
rie

s

   Countries with running schemes for some types of 
buildings (cumulative)

   Countries with running schemes for all required types 
of buildings (cumulative)

   Countries with running schemes for some types of 
buildings (implemented in that year)

   Countries with running schemes for all required types 
of buildings (implemented in that year)



Europe’s buildings under the microscope | 9

The absence of previous requirements in most Member States meant that entirely new legislative vehicles 
were required and consequently that the first EPBD was typically implemented in stages over a number of 
years, from around 2006 to 2010. Despite the fact that significant developments happened over the last 
years, current EU legislation only partially covers the field of buildings renovation. The EPBD stipulates the 
implementation of energy saving measures only in case of deep renovation of the building without specifying 
the depth of renovation measures. It is clear that more targeted measures are required for fostering the deep 
renovation of the existing building stock.

A key driver for implementing energy efficiency measures are the building energy codes, through which 
energy-related requirements are incorporated during the design or retrofit phase of a building. While several 
Member States had some form of minimum requirements for thermal performance of building envelopes 
in the 1970s, the  EPBD was the first major attempt requiring all Member States to introduce a general 
framework for setting building energy code requirements based on a “whole building” approach. Examining 
the requirements set by each Member State, it is clear that large variations exist in terms of the approach each 
country has taken in applying building energy codes. In some countries two approaches exist in parallel, one 
based on the whole building approach and the other one on the performance of single elements. In others, the 
single element requirements act as supplementary demands to the whole building approach. In some cases 
the requirements for renovating buildings can be as ambitious as the new build requirements. Major changes 
are expected through the application of the cost-optimality concept in energy performance requirements 
as introduced by the recast EPBD which should also gradually converge to nearly zero energy standards, a 
requirement for new buildings from 2020 onwards. An appropriate level of enforcement compliance with 
building energy codes should also be of concern and a point of attention for policy makers as it is necessary to 
ensure that enough rigour and attention to detail are undertaken when applying energy efficiency measures. 
 
As Europe strives towards increasing building energy performance, the role of available financial programmes 
and innovative mechanisms become increasingly important. About 333 financial schemes have been screened 
through the BPIE survey.  These cover a wide range of financial instruments from grants to VAT reduction and 
apply to a range of building types.  The measures surveyed are encouraging, but many of them are only modest 
in their ambition.  The major concern is that the use of financial instruments today only achieves the business-
as-usual case in Europe with very few financial instruments providing enough funding for deep renovations, 
and ultimately do not correspond to Europe’s 2050 aspirations.

Types of financial programmes and incentives on the energy performance of buildings
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There are steps underway to improve the availability of new financing instruments. Innovative approaches 
include Energy Supplier Obligations, energy service companies, the use of EU Structural Funds more effectively 
and possible targets to renovate specific building sub-sectors (e.g. the proposal in the draft Energy Efficiency 
Directive to Member States to renovate a certain percentage of public buildings annually) which will require 
Member States to “unlock” funding for such renovations.

the wAys forwArd

Building energy performance needs to be significantly improved in order to reduce overall energy 
demand and, importantly, reduce carbon dioxide emissions in line with the cost-effective potential and 
Europe’s GHG emissions objectives. The question for policymakers is how to proceed.

To help policy makers determine the appropriate way forward, a renovation model has been specifically 
developed for this project.  The scenarios illustrate the impact on energy use and CO2 emissions at different 
rates (percentage of buildings renovated each year) and depths of renovation (extent of measures 
applied and size of resulting energy and emissions reduction) from now up to 2050.  The model has 
assessed energy saved, CO2 saved, total investment required, energy cost savings, employment impact 
and a range of cost-effectiveness indicators.  These assessments allow policy makers the opportunity 
to focus on what they consider the highest priorities.  The model considers features such as the age of 
buildings and quality of building energy performance. When considering the share of buildings that can 
undergo low energy renovation, a practical limit is applied in the residential and non-residential building 
sectors in the 2011 to 2050 timeframe. This practical limit is affected by a number of considerations such 
as demolitions, heritage buildings, recent renovations and new buildings. The model applies different 
discount rates, learning curves and future energy prices (based on Eurostat and Primes forecasts) in order 
to derive how costs will evolve from now until 2050. Two decarbonisation pathways are considered, a 
slow pathway based on what has been witnessed since 1990 and a fast pathway based on what is needed 
to achieve the levels of carbon reduction assumed in the EU 2050 Roadmap.
 
The model was used to create scenarios with various speeds (slow, medium and fast) and depths of 
renovation (minor, moderate, deep and nearly zero energy). All but one scenario assume that a building 
will be renovated once between 2010 and 2050. The so-called two-stage scenario allows for a second 
renovation during the 2010-2050 period.  Individual scenarios combine different speeds and depths, 
and are compared to a business-as-usual scenario, which assesses what would happen if there were no 
changes from the approach taken today.  

The results vary considerably as can be expected. Considering the results for 2020, the annual energy 
savings range from 94 TWh in the business-as-usual case to 527 TWh for the most ambitious deep 
scenario (and 283 TWh for both the medium and two-stage scenarios). In 2050, the corresponding annual 
energy savings of the deep and two-stage scenarios are 2795 TWh and 2896 TWh respectively while only 
365 TWh annual savings are achieved in the business-as-usual case.

The results look significantly different for CO2 savings where the deep and two-stage scenarios are much 
closer in impact.  Under the assumption of fast decarbonisation of electricity and fossil fuels, the 2050 
savings of the deep and two-stage scenarios correspond to the 90% which are in line with the European 
CO2 reduction targets3. These levels of savings can only be achieved given that both renovation and 
power sector decarbonisation strategies are adopted. Yet, there is a significant difference in investment 
costs (on a present value basis).  For the deep scenario the investment is €937 billion, while a significantly 
lower €584 billion for the two-stage scenarios is needed.  

3 as described by the European Commission in its Roadmap 2050 paper
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It is, however, not sufficient to only consider investment costs.  These investments lead to a range of 
savings for individuals and society which are summarised in the figure below.

The figure below compares the present value investment and energy cost savings – the difference 
providing the net savings to consumers. While both the deep and the two-stage scenario achieve broadly 
the same level of CO2 reduction, the deep scenario requires a significantly higher absolute investment 
level. In return, it also generates higher energy cost savings; however, the net savings are smaller than in 
the two-stage scenario. The high investment needs of the deep scenario are caused by a fast increase of 
deep renovation measures in the first decade. The two-stage scenario requires a lower investment due 
to a slower increase in the number of deep renovations while benefitting from a longer learning period 
which leads to cost reductions.

 

The table on the next page gives an overview of the key results of each scenario. Beyond energy, CO2 and 
cost savings, significant positive employment effects can be achieved, directly depending on the level of 
investment. 
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Scenario  0 1A 1B 2 3 4

Description  Baseline Slow & 
Shallow

Fast & 
Shallow

Medium Deep Two- stage

Annual energy saving 
in 2050

TWh/a 365 1,373 1,286 1,975 2,795  2,896 

2050 saving as % 
of today

% 9% 34% 32% 48% 68% 71%

       
Investment costs 
(present value) 

€bn 164 343 451 551 937 584 

Savings (present 
value) 

€bn 187 530 611 851 1,318 1,058 

Net saving (cost) 
to consumers

€bn 23 187 160 300 381 474 

Net saving (cost) 
to society - without 
externality

€bn 1,116 4,512 4,081 6,451 8,939 9,908 

Net saving (cost) 
to society - including 
externality

€bn 1,226 4,884 4,461 7,015 9,767 10,680 

Internal Rate of 
Return

IRR 10.1% 12.4% 11.5% 12.5% 11.8% 13.4%

Fast decarbonisation        

Annual CO2 saving in 
2050

MtCO2/a 742 821 814 868 932 939

2050 CO2 saved 
(% of 2010)

% 71.7% 79.3% 78.6% 83.8% 89.9% 90.7%

CO2 abatement cost €/tCO2 -20 -74 -68 -103 -136 -151 

Slow decarbonisation        

Annual CO2 saving in 
2050

MtCO2/a 182 410 391 547 732 755

2050 CO2 saved 
(% of 2010)

% 18% 40% 38% 53% 71% 73%

CO2 abatement cost €/tCO2 -89 -196 -185 -221 -238 -255 
       

Average annual net 
jobs generated

M 0.2 0.5 0.5 0.7 1.1 0.8

Overall results to 2050
Source: BPIE model
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In all the scenarios, the estimated CO2 emission reduction by 2050 is determined by the energy savings but 
also by the decarbonisation of the energy supply sector.  It is interesting to note that in the deep and two-
stage scenarios there is a 71-73% CO2 emission reduction even under the slow decarbonisation assumption, 
a figure which is close to the CO2 emission reduction for the slow and shallow scenario under the fast 
decarbonisation assumption. This highlights the role of renovation measures in the decarbonisation strategy. 
The decarbonisation of the energy supply sector is significantly eased by decreasing the energy demand of 
buildings and is importantly more sustainable. Moreover, the costs for decarbonising the energy generation 
system will be significantly less if the consumption patterns of the building sector will dramatically reduce.

Each of the scenarios 1-4 represent a significant ramping up in renovation activity compared to the current 
situation (i.e. the baseline scenario 0).  When looked at purely in terms of the investment required, these 
range from around double the baseline level for scenario 1a, through to over 5 times the baseline level for 
the deep scenario 3.  These are significant increases, but certainly achievable if governments across the EU 
were to agree and implement respective policies and market stimulation mechanisms. The current practice is 
clearly not sufficient to trigger a renovation wave across Europe which would deliver the societal, economic 
and environmental benefits possible. At a time of rising unemployment and increased energy dependency, 
the employment and energy saving benefits to consumers from an accelerated renovation programme would 
provide a welcome boost to many countries continuing to suffer economic difficulties following the credit 
crunch.

The modelling exercise gives a clear indication that an ambitious renovation strategy for Europe’s buildings is 
feasible. Taking into consideration the three most relevant factors, i.e. achievement of CO2 reduction targets, 
investment considerations and positive employment effects, it seems that the results of the two-stage scenario 
provide the best balance of these factors, comparing all scenarios. The two-stage scenario therefore illustrates 
a pathway which should influence policy choices to stimulate the renovation of the European building stock.

For policy makers the challenge only begins at this point. The question now is how to break the policy inertia 
and set the necessary policies in motion to achieve this.  The complex nature of the buildings sector with its 
many actors in the value chain requires effective policy actions at both EU level and  Member State level.  

At EU level, the recast of the EPBD will have to be implemented in a way which secures large energy savings 
and it will have to be monitored for revision at the earliest possible date.  Other Directives, from Ecodesign to 
the  Energy Efficiency Directive proposed in June 2011, will have to be aligned to maximise ambition.  At the 
same time, Member States need to make significant efforts to transpose EU regulation and to implement it in 
a way that stimulates deep renovation of the building stock. 

Beyond policy regulation, financing frameworks need to be effective and adequate.  Innovative approaches are 
needed since the initial up-front investment costs for ambitious renovations can be a real barrier.  Supporting 
measures at all levels of the building value chain, from a well-trained workforce (from designers to tradesmen), 
to a continuing and growing range of energy-efficient products and to effective awareness and information 
programmes are essential.  These strategies are inter-connected and need to be carefully designed to stimulate 
the necessary growth of the European deep renovation market. The following recommendations provide a 
strategic framework and starting point for decision makers at both the EU and national level.
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main policy recommendations

•	 Data	collection:	harmonise national data collection systems relating to the energy performance of 
buildings and ensure sufficient data availability. A reliable and continuous data collection process is a 
necessary prerequisite for reliable policy making. 

•	 Renovation	 roadmap:	 strengthen the existing legislation at EU level through binding measures 
and establish a roadmap for the renovation of the building stock with interim and long term binding 
targets as well as monitoring and reporting plans. At Member State level, it is necessary to detail deep 
renovation plans comprising regulatory, financial, information and training measures, with renovation 
targets based on the national financial and technical potential and tailor-made roadmaps with different 
phases moving from voluntary to binding measures. 

•	 Financing: establish an EU Deep Renovation Fund (possibly via the European Investment Bank and 
designed for different building types) which can complement the national financing schemes and 
share the risks, offering more financial flexibility and additional confidence to the private investors. 
EU expenditure for the renovation of the building stock (i.e. by Structural and Regional Development 
Funds) should introduce the minimum requirement for implementing measures at cost-optimal levels. 
The development of innovative financial instruments at Member State level can trigger increased 
private investment by providing guidelines for financing, promoting best practice and stimulating 
Member State cooperation; 

•	 Member	State	policies:	eliminate market barriers and administrative bottlenecks for the renovation 
of the building stock and to develop long-term comprehensive regulatory, financial, educational and 
promotional packages addressing all the macro-economic benefits.

•	 Monitoring/compliance/enforcement: establish proper monitoring systems of compliance, 
enforcement and quality control processes through a qualified workforce for all policy packages 
fostering deep renovation.

•	 Energy	Performance	Certificates:	strengthen the implementation of the buildings energy certification 
and audit schemes which can increase the value of efficient buildings and can stimulate the real-estate 
market towards green investments.  

•	 Public	 sector:	 ensure that the public sector takes a leading role in the renovation revolution as 
envisaged by the draft Energy Efficiency Directive, which should kick start the market for renovation 
and help bring costs down for private households and businesses.

•	 ESCOs	and	savings	guarantee:	remove market barriers for the ESCOs and facilitate a faster and better 
development of deep renovation programmes through regulatory frameworks, encouraging the set 
up and development of a well-functioning energy services market which is not limited to commercial 
buildings. An innovative guarantee system should be developed for the performance of efficiency 
measures in order to provide confidence for the quality level of renovation measures to consumers and 
investors.

•	 Training	 and	 education: increase the skills in the construction industry by ensuring appropriate 
framework conditions for the Internal Market of construction products and services, improving 
resource efficiency and environmental performances of construction enterprises, and promoting skills, 
innovation and technological development.





Buildings Performance Institute Europe (BPIE)

Rue de Stassart 48
1050 Brussels
Belgium
www.bpie.eu


