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pArt 3 
rEnovAting with purposE – 
Finding A roAdmAp 
towArds 2050

“Designing a roadmap for the systematic renovation of 
the European building stock is not only key to reach the 
European climate targets, but would also leverage urgently 
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The previous chapters so far have given a detailed overview of the buildings sector, from the physical 
qualities of the sector to the policies that are driving improvements in energy savings. Our assessment 
reveals a very heterogeneous European building stock and varied and unbalanced policies which are not 
properly addressing the cost-effective potential. Consequently, the energy performance of the European 
building stock should be significantly improved in order to realise the ambitious targets for improving 
energy efficiency by 2020 and the even more ambitious targets for GHG emissions reductions by 2050.

However the energy savings targets are not binding and this affects the effectiveness of the implementing 
measures. Recent policy pronouncements from the EU show that Europe is not going to achieve the 
2020 energy savings target without new policies and without better implementation of current policies.  
One of the major weaknesses of the 2010 recast of the Energy Performance in Buildings Directive has 
been on existing buildings. While a cost-optimality calculation is being developed and while there is a 
definition for major renovations, there are no effective instruments to drive the market to increase the 
rate of renovation (for more energy savings) and to increase the rate of “deep” renovations.

One of the aims of this report is to identify the measures, policies, actions and solutions to barriers that 
need to be taken in order to put Europe onto a path that can achieve the complete renovation of the 
existing building stock by 2050. The Commission’s analysis from the low carbon road map shows that 
emissions in the building sector must be reduced by as much as 90% by 2050 if the climate change 
goals are to be met.  As this report argues, the most effective way of achieving that target is through 
a combination of cutting energy demand in buildings through increased energy efficiency and wider 
deployment of renewable technologies on and in buildings together with decarbonising energy supplies. 
Reducing energy consumption has another particular importance in improving security of supply and 
reducing import dependency. The EU 27 dependency on energy imports increased from less than 40% of 
gross energy consumption in the 1980s to 54.8% by 2008, with the highest dependency rates for crude 
oil (84.2%) and for natural gas (62.3%)41. 

In order to define the necessary effort for fostering the improvement of the actual building stock and 
to reach the overall aims of energy and emissions reduction, BPIE has developed a number of possible 
scenarios for the renovation of the EU building stock by 2050, including a “business-as-usual” case, 
assuming that the current rate and ambition of renovation continues.  The other scenarios give plausible 
and feasible options for significantly ramping up renovation activity, depending in large part on the 
policy framework that can be developed.  After giving an overview of the model, this section will describe 
and compare the scenarios and provide some conclusions on the future way forward for Europe.

41	Eurostat: http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Energy_production_and_imports
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A. Economic PERSPECTIVES

It is generally recognised that energy efficiency is the cheapest way of reducing carbon emissions.  The 
EPBD Impact Assessment42 concluded that the potential for cost-effective energy savings in the EU 
building stock is about 30% in the period to 2020.  Opportunities to improve the energy performance of 
buildings include:

•	 Improving the thermal performance of the building fabric through insulation of walls, floors and roofs, 
and replacement and tightening of windows and doors.

•	 Improving the energy performance of heating, ventilation, air conditioning (HVAC) and lighting 
systems.

•	 Installation of renewable technologies such as photovoltaic panels, solar thermal collectors, biomass 
boilers, or heat pumps. 

•	 Installation of building elements to manage solar heat gains. 

Each individual improvement measure has a cost and a saving associated with it that are specific to a 
particular building, as well as ancillary benefits:

•	 Costs can vary depending on whether measures are installed individually or as a package, and also 
whether improvements are being undertaken at the same time as maintenance, repair or building 
upgrade/modernisation.  For example, if HVAC equipment is at the end of its useful life, the cost of the 
energy efficient option would be the marginal extra cost over a standard efficiency replacement.

•	 Savings will depend on the previous level of energy consumption, energy sources used, the price of 
energy, the lifetime of the measure and also future movements in energy prices. Some of the savings 
may be offset mainly when energy efficiency measures address fuel poverty, but overall this rebound 
effect may be partially compensated by other above mentioned factors (e.g. by the increase of energy 
prices or even by behavioural measures).

•	 New windows and efficient HVAC systems are known to increase the value of a property.   The 
value of high levels of insulation and buildings integrated renewable technologies have yet to be 
fully appreciated by consumers, though this will change over time as the benefits of low energy 
consumption, a good energy rating (A-B) and a low carbon footprint become more recognised and 
accepted across society.

•	 Additional user benefits include lower noise levels and improved comfort from insulation and glazing, 
better indoor air quality and temperature control from new HVAC equipment, less operational 
maintenance or increased energy security and protection against price fluctuations through 
deployment of renewable energy resources that are not dependent on conventional distribution 
systems.

•	 Societal benefits range from reduced GHG emissions, improved energy security and alleviation of fuel 
poverty.

•	 Socio-economic benefits through development of new green businesses and employment 
opportunities.

While the ancillary benefits are of real value and can often be the main factor in determining whether a 
particular investment is made (for example to increase comfort or reduce draughts), the case for investing 
in improved energy performance is often made purely on economic grounds.  This is unlike the case 
for other comparable investments in a property.  For example, in a residential context, consumers will 
often spend large sums of money on renovating kitchens and bathrooms for aesthetic reasons, without 
undertaking a cost-benefit analysis.

42	Impact assessment, accompanying document to the proposal for a recast of the energy performance of buildings directive (2002/91/ec), 2008. 
http://ec.europa.eu/energy/strategies/2008/doc/2008_11_ser2/buildings_impact_assesment.pdf
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Even when viewed purely in economic terms, investments in energy saving typically need to meet a 
higher hurdle rate than other investments. For example, an energy saving measure costing €10,000 that 
saves €2,000 each year has a simple payback of 5 years. Many consumers or businesses would be reluctant 
to make this kind of investment seeing it as not being sufficiently attractive.  Yet if the life of the measure 
is as little as ten years, the investment would generate an internal rate of return (IRR) of 15%, assuming 
no change in energy prices (with a measure life of over 20 years, the IRR is nearly 20%).  This is a highly 
attractive return on investment and such an energy saving project is clearly profitable.

Notwithstanding the above, the case for a renovation roadmap argued within this report is made largely 
on its economic merits. 

There are 25 billion m2 of buildings in the EU27 together with Switzerland and Norway ranging from 
homes, offices and retail premises to hospitals and leisure centres. As highlighted in Part 1 of this report, 
this building stock exhibits a multiplicity of different shapes, sizes, styles, ages, fuels used, occupancy and 
location.  Each of these factors has an impact on the energy and cost savings achievable.  

An added dimension to the issue of building renovation is the decision-making process.  Each building 
has an owner and an occupier – in some cases this will be the same person or organisation, while in 
others they will be different. Indeed, large and complex commercial buildings are often characterised by 
multiple levels of ownership. Decisions on whether to renovate a building could be taken by either the 
owner or the occupier, or indeed jointly, making it difficult to identify the responsible party.  Likewise, the 
costs will be affected if multiple parties are involved in the process. This is a classical barrier for deciding 
on the renovation of a building, also known in literature as the tenant-landlord dilemma (or the so called 
split incentive barrier). 

It is clear from the above that there is a very wide range of possible costs and savings for an almost 
endless permutation of improvement measures across the European building stock. In some cases, an 
improvement might be the result of a single measure like an upgrade of the HVAC equipment, while in 
others it could comprise a holistic solution to an entire complex of buildings, with a package of measures.
In order to rationalise these variables, it is necessary to develop a standard metric for determining and 
reporting the costs of measures.  The simplest approach is to relate the total cost of a renovation (whether 
it be for a single measure or an entire building) to the building floor area, i.e. €/m2.

To date, there has been no systematic attempt to garner comprehensive data on energy saving renovation 
costs at European level.  Moreover, the renovation costs vary greatly among EU regions and countries, 
being influenced by many factors such as market development, prices of materials, financing cost, 
labour market costs and the existence of specific support programmes and policies. While the difficulty 
of collating such data is recognised, this is a major shortcoming that needs to be addressed, given the 
importance of energy savings measures in the existing building stock to the EU’s climate and energy 
security targets. 

That said, a number of national or regional studies have quantified the costs of achieving different levels 
of energy performance improvement across a range of building types.  Most typically, these relate to 
residential properties, for which the improvements can more readily be analysed and indeed replicated 
over a number of similar dwellings.  

In what is perhaps the most comprehensive analysis of renovation measures for residential properties, 
ARGE43 calculated the costs and savings for achieving six different levels of energy performance across 
three typical German dwelling types, assuming three starting positions – modernised, part-modernised 

43	http://www.bdb-bfh.de/bdb/downloads/ARGE_Kiel_-_Wohnungsbau_in_Deutschland_2011.pdf
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and un-modernised.  Compared to the original energy consumption, energy savings varied from around 
20% to over 90% for the highest level of performance, with corresponding costs in the range €100-
800/m2.  Another study44 based on Hungarian buildings derived much lower costs for a similar range of 
savings:  from €50/m2 to €300/m2.  

These figures should also be seen in the context of current and evolving practice in renovation across 
Europe.  While there is a great deal of experience on implementing single measures (e.g. window/boiler 
replacement, or insulation of walls/roofs), the experience of holistic “whole building” solutions is much 
more limited.  Achievement of very high levels of energy saving, such that the building approaches 
nearly zero energy levels, requires deployment of buildings-integrated renewable technologies, and 
various energy efficiency measures which have a high cost improvement potential.  This suggests that 
the cost of achieving high levels of energy saving will come down more rapidly over time than for the 
more established measures which deliver more modest savings.  It is also important to note that different 
national priorities will dictate to a significant extent the costs of different types of renovation.  

For example, a programme offering incentives for particular technologies would typically help to stimulate 
demand and over time, reduce the cost of the technology compared to another country without the 
programme or with a different energy price structure. In addition, long term renovation programmes 
generate consistent benefits in both construction and supply chain industries, with a significant job 
creation potential and a constant improvement of workers’ qualification and skills.

Renovation databases have been established in the UK45 and France46.  At present, these hold limited 
amounts of data, but provide a good example of the kind of knowledge base that needs to be built up in 
order to provide a more complete picture of the range of renovation activities, including building types, 
costs, savings and lessons learnt. 

These studies and data sources, together with information provided by experts located in 29 countries 
across Europe and an extensive literature search, have provided the first attempt to quantify renovation 
investment costs at European level.  After allowing for differences in costs between higher cost and lower 
cost countries47, average costs for different levels of renovation have been derived in Table 3C1.  

Defining renovation levels and associated costs

The term “renovation”48 has been used by different commentators to describe a wide variety of 
improvements to an existing building or group of buildings.  In the context of this report, “renovation” is 
taken to mean an upgrade to the energy performance, unless otherwise specified.

Qualitatively, it can be seen that a renovation to a building facade (i.e. walls and windows) will provide a 
different level of energy saving than one addressing all of the building envelope and its energy systems 
(HVAC, lighting etc.) as well as the installation of renewable technologies.  There is therefore a need to 
categorise different levels of renovation.

At its most basic, the energy performance of a building can be improved by the implementation of a 
single measure, such as a new boiler plant or the insulation of the roof space.  Normally, these types 
of measures might be termed “energy efficiency retrofit”, though for the purposes of this report, the 
term “minor renovation” is proposed.  Typically, energy savings of up to 30% might be expected by the 
application of one to three low cost/easy to implement measures.

44	 “Employment Impacts of a Large-Scale Deep Building Energy Renovate Programme in Hungary” - Ürge-Vorsatz et al, Central European University
45	 http://www.rethinkingrefurbishment.com/portal/
46	 http://www.effinergie.org/site/Effinergie/70-ProjetsRealisations
47	 Eurostat purchasing power data were used to normalise costs
48	 “Retrofit” and “refurbishment” are often also used to describe essentially the same process.
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At the other end of the scale, renovation might involve the wholesale replacement or upgrade of all 
elements which have a bearing on energy use, as well as the installation of renewable energy technologies 
in order to reduce energy consumption and carbon emission levels to close to zero, or, in the case of an 
“energy positive” building, to less than zero (i.e. a building that produces more energy from renewable 
sources than it consumes over an annual cycle). The reduction of the energy needs towards very low 
energy levels (i.e. passive house standards, below 15kWh/m2 and year) will lead to the avoidance of a 
traditional heating system. This is considered to be a break point where the ratio of the benefits (i.e. 
energy cost savings) to investment costs reaches a maximum. We propose calling these renovations 
nearly Zero Energy Building (nZEB).  

In between these two examples are renovations involving a number of upgrades.  These can be subdivided 
into “Moderate”, involving 3-5 improvements resulting in energy reductions the range 30-60%, and “Deep” 
(60-90%).  A deep renovation typically adopts a holistic approach, viewing the renovation as a package 
of measures working together. 

Table 3A1 summarises the 4 categories of renovation, together with average total project costs for energy 
efficiency measures, expressed in €/m2 floor area.  The costs reflect the total installed costs of measures, 
i.e. materials, labour and professional fees, but do not include any costs not directly related to improving 
the energy performance of buildings. 

Table 3A1 – Renovation type and cost estimates
Source: BPIE model

Description 
(renovation type)

Final energy saving 
(% reduction)

Indicative saving
(for modelling purposes)

Average total project 
cost  (€/m2)

Minor 0-30% 15% 60

Moderate 30-60% 45% 140

Deep 60-90% 75% 330

nZEB 90% + 95% 580

Renovation Rate

In addition to a lack of comprehensive information on the costs and savings of building renovations, 
there is little data on the numbers of renovations being undertaken, their depth, or indeed trends in 
renovation rates.   Most estimates of renovation rates (other than those relating to single energy saving 
measures) are mainly between around 0.5% and 2.5% of the building stock per year. These rates typically 
reflect the activity of the past few years which in some cases are linked to special circumstances during 
those years (e.g. the existence of a renovation programme) and therefore may not be of normal practice. 
In this work, it is assumed that the current prevailing renovation rate across Europe is 1%49. The available 
results from a number of sources are provided in Table 3A2.

49	This is in line with the study carried out for the European Commission led by Fraunhofer Institute on the Energy Savings Potentials in EU Member 	
States, Candidate Countries and EEA Countries (2009). In this report, refurbishment rates of 1.2%, 0.9% and 0.5% per year were assumed for North-
Western Europe, Southern Europe and New Member States respectively.  
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Table 3A2 – Renovation rates across different Member States (annual % of building stock renovated)
Source: BPIE survey

Country Residential Non-residential Unspecified Comment

AT 1.20%

CY 0.9% Average rate 
1980-2009

CZ 2.4% 
(single family);

3.6% 
(multi-family)

Estimated by 
SEVEn

FI 1-1.5%

DE 0.7%

HU 1.30%

IT 1.20%

LT 0.36% 2.75% Average rate for 
2005-10

NL 3.5% 1.6% (offices)

NO 1.5% 1.5%

PL 2.5% (multi-family 
buildings)

PO 1.5%

SL 2%

CH 0.8-1%

Other sources*

Novikova (2008)   1%  

Janssen (2010)   1.2-1.4%  

Petersdorrf  
(2004) 

  1.80% EU 15

Lechtenböhmer 
(2009)

  1% EU 27

Prioritising the building stock that can deliver most energy savings 

Countries within Europe have been grouped into three broad regions according to climatic, building 
typology factors and market similarities as explained in Part 1. Moreover, each region has been further 
subdivided into four age bands, corresponding approximately with the time periods when major changes 
in building codes occurred. 

Generally, countries in Northern and Western Europe implemented insulation standards from around the 
1960s, (though some predate this time period), and this trend received a major boost in response to the 
oil crises of the 1970s. With the onset of concerns over climate change, a further period of tightening can 
be witnessed from around the 1990s.

* as quoted in “Employment Impacts of a Large-Scale Deep Building Energy Renovate Programme in Hungary”- Urge-Vorsatz et al, Central European 
University”
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New Member States from Central and Eastern Europe were somewhat insulated from global events by 
the easier and cheaper access to Russian gas and oil, but the impetus for change resulted from the fall of 
the Berlin Wall and a shift toward market economies from 1989 onwards.  Meanwhile, in parts of Southern 
Europe with little  demand for heating, building codes were generally introduced much later and were 
much less stringent than in colder climates. On the other hand, the energy consumption for cooling is 
significantly higher than in the other European regions and here is an important savings potential. 

The key dynamic of the buildings sector across the EU and in the neighbouring countries (including 
European Free Trade Association members50, applicant countries such as Croatia and Eastern European 
signatories of the Energy Community Treaty) is now the EPBD. For some countries based in Southern 
Europe, it was the driver for introducing their first ever thermal requirements in new buildings, though 
it also resulted in a tightening of thermal insulation requirements in countries which already had code 
requirements. 

New constructions from 2010 onwards will increasingly be subject to the cost-optimality requirements 
set out in the EPBD recast, which will require tougher standards in every country, though some Member 
States have already set out more demanding codes for some or all of their building stock. The final 
change on the horizon are the nearly Zero Energy Buildings (nZEB) requirements, resulting in the radical 
reduction  of the need for fossil fuels and associated imports (averaged over an annual cycle) for heating, 
cooling, hot water and fixed lighting (the so-called “regulated” energy requirements) after 2020.

Table 3A3 demonstrates the impact of geographic location, geo-political issues, building typology and 
changing energy performance requirements over the years on the average energy consumption of 
residential buildings in the three major European zones.

Table 3A3 – Regulated final energy for residential properties (GWh per annum)
 Source: BPIE model

 Regulated Energy (GWh) 
 

 North & West  South  Central  & 
East

Total

 Old  Pre 1960                 1,193,504           228,933           183,937          1,606,374 

 Modern  1961-1990                     506,461           198,250           266,647              971,358 

 Recent  1991-2010                     136,319             41,581             52,551              230,452 

 New  2011-2020                       28,390             11,718             11,394                51,501 

The implications for renovation policies are clear – the biggest energy savings can generally be achieved 
in the older building stock. This is reflected in the scenarios, where the majority of renovation activity is 
assumed to occur in the pre-1960 stock up to around 2030. From 2031 onwards the emphasis shifts to the 
“Modern” age band, while it is assumed that buildings constructed in the current decade will not undergo 
renovation until 2040 onwards.

Job Creation

A comprehensive review of the employment impact of energy saving building renovation spanning 
Europe and North America was undertaken by the Centre for Climate Change and Sustainable Energy 
Policy at the Central European University in Hungary51. On average, the studies show that 17 new jobs 
were created for every €1 million of expenditure at today’s prices.  That average is used in the modelling.

50	 Liechtenstein, Iceland, Norway, and Switzerland
51	 http://3csep.ceu.hu/sites/default/files/field_attachment/project/node-6234/employment-impactsofenergyefficiencyretrofits.pdf
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B. Overview of the Renovation Model
A renovation model has been developed which allows scenarios to be examined that illustrate the impact 
on energy use and CO2 emissions of different rates (percentage of buildings renovated each year) and 
depths of renovation (extent of measures applied and size of resulting energy and emissions reduction) 
in the residential and non-residential building sectors up to 2050.  

A number of scenarios have been modelled to illustrate the financial, economic, environmental, 
employment and energy use impacts of different rates of uptake and depth of building renovation.  In 
particular, the scenarios assess the following outcomes, both annually and in total:

•	 Energy saved – the total energy savings over the lifetime of the measures installed

•	 CO2 saved – the total CO2 savings over the lifetime of the measures installed.  The CO2 savings in a given 
year are calculated by multiplying the energy saved by the weighted average CO2 emission factor for 
that year

•	 Total investment required  - the  total cost of the installed renovation measures, including materials, 
labour and professional costs

•	 Energy cost savings – the cumulative value of the lifetime energy saving.  Savings in a given year are 
calculated by multiplying that year’s energy saving by the weighted average energy price 

•	 Employment impact – the number of full time equivalent jobs created over the 40-year period (2011-
2050), based on employment factor (no. of jobs per €1 million investment) times the average annual 
investment

•	 Cost-effectiveness indicators:

>	 The internal rate of return (IRR) - based on the net saving each year (i.e. cost saving less investment 
required in a given year)

>	 Net saving to consumers - the difference between the lifetime energy cost savings and the lifetime 
investment.  Both figures are discounted by the weighted average consumer discount rate.  

	 A negative figure indicates a net COST to consumers
>	 Net saving to society, including the value of externalities - the sum of the lifetime energy cost 

savings and value of externalities, less the lifetime investment.  Both figures are discounted by the 
societal discount rate.  

	 A negative figure indicates a net COST to society
>	 Carbon abatement cost – net lifetime societal savings divided by the lifetime carbon savings.  
	 A negative figure indicates a net benefit per tonne of CO2 saved

The development of the model is therefore split into two parts:

(I)	 Assessing the practical limit (of floor area to be renovated and the energy use associated with this 
building floor area); and

(II)	 Examining scenarios.
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Determining the practical limit for the renovation of the EU building stock

The first step in the modelling process was to assess the practical limit of buildings that can undergo low 
energy renovation in the residential and non-residential building sectors in the 2011 to 2050 timeframe. 

The practical limit to renovation up to 2050 will be affected by a number of considerations:

•	 Demolitions: Some buildings will be demolished and therefore leave the stock. These buildings are 
likely to suffer from structural problems or be in areas where supply exceeds demand, and therefore are 
unlikely candidates for renovation to improve their energy performance.  

•	 Heritage Buildings: Many buildings have historical, aesthetic and/or cultural value. As a consequence, 
planning authorities and other bodies may restrict the extent and type of renovation that can be 
undertaken.  In practice, these buildings are not excluded because there will always be some energy 
efficiency measures that can be applied, even if it is not a total renovation. Minor and moderate measures 
may often be feasible in the case of heritage buildings.

•	 Recent Renovations: Some buildings may have undergone renovation in the recent past and this 
may make future renovation economically less attractive. It is contended that the number of buildings 
renovated to a level that would prevent the application of further energy savings measures is very 
small, of the order of 1% of the existing stock.

•	 New Buildings: New buildings constructed between 2011 and 2020 will probably be subject to 
renovation in the period up to 2050, even if only to replace HVAC equipment.  Also, as energy standards 
for renovation are tightened and new technologies become more widely available and affordable, 
these will increasingly be deployed on buildings constructed this decade.  This will add to the volume 
of the building stock that comprises the practical limit.  

Beyond 2020 it is assumed that nZEB requirements under the recast of the EPBD will result in buildings 
achieving a level of energy performance that will not require further renovation (other than equipment 
replacement) to 2050.

The building stock floor area has therefore been adjusted to arrive at the 2050 practical limit by applying 
the percentage reductions and increases shown in Table 3B1 to the current floor area for residential and 
non-residential buildings in the EU27, Norway and Switzerland.

Table 3B1 – Adjustments to current building stock to determine the 2050 practical limit
Source: BPIE model

Adjustment Calculation Percentage increase or 
reduction

Demolitions from 2011
to 2050

40 years at 0.2% of the building 
stock each year

-8%

Heritage buildings Assumed not to prevent 
renovation at some level

0%

Recent Renovations Assumed to be very few that 
would prevent the addition 
of further energy efficiency 
measures

-1%

New Buildings from 
2011-2020

10 years at 0.5% of the building 
stock each year

+5%

Total Adjustment (note simple rather than 
compound addition)

-4%
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Input data

For modelling purposes, the following information derived from section 1 of this report has been used, 
together with a number of assumptions:

•	 The main target building stock for renovation is the practical limit, based on the existing stock of 
buildings, less an allowance for demolitions and buildings already renovated.  From 2040 onwards, 
there will also be a small contribution from renovation of buildings constructed in the current decade 
(2011-2020)

•	 Current rates of activity will be taken as a baseline figure for the year 2010:

>	 Prevailing renovation rates are 1% as the EU average; and
>	 Prevailing renovation depths are predominantly minor.

•	 Energy prices are taken from Eurostat52 and include all taxes, as these form part of the savings consumers 
make when reducing their energy imports.

•	 Energy price forecasts are derived from EU Energy Trends to 203053.

•	 When valuing societal benefits, externalities associated with energy use are included54.

•	 Two rates of decarbonisation of energy supplies are modelled. The slow rate of decarbonisation is 
based on that witnessed since 1990 – approx. 0.5% p.a. and reflects a continuation of current activity, 
i.e. no change to the recent underlying level of decarbonisation.

•	 The fast one takes the decarbonisation rate needed to achieve the levels of carbon reduction assumed 
in the EU 2050 Roadmap, i.e. approx. 5% p.a. for electricity and 2% for other fuels, where the latter 
reflects fuel switching from higher to lower carbon sources (including renewables).

•	 The following discount rates have been be applied:

>	 Households 	 10%
>	 Business  		  10%
>	 Public Sector 	 5%
>	 Societal 		  3% 

•	 Cost reduction factors are applied, reflecting the impact of increasing renovation activity over 
the period to 2050.  Higher factors are applied to the deeper renovation profiles, given that there 
is a steeper learning curve as the volume of activity increases, and the cost of buildings-integrated 
renewable technologies in particular come down with increasing market maturity.  The impact is 
illustrated in Figure 3B1, with cost reductions ranging from 1% p.a. for minor renovations to 4% p.a. for 
nZEB renovations.

 

52	 http://epp.eurostat.ec.europa.eu/portal/page/portal/energy/data/database
53	 http://ec.europa.eu/energy/observatory/trends_2030/doc/trends_to_2030_update_2009.pdf
54	 Externalities, or external costs, reflect the environmental and human health damages arising from energy use.  These negative impacts include 

climate change damage costs associated with emissions of CO2 and other GHGs, as well as impacts on health, agriculture etc. caused by other 
air pollutants such as NOx, SO2, and particulates  associated with energy production and consumption.  The damage caused, by and large, is not 
included in the price we pay for energy and so represents an external cost.  For this study, an external cost of €00.4/kWh of electricity production has 
been used – this is the average of the high and low figures used by the European Environment Agency.
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Figure 3B1 – Cost reductions for different levels of renovation over time
Source: BPIE model

Renovation variables
The three main variables that influence the pathways for building renovation are:

•	 the rate of renovation, expressed as a % of the building stock in a given year;

•	 the depth of renovation, according to the four previously described levels: minor, moderate, deep and 
nZEB; and

•	 the cost of renovation, which itself varies with depth.

The costs of each renovation depth assumed in our modelling are the ones from Table 3.1.
The assumptions for the evolution of the renovation rates as well as for the depth of renovation are 
presented in the following paragraphs. 

Rate of renovation
Our ambition is to see all EU buildings renovated between now and 2050.  It can be seen that, in order to 
achieve 100% renovation within 40 years, an average renovation rate of 2.5% p.a. needs to be attained.  
However, with current rates as low as 1%, levels of activity need to more than double to achieve the 
required annual rate.  

The main variables concerning renovation rates and considered by this model are the speed at which 
renovation activity ramps up, and the potential peak renovation rate (or saturation value).

Taking into account the above-mentioned assumptions and considering at the same time the practical 
limits of the renovation rate, this model proposes three main growth patterns: SLOW, MEDIUM and FAST. 
These three growth patterns are benchmarked against a BASELINE which assumes that the current 
renovation rate remains unchanged over time.   

The impact on the rate of growth of renovation activity is illustrated in Figure 3B2.  It can be seen that an 
aggressive pathway (labelled “FAST” in the graph) would require a rapid increase in the rate of renovations 
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over the next 5 years, to 2016, followed by a constant renovation rate of just under 2.6% for the remainder 
of the period to 2050, a total of 34 years35. Conversely, under the slowest rate of growth (labelled “SLOW”), 
renovation activity grows slowly but steadily year on year from 2011, achieving just under 4% p.a. in the 
year 2050.

Also illustrated is the MEDIUM pathway in between these two levels.  This pathway grows steadily over the 
next decade to reach a constant rate of around 2.7% p.a. by 2022.   This renovation rate is then maintained 
for 28 years, until 2050. 

Each of the illustrated pathways, other than the baseline, results in the same overall outcome in 2050 
in terms of floor area of buildings renovated – the only variable is the timing. In any case, each pathway 
will put significant requirements on the actors in the building renovation value chain (i.e. not only the 
construction industry, but also planners, architects, financial service industry etc.) to service the growing 
renovation demand. To sustain these renovation rates also requires respective regulatory and incentive 
schemes.
 
Figure 3B2 – Profiles of renovation rates considered herein 
Source: BPIE model

Depth of renovation
The other key variable in terms of activity is the renovation depth, by which we mean the proportion of 
energy savings56 achieved in a renovation.  

Whilst it is not possible to say with certainty what the current depth of renovation is being undertaken 
within Europe, the available evidence points to a picture where the overwhelming majority of activity is 
in the minor category.  Deep renovations, where they do occur, are frequently pilots or demonstration 

55	In reality, it is to be expected that renovation activity, under all scenarios, would tail off in the last few years as the market becomes saturated with 
fully renovated buildings.  However, this is a minor effect that has not been modelled as it does not have a significant bearing on the full period 
between now and 2050, which is the main focus of this report 

56	based on regulated energy use:- heating, hot water, cooling and lighting
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projects to assess the viability of achieving energy savings of 60% or more and to provide a learning 
opportunity.  

In the absence of accurate figures for depths of renovations currently being undertaken, we have assumed 
the following split as being the starting point of the scenarios:

•	 Minor 	 85% of total renovations
•	 Moderate 	 10% of total renovations 
•	 Deep 		 5% of total renovations
•	 nZEB	 	 negligible

Shallow renovation path
In this option, the minor renovations continue to represent most activity over the next two decades, and 
still account for 25% of activity by the middle of the century. Moderate renovations grow steadily over the 
period, reaching 50% of total activity in 2050 respectively, while deep renovations grow more modestly, 
achieving only 25% of total activity in 2050.  nZEB activity continues to be negligible.
 
Figure 3B3 – Shallow renovation path
Source: BPIE model

Intermediate renovation path
In the intermediate path, minor renovations continue to be most common for the next decade, but 
fall away such that, by 2030, they reach just 5% of the total, continuing at that level thereafter57.  Deep 
renovations grow to 65% of activity by 2050, while nZEB renovations are introduced, reaching 5% of 
renovations by 2050. The balance is made up of moderate renovations. 
 
Figure 3B4 – Intermediate renovation path
Source: BPIE model

57	In all scenarios, 5% is the minimum level for minor renovations, to reflect situations where the only improvement in energy performance is due 
to replacement of equipment at the end of its life e.g. HVAC equipment, or for some building types (e.g. heritage buildings) where the options to 
renovate are limited
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Deep renovation path
By the end of this decade, deep renovations become the dominant activity and remain so until 2050.  
nZEB renovations accelerate from 2020 onwards, such that they account for 30% of the total by 2050, by 
which time both minor and moderate each account for just 5% of the total.
 
Figure 3B5 – Deep renovation path
Source: BPIE model

Two-stage renovation path
A fourth renovation path depicts the case in which some properties are renovated twice, though with 
different measures.  Properties that undergo minor or moderate renovation between 2011 and 2030, with 
e.g. new windows and heating systems, are then upgraded 20 years later, to deep and nZEB standards 
respectively.  These second round of renovations occur in addition to first time renovations, which follow 
the Medium scenario – therefore, the two-stage and Medium scenarios are identical to 2030.

 Figure 3B6 – Two-stage renovation path
Source: BPIE model
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C. Setting the scene

This section explores six scenarios under which the renovation of the European building stock might 
evolve over the next 40 years.  These scenarios are derived from combinations of the renovation rate and 
renovation depth pathways as well as the two decarbonisation rates described earlier.  

One difference between the baseline and the other five scenarios is the age profile of the residential 
stock being renovated.  Except for the baseline scenario, the profile of homes renovated is weighted 
more heavily towards the older stock in the period 2011-2030, giving a higher energy saving per € 
of investment during this period.  The reason for applying this weighting is on the basis that policies 
to increase renovation rates would favour older properties where greater energy (and hence carbon) 
savings can be achieved.

Scenario 0  –  Baseline (Business As Usual)

For the baseline scenario, it is assumed that the prevailing renovation rates (which are predominantly 
minor) continue until 2050.  Unlike the other scenarios, this does not result in a full renovation of the 
building stock.  In fact, at the prevailing renovation rate of just 1% p.a., only 40% of the stock is renovated 
by 2050.  

In terms of costs and savings58, the baseline scenario requires a total investment of €164 billion to 2050, 
generating lifetime energy savings to consumers worth €187 billion – i.e. a net saving of €23 billion.  
Overall benefits to society, including the value of externalities, amount to €1,226 billion.  

Compared to today’s regulated energy use (heating, ventilation, hot water, cooling and lighting), energy 
savings of 2% are achieved by 2020, rising to just over 9% by 2050.  The corresponding CO2 savings in 
2050 are 18% to 72% (the lower figure is calculated at the low decarbonisation rate; the higher at the 
fast decarbonisation rate). It can be seen that the baseline scenario falls far short of the level of ambition 
required to deliver the carbon savings envisaged in the EU 2050 Roadmap.

The results in saved energy are minor compared to today, which means that the high CO2 reductions by 
2050 (72%) occur mainly due to a decarbonisation of the energy supply when a 5% annual decarbonisation 
rate is applied.

The table below summarises the key results for 2020 and 2050.

Table 3C1 – Key results of scenario 0
Source: BPIE model

Scenario Results in 
year...

% energy 
saved

% CO2 
saved59

Investment 
(€bn)

Energy 
cost 

saving 
(€bn)

Net 
saving to 

consumers 
(€bn)

Net 
saving to 

society 
(€bn)

0 - Baseline 2020 2% 5-28% 107 94 -13 277

0 - Baseline 2050 9% 18-72% 164 187 23 1226

58	All costs and savings are at present value.  Consumer savings (i.e. those arising to end-users – households, businesses and public sector bodies) are 
discounted by the weighted average consumer discount rate, but do not include externalities.  Societal savings are discounted at 3% and include 
externalities.

59	For the percentage of CO2 saved, the lower figure reflects the slow decarbonisation rate, while the higher figure reflects the higher decarbonisation 
rate.
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Scenarios 1a (Slow & shallow) and 1b (Fast & shallow)

These two scenarios both take the shallow renovation path.  They compare the impact of a rapid 
acceleration in the rate of renovation (“Fast & shallow”) with a slow but steady ramping up (“Slow & 
shallow”). These scenarios are shown in order to illustrate the consequences of focusing mainly on 
shallow renovation measures which may be perceived as the “cheaper and more pragmatic solution”. 

As might be expected, the energy savings to 2020 are greater under the fast scenario (7%) where the 
renovation rate rapidly rises to 2.6% of the building stock p.a.  The slow scenario achieves a renovation 
rate of just 1.4% by 2020, delivering 4% energy savings.  However, this position is reversed by 2050 as 
more buildings are renovated to a greater depth under the slow scenario.  The corresponding figures for 
2050 are:

Table 3C2 – Key results of scenarios 1a and 1b
Source: BPIE model

Scenario Results 
in year...

% energy 
saved

% CO2 
saved

Investment 
(€bn)

Energy 
cost 

saving 
(€bn)

Net 
saving to 

consumers 
(€bn)

Net saving 
to society 

(€bn)

1a - Slow 
& shallow

2020 4% 7-29% 161 163 2 532

1a - Slow 
& shallow

2050 34% 40-79% 343 530 187 4884

1b - Fast 
& shallow

2020 7% 9-31% 255 260 5 853

1b - Fast 
& shallow

2050 32% 38-79% 451 611 160 4461

The fast scenario has a higher level of energy cost savings, due to savings arising earlier, but suffers 
the penalty of a too rapid ramping up of activity before the impact of cost reductions through greater 
experience (the “learning curve”) helps to bring the price of the moderate and deep renovations down.  
The investment required for scenario 1b to 2050 is therefore greater and the net savings to consumers, 
and to society, lower as a result.  

Both scenarios suffer from the fact that the depth of renovation does not increase sufficiently to achieve 
the 90% CO2 saving aimed for in the EU roadmap 2050.  Most of the CO2 savings witnessed are due to 
the decarbonising of energy supply. With the assumption of a more conservative decarbonisation rate 
of 0.5% per year, CO2 reduction per year is only 7% and 9% respectively by 2020, and 40% and 38% 
respectively in 2050. This means that both scenarios miss the EU’s CO2 reduction targets by a clear margin.

Higher CO2 reductions are achieved with a high decarbonisation factor. These reductions, however, are 
not achieved in the building sector but mainly in the power supply sector.

Employment generation can be observed in both scenarios, mainly due to the increase in renovation 
rates, but not necessarily due to the increase in the renovation depths. A slow but constant increase in the 
renovation rates would generate on average 0.4 million jobs annually by 2020, a fast ramping up would 
lead to an average 0.6 million jobs each year.
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An initially slow growth in the annual renovation rate, as modelled in scenario 1a has a significant 
impact on the required renovation rate in the years from 2035 onwards. As can be seen in Figure 3.2, the 
renovation rate will have to grow continuously during the decades and reach a level of over 3% annually 
beyond 2035, climbing to almost 4% by 2050. This requires a continuous growth of investment by the 
building sector.

Further, a fast ramping up of the renovation activities as modelled in scenario 1b may also overburden 
the supply side, both in terms of materials and services provided. The actors in the building renovation 
value chain would have to make significant and fast investments to satisfy the growing market demand. 
There are, however, recent examples of other sectors delivering significant growth rates, such as the 
European renewable energy industry where turnover grew by a factor of 7 between 2005 and 201060. The 
EU policy framework to support renewable energy systems played a crucial role in achieving this growth.

Scenario 2 - Medium

The Medium scenario combines the intermediate renovation path with the medium rate of growth.  

Despite having a lower rate of growth than scenario 1b (fast & shallow), the energy savings in 2020 for 
scenario 1b and 2 are comparable due to the higher proportion of moderate and deep renovations under 
the medium scenario.  By 2050, the impact of the deeper renovation profile can be seen, with energy 
savings of nearly 50%, comfortably exceeding the 32-34% achieved in scenarios 1a and 1b.

CO2 reduction results for 2020 do not show a significant difference to scenarios 1a and 1b, whether under 
a high or a low decarbonisation rate of the energy supply. Clear differences are only visible over the 
longer term until 2050, due to the fact that the share of minor renovations decreases significantly over 
the decades compared to scenarios 1a and 1b.

Results for 2050 show a clearer distinction regarding CO2 reduction. With a fast energy supply 
decarbonisation, CO2 emissions will be reduced by 84%, however, with a slow energy supply 
decarbonisation the reduction will only be 53%, compared to 2010.

Looking at the economic effects of this scenario, it becomes clear that the net savings for consumers are 
the highest (together with scenario 4) of all scenarios for the years to 2020, with a level of 13 billion Euros. 
Societal savings including externalities amount to €902 billion the second highest saving of all scenarios 
by 2020. The internal rate of return is equally high delivering a 10% return by 2020.

By 2050, the internal rate of return increases to 12.5%. At this point in time net savings for consumers will 
accumulate to €300 billion, and the internal rate of return will be at 12%. Furthermore, 700,000 jobs per 
year on average will have been created for the period to 2050. 

Table 3C3 – Key results of scenario 2
Source: BPIE model

Scenario Results 
in year...

% energy 
saved

% CO2 
saved

Investment 
(€bn)

Energy 
cost 

saving 
(€bn)

Net 
saving to 

consumers 
(€bn)

Net saving 
to society 

(€bn)

2 - Medium 2020 7% 10-31% 252 265 13 902

2 - Medium 2050 48% 53-84% 551 851 300 7015

60	See http://www.erec.org/statistics/turnover.html, accessed 21/9/2011



116 | Europe’s buildings under the microscope

Scenario 3 - Deep

The Deep scenario combines the deep renovation path with the medium rate of renovation growth.  
By virtue of the rapid shift towards deep renovations, and the growing share of nearly Zero Energy 
Buildings towards the middle of the century, this scenario achieves energy savings as high as 68%, with 
corresponding CO2 emissions reductions of 90% (under the fast decarbonisation option) - the target for 
buildings set out in the EU 2050 Roadmap.  

While the investment required for the deep scenario is considerably greater than for the earlier scenarios, 
so are the savings, as demonstrated in the table below. 

By 2020, societal savings will amount to €1,656 billion including externalities. This figure represents 
almost a doubling compared to scenario 2. On the other hand, investment costs until 2020 are also 
highest of all scenarios, amounting to €477 billion which is due to the fact that deep renovation measures 
are introduced quickly and on a large scale, leading to large energy savings but also requiring larger 
investments. Compared to all other scenarios, this is equivalent to an almost doubling of the investment 
costs in the period to 2020, or nearly a five-fold increase compared to the baseline. As a result, the internal 
rate of return of 9% is slightly lower than in the previous scenario. However, the savings at present value 
are still higher than the investment costs, delivering a net saving for consumers of €10 billion.

Looking ahead to 2050, the internal rate of return increases to 11.8%, however, it is only the fourth highest 
of all scenarios. This can be explained by the fact that the total amount of initial costs for deep renovation 
measures are relatively higher due to their fast introduction in the first half of the scenario period. This 
prevents the learning effects to have a full impact on cost reduction of deep measures. 

As in the case to 2020, the investment costs of this scenario are the highest also in the years to 2050, 
amounting to €937 billion. However, savings are also the highest at €1,318 billion, resulting in a net 
saving for consumers of €381 billion.

The impact on employment creation is the highest of all scenarios. Triggered by the relatively fast increase 
in the renovation rate and by applying deep renovation measures, this scenario leads to the creation of 
1.1 million direct jobs per year on average for 40 years. This is more or less equivalent to employing 1.1 
million people for their full working life time.

Table 3C4 – Key results of scenario 3
Source: BPIE model

Scenario Results 
in year...

% energy 
saved

% CO2 
saved

Investment 
(€bn)

Energy 
cost 

saving 
(€bn)

Net 
saving to 

consumers 
(€bn)

Net saving 
to society 

(€bn)

3 – Deep 2020 13% 16-35% 477 487 10 1656

3 - Deep 2050 68% 71-90% 937 1,318 381 9,767

To summarize, this scenario delivers high energy and CO2 savings, while also delivering the highest 
employment effects. However, it also requires a steep increase in investments in this decade which would 
represent a step change compared to the current reality of renovation practices in Europe. 
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Scenario 4 – Two-stage renovation

The fourth scenario deviates from the assumption in the previous scenarios that buildings will be 
renovated once between 2010 and 2050. In this scenario, from 2031 onwards the “second stage” 
renovations commence, occurring in addition to the first time renovations.  

As a result of the learning curve cost reductions, particularly for the deeper renovations, the cost of 
achieving a deep or nZEB renovation is now substantially less than if it had been undertaken 20 years 
earlier.  The overall investment is therefore considerably lower than for the Deep scenario.  In present 
value terms, a cost reduction of nearly 40% is achieved, despite achieving slightly higher levels of energy 
and CO2 savings in 2050.  Correspondingly, the net savings, both to consumers and to society at large, are 
significantly greater than for the Deep scenario.

The achieved energy saving is the highest of all scenarios, leading to a 71% saving in 2050. CO2 emissions 
decrease by 73% to 91%, depending on the decarbonisation rate as described earlier.

The renovation rate of this scenario follows the same path as the medium scenario until 2030, requiring 
an intermediate growth rate during the first two decades. However, renovation activities will have to 
significantly increase after 2030 to deliver on the second stage of renovation which comes on top of 
the now continuous renovation rate of scenario 2 (c.f. Table 3C5). This requires strategic planning ahead 
by the supply chain, which in turn needs to be enabled and supported by a reliable and clear policy 
framework.

Table 3C5 – Key results of scenario 4
Source: BPIE model

Scenario Results 
in year...

% energy 
saved

% CO2 
saved

Investment 
(€bn)

Energy 
cost 

saving 
(€bn)

Net 
saving to 

consumers 
(€bn)

Net saving 
to society 

(€bn)

4 - 2 stage 2020 7% 10-31% 252 265 13 902

4 - 2 stage 2050 71% 73-91% 584 1,058 474 10,680
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The scenarios in direct comparison

Tables 3C6 and 3C7 present the full set of results of the five scenarios, to 2020 and 2050 respectively. 
This overview provides an opportunity to compare the relevant indicators which should inform decision 
making.

Table 3C6 – Overall results to 2020
Source: BPIE model

Scenario  0 1A 1B 2 3 4

Description  Baseline Slow & 
Shallow

Fast & 
Shallow

Medium Deep Two- stage

Annual energy saving 
in 2020

TWh/a 94   169  271   283   527  283 

2020 saving as % 
of today

% 2% 4% 7% 7% 13% 7%

       
Investment costs 
(present value) 

€bn 107 161 255 252 477 252 

Savings 
(present value) 

€bn 94 163 260 265 487 265 

Net saving (cost) 
to consumers

€bn -13 2 5 13 10 13 

Net saving (cost) 
to society - without 
externality

€bn 238 462 742 787 1,441 787 

Net saving (cost) 
to society - including 
externality

€bn 277 532 853 902 1,656 902 

Internal Rate of 
Return

IRR 8% 9% 9% 10% 9% 10%

Fast decarbonisation        

Annual CO2 saving in 
2020

MtCO2/a 286 300 319 321 367 321

2020 CO2 saved 
(% of 2010)

% 28% 29% 31% 31% 35% 31%

CO2 abatement cost €/t CO2 -4 -9 -14 -14 -26 -14 

Slow decarbonisation        

Annual CO2 saving in 
2020

MtCO2/a 54 73 98 101 161 101

2020 CO2 saved 
(% of 2010)

% 5% 7% 9% 10% 16% 10%

CO2 abatement cost €/tCO2 -26 -46 -66 -70 -105 -70 
       

Average annual net 
jobs generated

M 0.3 0.4 0.6 0.6 1.2 0.6
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Table 3C7 – Overall results to 2050
Source: BPIE model

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

It is clear that only two of the scenarios achieve the ambitious European CO2 reduction targets as 
described by the European Commission in its Roadmap 2050 paper. Scenarios 3 and 4, the deep and 
the two-stage scenario, achieve a CO2 reduction of around 90%, but only under the assumption that 
the power supply sector undergoes a fast decarbonisation as well. Nevertheless, in both scenarios the 
majority of CO2 savings are achieved through energy savings measures on the demand side.
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In terms of cost-effectiveness to consumers, scenarios 1-3 are broadly similar in terms of the Internal Rate 
of Return when considered over the period to 2050, all falling into the range 11.5-12.5%.  This is slightly 
better than the baseline scenario of 10%, though not as good as scenario 4, which achieves 13.4%

The following set of graphs present and compare the overall results of the scenarios to 2050.

Figures 3C1 and 3C2 below compare the net savings to consumers and to society from the six scenario 
options.  It can be seen that the more ambitious the scenario, the higher the net savings are.  

Figure 3C1 – Lifetime net savings to consumers (present value)
Source: BPIE model

Figure 3C2 – Lifetime net savings to society (present value)
Source: BPIE model
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Figure 3C3 below compares the present value investment and energy 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 in 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 benefiting from a longer learning period which leads to cost reductions. 

Figure 3C3 – Lifetime financial impact for consumers (present value)
Source: BPIE model

Figures 3C4 shows the employment impact resulting from the investment in improving the energy 
performance of Europe’s building stock, as an average over the period.  It can be seen that, while 
continuing with business-as-usual would employ under 200,000 people over the next 40 years, the 
accelerated renovation scenarios would generate between 500,000 and over 1 million jobs.  
 
Figure 3C4 – Average employment generated in 2011-2050
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 five 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, as shown in Part 2 of this report, 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.

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.
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61	COM(2010) 2020 . EUROPE 2020 A strategy for smart, sustainable and inclusive growth. Brussels, 3.3.2010.

Final remarks and 
policy recommendations
Improving energy efficiency of buildings has important macro-economic benefits and can substantially 
contribute to all three priorities of the Europe 2020 Strategy61, as well as to the EU 2050 roadmap targets. 
Society as a whole will be better off as a result of investments in energy savings measures for buildings, 
even before the climate benefits are taken into account. Energy saving renovation programmes developed 
in countries such as Germany, the UK and Austria have already proved the positive impact in terms of 
employment and private capital triggered. There are varied estimations about the positive employment 
effects of energy saving renovation measures, stimulating direct employment in the construction and 
related industries from the materials supply chain. Energy saving activities in buildings have a great 
potential for catalysing the creation of indirect and induced jobs in education, research & innovation, 
energy services companies, waste management etc. 

The political decision is the key factor in creating a favourable framework for private investors. Strong 
commitments with clear targets and offering long term predictability are necessary to trigger a step 
change in renovation practices. EU Member States show significant differences in terms of commitments, 
financial potential and market conditions. 

Furthermore, there are significant market frictions at Member State level: the landlord-tenant dilemma, 
multiple stakeholders and decision makers, conditionality in renovation of certain buildings (i.e. historical 
buildings etc.), difficulties to access financing or unattractive interest rates, harmful subsidies for energy 
production and heating energy prices in some countries are just some of the barriers. 

Energy savings and efficiency in buildings represents an evolving market and despite the cost-effectiveness 
of most measures, the transaction costs can be high and pay-back periods are not always attractive for 
the private residential sector. This may also raise issues of equity, as certain measures will arguably not 
be affordable by poorer households. Immediate measures are necessary to eliminate these barriers both 
at the EU level, by creating an appropriate framework, and Member States level, by implementing best 
practice policies that can overcome the barriers on all relevant fronts. 

The substantial renovation of the EU27 building stock is insufficiently covered by the existing legislation 
and hence the sectorial potential for creating cost-effective energy savings, jobs, welfare and economic 
growth is not properly exploited. To attract more private capital it is necessary to develop long-term 
renovation programmes with clear targets and monitoring, providing appropriate financial instruments 
and public financial leverage. This is critical for the establishment of a long term market. Therefore, to have 
long term programmes and associated financing is a must for transforming deep renovation strategies 
into common practice. 

It is necessary to create a stable, clear and simple legal framework in order to ease the administrative 
burdens for both private investors and house owners. 

Despite the fact that significant developments have happened in recent years, current EU legislation only 
partially covers the field of buildings renovation. More targeted measures are required for fostering the 
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62	Com(2011)370 final. Proposal for a Directive on energy efficiency repealing Directives 2006/32/EC and 2004/8/EC.

deep renovation of the existing building stock. The Energy Performance of Buildings Directive stipulates 
the implementation of energy saving measures only in case of deep renovation of the building and 
without asking for a certain depth of renovation measures. Establishing cost-optimal levels for buildings 
renovation should represent an important step forward in establishing minimum requirements for the 
renovation depths. The EPBD recast also asked EU Member States to draw up by the end of June 2011 
(and to update it every three years) a list of existing and proposed measures and instruments, including 
financial ones, which promote the EPBD’s objectives. However this requirement refers to the objectives of 
the EPBD recast which are not clearly specifying the need for a certain renovation speed or depth of the 
existing building stock. It is therefore a strategic prerequisite that EU Member States implement the EPBD 
recast in a way that stimulates deep renovation of the existing building stock.

As discussed in a previous chapter, at Member States level there are several ongoing programmes that 
directly address the energy saving renovation of the building stock with more or less ambitious aims, 
comprising a large range of financial instruments. None of them are demanding enough for delivering 
the cost-optimal potential and a lot of additional efforts are required.  

Consequently, in order to address the challenge of renovating the existing building stock and to keep pace 
with the ambitious aims of the European Union for reducing and decarbonising the energy consumption 
and production, further improvements of the EU and national frameworks are needed. Some suggestions 
are presented on the next page.

Key recommendations at EU level

Policy measures:
•	 At EU level, it is necessary to strengthen the existing legislation with binding measures and to establish 

a roadmap for the renovation of the EU27 building stock. The renovation roadmap has to be built on a 
long term basis with binding targets for energy efficient retrofit of the EU27 building stock by 2050. A 
renovation roadmap must have a clear monitoring and reporting plan with interim targets indicating 
the renovation rates and the renovation depths to be reached gradually by 2020 and by 2030. The 
renovation targets may be integrated in the National Energy Efficiency Action Plans (NEEAPs) under the 
End-use Energy Efficiency and Energy Services Directive (ESD, Directive (2006/32/EC), currently under 
recast into an Energy Efficiency Directive (EED)62. 

•	 The EU legislation should call upon Member States to prepare detailed deep renovation plans 
comprising regulatory, financial, informational and training measures. Having a predictable long-term 
deep renovation roadmap will provide confidence to the business sector and will avoid the risk of 
falling short after 2020 and creating unwanted economic problems (such as employment distortions, 
additional costs etc.). To increase the cost-effectiveness of the renovation roadmap, renovation targets 
can be built according to the financial and technical national potential and support potential cooperation 
mechanisms between Member States. The holistic renovation approach must be encouraged in order 
to increase the cost-effectiveness of the measures and to be in line with the provision of the Energy 
Performance of Buildings Directive. Tailor-made roadmaps can define different phases which move 
from voluntary to binding measures. The measures should be continuously evaluated and improved 
whereby the renovation requirements should be eventually tightened to meet nZEB standards.

•	 The process of adopting minimum energy saving regulations and energy labelling for heating and 
cooling equipment and construction materials under the Energy Labelling and Eco-design of the 
energy related products Framework Directives has to be strengthened and supported.
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•	 Finally, the EU should support the harmonisation of national data collection systems concerning the 
energy performance of buildings, ensuring sufficient high quality data availability and closing the gap 
in existing systems which were shown through this study (c.f. Part 1). These data are needed to design 
and implement properly working policies and incentive schemes that drive the necessary change in 
the building sector.

Financing:
•	 Ambitious renovation strategies are cost-effective when considering the full life cycle but they also 

require significant up front investments. For boosting the deep renovation of the EU building stock 
the establishment of specific financing instruments, i.e. an EU Deep Renovation Fund (possibly via 
the European Investment Bank and designed for different building types) could be considered which 
complements the national financing schemes and shares the risks. The financing should be given only 
for deep level renovations leading to very low energy standards. Such a fund will offer more financial 
flexibility and additional confidence to 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 
(as will be defined under the EPBD recast). This would be in line with the requirement to “climate-proof 
the future EU multi-annual financial framework 2014-2020” (a budget for Europe 2020) and to deliver 
on the principle that “through its operational programmes throughout the EU, cohesion policy has a 
crucial role to play in stepping up efforts to reach the 20% energy efficiency target63”.

•	 In addition, the European Commission could facilitate the development of innovative financial 
instruments at Member State level by elaborating guidelines for financing, by promoting best 
practice and by stimulating the cooperation between Member States for sharing experience and 
for implementing common measures and harmonised regulatory measures for deep renovation. 
Innovative financing schemes should be designed to trigger increased private investment.

 
Training and education:
There is a strong need to increase the skills in the construction industry in Europe to ensure appropriate 
framework conditions for the Internal Market of construction products and services, improve resource 
efficiency and environmental performances of construction enterprises, and promote skills, innovation 
and technological development to meet new societal needs and to mitigate climate risks. Hence the 
upcoming strategy for the sustainable competitiveness of the construction sector, which was planned to 
be realised this year by the European Commission64, may provide a strong foundation for improving the 
knowledge level and the practice in renovation activities.

Key recommendations at the National level 

Policy measures: 
•	 National Governments should eliminate market barriers and administrative bottlenecks for the 

renovation of the housing stock. Improving the energy efficiency of buildings will generate significant 
economic benefits for society, including an important impact in terms of employment in the construction 
industry, the sector most affected by the economic downturn. Improving the energy performance of 
buildings should be seen as a positive force for economic recovery.

•	 In order to foster the deep renovation of the building stock, Member States should develop long-term 
comprehensive regulatory, financial, educational and promotional packages addressing all the macro-

63	http://ec.europa.eu/budget/library/biblio/documents/fin_fwk1420/MFF_COM-2011-500_Part_II_en.pdf .
64	COM(2010) 614, An Integrated Industrial Policy for the Globalisation Era Putting Competitiveness and Sustainability at Centre Stage.
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65	http://www.decc.gov.uk/assets/decc/legislation/energybill/1001-energy-bill-2011-brief-private-rented-sector.pdf

economic benefits. Important components of these programmes should be the faster identification and 
adoption of ambitious and yet cost-effective renovation levels, the gradual strengthening/introduction 
of related building code requirements and effective quality control and verification systems. 

•	 Enforcing compliance with building codes and standards will be key to countering the perception that 
energy saving renovation measures come with a price premium. Proper monitoring of compliance, 
enforcement and quality control the process through a qualified workforce should be part of any policy 
package to foster deep renovation. The relatively low compliance level in almost all the EU Member 
States is a significant barrier in reaching the estimated energy savings potential.

•	 The confidence of consumers and investors into the quality level of renovation measures must be (re-)
established, so that the readiness to make the necessary investment increases. Guarantee systems for 
the performance of efficiency measures should be developed.

•	 A better implementation of the buildings energy certification and audit schemes is needed as these 
schemes are important information and awareness tools which can increase the value of efficient 
buildings and can stimulate the real estate market towards green investments.  

•	 The public sector has to take a leading role in the renovation revolution.  Indeed, this is envisaged as 
a requirement within the draft Energy Efficiency Directive, where, from 1 January 2014, public bodies 
would be required to renovate at least 3% of their floor area each year to achieve at least the Member 
State’s prevailing minimum energy performance requirements.  Such a measure would kick start the 
market for renovation and help to bring down costs for private households and businesses.

•	 Energy services companies (ESCOs) can play an important role in fostering deep renovation programmes 
by providing the necessary technical and financial expertise and by triggering third party financing. 
Hence, removing the market barriers facing ESCOs may facilitate a faster and better development of 
the renovation programmes. Regulatory frameworks should encourage the set-up and development of 
a well-functioning energy services market, not limited to commercial buildings. 

•	 Energy supply (and distribution) companies in a number of European countries have specific obligations 
for delivering energy savings through their customers’ efficiency, the so called Energy Savings 
Obligations or White certificates. The proposed Energy Efficiency Directive (EED), if adopted, intends 
to oblige all Member States to develop energy savings obligations for the energy companies. These 
schemes are expected to also include building renovation measures. However, it will be necessary to 
establish minimum performance requirements for the renovation measures to be implemented under 
energy saving obligation schemes. Otherwise there is a risk of increasing the renovation speed but at 
shallow levels mainly and to endangering the sustainability of the savings.

•	 National regulation should be periodically discussed and reinforced and all the main stakeholders 
should be involved in this process in the framework of a national consultation platform.  

•	 To persuade consumers to make the necessary investments – both a greater number than currently 
witnessed, but also a progressively deeper level of renovation, additional measures should be 
considered.  Initiatives such as requiring the least efficient stock to be brought up to a higher energy 
performance level before a property can be sold would certainly begin to stimulate the market, but 
would need to be coupled with easy forms of financing.  In the UK, the Energy Bill 2011 proposes that 
from April 2018 all private rented properties must be brought up to a minimum energy efficiency rating 
of ‘E’. This provision will make it unlawful to rent out a home or business premise that does not reach 
this minimum standard – effectively banning the least efficient ‘F’ and ‘G’ properties65.
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•	 A reliable and continuous data collection process of the main characteristics of the building stock 
is a necessary prerequisite for reliable policy making. As this survey has shown the levels of data 
availability and quality show drastic differences between the EU Member States.  In order to improve 
the knowledge level and to be able to take effective measures to improve the energy performance 
of buildings, Member States should collaborate to implement a harmonised standard for collecting 
relevant data about the European building stock.

Financing: 
•	 The success of deep renovation programmes will depend on the creation of appropriate financing 

schemes, addressing all the categories of private and commercial real estate owners as well as 
introducing measures using appropriate subsidies, low-interest and longer term loan schemes and 
other financial incentive schemes. 

•	 Financing packages should propose appropriate market instruments tailored to different needs and 
able to overcome the main market barriers. In addition, the renovation programmes should be based 
on a preliminary macro-economic analysis in order to ensure the sustainability and durability of the 
measure by integrating all the benefits, by minimizing the costs, by securing the programme budget 
and by proposing the most suitable market instruments. Moreover, the incentives should be offered 
only for a low-energy standard of the renovation, preferably based on ex-ante and ex-post evaluation 
of the energy performance of the building. 

•	 A proper public financing approach may leverage considerable private capital as has been proven by 
several successful programmes developed in some European countries. Attracting private capital to 
invest in building renovation is a key issue of any financing programme that aims to stimulate the 
economy and to transform energy efficiency measures into a sustainable business activity. Governments 
should draw up a balance sheet which calculates the costs of effective deep renovation incentive 
schemes against the increased tax revenue from a significant growth of the construction industry 

	 (e.g. through VAT, income tax, corporate tax, etc.). 

•	 Relevant national stakeholder need to improve their knowledge about the use of the EU Structural 
and Regional Funds and the EIB financing lines for improving the energy performance of the buildings 
stock. Investing in buildings means investing in the development of society. 

Training and promotional activities:
•	 For implementing effective and good quality deep renovation it is necessary to improve the skills of the 

building professionals at the level of both basic professional education and long-life learning activities. 
Therefore, training and educational activities should be developed both in the construction sector and 
in the supply chain industries. 

•	 Promotional and dissemination activities must be an important part of the deep building renovation 
programmes. The German KfW experience indicates that an important success factor is the creation of 
an energy efficiency brand66, well known and perceived by the market. 

•	 Awareness raising and promotional activities should address the psychological barriers which exist 
concerning deep renovation. A discussion about societal values needs to address behaviour change 
to support investment decisions in favour of sustainability rather than investment decisions driven by 
social status factors, or by short term return considerations. Soft measures need to support a shift in 
values which can speed up progress towards a more sustainable behaviour by all actors in the buildings 
value chain.

66	G. Gumb. Supporting the energy efficient rehabilitation of the building stock – The German experience. Presentation at the BPIE’s European Round-
table on financing buildings retrofit, Nov. 2010  
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Conclusions

As this report shows, the building sector can contribute significantly to mitigating climate change while 
delivering many other societal benefits. Political courage and will, innovative investment tools and societal 
awareness are key factors for transforming the sector. Existing EU policies have to be implemented in 
a best practice manner to achieve the intended energy savings, while new instruments are needed to 
stimulate a deep renovation wave across Europe and its Member States. 

Good policy making requires good knowledge about the status quo of building performance. BPIE’s 
survey has shown that data gaps exist which make it difficult to develop targeted programmes, to monitor 
policy implementation and to evaluate progress. The EU and its Member States should make significant 
efforts to close these data gaps and to harmonize monitoring, reporting and evaluation.

All actors in the European value chain of buildings should grab the renovation opportunity to innovate 
products and services, to build a well-functioning energy saving renovation market, to offer attractive 
solutions to private and commercial customers and to use their respective ingenuity to make highly 
efficient buildings a common standard of the European building stock.

Essentially, what is needed is nothing less than a European energy saving renovation revolution.
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DEFINITIONS
Air-conditioning system: a combination of all components required to provide a form of air treatment 
in which temperature is controlled or can be lowered, possibly in combination with the control of 
ventilation, humidity and air cleanliness [EPBD, 2002/91/EC]

Boiler: the combined boiler body and burner-unit designed to transmit to water the heat released from 
combustion [EPBD, 2002/91/EC]

Building envelope: integrated elements of a building which separate its interior from the outdoor 
environment [IUPAC International Union of Pure and Applied Chemistry - Compendium of Chemical 
Terminology 2nd Edition (1997)];

Combined heat and power (CHP): the simultaneous conversion of primary fuels into mechanical or 
electrical and thermal energy, meeting certain quality criteria of energy efficiency [EPBD, 2002/91/EC]

Commercial building: A commercial building is a building that is used for commercial use. Types can 
include office buildings, warehouses, or retail (i.e. convenience stores, ‘big box’ stores, shopping malls, etc.)

Cost-optimal level: Cost-optimal level means the energy performance level which leads to the lowest 
cost during the estimated economic lifecycle [EPBD, recast, 2010/31/EC]

Derived heat: Derived heat covers the total heat production in heating plants and in combined heat and 
power plants. It includes the heat used by the auxiliaries of the installation which use hot fluid (space 
heating, liquid fuel heating, etc.) and losses in the installation/network heat exchanges. For autoproducing 
entities (= entities generating electricity and/or heat wholly or partially for their own use as an activity 
which supports their primary activity) the heat used by the undertaking for its own processes is not 
included. [Eurostat definition]

District heating/cooling: means the distribution of thermal energy in the form of steam, hot water or 
chilled liquids, from a central source of production through a network to multiple buildings or sites, for 
the use of space or process heating or cooling [EPBD, 2010/31/EC]

Energy audit: a systematic procedure to obtain adequate knowledge of the existing energy consumption 
profile of a building or group of buildings, of an industrial operation and/or installation or of a private or 
public service, identify and quantify cost-effective energy savings opportunities, and report the findings 
[ESD, 2006/32/EC]

Energy consumption: The amount of energy consumed in the form in which it is acquired by the user. 
The term excludes electrical generation and distribution losses.

Energy performance certificate:  a certificate recognised by the Member State or a legal person 
designated by it, which includes the energy performance of a building calculated according to a 
methodology based on the general framework set out in the Annex of Directive 2002/91/EC [EPBD, 
2002/91/EC]

Energy performance of a building: the amount of energy actually consumed or estimated to meet the 
different needs associated with a standardised use of the building, which may include, inter alia, heating, 
hot water heating, cooling, ventilation and lighting. This amount shall be reflected in one or more 
numeric indicators which have been calculated, taking into account insulation, technical and installation 
characteristics, design and positioning in relation to climatic aspects, solar exposure and influence of 
neighbouring structures, own-energy generation and other factors, including indoor climate, that 
influence the energy demand [EPBD, 2002/91/EC]
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Energy performance requirement: minimum level of energy performance that is to be achieved to 
obtain a right or an advantage: e.g. right to build, lower interest rate, quality label [CEN standard - En 
15217 “Energy performance of buildings – “methods for expressing energy performance and for the 
energy certification of buildings”]

Energy service company (ESCO): a natural or legal person that delivers energy services and/or other 
energy efficiency improvement measures in a user’s facility or premises, and accepts some degree of 
financial risk in so doing. The payment for the services delivered is based (either wholly or in part) on the 
achievement of energy efficiency improvements and on the meeting of the other agreed performance 
criteria [ESD, 2006/32/EC]

Final energy: Energy supplied that is available to the consumer to be converted into useful energy (e.g. 
electricity at the wall outlet). (Intergovernmental Panel on Climate Change, IPCC) 

Gross floor area: The total area of all the floors of a building, including intermediately floored tiers, 
mezzanine, basements, etc., as measured from the exterior surfaces of the outside walls of the building

Heat pump: a device or installation that extracts heat at low temperature from air, water or earth and 
supplies the heat to the building [EPBD, 2002/91/EC]

Internal gross area: A term used in the United Kingdom, defined in the RICS Standard, for the area of a 
building measured to the internal face of perimeter walls at each floor level

Internal rate of return (IRR): A rate at which the accounting value of a security is equal to the present 
value of the future cash flow. [European Central Bank] 

Living floor space/area: total area of rooms falling under the concept of rooms [OECD Glossary of 
statistical terms]

Nearly zero energy building: a building that has very high energy performance, as determined in 
accordance with Annex I of the EPBD recast. The nearly zero or very low amount of energy required 
should be covered to a very significant extent by energy from renewable sources, including energy from 
renewable sources produced on-site or nearby [EPBD recast, 2010/31/EC]

Net floor area: A term used in the ISO standard to express the Interior Gross Area less the areas of all 
interior walls

Net present value: The net present value (NPV) is a standard method for the financial assessment of 
long-term projects. It measures the excess or shortfall of cash flows, calculated at their present value at 
the start of the project

Payback time: the length of time required to recover the cost of an investment

Primary energy: Energy from renewable and non-renewable sources which has not undergone any 
conversion or transformation process

Public building: building owned or occupied by any public body

Regulated energy: energy used in the home for  heating, cooling, hot water and lighting

Residential building: A structure used primarily as a dwelling for one or more households. Residential 
buildings include single-family houses (detached houses, semi-detached houses, terraced houses (or 
alternatively row houses) and multi-family houses (or apartment blocks) which includes apartments/flats

Third-party financing: a contractual arrangement involving a third party — in addition to the energy 
supplier and the beneficiary of the energy efficiency improvement measure — that provides the capital 
for that measure and charges the beneficiary a fee equivalent to a part of the energy savings achieved 
as a result of the energy efficiency improvement measure. That third party may or may not be an ESCO 
[ESD, 2006/32/EC]
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U-Value: is the measure of the rate of heat loss through a material. Thus in all aspects of home design 
one should strive for the lowest U-Values possible because the lower the U-value – the less heat that is 
needlessly escaping. The calculation of U-values can be rather complex - it is measured as the amount of 
heat lost through a one square meter of the material for every degree difference in temperature either 
side of the material. It is indicated in units of Watts per meter Squared per Degree Kelvin or W/m2 [Irish 
Energy Centre - Funded by the Government under the national Development Plan with programmes 
partly financed  by the European Union.]

Useful floor space/area: floor space of dwellings measured inside the outer walls, excluding cellars, non-
habitable attics and, in multi-dwelling houses, common areas [OECD Glossary of statistical terms];

White certificates: certificates issued by independent certifying bodies confirming the energy savings 
claims of market actors as a consequence of energy efficiency improvement measures [ESD, 2006/32/EC]
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