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Summary 

Objectives of the analysis 

During the last years fundamental changes have occurred that conveys to energy 
efficiency improvements and energy conservation an even larger importance than it 
already had in view of mitigating climate change: The oil price and other fossil fu-
els have reached during some period levels of up to 147 US$ per barrel before 
dropping again to less than half that level in expectation of a possible economic 
recession period. The extreme price volatility shows that there is shortage of energy 
supply and as soon as the world economy turns well, the shortness of fossil fuel 
carriers translates to higher energy prices. At the same time prices for input fuels to 
electricity generation have also risen considerably, driving electricity prices up for 
the consumer. In addition, the European Emission Trading Scheme (EU ETS) has 
induced a further increase in the electricity prices and will continue to do so in the 
post-Kyoto period after 2012. Lastly, on the policy side with the Directive 
2006/32/EC on Energy End-use Efficiency and Energy Services (ESD) an important 
policy instrument was introduced for energy efficiency and needs to be filled with 
life despite some complexity in the determination of energy savings as compared to 
autonomous changes. 

In this context a comprehensive analysis of the technical and the economic poten-
tials appeared as necessary as without the realisation of these potentials the targets 
of the Energy Efficiency Directive cannot be reached. The main focus of this re-
port is to prepare the analytic basis for an in-depth discussion of economic en-
ergy efficiency potentials in the different energy-end uses. The current high en-
ergy prices and possibly powerful energy efficiency policies can strongly enhance 
the uptake of energy efficient technologies and procedures. In addition, they may 
also trigger important innovation effects such as scale en learning effects that occur 
when energy efficiency technologies are used in a broad manner and that will drive 
the cost differential of more efficient technologies compared to less efficient tech-
nologies down. 

This study therefore aimed: 

 To estimate in a harmonised manner (technical and economic) energy sav-
ings potentials for each EU27 Member State, as well as for Croatia and for 
other countries of the European Economic Area EEA (Norway, Iceland and 
Liechtenstein).  

 To develop a tool to assess national NEEAPs and to ascertain if they suffi-
ciently take into account the existing energy savings potential within a coun-
try, and to identify the sectors where the national savings targets established 
under the ESD Directive can be met most cost effectively. 

In order to achieve these two objectives the following main steps described in the 
following section have been carried out: 
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 to establish a common methodology for calculating energy savings poten-
tials and its data requirements and to develop a harmonised and interacting 
energy savings potential calculation model based on the MURE simulation 
tool. 

 to identify and present the energy savings potentials in a user-friendly way. 
For this purpose a database1 was developed on the Internet capable of gener-
ating and presenting present and future energy savings potentials for each of 
the countries involved in this study as well as for suitable groupings such as 
the EU27, EU25, the EU15 and EU-12 (new Member States including Bul-
garia and Romania) and the EEA countries as groups. 

Methodology of the analysis 

The general structure of the methodology used in the study to derive energy effi-
ciency contains the following elements: 

 The project and the central part of the evaluation of energy efficiency and 
energy savings potentials at the demand side is based on the bottom-up 
MURE simulation tool. MURE (Mesures d'Utilisation Rationnelle de l'É-
nergie, www.mure2.com) has a rich technological structure for each of the 
four demand sectors (residential, transport, industry and services) in order to 
describe the impact of energy efficient technologies. The structure described 
in a technological manner in MURE comprises modules for: 

o Residential Sector Buildings 

o Residential Electric Appliances  

o Transport Sector 

o Industrial Sector: Processes 

o Industrial Sector: Electric Cross-cutting Technologies (pumps, venti-
lators, compressed air…) 

o Industrial Sector: Electric Cross-cutting Technologies (pumps, venti-
lators, compressed air…) 

o Service Sector Buildings 

o Service Sector Electric Appliances 

o IT Appliances (all sectors)  

o Demand-side CHP (all sectors) 

                                                 
1
  The database on Energy Saving Potentials (ESP Database) is currently available under re-

stricted access at http://www.eepotential.eu/. After a broader review of the contents the EU 
Commission may decide on a public access to the database. 
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 We also determined the potentials for decentral renewables such as solar 
thermal collectors and decentral PV. We used for this purpose the Green-X 
model run by TU Vienna in cooperation with Fraunhofer ISI. It must be 
emphasised, however, that the main focus of the work has been on the final 
demand sectors, given that they are the focus of the EU Directive for Energy 
Efficiency and Energy Services. Biofuels used for the transport sector where 
not taken into account although they may potentially reduce green-house gas 
emissions. 

 We developed a flexible and user-friendly database which (i) gathers the 
data inputs (scenario data and technology data) for communication with the 
MURE simulation model and (ii) allows for a suitable presentation and 
structuring of the main model inputs and results concerning the analysis 
of energy saving potentials for external communication purposes. This da-
tabase was developed newly based on the current input/output structures of 
the MURE demand simulation model. 

 We developed further an interface that allows feeding data to the two input 
databases and the output database. Again it is important to distinguish 
whether the data fed to the database are for communication with the models 
and the potential analysis or for external communication purposes. For the 
latter, data were prepared in a more aggregate manner allowing to present 
results in a user-friendly way. Concerning the technology database behind 
the potentials this relies mainly on updated information in the MURE simu-
lation tool, on further national sources and on the Odyssee database, sup-
ported by additional information from auxiliary sectoral models such as the 
residential model run by the Wuppertal Institute or an industrial model run 
by Fraunhofer ISI. Concerning the scenario inputs we made use of the offi-
cial projections and statistical data available at both the EU and the national 
levels although adaptations needed to be considered. However, we limited 
these adaptations to data not available in the PRIMES model used for the of-
ficial EU projections in order to remain compatible, despite the fact that one 
or the other figure in the official projections could give rise to substantial 
debate (such as for example the future development of transport mobility 
which, in our view, appears largely overestimated. The Odyssee database 
was used as an essential tool to calibrate future scenario data as well as so-
cial drivers such as increased comfort factors, general rebound effects etc. 

 

Classification of energy efficiency potentials and development of scenarios 

The following Table shows a possible classification of the potentials to be calcu-
lated and the scenario approach derived from this classification. This classification 
distinguishes in a matrix approach the dependence of the potentials on drivers and 
policies to enhance technology diffusion on one hand (vertical classification in the 
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matrix) and technological/economic restrictions on the energy savings potentials on 
the other hand (horizontal classification in the matrix).  

Selection of energy saving potentials 

  Restrictions on the energy saving potentials 

  Best available 
technologies and 

practices * 

Cost-effectiveness 
for the whole coun-

try 

Cost-effectiveness 
for the consumer 
with usual market 

conditions 

  1 2 3 

static (X) X X 

Dynamic 

(autonomous) 
(autonomous + 
recent policies) 

 

- 

- 

 

- 

- 

 

X 

X 

Dependence 
on drivers, 
technology 
innovation 
and policies 
to enhance 
technology 
diffusion Dynamic (additi-

tional): (1) high 
barriers / high 
transaction costs 
(energy price or 
policy induced) 

X X X 

 Dynamic (additi-
tional): (2) low 
barriers / low 
transaction costs 
(energy price or 
policy induced) 

X X X 

 

 

 

 

The technological/economic restrictions on the energy savings potentials can be 
distinguished as follows: 

 No restrictions, maximum technical potentials: what can be achieved with 
the best available technologies available whatever the costs and prices. 

 Cost-effectiveness for the whole country: what can be achieved with the best 
available technologies available, which are economic on a country-wide ba-
sis (typically a discount rate of 4 % could be used for energy saving invest-
ments for this case). Also barriers would be largely removed in such a con-
text. 

Economic potential -  
Low Policy Intensity (2) 

(LPI) 

Economic Potential -   
High Policy Intensity (3) 

(HPI) 

Baseline (1) - 
Autonomous 

Progress + Older 
policies (APS) 

Technical Po-
tential (4)  

(TP) 

Autonomous 
Progress + 

Recent Poli-
cies (APS+RP)



5 

 

 Cost-effectiveness for the consumer with usual market conditions: what can 
be achieved with the best available technologies, which are economic for the 
consumer with the usual market conditions today and reflecting consumer 
preferences and barriers (typically a discount rate of 8-15 % or higher could 
be used for energy saving investments for this case). 

In the vertical classification in the above matrix needs word "dynamic" has three 
dimensions: 

 whether or not the energy saving potentials depend on the future develop-
ment of drivers such as the economic or social development (e.g. the stock 
of existing buildings, appliances, equipment of a type may be increasing or 
decreasing over time etc.) 

 whether or not the energy saving potentials takes into account that technol-
ogy diffusion is a process in time which might occur autonomously during 
normal reinvestment cycles or could be influenced by market energy prices 
or energy efficiency policies 

 whether or not technological innovation (learning by searching) and scale 
effects (learning by doing) is taken into account that leads to a decrease in 
the cost of energy saving technology over time. 

 The dynamic dimensions of the potentials lead to the necessity to define 
scenarios to realise the potentials.  

In order to reduce complexity in the definition of the potentials it was necessary to 
reduce the number of potential definitions to present a clear picture of the poten-
tials.  

 The Static Potential all in all does not appear as very meaningful, even con-
sidering the economics of the energy saving measures.  

 Considering the Dynamic Autonomous Potential for energy savings ap-
pears as necessary, especially in the light of the Directive for Energy Effi-
ciency and Energy Services, which tends to make a distinction between 
autonomous savings and policy-induced savings, although this distinction 
may lead to some subjective choices. The dynamic autonomous potential 
may also be titled in a short-hand way as the Baseline. As already men-
tioned previously the baseline excludes very recent policies where the suc-
cess is not yet given for granted. In order to show the impacts of these poli-
cies, a variant was defined which adds the supposed impacts of the policies 
to the Autonomous Potential. 

 In the third line of dynamic parameters in the Table the most adequate 
choice is a potential which is characterised by a low policy intensity, i.e. by 
considering an additional technology diffusion of BAT beyond autono-
mous diffusion only to a realistic level driven by increases in market en-
ergy prices and comparatively low level energy efficiency policy meas-
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ures as in the past in many EU countries. In this case it is rather likely that 
consumer decisions will be motivated by cost-effectiveness criteria based on 
usual market conditions. Barriers to energy efficiency will persist. 

 From the last line there are two types of potentials which are important in the 
selection: They describe the additional technology diffusion of best energy 
saving technologies (BAT) to the maximum possible, either technically or 
economically. In the case of maximum economic potentials the most suitable 
choice of the economic criteria is to consider cost effectiveness from a coun-
try perspective, given the fact that one can assume in such a case a high pol-
icy intensity which reduces transaction costs for the consumer by suitable 
measures. Barriers to energy efficiency are mostly removed. 

For the calculation of these potentials the following three steps were carried out for 
each energy use: 

 Step 1: Set up saving options. For this step it was necessary to define first 
possible saving options and then describe their technical performance as 
well as their possible penetration in the future 

 Step 2: Describe cost development. For each of the technology options iden-
tified in the previous step it is necessary to describe the investment costs and 
maintenance costs of each option. These cost categories are described in gen-
eral as differential costs compared to a standard technology or standard devel-
opment, unless there is an acceleration of the investment cycle beyond the 
usual values. In such cases the full costs, or a larger cost may be applied to the 
options scaled to the acceleration of the penetration of the energy efficient 
technologies. In addition it is also necessary to consider that the differential 
costs will evolve dynamically over time. Over the past decade an important 
body of empirical evidence has been gathered on energy efficient demand 
technologies which shows this important effect. 

 Step 3: Set up the scenario mix. The different options defined in Step 1 
may generally be realised altogether in a certain mix up to a given time hori-
zon. It is therefore necessary to describe different scenarios of how they 
mix, depending on the potential considered. 

Drivers for the reference scenario 

In order to ensure compatibility with official DG TrEn projections, it was decided to 
rely for this exercise on the choices of drivers of the baseline scenario calculated with 
the PRIMES model. From these projections drivers such as the number buildings, 
energy prices, the development of value added of industry etc was chosen in order to 
be consistent with these projections. However, the future development of unit con-
sumptions, intensities etc. was allowed to evolve according to the knowledge imple-
mented in the MURE model because otherwise it would have been difficult to main-
tain consistency in the figures. Hence it cannot be expected that the overall energy 
consumption evolves totally in the same way as in the PRIMES projections. 
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The version of the PRIMES projections used was European energy and transport: 
Trends to 2030 – Update 2007 2. The new baseline takes into account policy devel-
opments up to the end of 2006 and is based on higher energy import prices com-
pared to the 2005 edition of the baseline.  

Prices for EU imports of fossil fuels in $ / boe  in US$2005 

 2005 2010 2015 2020 2025 2030 

Oil 

Gas 

Coal 

54.5 

34.6 

14.8 

54.5 

41.5 

13.7 

57.9 

43.4 

14.3 

61.1 

46.0 

14.7 

62.3 

47.2 

14.8 

62.8 

47.6 

14.9 

Source: European Commission (2008) 

The 2007 Baseline scenario includes policies and measures implemented in the 
Member-States up to the end of 2006. Differences with the present work may arise 
from the fact that the PRIMES baseline includes impacts from the building direc-
tive, while our baseline excludes the impacts from the Directive only the Autono-
mous Progress Scenario + Recent Policies does include this. On the other hand, in 
difference to previous PRIMES projections no success was assumed any more for 
the CO2 agreement for cars, although some further progress was assumed. 

Assumptions on discount rates used in this study are reported in the following table 
together with PRIMES discount rates. All these rates are in real terms, i.e. after de-
ducting inflation.  

Discount rates used in PRIMES and the present study 

  Present study 

 PRIMES LPI HPI 

industry 12% 30% 8% 

services and agriculture 12% 8% 6% 

Households 17.5% 8% 4% 

Private passenger transport 17.5% 8% 4% 

trucks and inland navigation 12% 8% 6% 

Public transport energy investment 8% 8% 4% 

Source: EU Commission (2008) for the PRIMES column 

                                                 
2
  European Commission (2008): European energy and transport: Trends to 2030 – Update 2007. 

Luxembourg: Office for Official Publications of the European Communities, 2008. 
http://ec.europa.eu/dgs/energy_transport/figures/trends_2030_update_2007/index_en.htm 
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Results 

Scenarios 

 4 scenarios were considered: Autonomous Progress Scenario APS (which 
comprises autonomous progress and earlier policies such as the labelling Di-
rectives for electric appliances but excluding the success of important recent 
EU policies which are not yet fully implemented such as the EU Perform-
ance Directive for Buildings and the CO2 standards for cars and light duty 
commercial vehicles). A variant of the Autonomous Progress Scenario 
which includes the success of these recent policies (APS+RP). Low Policy 
Intensity Scenario LPI (which implies continued high barriers to energy ef-
ficiency, a low policy effort to overcome the barriers and high discount rates 
for investments in energy efficiency). High Policy Intensity Scenario HPI 
(which implies removing barriers to energy efficiency, a high policy effort 
to overcome the barriers and low discount rates for investments, options are 
economic on a life cycle basis). Technical Scenario (includes also more ex-
pensive but still fairly realistic options; no exotic technologies). 

 Energy price assumptions are conservative, for crude oil as the leading en-
ergy around 61$2005 in 2020 (real prices), 63$2005 in 2030 (real prices). 
The 61$ in 2020 implies a price of 83$ in nominal terms in 2020 (assuming 
an inflation rate of 2 % annually), while the 63 $ in 2030 correspond to 
105 $ nominally in 2030. 

 Final energy consumption is still on the rise in the APS+RP scenario. It sta-
bilises in the LPI Scenario, while the HPI and the Technical Scenarios curb 
the final energy demand by 2020 as compared to the baseline (APS). 

Scenario development and comparison with the PRIMES baseline 
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Potentials 

 In 2020 the LPI potentials may reach 158 Mtoe for the EU27 (15 % com-
pared to APS); in 2030 244 Mtoe (22 % compared to APS) are achievable in 
economic terms. In 2020 the HPI potentials may reach 248 Mtoe for the 
EU27 (22 % compared to APS); in 2030 405 Mtoe (33 % compared to APS) 
are achievable in economic terms. In 2020 the Technical Potentials may 
reach 336 Mtoe for the EU27 (29 % compared to APS); in 2030 565 Mtoe 
(44 % compared to APS) are achievable. Potentials from the (still supposed) 
success of recent policies (EPBD, CO2 standards for cars and light duty 
commercial vehicles) reach 44 Mtoe in 2020 and 63 Mtoe in 2030. 

Energy efficiency potentials in the different scenarios (ktoe, compared to APS) 
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Sectoral contributions 

 At the short term (2010) transport, non-EU ETS sectors (in particular cross-
cutting technologies such as electric motor applications) and electric appli-
cations in the residential/tertiary sectors may have the largest potentials. At 
medium term (2020) the contribution from the building sector (residential 
and tertiary) to the potentials grows larger. The contribution of the buildings 
to the potentials is largest in the HPI and Technical Potential scenarios and 
for the longer term up to 2030. This would imply an early mobilisation of 
these potentials through measures due to the longer lead times.  

Sectoral contributions to the potentials over time in relative terms 
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Comparison with ESD Targets in 2016 

 For the comparison with the 9 % target of the ESD, the target was calculated 
as average for the period 2001-2005 from Odyssee data, excluding EU ETS 
industries. It should be noted that the ESD target is calculated on a historic 
5-years period while the potentials calculated here are calculated with re-
spect to the Autonomous Progress Scenario. 

 Potentials for this comparison are also without EU ETS industries. Poten-
tials in non EU ETS sectors are considerably larger than for the EU ETS 
sector, especially for electricity 

 If all proposed measures in the National Energy Efficiency Action Plans 
(NEEAPs) will be new measures than they represents an effort broadly in 
the range of the LPI scenario. 

 Early action measures undertaken 1995 to 2007 are admitted under the ESD. 
They are not included in the potentials as calculated here. In fact, they are 
part of our baseline. If Early Actions represent 30 % which is rather realistic 
when looking at the NEEAPs then the new effort represents less than the 
LPI potentials. Some countries have even 50 % Early Action. This implies 
that between the new action and the HPI potentials there is still some gap 
open for further action in future NEEAPs. If there is in addition autonomous 
progress included in the actions than the effort is even less. 

 

Comparison of the potentials (excluding EU ETS industries) with the targets of the 
Energy Service Directive in 2016 

0

50000

100000

150000

200000

250000

ESD target * of which Early
Action (30%,
derived from

NEEAPs as far as
quantified)

of which new
measures (70%)

LPI potentials
without EU ETS

industries

HPI potentials
without EU ETS

industries

Technical
potentials without
EU ETS industries

kt
oe

2016

*(calculated from the Odyssee Indicators by excluding EU ETS Industry on a sectoral basis and averaging 2001-2005)  
 



12 

 

Comparison with 20% target in 2020 

 The 20% target is a primary energy target hence includes also the conver-
sion sector and renewables. For this reason it can not be really compared 
here to the potentials calculated here, which are pure demand side potentials. 

 Nevertheless, the comparison of the potentials with the baseline in percent-
age points shows that even the HPI reaches 22% in 2020 that is the 20 % re-
duction target is rather demanding if it is to be reached by demand side 
measures only. Possibly additional measures on the primary energy side and 
renewable, or measures which are currently more expensive (and which are 
in the technical scenario) need to be taken on board. 

 

Comparison of the potentials (including EU ETS industries) with the 20% target for 
energy of the EU Commission 
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1 Background and Objectives of the Study 

1.1 Introduction 

During the last years fundamental changes have occurred that conveys to energy 
efficiency improvements and energy conservation an even larger importance than it 
already had in view of mitigating climate change:  

 The oil price has reached during some period levels of up to 147 US$ per 
barrel which a few years ago very few people believed possible. At the same 
time the prices for other energy carriers such as natural gas (but also for re-
newables such as wood pellets) have risen considerably. This development 
is due to various short and long-term factors and, although recent events 
such as the financial crises and the threat of an economic recession have 
driven the oil price down again to less than half that level (Figure 1-1), it is 
clear that the extended period of cheap energy during the late eighties and 
the nineties is definitely revolved. The extreme price volatility shows that 
there is shortage of energy supply and as soon as the world economy turns 
well, the shortness of fossil fuel carriers translates to higher energy prices. 

Figure 1-1: Crude oil spot price North Sea Brent 

 

Source: WTRG (October 2008), http://www.wtrg.com/daily/cbspot.gif 

 At the same time prices for input fuels to electricity generation have also 
risen considerably, including coal prices. In addition, the European Emis-
sion Trading Scheme (EU ETS) has induced an increase in the electricity 
prices due to the fact that energy suppliers tend to integrate the price of al-
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lowances into their electricity prices. Electricity prices for both industrial 
and household consumers have risen considerably since 2005 (Figure 1-2), 
making electricity saving more attractive. It can be expected that with the 
announced drop in the prices of input fuels, electricity prices are going to re-
cede once again but this may also not last for a long period and it can further 
be expected that with the continuation of the emission trading scheme after 
2012 the pressure on prices will be increased if combating climate change is 
considered seriously. 

Figure 1-2: Increase in electricity prices from 2005 to 2007 
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 On the policy side, the most important event was, however that the Directive 
2006/32/ec of the European Parliament and of the Council of 5 April 2006 
on Energy End-use Efficiency and Energy Services (ESD) was published on 
27 April 2006 (Official Journal EU L114, p64-85) and entered into force on 
17 May. This Directive creates an institutional frame for energy efficiency 
improvements in all sectors and for energy services at the European level. In 
the follow-up of the Directive the European Commission intends to bring 
forward a European action plan for energy efficiency. In this frame, the EU 
Member States are required to realise through national Energy Efficiency 
Action Plans (NEEAPs) the economic potentials for the improvement of en-
ergy efficiency. The first of these NEEAPs were submitted in 2007 and 
early 2008. First assessments of the Member State Action Plans have been 
done by the European Commission. 

The technical potentials for energy efficiency are enormous in all sectors: cars could 
reduce energy consumption by half without any change in comfort levels. Build-
ings, through the integration of renewables, could even become small "power 
houses" that produce net more energy than they consume. Much more important is, 
however, a realistic estimate at which costs these potentials can be realised beyond 
those potentials that are realised in an autonomous way anyhow. The current high 
energy prices can strongly enhance the uptake of energy efficient technologies and 
procedures. In addition, it is also important to describe the innovation effects of 
such technologies and of the policy programmes to promote them, as well as the 
scale effects that occur when energy efficiency technologies are used in a broad 
manner. For the Energy Efficiency Commitment and its predecessors in the UK for 
example it was observed that technologies such as condensing boilers, high-
efficiency lamps, A-class refrigerators etc. underwent a cost reduction by up to a 
factor of 2-3 (Lees, 2006, see Figure 1-3). 

Figure 1-3: Price development (real prices) of energy saving technologies 
during various energy efficiency programmes in the UK 
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1.2 Objectives of the study 

In this context a comprehensive analysis of the technical and the economic po-
tentials appeared as necessary as without the realisation of these potentials the 
targets of the Energy Efficiency Directive cannot be reached. The analyses of 
the energy savings potentials may help to support the implementation of the ESD. 
In particular the results of such an analysis will help to assess the energy efficiency 
improvement measures drawn up in the national NEEAPs considering the national 
technical and cost effective (economic) energy savings potential. The potentials 
may also be used to justify additional measures for energy efficiency on the Euro-
pean level and the priority for such measures. Nevertheless, the main focus of this 
report is to prepare the analytic basis for an in-depth discussion of economic 
energy efficiency potentials in the different energy-end uses. 

This study therefore aimed to achieve the following main objectives: 

 To estimate in a harmonised manner (technical and economic) energy sav-
ings potentials for each EU27 Member State (including Romania and Bul-
garia who entered the European Union in 2007), for the so far remaining 
candidate country Croatia, and for each European Economic Area EEA 
country (Norway, Iceland and Liechtenstein).  

 To provide the Commission with a tool to assess national NEEAPs and to 
ascertain if they sufficiently take into account the existing energy savings 
potential within a country, and to identify the sectors where the national sav-
ings targets established under the ESD Directive can be met most cost effec-
tively. 

In order to achieve these two objectives the following main steps described in the 
following section have been carried out: 

 to establish a common methodology for calculating energy savings poten-
tials and its data requirements  

 to identify and present the energy savings potentials in a user-friendly way 

The outcome of the study was therefore, next to a harmonised and interacting en-
ergy savings potential calculation model based on the MURE simulation tool, a 
database3 capable of generating and presenting present and future energy savings 
potentials for each of the countries involved in this study as well as for suitable 
groupings such as the EU27, EU25, the EU15 and EU-12 (new Member States in-
cluding Bulgaria and Romania) and the EEA countries as groups. 

                                                 
3
  The database on Energy Saving Potentials (ESP Database) is currently available under re-

stricted access at http://www.eepotential.eu/. After a broader review of the contents the EU 
Commission may decide on a public access to the datbase. 
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2 Overview of the Approach and the Report 

In the frame of the project the following steps were carried out: 

 Detailed specifications of the methodology chosen, definition of scenario 
philosophy and description of the general database structure. 

 Calibration of the scenarios and parameters/data to derive the technical and 
economical energy savings potentials in coherence with existing official 
Commission projections. 

 Calculation of the present and future technical and cost-effective energy sav-
ings potentials according to each scenario. 

 Gathering and preparation of data in view of its intended use to communi-
cate the analysis on energy saving potentials. 

 Development and programming of a database that allows displaying poten-
tials and related information (technology database, scenario database and 
output database).  

 Preparation of the present report on the analysis of potentials for the EU27 
and the EEA countries. 

This approach and its results are described more in detail in the following sections:  

 Chapter 3 gives an overview on the general methodology used in this project 
to evaluate the potentials by country. 

 Chapter 4 discusses the data used to develop the reference scenario for the 
study 

 Chapter 5 provides an overview on the main results 

 Chapters 6 to 10 present the approach, the data used and the detailed results 
for the different end-use sectors (residential sector, transport, industry, and 
tertiary sector). 

 Chapter 11 describes the ESP Database developed in the course of the pro-
ject. 
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3 General description of the methodology for the calcu-
lation of the potentials and scenario philosophy 

3.1 General structure of the methodology 

The general structure of the methodology used in the study to derive energy effi-
ciency potentials is described in Figure 3-1. It contains the following elements: 

 The project and the central part of the evaluation of energy efficiency and 
energy savings potentials at the demand side is based on the bottom-up 
MURE simulation tool. MURE (Mesures d'Utilisation Rationnelle de l'É-
nergie) has a rich technological structure for each of the four demand sectors 
(residential, transport, industry and services) in order to describe the impact 
of energy efficient technologies. Only a simulation model with sufficient 
technological details such as MURE is well adapted to the purpose. Macro- 
and General Equilibrium models do not have enough details in their sectoral 
representation for the required work. During the work performed we enrich 
the technological details of the model further to include more details on 
electric appliances and in particular on IT appliances and IT infrastructures 
such as servers, as well as on industrial cross-cutting technologies such as 
electric motors. The MURE simulation model and its link to the MURE da-
tabase on Energy Efficiency Measures, which is available on the Internet 
(www.mure2.com) are briefly described in the following Box 3-1. For more 
details see Annex 1. The structure described in a technological manner in 
MURE comprises modules for: 

o Residential Sector Buildings 

o Residential Electric Appliances  

o Transport Sector 

o Industrial Sector: Processes 

o Industrial Sector: Electric Cross-cutting Technologies (pumps, venti-
lators, compressed air…) 

o Industrial Sector: Electric Cross-cutting Technologies (pumps, venti-
lators, compressed air…) 

o Service Sector Buildings 

o Service Sector Electric Appliances 

o IT Appliances (all sectors)  

o Demand-side CHP (all sectors) 

 We also determined the potentials for decentral renewables such as solar 
thermal collectors and decentral PV. We used for this purpose the Green-X 
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model run by TU Vienna in cooperation with Fraunhofer ISI. This model 
was used extensively to determine renewables potentials in the past. This 
model is briefly described in the following Box 3-2. For more details see 
Annex 2. It must be emphasised, however, that the main focus of the work 
has been on the final demand sectors, given that they are the focus of the EU 
Directive for Energy Efficiency and Energy Services. Biofuels used for the 
transport sector where not taken into account although they may potentially 
reduce green-house gas emissions. 

 We developed a flexible and user-friendly database which (i) gathers the 
data inputs (scenario data and technology data) for communication with the 
MURE simulation model and (ii) allows for a suitable presentation and 
structuring of the main model inputs and results concerning the analysis 
of energy saving potentials for external communication purposes. This da-
tabase is developed newly based on the current input/output structures of the 
MURE demand simulation model. 

 We developed further an interface that allows feeding data to the two input 
databases and the output database. Again it is important to distinguish 
whether the data fed to the database are for communication with the models 
and the potential analysis or for external communication purposes. For the 
latter, data were prepared in a more aggregate manner allowing to present 
results in a user-friendly way. Concerning the technology database behind 
the potentials this relies mainly on updated information in the MURE simu-
lation tool, on further national sources and on the Odyssee database, sup-
ported by additional information from auxiliary sectoral models such as the 
residential model run by the Wuppertal Institute or an industrial model run 
by Fraunhofer ISI. Concerning the scenario inputs we made use of the offi-
cial projections and statistical data available at both the EU and the national 
levels although adaptations needed to be considered. However, we limited 
these adaptations to data not available in the PRIMES model used for the of-
ficial EU projections in order to remain compatible, despite the fact that one 
or the other figure in the official projections could give rise to substantial 
debate (such as for example the future development of transport mobility 
which, in our view, appears largely overestimated. The Odyssee database 
was used as an essential tool to calibrate future scenario data as well as so-
cial drivers such as increased comfort factors, general rebound effects etc. 
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Box 3-1:  Main features of MURE (Mesures d'Utilisation Rationnelle de 
l'Énergie) 

The MURE tool used for the analysis of energy efficiency and energy saving potentials on 
the demand side in the EU27 and has three main components: 

 A qualitative database of energy efficiency measures set up for the EU Member States 
and the EU as a central entity to promote energy conservation in 4 end-use sectors: 
Households, Transport, Industry and Service Sector) and for cross-cutting measures. 
Measures may be legislative, normative, fiscal and financial, but also information cam-
paigns, energy audits, negotiated agreements etc.  

 A quantitative database of energy related statistics covering the EU Countries, diseg-
regated by end-use sector.  

 A simulation tool to carry out calculations of energy savings and emissions reduction 
potentials in each of the four final demand sectors and a supply module.  

The database of measures currently includes some 1200 items, consistently described and 
classified according to specific keywords, thus allowing carrying out queries based on such 
descriptors as, e.g. the nature of the measure, the targeted audience, the technologies in-
volved, etc. 

MURE has given substantial inputs to the development of the Directive on the Energy Per-
formance of Buildings (2002/91/EC). It has also been used in the establishment of the Ac-
tion Plan to improve Energy Efficiency in the European Community (COM (2000) 247). 

 

Box 3-2: Main features of Green-X 

The Green-X model provides back-up for the analysis of renewable energy (RES) poten-
tials. It covers EU27 as well as Croatia. It enables a comparative and quantitative analysis 
of the future deployment of RES in all energy sectors (i.e. electricity - grid-connected and 
non-grid, heat and transport) based on applied energy policy strategies in a dynamic con-
text. In this context, the impact of conventional generation within each sector is described 
by exogenous forecasts of reference energy prices on country level. Within the model 
Green-X, the most important RES-E, RES-H technologies and RES-T options are described 
for each investigated country by means of dynamic cost-resource curves. Dynamic cost 
curves are characterised by the fact that the costs as well as the potential for electricity gen-
eration / demand reduction can change each year. The magnitude of these changes is given 
endogenously in the model, i.e. the difference in the values compared to the previous year 
depends on the outcome of this year and the (policy) framework conditions set for the simu-
lation year. Green-X has given substantial inputs to the evaluation and further development 
of renewables promotion schemes in the frame of the projects FORRES 2020, OPTRES 
and was the bases of the EU Communication on renewables. 
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Figure 3-1: Scheme for the evaluation of energy efficiency potentials and for the communication of results  
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3.2 Classification of energy efficiency potentials 

It is first necessary to clarify language and to set up a definition of energy efficiency 
potentials. Table 3-1 shows a possible classification of the potentials to be calcu-
lated. This classification distinguishes in a matrix approach the dependence of the 
potentials on drivers and policies to enhance technology diffusion on one hand and 
technological/economic restrictions on the energy savings potentials on the other 
hand. Generally spoken, energy savings potentials will be smallest in the right part 
of the matrix and largest in the left part of the matrix (the dependence of the size of 
the potential on the vertical classification is more complex, depending on the way 
how different drivers might develop and impact on energy saving potentials). 

Table 3-1: Classifying energy saving potentials according to restrictions 
on the potentials and the dependence on drivers and policies 

  Restrictions on the energy saving potentials 

  Best available 
technologies and 

practices * 

Cost-effectiveness 
for the whole coun-

try 

Cost-effectiveness 
for the consumer 
with usual market 

conditions 

  1 2 3 

static (X) X X 

Dynamic 

(autonomous) 
(autonomous + 
recent policies) 

 

- 

- 

 

- 

- 

 

X 

X 

Dependence 
on drivers, 
technology 
innovation 
and policies 
to enhance 
technology 
diffusion Dynamic (additi-

tional): (1) high 
barriers / high 
transaction costs 
(energy price or 
policy induced) 

X X X 

 Dynamic (additi-
tional): (2) low 
barriers / low 
transaction costs 
(energy price or 
policy induced) 

X X X 

* Note: One could also work with less ambitious benchmarking technologies to derive potentials (for 
example the average efficiency of the current market). However, this would not show the full scope 
of the potential open to policies. Also it can be alternatively reflected in lower diffusion rates of the 
best available technologies. 
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The technological/economic restrictions on the energy savings potentials can be 
distinguished as follows: 

 No restrictions, maximum technical potentials: what can be achieved with 
the best available technologies available whatever the costs and prices. 

 Cost-effectiveness for the whole country: what can be achieved with the best 
available technologies available, which are economic on a country-wide ba-
sis (typically a discount rate of 4 % could be used for energy saving invest-
ments for this case). Also barriers would be largely removed in such a con-
text. 

 Cost-effectiveness for the consumer with usual market conditions: what can 
be achieved with the best available technologies, which are economic for the 
consumer with the usual market conditions today and reflecting consumer 
preferences and barriers (typically a discount rate of 8-15 % or higher could 
be used for energy saving investments for this case). 

The vertical classification in the above matrix needs first a note on what is under-
stood by "dynamic". In fact the word "dynamic" has three dimensions (Figure 
3-2): 

 whether or not the energy saving potentials depend on the future develop-
ment of drivers such as the economic or social development (e.g. the stock 
of existing buildings, appliances, equipment of a type may be increasing or 
decreasing over time etc.) 

 whether or not the energy saving potentials takes into account that technol-
ogy diffusion is a process in time which might occur autonomously during 
normal reinvestment cycles or could be influenced by market energy prices 
or energy efficiency policies 

 whether or not technological innovation (learning by searching) and scale 
effects (learning by doing) is taken into account that leads to a decrease in 
the cost of energy saving technology over time. 
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Figure 3-2: Explanation of the notion "dynamic" 
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buildings etc. would be in BAT. These investments would occur in an 
autonomous way; it can therefore be assumed that they are in any case cost-
effective for the consumer with usual market conditions, and relate to the 
baseline scenario. Columns 1 and 2 are therefore empty. It should be noted 
that this potential also includes in principle the impacts of policies previous 
to a recent cut-off year. This may, however, be problematic in cases where 
ambitious policies have been implemented recently, for example with the 
CO2 standards for cars or the Energy Performance Directive for Buildings. 
The (supposed) success of these policies would then be included in the ref-
erence development and given for granted. The remaining potentials may 
then appear as reduced. However, the success of these policies still needs a 
lot of efforts. It was therefore decided to introduce an additional scenario 
(autonomous progress + recent policies) which includes the impacts if the 
policies succeed. In this report, the potentials were, however, systematically 
calculated with respect to the Autonomous Progress Scenario without the 
still uncertain outcome of these policies. Only in cases where the policies 
had been implemented years ago and have already shown their success as in 
the case of labelling policies for electric appliances, their future impacts 
were included in the reference development (i. e. due to the labelling poli-
cies of the past there is still some future trend towards A+/A++ refrigerators 
etc.) 

 The third line, too, takes the three dynamic parameters into account but con-
siders additional technology diffusion of BAT only to a realistic level driven 
by increases in market energy prices and energy efficiency policy meas-
ures4. The question here is: During renovation cycles or in new installations 
each year between now and 20##, WHICH ADDITIONAL SHARE of in-
vestments in end-use technology, buildings etc, can be moved to BAT (and 
at which cost) compared to the autonomous development. And how much 
MORE energy would thus be saved by the year 20##? The drivers would be 
further EU and/or national policies and/or changes in energy market prices.  

 The fourth line takes also the three dynamic parameters into account and 
considers additional technology diffusion of BAT to the maximum possible. 
The maximum, here, is only limited either by technical limits (e.g., the 
availability of natural gas); or economic limits from either the whole country 
or the consumer perspective. The question here is: How much MORE en-
ergy could hypothetically be saved by the year 20## compared to the 
autonomous development, if ALL investments in end-use technology, build-
ings etc, were moved to BAT (and at which cost) during renovation cycles 
or in new installations each year between now and 20##? This is a maxi-

                                                 
4
  Note: including the impacts of energy prices in this line might be a subject of debate. However, 

it appears as useful to separate price-induced changes in the diffusion of technologies from 
autonomous change given the large variation observed in energy prices over time) 
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mum that in practice may not be fully reached unless most barriers are re-
moved by instruments; but it is good to know how large the “space” for pol-
icy could be at all.  

3.3 Operational definition of energy efficiency potentials 

Nevertheless, despite the already reduced complexity in the definition of the poten-
tials in the previous section it was necessary to reduce the number of potential defi-
nitions in order to present a clear picture of the potentials (see Table 3.2). This re-
duction in the number of potentials will be justified in this section. 

 The Static Potential all in all does not appear as very meaningful, even con-
sidering the economics of the energy saving measures. The technical static 
potentials anyhow lead to rather large figures as said above. Static potentials 
by definition do not consider drivers or technology learning and may there-
fore be rather far away from any realistic potential. It is also quite difficult 
to add such static potentials up. For these reasons, none of the static poten-
tials of the first row have been considered further. 

 Considering the Dynamic Autonomous Potential for energy savings ap-
pears as necessary, especially in the light of the Directive for Energy Effi-
ciency and Energy Services, which tends to make a distinction between 
autonomous savings and policy-induced savings, although this distinction 
may lead to some subjective choices. Methodologies used to find out about 
autonomous developments are in particular interviews with technology ex-
perts in the field or econometric analysis. For the dynamic autonomous po-
tential only the third column is relevant because the autonomous consumer 
choices are determined by individual investment criteria. The dynamic 
autonomous potential may also be titled in a short-hand way as the Baseline. 
As already mentioned previously the baseline excludes very recent policies 
where the success is not yet given for granted. In order to show the impacts 
of these policies, a variant was defined which adds the supposed impacts of 
the policies to the Autonomous Potential. 

 In the third line of dynamic parameters in  Table 3-2 the most adequate 
choice is a potential which is characterised by a low policy intensity, i.e. by 
considering an additional technology diffusion of BAT beyond autono-
mous diffusion only to a realistic level driven by increases in market en-
ergy prices and comparatively low level energy efficiency policy meas-
ures as in the past in many EU countries. In this case it is rather likely that 
consumer decisions will be motivated by cost-effectiveness criteria based on 
usual market conditions. Barriers to energy efficiency will persist. 

 From the last line there are two types of potentials which are important in 
the selection: They describe the additional technology diffusion of best 
energy saving technologies (BAT) to the maximum possible, either tech-
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nically or economically. In the case of maximum economic potentials the 
most suitable choice of the economic criteria is to consider cost effective-
ness from a country perspective, given the fact that one can assume in such a 
case a high policy intensity which reduces transaction costs for the con-
sumer by suitable measures. Barriers to energy efficiency are mostly re-
moved. 

 Table 3-2: Final selection of energy saving potentials  

  Restrictions on the energy saving potentials 

  Best available 
technologies and 

practices * 

Cost-effectiveness 
for the whole coun-

try 

Cost-effectiveness 
for the consumer 
with usual market 

conditions 

  1 2 3 

static (X) X X 

Dynamic 

(autonomous) 
(autonomous + 
recent policies) 

 

- 

- 

 

- 

- 

 

X 

X 

Dependence 
on drivers, 
technology 
innovation 
and policies 
to enhance 
technology 
diffusion Dynamic (additi-

tional): (1) high 
barriers / high 
transaction costs 
(energy price or 
policy induced) 

X X X 

 Dynamic (additi-
tional): (2) low 
barriers / low 
transaction costs 
(energy price or 
policy induced) 

X X X 

 

 

 

 

Economic potential -  
Low Policy Intensity (2) 

(LPI) 

Economic Potential -   
High Policy Intensity (3) 

(HPI) 

Baseline (1) - 
Autonomous 

Progress + Older 
policies (APS) 

Technical Po-
tential (4)  

(TP) 

Autonomous 
Progress + 

Recent Poli-
cies (APS+RP)
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3.4 Three steps for the calculation of potentials 

In the previous section, the following choice of four types of potentials was moti-
vated: 

 Potential 1: Baseline (autonomous development, high discount). Variant: 
autonomous potential + impact of recent policies 

 Potential 2: Economic potential - low policy intensity (low additional pene-
tration / high discount) 

 Potential 3: Economic potential - high policy intensity (high additional pene-
tration / low discount) 

 Potential 4: Technical potential 

 

For the calculation of these potentials the following three steps were carried out for 
each energy use: 

 Step 1: Set up saving options. For this step it was necessary to define first 
possible saving options and then describe their technical performance as 
well as their possible penetration in the future, see the example of washing 
machines in Figure 3-3). There are different possibilities to define the future 
developments. For example in Figure 3-3 the possible target values may 
reach from the average on the market in 2004 (column "1"), to the perform-
ance of an A-class appliance (column "2), of a possible A+-class appliance 
(column "3"; officially such an A+-class does not exist for washing ma-
chines but only for refrigerators but unofficially such a class is used by the 
manufacturers because most washing machines are now A-class) or of the 
best appliance on the market (column "4"). The saving potential of each op-
tion may be measured against the base year value of the stock (frozen effi-
ciency) or may also evolve dynamically over time. In fact, the average evo-
lution of the market (column "1) may be the yard stick for the other technol-
ogy options. 

 Step 2: Describe cost development. For each of the technology options iden-
tified in the previous step it is necessary to describe the investment costs and 
maintenance costs of each option (example in Figure 3 4). These cost catego-
ries are described in general as differential costs compared to a standard tech-
nology or standard development, unless there is an acceleration of the invest-
ment cycle beyond the usual values. In such cases the full costs, or a larger 
cost may be applied to the options scaled to the acceleration of the penetration 
of the energy efficient technologies. In addition it is also necessary to consider 
that the differential costs will evolve dynamically over time. Over the past 
decade an important body of empirical evidence has been gathered on energy 
efficient demand technologies which shows this important effect (see the dif-
ferent examples presented in Figure 3-6 to Figure 3-12. This leads in general, 
at least for mass produced energy efficient products, to the development de-
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scribed in Figure 3-13, which indicates that after some time for example after 
10 years in the case of energy efficient A-class devices), the price differential 
will have been diminished considerably or even be reduced to zero. 

Figure 3-3: Step 1: Define individual saving options (Example "Electric 
appliances – washing machines") 

 

 

 

 

 

 

 

 

 

 

 

Figure 3-4: Step 2: Define the costs of the saving options (Example "Elec-
tric appliances – washing machines") 
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 Step 3: Set up the scenario mix. The different options defined in Step 1 
may generally be realised altogether in a certain mix up to a given time hori-
zon. It is therefore necessary to describe different scenarios of how they 
mix, depending on the potential considered, as described in the previous sec-
tions, see the example in Figure 3-5, where packages are defined for existing 
buildings or for new buildings and then mixed together in a certain share of 
the market. 

Figure 3-5: Step 3: Set up the scenario mix (Example "Existing Single 
Family Houses") 
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Figure 3-6: Do energy efficient washing machines really cost more? 

 

 

 

 

 

 

 

 

 

 

 

Source: GfK (2005) 

 

Figure 3-7: Do energy efficient cooling appliances really cost more? 

 

 

 

 

 

 

 

 

 

 

 

 

Source: GfK (2005) 
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Figure 3-8: Changes in the average price for electric appliances are not 
really linked to the penetration of labelling classes… 

 

 

 

 

 

 

 

 

 

 

 

Source: GfK (2005) 

 

Figure 3-9: Efficiency and real price trends for cold appliances (varying 
time scales) 

 

Source: M. Ellis et al. (2007) 
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Figure 3-10: Efficiency and real price trends for clothes washers, clothes 
dryers and air conditioners (varying time scales) 

 

Source: M. Ellis et al. (2007) 

 

Figure 3-11: Do energy efficient windows really cost more? 

 

 

 

 

 

 

 

 

 

 

Source: M. Jakob (2004) 
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Figure 3-12: Experience curves for facades 

 

 

 

 

 

 

 

 

 

 

 

Progress ratio: cost decrease in case of doubling of cumulative output 

 

Source: M. Jakob (2004) 

 

Figure 3-13: Price impact of market growth for energy efficient technology 

 

Source: M. Ellis et al. (2007) 
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4 Data for the reference scenario 

As stated in the previous chapter the calculation of dynamic energy efficiency po-
tentials depends in three different ways on scenario settings: (1) on exogenous driv-
ers such as the number of appliances (if the number of appliances has doubled, the 
saving potential is in principle also twice as large); (2) on technological innovation 
which in turn influences the evolvement of the different saving options and their 
mix chosen in a given potential scenario; (3) on the impact of policies. 

For the first issue, there are also in general a variety of scenarios possible. However, 
in order to reduce complexity, it was decided to rely for this exercise on the choice 
of the baseline scenario calculated with the PRIMES model in the DG TrEn projec-
tions. From these projections drivers such as the number buildings, energy prices, 
the development of value added of industry etc was chosen in order to be consistent 
with these projections. However, the future development of unit consumptions, in-
tensities etc. was allowed to evolve according to the knowledge implemented in the 
MURE model because otherwise it would have been difficult to maintain consis-
tency in the figures. Hence it cannot be expected that the overall energy consump-
tion evolves totally in the same way as in the PRIMES projections. 

The version of the PRIMES projections used was European energy and transport: 
Trends to 2030 – Update 2007 5. The new baseline takes into account policy devel-
opments up to the end of 2006 and is based on higher energy import prices com-
pared to the 2005 edition of the baseline (Table 4.1).  

Table 4-1: Prices for EU imports of fossil fuels in $ / boe  in US$2005 

 2005 2010 2015 2020 2025 2030 

Oil 

Gas 

Coal 

54.5 

34.6 

14.8 

54.5 

41.5 

13.7 

57.9 

43.4 

14.3 

61.1 

46.0 

14.7 

62.3 

47.2 

14.8 

62.8 

47.6 

14.9 

Source: European Commission (2008) 

These are border prices. For tax rates applying to the border prices, the modellers 
have taken the existing tax rates in 2006 in real terms unless there was better 
knowledge on future increases of rates to adapt to EU minimum rates at the end of 
the respective transition periods - mostly for the New EU Member Countries6.  

                                                 
5
  European Commission (2008): European energy and transport: Trends to 2030 – Update 2007. 

Luxembourg: Office for Official Publications of the European Communities, 2008. 
http://ec.europa.eu/dgs/energy_transport/figures/trends_2030_update_2007/index_en.htm 

6
  Tax rates can be found through the following link: http://ec.europa.eu/taxation_customs/   

taxation/excise_duties/energy_products/rates/index_en.htm 
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The CO2 prices in the ETS sectors increase from 20 €(2005)/t CO2 in 2010 to 22 €/t 
CO2 in 2020 and 24 €/t CO2 in 2030 reflecting current levels and preserving the 
baseline approach of assuming a continuation of current policies – but taking into 
account that CDM/JI credits may become more expensive over time. 

The 2007 Baseline scenario includes policies and measures implemented in the 
Member-States up to the end of 2006. Differences with the present work may arise 
from the fact that the PRIMES baseline includes impacts from the building direc-
tive, while our baseline excludes the impacts from the Directive only the Autono-
mous Progress Scenario + Recent Policies does include this. On the other hand, in 
difference to previous PRIMES projections no success was assumed any more for 
the CO2 agreement for cars, although some further progress was assumed. 

Assumptions on discount rates in the PRIMES model are as follows: In industry, 
services and agriculture the discount rate amounts to 12% for the whole projection 
period. Households have an even higher discount rate of 17.5%. For transport, the 
discount rate depends on the type of operator. Private passenger transport invest-
ments (e.g. for cars) are based on a discount rate of 17.5%, while for trucks and 
inland navigation the rate is 12%. Public transport energy investment is simulated 
with an assumed discount rate of 8% reflecting the acceptance of longer pay-back 
periods than those required in industry or private households. All these rates are in 
real terms, i.e. after deducting inflation. For comparison, the discount rates used in 
this study are reported in Table 4-1. 

Table 4-2: Discount rates used in PRIMES and the present study 

  Present study 

 PRIMES LPI HPI 

industry 12% 30% 8% 

services and agriculture 12% 8% 6% 

Households 17.5% 8% 4% 

Private passenger transport 17.5% 8% 4% 

trucks and inland navigation 12% 8% 6% 

Public transport energy investment 8% 8% 4% 

Source: EU Commission (2008) for the PRIMES column 

Some important macroeconomic driver of the PRIMES scenario are shown in Table 
4-3. 
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Table 4-3: Macroeconomic and other drivers for EU27 energy demand in 
PRIMES, 1990-2030 

 

Source: EU Commission (2008) 
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5 Overview of the results for the EU27 

Scenarios (Figure 5-1) 

 4 scenarios have been considered:  
• Autonomous Progress Scenario APS (which comprises autonomous pro-

gress and earlier policies such as the labelling Directives for electric appli-
ances but excluding the success of important recent EU policies which are 
not yet fully implemented such as the EU Performance Directive for Build-
ings and the CO2 standards for cars and light duty commercial vehicles). 

• A variant of the Autonomous Progress Scenario which includes the suc-
cess of these recent policies (APS+RP) 

• Low Policy Intensity Scenario LPI (which implies continued high barriers 
to energy efficiency, a low policy effort to overcome the barriers and high 
discount rates for investments in energy efficiency) 

• High Policy Intensity Scenario HPI (which implies removing barriers to 
energy efficiency, a high policy effort to overcome the barriers and low dis-
count rates for investments in energy efficiency, options are economic on a 
life cycle basis). 

• Technical Scenario (includes also more expensive but still fairly realistic 
options; no exotic technologies). 

 Energy price assumptions are conservative (Table 4-1), for crude oil as the 
leading energy around 61$2005 in 2020 (real prices), 63$2005 in 2030 (real 
prices). The 61$ in 2020 implies a price of 83$ in nominal terms in 2020 
(assuming an inflation rate of 2 % annually), while the 63 $ in 2030 corre-
spond to 105 $ nominally in 2030. 

 Final energy consumption is still on the rise in the APS+RP scenario. It sta-
bilises in the LPI Scenario, while the HPI and the Technical Scenarios curb 
the final energy demand by 2020 as compared to the baseline (APS) which 
still is on the rise. 

 

Potentials (Figure 5-2 and Figure 5-3) 

 In 2020 the LPI potentials may reach 158 Mtoe for the EU27 (15 % com-
pared to APS); in 2030 244 Mtoe (22 % compared to APS) are achievable in 
economic terms. 
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 In 2020 the HPI potentials may reach 248 Mtoe for the EU27 (22 % com-
pared to APS); in 2030 405 Mtoe (33 % compared to APS) are achievable in 
economic terms. 

 In 2020 the Technical Potentials may reach 336 Mtoe for the EU27 (29 % 
compared to APS); in 2030 565 Mtoe (44 % compared to APS) are achiev-
able. 

 Potentials from the (still supposed) success of recent policies (EPBD, CO2 
standards for cars and light duty commercial vehicles) reach 44 Mtoe in 
2020 and 63 Mtoe in 2030. 

 

Sectoral contributions (Figure 5-2 and Figure 5-3) 

 At the shorter term (2010) transport, non-EU ETS sectors (in particular 
cross-cutting technologies such as electric motor applications) and electric 
applications in the residential and tertiary sectors may have the largest po-
tentials. 

 At medium term (2020) the contribution from the building sector (residential 
and tertiary) to the potentials grows larger.  

 The contribution of the buildings to the potentials is largest in the HPI and 
Technical Potential scenarios and for the longer term up to 2030. However, 
this also would imply an early mobilisation of these potentials through 
measures due to the longer lead times.  

 

Comparison with ESD Targets in 2016 (Figure 5-6) 

 For the comparison with the 9 % target of the ESD, the target was calculated 
as average for the period 2001-2005 from Odyssee data, excluding EU ETS 
industries. It should be noted that the ESD target is calculated on a historic 
5-years period while the potentials calculated here are calculated with re-
spect to the Autonomous Progress Scenario. 

 Potentials for this comparison are also without EU ETS industries. Poten-
tials in non EU ETS sectors are considerably larger than for the EU ETS 
sector, especially for electricity 

 If all proposed measures in the National Energy Efficiency Action Plans 
(NEEAPs) will be new measures than they represent an effort broadly in the 
range of the LPI scenario. 
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 Early action measures undertaken 1995 to 2007 are admitted under the ESD. 
They are not included in the potentials as calculated here. In fact, they are 
part of our baseline. If Early Actions represent 30 % which is rather realistic 
when looking at the NEEAPs then the new effort represents less than the 
LPI potentials. Some countries have even 50 % Early Action. This implies 
that between the new action and the HPI potentials there is still some gap 
open for further action in future NEEAPs. If there is in addition autonomous 
progress included in the actions than the effort is even less. 

 

Comparison with 20% target in 2020 (Figure 5-7) 

 The 20% target is a primary energy target hence includes also the conver-
sion sector and renewables. For this reason it can not be really compared 
here to the potentials calculated here, which are pure demand side potentials. 

 Nevertheless, the comparison of the potentials with the baseline in percent-
age points shows that even the HPI reaches 22% in 2020 that is the 20 % re-
duction target is rather demanding if it is to be reached by demand side 
measures only. Possibly additional measures on the primary energy side and 
renewable, or measures which are currently more expensive (and which are 
in the technical scenario) need to be taken on board. 

 

In the following sections the different settings for the three different steps for the 
potential calculations mentioned in Chapter 3.4 are described in detail sector by 
sector:  

 residential electric appliances and lighting (chapter 6),  

 IT appliances (chapter 6.2),  

 residential buildings (chapter 7),  

 technical and non-technical options in the transport sector (chapter 8),  

 cross-cutting technologies and process specific technologies in the industrial 
sector (chapter 9), 

 electric uses and buildings in the tertiary sector (chapter 10). 
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Figure 5-1: Scenario development for the four scenarios and comparison 
with the PRIMES baseline (EU Commission 2008) 
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Figure 5-2: Overview of energy efficiency potentials in the different scenar-
ios (ktoe, compared to APS) 

Potentials

0

100.000

200.000

300.000

400.000

500.000

600.000

2005 2010 2012 2015 2016 2020 2025 2030

kt
oe

Potentials from success of recent policies (EPBD, CO2 cars and
light duty commercial vehicles)
Additional LPI potentials

Additional HPI potentials

Additional Technical potentials

 



44 

 

Figure 5-3: Overview of energy efficiency potentials in the different scenar-
ios (% compared to APS) 
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Figure 5-4: Sectoral contributions to the potentials over time in relative 
terms 
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Figure 5-5: Sectoral potentials over time compared to the APS in percent 
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Figure 5-6: Comparison of the potentials (excluding EU ETS industries) 
with the targets of the Energy Service Directive in 2016 
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Figure 5-7: Comparison of the potentials (including EU ETS industries) 
with the 20% target for energy of the EU Commission 
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Sectoral Potentials for Energy Efficiency  
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6 Residential electric appliances (incl. IT appliances) 
and lighting 

6.1 Residential electric appliances 

6.1.1 Description of the sector/end-use 

The electric appliances taken into account in this study are the following: 

 Refrigerators (categories 1 to 7 of the cold appliances) 

 Freezers (categories 8 and 9 of the cold appliances) 

 Washing machines, mainly represented by the 5-kg-load machines 

 Dishwashers, mainly represented by the 9 and 12-place settings 

 Driers 

 TV sets 

 IT appliances (for more details see 6.2) 

6.1.2 Sector-specific / use-specific data sources and modelling issues 

6.1.2.1 The MURE stock model 

The stock and energy consumption data for the appliances mentioned above are 
provided by the MURE stock model (a component of the MURE household model 
which has been enhanced and further developed for the purpose of this project). 
Figure 6-1 shows the simplified layout for such a model. 

The main exogenous (input) and endogenous (output) variables are clearly shown. 
The exogenous variables are divided into three groups according to the origin of 
data sources. The meaning of the indices is explained in the exogenous variables 
section. The model provides different stock energy consumption figures in accor-
dance with the values assumed for each energy efficiency potential scenario for the 
two sets of variables listed within the Technology Driver (TD)7 database: Product 
split% and the Stand-by variables. The energy efficiency potentials are provided as 
the difference between the value of the stock energy consumption calculated for the 
Autonomous Progress Scenario and the values assumed by these variables in, re-

                                                 
7
  For the structure of the database see Chapter 11 
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spectively, the Low Policy Intensity (LPI) Scenario, the High Policy Intensity (HPI) 
Scenario and the Technical Scenario. 

Figure 6-1: Appliance stock model layout in MURE 
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6.1.2.2 Exogenous variables 

Indices 

The indices specify the data set on which the variables depend on. We have defined 
five classes of indices: a = type of appliance, p = technologies (products) or label-
ling categories, s = scenarios, c = countries and t = time. The meaning of the index 
categories is the following; it shows at the same time the structure of the stock 
model: 

 
Index a (Appliance) Index p (Technology/Label category) 

a1 = Refrigerators (categories 1 to 7 of the cold 
appliances) 

p1 = NewTech
8
 

p2 = A++ 
p3 = A+ 

p4 = A  
p5 = B 
p6 = C 
p7 = D 

p8 = E 
p9 = F 
p10= G 

a2 = Freezers (categories 8 and 9 of the cold 
appliances) 

   

a3 = Washing machines    
a4 = Dishwashers    
a5 = Driers    
a6 = Air conditioners    
a7 = TV sets p1 = CRT screens 

p2 = LCD screens 
p3 = Plasma screens 
p4 = OLED screens 
p5 = FED screens 

a8 = Set-top boxes  
a8 = PCs p1= desk top computers 

p2 = lap top computers 
a9 = Computer Screens p1 = CRT screens 

p2 = LCD screens 
p3 = OLED screens 
p4 = FED screens 

a10 = Modem/Routers  
a11 = Servers (tertiary sector and industrial 
sector only) 

 

 

                                                 
8
  In order to avoid confusion with non-existing labelling classes such as A+++, we preferred in 

this study the expression “NewTech” to characterise technologies that might still arise at the 
medium and long term. 
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Index s (Scenarios) Index c (countries) 

s1 = autonomous progress 
s2 = LPI scenario 
s3 = HPI scenario 
s4 = technical scenario 

c1 AT 
c2 BE 
c3 BG 
c4 CR 
c5 CY 
c6 CZ 
c7 DE 
c8 DK 
c9 EE 
c10 EL 
c11 ES 

c12 FI 
c13 FR 
c14 HU 
c15 IE 
c16 IS 
c17 IT 
c18 LI 
c19 LT 
c20 LU 
c21 LV 
c22 MT 

c23 NL 
c24 NO 
c25 PL 
c26 PT 
c27 RO 
c28 SE 
c29 SI 
c30 SK 
c31 UK 

Input Variables 

The exogenous variables, the related indices according to which the variable is dif-
ferentiated and the database where the data are stored, are the following: 

 

Exogenous variable Indices Database 
Appliance lifetime a BY 
Lifetime standard deviation (Generally, this variable will be 
that same for all the appliances taken into account) 

a BY 

Appliances use: This variable provides the annual number of 
washing (and drying) cycles for washing machines, dishwash-
ers and tumble driers. For all other appliances this variable is 
equal to 1. 

a,c,t SD 

Number of households c,t SD 
Appliance ownership rate a,c,t SD 
Percentage split of the products (or technologies a,c,t,p,s TD 
Specific energy consumption of the products p9 a,p BY 
Stand-by power and Stand by hours. Variables to calculate the 
energy consumption when the appliances are left on stand-by 

a,c,p,t,s TD 

Abbreviations: BY = Base Year, SD = Scenario Driver, TD = Technology Driver 

 

For example the variable Split% (a7, DE, 2010, p1, s1) provides the percentage of 
CRT TV screens in Germany for the year 2010 and for the autonomous progress 
scenario.  

                                                 
9
  For the appliances having the labelling system, this variable provides the energy consumption 

of the energy efficiency class “p” 
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6.1.2.3 Data sources 

The data sources for the variables are the following: 

Table 6-1: Data sources for the variables in the MURE stock model for 
appliances 

Source  
 
 
 
 

Input variables  

Wuppertal data-
bases. 
Cold and Washing 
Appliances 
Driers 

Air conditioning
10

 
TV sets 

ISIS (GfK data and 
CECED databases – 
Eco-design studies) 
Contribution to the 
Cold and Washing 
Appliances 
 

Fraunhofer Institute 
(Eco-design studies, 
other) 
IT appliances 

Lifetime X   
Lifetime standard 
deviation 

 X  

Ownership rate X X X 
Percentage product 
split 

X X X 

Product specific 
energy consump-
tion 

X X X 

Stand-by figures  X X 

 

The number of households as the main exogenous driver is provided by the 
PRIMES database. 

6.1.3 Step 1 – Definition of energy saving options 

For the larger appliances, the energy saving options are described in technical 
terms, in particular the labelling classes. The saving options for the IT appliances 
will be described separately in section 6.2. The main variable for the calculation of 
the achievable savings of the large appliances briefly described in paragraph 6.1.1 is 
the unitary average energy consumption of their annual sales. This variable (called 
“weighted specific energy consumption” in the stock model layout scheme de-
scribed in Figure 6-1) is a function of the appliances’ specific consumption per en-
ergy labelling category and the share of these categories in the annual sales. The 
first variable is kept constant in the different scenarios while the second one varies 

                                                 
10

  The database for the air conditioners is still weak and needs to be further improved if additional 
data becomes available. 
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in accordance with the different scenario hypotheses. This means that the energy 
saving options of this category of products are determined by the appliance sales 
dynamic, that is, the entrance in the market of the more efficient products and the 
phase out of the less efficient ones.  

It is worth adding that in this study we refer to the standard specific energy con-
sumption of the energy labelling categories, that is: 

 to the specific energy consumption calculated on the basis of the data pro-
vided by the manufacturers databases (i.e. kWh per year, per unitary wash-
ing load or washing cycle, etc);  

 and to the average parameter values concerning the appliance use (e g. the 
number of yearly washing cycles) accepted at EU level. 

These last values may vary considerably in accordance with user habits and behav-
iour but, according to the assumption made here, are not generally the target (at 
least so far) of energy policies. In the future we might expect that, for instance, un-
der the pressure of informative campaigns, the washing machines will be mostly 
used at full load but it is very is difficult to foresee the possible impact of these type 
of policies, in particular because there are no reliable data on the current habits of 
use. In conclusion, in this study, the behavioural aspects concerning the appliance 
use have not been taken into consideration []. 

A final note concerns the cold appliances. The specific standard energy consump-
tion per energy labelling category of these appliances depends on the volume of the 
appliance itself (or – to be more precise - on the equivalent volume that takes into 
consideration the ratio of the different freezing and chilling compartments inside the 
appliance). The value we provide is calculated considering the weighted average of 
the equivalent volumes per energy labelling category (Source: CECED databases ) 
but this value is valid for a given year and might change over time. We are never-
theless convinced, and the data on the sales of the recent years support our convic-
tion, that in the near future, the net volume of the refrigerators is saturating and so 
the average specific consumption per energy labelling category is not expected to 
change anymore in an appreciable way. 

6.1.4 Step 2 – Technology costs 

For the main large appliances types (the cold and wash appliances), the technology 
costs are provided by the technological analysis carried out within the Lots 13 (cold 
appliances)11 and 14 (wash appliances)12 of the EuP-Ecodesign studies set13. This 
technological analysis has worked out two levels of investment costs: 

                                                 
11

  http://www.ecocolddomestic.org/ 
12

  http://www.ecowetdomestic.org/ 
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 The Least Life Cycle Cost (LLCC) corresponds to the minimum of the en-
ergy consumption/investment + running cost curve and represents a con-
sumer perspective; 

 The Best Available Technology (BAT) cost, corresponding to the invest-
ment costs of the appliance (an average product) in which the best available 
technologies set has been applied. This point corresponds to the maximum 
of the above mentioned curve. 

In our case, for the cold appliances, the LLCC point corresponds to an A+ appliance 
(Energy Efficiency Index EEI around 44) and the BAT to an A++ appliance (EEI 
around 30). 

For the dishwashers the LLCC point, having an EEI of around 0.62, correspond to a 
good A model, and the BAT, with an EEI around 0.52, to the upper limit of the A 
class models (as already outlined, we can rate these BAT models as A+ class, even 
if this category does not exist in the CECED databases). 

For washing machines the LLCC point, having an efficiency index of 0.168, repre-
sents appliances that are rated A+, while the energy efficiency value for the BAT is 
0.158, corresponding to the upper limit of the A+ class. 

In both cases for the wash appliances the BAT models represent the technological 
limits for these products and, with the current technology, no further improvements 
are in sight. 

Table 6-2 shows the investment costs of the LLCC and BAT case compared to the 
base case models. The base model costs correspond to the average purchase costs of 
the most representative models produced in 2005. These models correspond to the 
A class for the refrigerators (mainly category 1) and fridge-freezers (category 7), 
the A/B classes of the upright and chest freezers, the A class and 5/6 kg models for 
the washing machines and the A class and 12/14 settings models for the dishwash-
ers. 

Table 6-2: Investment costs (in Euro) for the large White Appliances  

 Base models LLCC models BAT models 
Refrigerators 456 543 807 
Freezers 328 428 646 
Dishwashers 576 586 796 
Washing Machines 443 470 590 

Source: EuP-Ecodesign studies, Lots 13 and 14 

                                                                                                                                         
13

  For a full overview of the issues studied under the EuP (Energy Using Product) Directive see:  
http://ec.europa.eu/energy/demand/legislation/doc/issues_to_be_studied.pdf 
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The above costs (estimated for the year 2006) can be further processed to evaluate 
the average future investment cost corresponding to the scenario hypotheses as de-
scribed below. A first hypothesis to evaluate the future cost investments is to estab-
lish that the cost decrease corresponding to a possible learning curve is at least 
equal to the inflation rate. This hypothesis is applicable in the case that the produc-
tivity increment of the manufacturing sector balances the increment of the cost of 
the money (and of the production factors). This balancing mechanism has been 
largely applied in past (actually the prices trend of the sector has been lower than 
the inflation rate) and it is likely to be applied in the future, especially in the pres-
ence of new and strong energy policies. 

To evaluate the HPI scenario hypothesis it is finally necessary to estimate the in-
vestment cost of the new technology for the cold appliances. This new technology 
mainly consists in the application of high-performance insulation systems, high-
efficiency heat exchangers with small air-to-refrigerant temperature differences and 
highly efficient compressors. It could lead to a final Energy Efficiency Index of 19-
20 with an investment cost estimable at around 1.000/1.200 euro or more. Actually 
this type of appliance does not exist in the market and the investment costs are a 
rough estimate provided by some manufacturer on the basis of the possible costs of 
these new technologies but are not based on a robust production cost evaluation. 

6.1.5 Step 3 – Definition of the four scenarios 

6.1.5.1 Definition of the Autonomous Progress Scenario 

The definition of the autonomous progress scenario for the large appliances is not 
an easy task. It is in fact worth remembering that the notable technological progress 
and the very high energy efficiency gains achieved by the appliance manufacturers 
during the last 15 years is entirely due to the strong policies enacted in the same 
period by the European Commission and the Members States. This does not mean 
that, without these policies, the sector would have not upgraded the energy effi-
ciency of its products, but there is no evidence to which extent this could have been 
achieved, that is, there is no evidence of what could have been the autonomous 
technological progress. Actually there were significant improvements of the energy 
efficiency during the eighties and the beginning of the nineties (see for example 
Table 6-3 that shows the unitary energy consumption for the cold appliances) but at 
that time the technical energy efficiency potentials were very high and the effi-
ciency improvements relatively easy to obtain. Now, each further efficiency im-
provement is more difficult to achieve for the appliance industry and must be justi-
fied by the market demand, although for some appliances such as cold appliances 
there is still scope for improvement.  
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Table 6-3: Unitary energy consumption of cold appliances 

Year 1950- 1980- 1985- 1990- 1995 1996 1997 1998 

Unitary Energy  
Consumption 
(kWh/year) 

839 586 526 482 425 437 432 411 

 

Year 1999 2000 2001 2002 2003 2004 2005 

Unitary Energy  
Consumption 
(kWh/year) 

382 363 334 328 317 308 292 

Source: CECED 

All this leads to the assumption that, without further policy measures (the last 
measure concerning the manufacturer voluntary agreement on the cold appliances 
ends in the year 2008), we could expect relatively little or even no additional energy 
efficiency increment for these appliances. What could probably happen is that: 

 due to the market transformation induced by the earlier labelling policies, 
the consumers will continue asking for the class A appliances Today the 
prices of these products set the average prices in the EU markets. 

 the manufacturers will hardly decrease the prices of the A+ or the A++ ap-
pliances and these last, especially the A++ ones, will remain a niche prod-
uct. 

These basic hypotheses are translated into the following scenario assumption (at EU 
level): These assumptions have been discussed with appliance experts: 

 For refrigerators A, A+ and A++ classes will cover the total market up to 
2010 but the A class will represent 70 % of the market, the A+ class 25 % 
and the A++ the residual 5 %. This situation will slowly change till the year 
2030 where one can envisage a penetration of a further 10 % for the A+ ap-
pliances and of somewhat more than 5 % for the A++ ones. 

 The starting situation for the freezers is different. Actually in 2005 there was 
still a strong presence of the B and C classes that together represented more 
than 50 % of the market, and a notable penetration of the A+ class (25 %). 
In 2005 the A class freezers represented one third of the market. It is pro-
posed that up to the year 2020 a gradual phase out of the class B, and a slow 
and steady penetration of the classes A+ and A++ will occur in the autono-
mous scenario. The different A-type classes will thus achieve 100 % of the 
market after the year 2020. 
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 For the washing machines and the dishwashers it is possible to envisage a 
market saturation of the A class up to the year 2010, without any other 
change of the market in the period after this year. 

Figure 6-2 to Figure 6-5 show the market transformation trends for these 4 appli-
ances in accordance with the above outlined hypothesis. 

Figure 6-2: Market transformation for refrigerators (autonomous pro-
gress) 
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Figure 6-3: Market transformation for freezers (autonomous progress) 
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Figure 6-4: Market transformation for washing machines (autonomous 
progress) 
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Figure 6-5: Market transformation for dishwashers (autonomous progress) 
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A similar trend has been also devised for the driers. The data regarding these appli-
ances are less reliable than those concerning the other large appliances. We relay on 
data drawn from the databases of the Wuppertal Institute and the first information 
coming from the Ecodesign study on driers (recently started). According to these 
inputs, the prevailing energy labelling category in the reference year is that corre-
sponding to C level (60 – 70 % market share) while the A class (heat pump technol-
ogy) is practically not existing. In this situation we foresee a slow but steady im-
provement of the starting situation in order to halve the C category share by the year 
2020 and correspondingly increase the B and A classes. 
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6.1.5.2 Definition of the LPI Scenario 

Within this scenario the introduction of new policies is envisaged and thus the mar-
ket will continue transforming with the same dynamics observed during the past 10 
years. For all appliances the main type is represented by the A+ category. For the 
cold appliances the A class behaves as residual while the A++ steadily acquires 
incremental market portions. At 2030 only the classes A++ and A+ will be sold in 
the market. 

For the wash appliances the A+ class practically represents the top of the achievable 
efficiency and the introduction of an A++ class is not envisaged in the LPI. This 
means that by 2030 the sales will be composed by class A+ only. It is worth adding 
here that the A+ class does not exist for dishwashers. In our case this class corre-
sponds to the upper band of the A class composed by the models using the BAT 
technologies (see also the next paragraph). 

Figure 6-6 to Figure 6-9 show the market transformation hypothesis for the four 
appliances in the case of the LPI scenario. 

Figure 6-6: Market transformation for refrigerators (LPI Scenario) 

0%

10%

20%

30%

40%

50%

60%

70%

80%

2005 2010 2015 2020 2025 2030

A++

A+
A

B
C

 



61 

 

Figure 6-7: Market transformation for freezers (LPI Scenario) 
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Figure 6-8: Market transformation for washing machines (LPI Scenario) 
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Figure 6-9: Market transformation for the dishwashers, LPI scenario 
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For the driers a strong penetration of the A and B categories is envisaged as well as 
the phase out of the C category by the year 2020. 

6.1.5.3 Definition of the HPI Scenario 

In the HPI scenario the introduction of strong support policies is envisaged which 
allow the penetration of new very highly efficient technologies (see footnote 8). 
Actually, as outlined in the section before, this is only possible for the cold appli-
ances because, with the introduction of the A+ class, there are practically no more 
margins for further improvements to the energy efficiency of the wash appliances 
(at least with the current technology). At medium to long term further efficiency 
improvements could be reached by integrating the wash appliances in the household 
heating system (but only for natural gas heating systems) and/or by connecting the 
appliances to solar panels. A completely new technology line such as dry cleaning 
might also reduce further the energy consumption. Another possible efficiency im-
provement might come from a change in the consumers’ washing behaviour by us-
ing, as far as possible at full load, high load charge (7-9 kg) but flexible washing 
machines. In this type of washing machines the detergent and washing water quan-
tity is proportional to the clothes load and the maximum efficiency is in any case 
reached at full load. This issue is promising but presents several cons and uncertain-
ties linked to the behaviour, and it is currently under discussion. So, for the mo-
ment, for this type of appliances the only possible scenario is the LPI one and the 
HPI Scenario will be not simulated. 

Figure 6-10 and Figure 6-11 show the transformation of refrigerator and freezer 
markets in the case of the HPI Scenario. 
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Figure 6-10: Market transformation for refrigerators (HPI Scenario) 
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New appliance: see footnote 8 

Figure 6-11: Market transformation for freezers (HPI Scenario) 
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New appliance: see footnote 8 

For the driers we envisage, starting from the year 2020, the introduction in the mar-
ket of a new technology, the phase out in the same year of the category C as in the 
LPI scenario and the phase out of the B category in the year 2025. 

6.1.5.4 Definition of the Technical Scenario 

For all the appliances considered in this study the Technical Scenario has been de-
signed to rapidly saturate the energy labelling mix with the BAT categories in order 
to let them arrive at 100 % around the year 2015/2020 for cold appliances and 
2010/2015 for wash appliances and driers. In this way it is possible to compare the 
energy efficiency trend achieved by the Autonomous Progress Scenario in these 
years with the maximum energy efficiency achievable today.  
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6.2 Residential information/communication (IT) appliances 

6.2.1 Description of the sector/end-use 

The IT appliances are part of the MURE stock model for electrical household appli-
ances (see Chapter 6.1). Therefore, both the data requirements and the definition of 
the scenarios are similar to the residential appliances. IT appliances in households 
comprise a wide range of appliances: audio-visual devices such as compact systems, 
TVs, set-top-boxes, DVD player or video game consoles, computers and peripherals 
(screens, printers, scanners etc.), telephones and the whole communications infra-
structure. In the MURE stock model, not all IT appliances are included, but only the 
most important ones with regard to energy consumption or appliances with an in-
creasing consumption trend. The following IT appliances have been examined in 
detail: 

 Televisions (highest share in consumption, big saving potential) 

 Set-top boxes (strongly increasing energy demand due to digital TV etc.) 

 Computers (increasing consumption trend in normal mode) 

 Screens (technological change, increasing screen size) 

 Routers/modems (increasing energy demand in households) 

6.2.2 Sector-specific / use-specific data sources and modelling issues 

The general structure of the MURE stock model for electric appliances is described 
in Chapter 6.1.2.1. For IT appliances, the following variables are required by the 
model: 

 Household growth rate 

 Appliance ownership rate 

 Appliance life time (for IT appliances: relatively short) 

 Sales shares by appliance technology (for TVs and screens) 

 Time of use, distinguishing between "active mode" and "standby mode" 

 Specific energy consumption by appliance type, distinguishing between "ac-
tive mode" and "standby mode" 

 

The main data sources for the collection of the input variables are shown in Table 
6-3. Whereas the assumptions on the number of households, the appliance owner-
ship rate and lifetime as well as the time of use remain the same in all scenarios, the 
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assumptions on the sales shares by technology and on specific consumption are 
technology drivers and therefore depending on the scenario. 

Table 6-4: Main data sources for the variables required by the MURE 
stock model for IT appliances 

Variable Main data sources 

Number of households PRIMES 

Appliance ownership rate ODYSSEE (TVs), Statistical Of-
fices/Eurostat, EuP case studies (Lot 3 

14
 

and Lot 5 
15

) 

Appliance lifetime  EuP case studies (Lot 3 and Lot 5)  

Time of use EuP case studies, Fraunhofer ISI 2005 

Sales by appliance technology GfK sales data from the Gfk retail panel 
(available for most of the MS) 

Specific energy consumption ODYSSEE (TVs), model assumptions 
based on measurements and studies (not 
country-specific): esp. EuP case studies; 
Roth et al. 2007; Fraunhofer ISI 2005 

 

The following basic assumptions on the scenario-independent input variables have 
been made: 

Appliance ownership rate: 

 For the base year 2004 country-specific ownership rates, mainly based on 
the Eurostat ICT statistics, have been collected.16 

 For TVs, the ownership rates should include secondary appliances. These 
data are, however, not available from the Eurostat statistics by country. 
Therefore, the assumptions were taken from the EuP Preparatory Study 
"Televisions" (Lot 5) without differentiation by country (2004: 1.4 TVs/hh). 

 Until 2030, it has been assumed that the ownership rates for ICTs will be the 
same within the EU, mainly based on the assumptions in the EuP studies 
"Televisions" (Lot 5) and "Computers" (Lot 3) and own estimates (see Fig-
ure 6-12). 

                                                 
14

  http://www.ecocomputer.org/ 
15

  http://www.ecotelevision.org/ 
16

  http://epp.eurostat.ec.europa.eu/portal/page?_pageid=2973,64549069,2973_64554066&_dad= 
portal&_schema=PORTAL  
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Figure 6-12: Assumed IT appliance ownership rates for the year 2030 (all 
countries) 
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Appliance lifetime: 

 The assumptions on the appliance life time have been taken from the EuP 
case studies (see Figure 6-13). 

Figure 6-13: Appliance lifetime of IT appliances 
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Time of use: 

 The assumptions on the time of use have been taken from the EuP case stud-
ies and from a study by Fraunhofer ISI (2005). 

 Since there are only a few data available at the level of individual countries, 
the assumptions are the same for all countries (see Figure 6-14). 

Figure 6-14: Assumptions on the time of use of IT appliances 
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6.2.3 Step 1 – Definition of energy saving options 

For IT appliances, the saving options in the active mode (normal operation) and in 
the standby mode have to be considered separately, since the saving technologies 
are different. Two different saving options have to be taken into account within 
normal operation. On one hand, energy savings can be achieved by a technology 
switch from less efficient to more efficient technologies (e.g. from the CRT to the 
LCD or FED technology in the case of TVs and screens or from desktop to note-
book technology in the case of computers). It is, however, a matter of debate, how 
much of this switch is triggered by energy efficiency considerations – probably not 
very much. On the other hand, technical improvements are also possible for single 
appliances or appliance technologies. In addition to that, savings can also occur 
through the penetration of appliances with lower stand-by consumption. 

This means that the following three types of energy saving options have been taken 
into account in the case of TVs and IT appliances. 
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(1) Technology switch from CRT technology to LCD/FED/OLED technology (in 
case of TVs and screens) and from desktop to notebook technology. 

(2) Improvement of single technologies in normal operation (e.g. technical im-
provement of LCD screens). 

(3) Technical and behavioural options to reduce stand-by consumption (TVs and 
all IT appliances). 

6.2.4 Step 2 – Technology costs 

The current heavily competitive market conditions in conjunction with an unpre-
dictable dynamic technology development make it difficult to estimate realistic cost 
for the saving options. But the considerable drop in product prices during the past 
years suggests that at least best available technology (BAT) saving options which 
are the main basis for the economic saving potential in this study should not result 
in appreciable additional costs. According to the EuP case studies, the costs of the 
BAT options are assumed to be neutral, even if the competitive market situation is 
not taken into account. This assumption is taken over for this study, too. For the 
technical potential, which also considers BNAT (best not available technology) 
saving options, technology costs cannot be considered due to the high degree of 
uncertainty. 

6.2.5 Step 3 – Definition of the four scenarios 

For IT appliances, the four scenarios are defined as follows:  

(1) Autonomous Progress Scenario (APS): an autonomous scenario which is 
realised by the baseline. 

(2) Low Policy Intensity Scenario (LPI-S): an economic scenario with a high 
discount rate reflecting a low policy intensity and high barriers; in this sce-
nario, the additional technology diffusion of best available technologies 
(BAT) beyond autonomous diffusion is restricted to a moderate level. 

(3) High Policy Intensity Scenario (HPI-S): an economic scenario with a low 
discount rate reflecting a high policy intensity (HPI) and low barriers; in the 
case of IT appliances, however, scenario 3 is identical with scenario 2, since 
for IT appliances no additional technology costs are assumed for BAT saving 
options (see Chapter 6.2.4). 

(4) Technical Scenario (TS): a technical scenario, in which BAT saving options 
are realised to a large scale and also some BNAT saving options get into the 
market. 

For IT appliances, these scenarios are on the one hand defined by different sales 
shares of appliance technologies (for TVs and screens), with the highest shares of 
the most efficient technologies (FED, OLED) in the Technical Scenario (s4). Addi-
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tionally, the scenarios are defined by a different level of specific energy consump-
tion for each appliance/appliance technology, with the lowest specific consumption 
in the technical scenario. A distinction is also made between active mode and 
standby mode. The following scenario assumptions for these technology drivers 
have been made: 

Sales shares by appliance technology (TVs, monitors): 

 For TVs, country-specific sales data by TV technology have been available 
for the base year 2004 and for 2006 from GfK (2007) for most of the coun-
tries, distinguishing between the following technologies: CRT, LCD, Plasma 
and Rear-Pro (see Figure 6-15). 

Figure 6-15: Shares of TV sales by technology and country in the year 2006 
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Source: GfK 2007 

 From 2020, the same structure of TV technologies has been assumed for all 
EU-countries with a phase-out of the CRT technology until 2020. 

 In the autonomous and economic scenarios, LCD TVs are the dominating 
technology (65 %), with moderate shares of Plasma TVs (25 %) and Rear 
Pro TVs (10 %). In the technical scenario, a slow penetration of a "new 
technology" (FED, OLED) is assumed (see Figure 6-16). 

 For monitors, country-specific sales data by technology (CRT, LCD) have 
not been available for the base year. Therefore, the same structure has been 
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estimated for all EU-countries, based on the EuP study on computers (for 
2004: CRT 25 %, LCD 75 %). 

 In the Autonomous Progress Scenario, the monitor market is dominated by 
the LCD technology, whereas in the economic scenario and even more in 
the technical scenario a "new technology" (FED, OLED) gets into the mar-
ket, too (see Figure 6-17). 

Figure 6-16: Assumed shares of TV sales by technology in 2030, all countries 
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Figure 6-17: Assumed shares of monitor sales by technology, all countries 
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Specific energy consumption by appliance and technology, active mode: 

 The assumptions on the specific energy consumption by appliance type and 
technology are not differentiated by country, since the appliances sold are 
almost the same all over Europe. 

 The specific consumption of TVs in active mode is strongly influenced by 
the screen size, which compensates or even over-compensates energy effi-
ciency improvements especially in the autonomous scenario, but also in the 
economic scenario (Figure 6-18). 

 For most of the other IT appliances, a moderate increase in specific con-
sumption is expected in the autonomous scenario, which is mainly due to 
bigger screens or displays and increased (use) performance and additional 
functions. In the economic and technical scenario, however, the influence of 
technical BAT options to reduce the power demand is dominating (Figure 
6-18). 
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Figure 6-18: Assumptions on specific energy consumption by appliance and 
technology in active mode 
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Specific energy consumption by appliance, standby mode: 

 For standby consumption, a considerable decrease is already expected for 
the autonomous scenario, so that the additional decrease in the other scenar-
ios is moderate (Figure 6-19). 
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Figure 6-19: Assumptions on specific energy consumption for IT appliance 
in standby mode 
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6.3 Residential lighting 

6.3.1 Description of the sector/end-use 

The residential lighting end use takes into account the lighting demand trends of the 
European countries. For the sake of simulation for the potentials, the current light-
ing situation has been described through two types of lighting systems: 

 The incandescent (and halogen) lamps, having an average efficiency of 13.8 
Lumen/W 

 The high efficiency lamps (CFL), having an average efficiency of 60 Lu-
men/W 

For the future another lighting technology has been added: 

 The LED technology, having an average efficiency of 120 Lumen/W 

To transform the above specific lighting efficiency in the lighting household lumi-
nous intensity per square meter, we have assumed the average technical figure of 
200 Lumen/m2. 



74 

 

6.3.2 Sector-specific / use-specific data sources and modelling issues 

The energy consumption trends and the achievable savings of residential lighting 
end use have been simulated through a lighting sub model of the MURE household 
model. The main data source has been Bertoldi and Atanasiu (2006). 

The input variables used in this sub model have been: 

Household number  (PRIMES) 
Total electricity consumption  (PRIMES) 
Lighting energy consumption (2004) (Bertoldi/Atanasiu) 
Lighting points per household (2004) (Bertoldi/Atanasiu) 
% of CFL lighting points per household in the year 2004 (Bertoldi/Atanasiu) 
Forecast for penetration rates of the lighting technologies (ISIS) 
Efficiency of the incandescent lamps (technical literature) 
Efficiency of the CFL lamps (technical literature) 
LED efficiency (technical literature) 

 

The sub model calculates the lighting unit consumption per lighting point for each 
of the three lighting technologies mentioned above. This lighting unit consumption 
has been determined on the following basis: 

 The weighted sum of the unit consumptions of the three lighting technologies is 
equal to the total unitary lighting consumption; which is a known figure. 

 There is a linear relationship among the unit consumptions of each technology, 
the number of the corresponding lighting points and the corresponding effi-
ciency expressed in Lumen/watt 

In this way the sub model calculates the total lighting energy consumption trend 
through the following equation (1): 
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Where “unit_cons_technology is the unit consumption per lighting point, technol-
ogy_point are the lighting points per technology and “household_number” is the 
number of household. As for the indexes, c = country, s = EE scenario, t = scenario 
steps.  
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The lighting points are in turn provided by equation (2): 

( )tlsctlsccstc splitlightsplitlightspoLightspoCFL ,2,,,1,,,, %_%_int_int_ == −×=  

tlsccstc splitlightspoLightspoLED ,2,,,, %_int_int_ =×=  

( )stcstccstc spoLEDspoCFLspoLightspoInc ,,,,,, int_int_int_int_ +−=  

Where the variable “Light_points” provides the total household lighting points and 
the variables “light_split” the penetration rates of the energy efficiency technologies 
being l=1 the CFL lamps and l=2 the LED technology. These settings imply that the 
penetration of the LED technology as well as of the sum of the more efficient light-
ing types CFL and LEDs is set, while the number of lighting points for incandescent 
light is set. 

6.3.3 Step 1 – Definition of energy saving options 

For the residential lighting uses the energy saving option are driven by the penetra-
tion of the most efficient technologies in the household stock (see equation (1)) with 
the following settings: 

 The CFL lamps substitute the incandescent (and halogen) lamps 

 The LED technology substitutes the CFL lamps. 

6.3.4 Step 2 – Technology costs 

Assumption on technology costs for lighting are based on a cost degression hy-
pothesis of ten years. 

6.3.5 Step 3 – Definition of the four scenarios 

Also for the lighting uses, the scenarios have been laid out in accordance with the 
general project definitions: 

 An Autonomous Progress Scenario which is realised by the baseline. In our 
case the following criteria have been applied: 

o Slow but steady introduction of the CFL lamps up to the point where 
25 % of the lighting points are represented by CFL lamps 

o No introduction of the LED technology 

 An LPI Scenario with high discount rates reflecting cost-effectiveness for 
the consumer with usual market conditions. This is generally reflected in the 
following targets: 
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o A rather strong penetration of the CFL lamps up to a level of 50 % of the 
lighting points (25% additional CFL lighting points with respect the 
Autonomous Progress Scenario) 

o A very slow introduction of the LED technology (that partially substitutes 
the already introduced CFL lamps) 

 An HPI Scenario which is derived from maximum technical potential, but 
only including options with net negative costs (net cost savings; but with 
low discount rates or subsidies). In this case the targets are: 

o A strong penetration of the CFL lamps that arrive to substitute 80 % of 
the incandescent stock. 

o A rather high penetration of the LED technology that substitutes 15-16 % 
of the already installed CFL stock. 

o Apart from the economic constraints, we consider that for style or archi-
tectural constraints there will still remain a stock of around 20 % of in-
candescent-like lamps such as the halogen lamp. 

 A maximum technical scenario which includes all saving options, also those 
with net positive costs. This is made by the penetration of the 60% of the 
CFL lamps and 40% of LED technology. 

 

6.4 Results appliances (incl. IT appliances) and lighting 

6.4.1 Overall results 

Figure 6-20 shows the total energy consumption trends by scenario due to the EU27 
electric uses described in this chapter (large appliances, lighting and IT devices). In 
accordance to the outputs provided by the MURE model the energy consumption 
due to these uses starts from 24,670 ktoe in 2004 and rises in the Autonomous Pro-
gress Scenario to over 39,000 ktoe in 2030. The energy consumption growth is due 
to both the growth of the household numbers, the increase of the ownership rates of 
some appliances (ITs and dishwashers and driers, especially in the eastern coun-
tries) and the increase of the use of some ITs. The EE interventions envisaged in the 
two policy scenarios described in the previous paragraphs invert the growing trend 
of the Autonomous Progress Scenario but still the final energy consumption in 2030 
exceeds the consumption of the starting year: + 25 % for the LPI Scenario and 
+ 13 % for the HPI Scenario. The energy consumption achieved in the technical 
scenario is, on the contrary, 28 % lower in 2030 then in 2004. According to these 
results it is technically but not economically feasible to counterbalance the pressure 
of the demographic and socio-economic drivers. 
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Table 6-5 and Table 6-6 as well as Figure 6-21 and Figure 6-22 show in detail the 
overall savings achievable in the EU27 countries from these electric uses in ktoe 
and percentage savings. At the beginning, the savings are limited to some percent-
age points but increase rapidly along the scenario steps due to the substitution of the 
less efficient technologies with the new ones. 

Finally Table 6-7 and Table 6-8 as well as Figure 6-20 show the contribution of 
these final electric uses to the total savings by the year 2030. It is interesting to note 
the strong and increasing contribution provided by the lighting systems to the sav-
ings which, in order of importance, are followed by the IT appliances and the driers. 
The cold appliances (refrigerators + freezers) contribute with a constant share of 
12 % while the contribution of the wash appliances (washing machines + dish-
washer) is marginal. 

The reason why these final electric uses behave in such a different way is better 
highlighted in the following three paragraphs that provide for each of them the trend 
of the EE potentials and of the corresponding unit consumption. 

Figure 6-20: Energy consumption trends from electrical appliances and light-
ing (EU27) 
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Table 6-5: Additional savings from electrical appliances and lighting 
(EU27; ktoe compared to the Autonomous Progress Scenario) 

 ktoe 2010 2015 2020 2025 2030 
LPI-S 213 841 2.170 3.988 6.232 
HPI-S 430 1.568 3.673 6.672 10.954 
TS 800 3.564 8.155 14.087 20.109 

 

Table 6-6: Additional savings from electrical appliances and lighting 
(EU27; % compared to the Autonomous Progress Scenario) 

 ktoe 2010 2015 2020 2025 2030 
LPI-S 0.7% 2.4% 5.8% 10.3% 15.8% 
HPI-S 1.4% 4.5% 9.9% 17.3% 27.8% 
TS 2.6% 10.2% 21.9% 36.4% 51.0% 

 

Figure 6-21: Additional savings from electrical appliances and lighting 
(EU27; ktoe compared to the Autonomous Progress Scenario) 

0

5.000

10.000

15.000

20.000

25.000

2010 2015 2020 2025 2030

kt
oe

LPI HPI TEC
 

 



79 

 

Figure 6-22: Additional savings from electrical appliances and lighting 
(EU27; % compared to the Autonomous Progress Scenario) 
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Table 6-7:  Contribution of the final electric uses to the overall additional EE 
potentials in 2030 (ktoe, EU27) 

  
Cold  

appliances 
Wash  

appliances Driers Lighting ITs Total 
LPI-S 704 153 272 2,469 2,634 6,232 
HPI-S 1,304 184 594 6,238 2,634 10,954 
TS 2,497 298 2,778 8,851 5,686 20,109 

Table 6-8:  Contribution of the final electric uses to the overall additional EE 
potentials in 2030 (%, EU27) 

  
Cold  

appliances 
Wash  

appliances Driers Lighting ITs Total 
LPI-S 11.3% 2.5% 4.4% 39.6% 42.3% 100.0% 
HPI-S 11.9% 1.7% 5.4% 56.9% 24.0% 100.0% 
TS 12.4% 1.5% 13.8% 44.0% 28.3% 100.0% 
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Figure 6-23:  EU27, Contribution of the final electric uses to the overall EE 
potentials in the year 2030 (%) 
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6.4.2 Results residential electric appliances 

6.4.2.1 Cold and wash appliances 

Table 6-9 as well as Figure 6-24 to Figure 6-27 show the additional EE potentials 
for each scenario (compared to the Autonomous Progress Scenario) for the cold and 
wash appliances while Figure 6-28 to Figure 6-31 show the EE potential trends ex-
pressed in percent for the EU-12 and EU15 countries. From both the results ex-
pressed in absolute terms and those expressed in relative terms it is possible to note 
that the cold appliances, and especially the refrigerators, can still achieve a good 
level of additional savings while the wash appliances seem to have no further mar-
gins for a substantial energy efficiency improvement. Altogether, in the year 2030 
the cold appliances can save from 700 to 1300 ktoe in the LPI respectively the HPI 
scenario, and up to around 2500 ktoe in the Technical Scenario. Wash appliances 
hardly reach one seventh of the savings as compared to cold appliances: 153 ktoe 
for the LPI Scenario and 184 ktoe for the HPI Scenario. In the Technical Scenario 
wash appliances achieve with 298 ktoe proportionally lower savings than cold ap-
pliances: the EE potential increases in the Technical Scenario compared to the HPI 
Scenario by 38 % for the wash appliances and by 48 % for the cold appliances. 

The comparison between the EU-12 and the EU15 countries indicates that the per-
centage savings are more or less the same for both groups of countries except for the 
washing machines and, partially, the freezers, for which the Eastern countries have 
greater EE potentials. This result depends on the fact that, in the Eastern Countries, 
the refrigerator stock and, to less an extent, the freezers stock, have been largely re-
newed during the nineties while the washing machine stock still starts from a less 
efficient situation (and thus the EE potential is larger). 

Finally the fact that, especially for the wash appliances, the EE potentials are de-
creasing after the year 2025 (see Figure 6-26 and Figure 6-27) means that, for more 
or less all the EU countries, more energy savings are taken up in the Autonomous 
Progress Scenario; hence less additional potentials remain for the other scenarios. 
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Table 6-9:  Additional EE potentials from cold and wash appliances by sce-
nario (EU27; ktoe compared to the Autonomous Progress Sce-
nario) 

Refrigerators Freezers 

ktoe 2010 2015 2020 2025 2030
LPI-S 31 192 427 591 630
HPI-S 63 382 745 966 1,012
TS 174 1,010 1,668 1,981 1,867 

ktoe 2010 2015 2020 2025 2030
LPI-S 6 38 66 79 74
HPI-S 12 75 161 242 292
TS 46 268 459 599 630 

Washing Machines Dishwashers 

ktoe 2010 2015 2020 2025 2030
LPI-S 11 62 100 115 100
HPI-S 20 91 134 143 125
TS 28 139 211 243 216 

ktoe 2010 2015 2020 2025 2030
LPI-S 10 51 76 75 54
HPI-S 10 53 80 80 59
TS 15 68 88 94 82 

 

Figure 6-24:  Additional EE potentials from refrigerators by scenario (EU27; 
ktoe compared to the Autonomous Progress Scenario) 
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Figure 6-25:  Additional EE potentials from freezers by scenario (EU27; ktoe 
compared to the Autonomous Progress Scenario) 
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Figure 6-26: Additional EE potentials from washing machines by scenario 
(EU27; ktoe compared to the Autonomous Progress Scenario) 
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Figure 6-27:  Additional EE potentials from dish washers by scenario (EU27; 
ktoe compared to the Autonomous Progress Scenario) 
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Figure 6-28: EE potentials trends in % for refrigerators (EU-12 & EU15) 
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Figure 6-29:  EE potentials trends in % for freezers (EU-12 & EU15) 
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Figure 6-30:  EE potentials trends in % for washing machines (EU-12 & 
EU15) 
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Figure 6-31:  EE potentials trends in % for dishwashers (EU-12 & EU15) 
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The phenomenon of the progressive saturation of the stock energy efficiency is 
visible in Figure 6-32 to Figure 6-35 which provide the unit consumption trends 
expressed in kWh/appliance. In all these graphs the stock unit consumption seems 
to have an asymptotic trend (magnified by the trend of the technical scenario) indi-
cating that the marginal energy efficiency potential is steadily decreasing. This 
trend may indicate an exhaustion of the energy efficiency potentials but it may also 
be the expression of the fact that the longer the time horizon the less reliable is our 
knowledge about new technologies or technologies not yet developed. 
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Figure 6-32: EU27, Refrigerators – Unit consumption trend by scenario 
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Figure 6-33: EU27, Freezers – Unit consumption trend by scenario 
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Figure 6-34: EU27, Washing Machines – Unit consumption trend by sce-
nario 
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Figure 6-35: EU27, Dishwashers – Unit consumption trend by scenario 
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6.4.2.2 Driers  

Table 6-10 and Figure 6-36 show the additional EE potentials per scenario for the 
driers. The starting energy efficiency of the driers is low (in the year 2004 the ma-
jority of these appliances are in class C) and, as briefly outlined in paragraph 6.1.5, 
the penetration of the more efficient classes is rather slow as the more efficient 
classes still represent a niche market. The technical potential is nevertheless very 
high as the slow energy efficient trend of the autonomous progress scenario is com-
pared with a very efficient scenario in which the A labelling category which is 30 % 
more efficient than the C labelling category, reaches rapidly 100 % of the market 
and is in turn substituted (from 2020) by a new more performing technology, that is 
55 % more efficient than the C class. It is also important to remember that the data 
for this type of appliance are less reliable than those provided for the other ones and 
that, for this reason, the differences of the EE potentials by country are not signifi-
cant. 

It is worth noting that the EE potential of this type of appliances, also shown by 
Figure 6-37 that provides the unit consumption trends by scenario, is low if com-
pared with the savings achievable in the Technical Scenario but higher than the EE 
potential from freezers and comparable with that from refrigerators. The high poten-
tials from driers is underlined by the fact that ownership rate of the driers is 40 % 
less than that of refrigerators. 

Table 6-10:  Additional EE potentials from driers by scenario (EU27; ktoe 
compared to the Autonomous Progress Scenario) 

ktoe 2010 2015 2020 2025 2030 

 LPI-S - - - 38 272 
 HPI-S - 8 53 161 594 
 TS 101 640 1,279 2,199 2,778 
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Figure 6-36: Additional EE potentials from driers by scenario (EU27; ktoe 
compared to the Autonomous Progress Scenario) 

-

500,0

1.000,0

1.500,0

2.000,0

2.500,0

3.000,0

2010 2015 2020 2025 2030

kt
oe

EU27 LPI EU27 HPI EU27 TEC
 

 

Figure 6-37: EU27, Driers – Unit consumption trend by scenario 
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6.4.3 Results residential information/communication (IT) appliances 

In the economic scenarios, the saving potential which can be achieved by all IT 
appliances (incl. TV) in EU27 amounts to about 2.6 Mtoe in 2030 (Table 6-11 and 
Figure 6-38). For TVs, the saving potential in the economic scenarios is relatively 
low, since savings due to more efficient technologies are partly compensated by the 
trend to bigger screens. In the technical scenario, however, the impact of technical 
efficiency improvements predominates. For the other IT appliances, the difference 
between the economic and the technical scenario is less pronounced. 

Table 6-11: Additional EE potentials from IT appliances by scenario 
(EU27; ktoe compared to the Autonomous Progress Scenario) 

Appliance type Scenario 2010 2015 2020 2025 2030 
  ktoe 
TV LPI-S/HPI-S 0 33 243 579 797 
TV TS 0 128 946 2,271 3,076 
Set-top-box LPI-S/HPI-S 0 11 68 114 149 
Set-top-box TS 0 14 88 148 186 
Desktop PC LPI-S/HPI-S 0 18 149 487 946 
Desktop PC TS 0 75 511 1,122 1,502 
Laptop PC LPI-S/HPI-S 0 16 90 192 308 
Laptop PC TS 0 47 223 311 408 
Modem/Router LPI-S/HPI-S 0 8 36 48 78 
Modem/Router TS 0 14 60 68 101 
Computer screen LPI-S/HPI-S 0 21 129 241 355 
Computer screen TS 0 38 216 329 413 
Sum other IT1) LPI-S/HPI-S 0 74 472 1,082 1,836 
Sum other IT1) TS 0 188 1,098 1,978 2,610 

1) All IT appliances (without TV) 
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Figure 6-38: Additional EE potentials from IT appliances by scenario 
(EU27; ktoe compared to the Autonomous Progress Scenario) 
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The corresponding saving potentials for EU27 by appliance type in % are shown in 
Figure 6-39 and Figure 6-40. 

Figure 6-39: Additional EE potentials from IT appliances in the economic 
scenarios (LPI/HPI) (EU27; % compared to the Autonomous 
Progress Scenario)  
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Figure 6-40: Additional EE potentials from IT appliances in the Technical 
Scenario (EU27; % compared to the Autonomous Progress 
Scenario) 
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In the economic scenarios (LPI/HPI), the saving potential for TVs only amounts to 
a little more than 10 % in 2030, whereas the other IT appliances range between 40 
and 55 %. In the Technical Scenario, the differences are less pronounced. The larg-
est potentials are achieved by PCs and computer screens. 

The different development of TVs and the other IT appliances also becomes clear 
when regarding the development of unit electricity consumption per appliance 
(Figure 6-41). Whereas the unit consumption of TVs both increases in the autono-
mous and in the economic scenario at least until 2020, the other IT appliances show 
a moderate decrease even in the autonomous scenario, which is considerably more 
pronounced in the LPI/HPI and in the Technical Scenario. 
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Figure 6-41: EU27, IT Appliances – unit electricity consumption trend by 
scenario 
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6.4.4 Results residential lighting 

Table 6-12 as well as Figure 6-42 show the EE potentials per scenario for the light-
ing technologies. As already noted in paragraph 6.4.1, not surprisingly, the lighting 
EE potential is important and reaches up to 50 % of the total achievable savings of 
the electric uses analysed in this chapter. Up to 2030, if we refer to the LPI scenario 
which is based on average on a doubling of the CFL lighting points estimated for 
the reference year, the lighting technologies alone have an EE potential comparable 
to that delivered by all IT appliances considered here and double the potential 
achievable by cold and wash appliances and the driers.  

Table 6-13 and Figure 6-43 show the EE potentials trends expressed in % for the 
EU-12 and EU15 countries. In this case the relative potentials between these two 
groups of countries are different during the first scenarios steps, and slowly bigger 
for the EU15 countries due a more rapid lamps stock renewal,  but tend after to 
equalise being the final targets more or less the same for all the EU countries.  

Finally Figure 6-44 shows the unit consumption trend for lighting. It is worth noting 
that this consumption initially increases because it refers to the mix of the lighting 
points of the households: at the beginning the lighting points referring to the not 
efficient lamps increase more rapidly then those referring to the CFL lamps (or 
LEDs) but after, around the year 2015 for the policy scenarios, this trend invert its 
slope and the unit consumption starts decreasing. The lower limit of approximately 
60 kWh/dwelling achieved up to the 2030 by the technical scenario shows where it 
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could be possible to arrive if the laps stock will be composed by the 60% of CFLs 
and the 40% of high efficiency LED technology. 

Table 6-12:  Additional EE potentials from Lighting by scenario (EU27; ktoe 
compared to the Autonomous Progress Scenario) 

 2010 2015 2020 2025 2030 

 LPI-S 156 393 785 1,429 2,469 
 HPI-S 325 852 1,785 3,420 6,238 
 TS 424 1,124 2,406 4,723 8,851 

 

Figure 6-42:  Additional EE potentials from Lighting by scenario (EU27; 
ktoe compared to the Autonomous Progress Scenario) 
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Table 6-13:  EE potential trends in % for Lighting (EU-12 & EU15) 

  2010 2015 2020 2025 2030 

EU-12 LPI-S 0.9% 2.4% 5.4% 11.4% 24.9% 
EU-12 HPI-S 1.9% 5.2% 12.2% 27.4% 62.9% 
EU-12 TS 2.5% 6.9% 16.4% 37.8% 89.2% 
EU15 LPI-S 1.8% 4.3% 8.2% 14.5% 24.9% 
EU15 HPI-S 3.8% 9.3% 18.7% 34.8% 62.9% 
EU15 TS 5.0% 12.3% 25.2% 48.0% 89.2% 

 

Figure 6-43:  EE potentials trends in % for Lighting EU-12 & EU15) 
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Figure 6-44: EU27, Lighting – Unit consumption trend by scenario 
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7 Residential buildings 

7.1 Useful energy demand of residential buildings 

7.1.1 Description of the sector/end-use 

Energy efficiency measures in the building sector provide enormous potentials to 
reduce CO2 emissions in Europe. The energy use of the building segment accounts 
for 40 % of the total energy use in the EU and represents Europe’s largest source of 
emissions. This high amount of emissions could be reduced up to 80 % by simple 
measures, e.g. better insulation of the different components of the existing building 
stock, of already refurbished dwellings, as well as for new buildings (EURIMA, 
ECOFYS 2005a,b, Wuppertal Institut 2005). Measures can be different in their tar-
get. There are: 

 measures reaching only technical installations, e.g. surfaces as roofs, facades, 
floors and windows and  

 measures targeted at changing the behaviour of the inhabitants.  
 

In the following context, measures targeting technical installations will be analysed 
and therefore it is necessary to discuss:  

 the current characteristics and past trends of the building stock in the ana-
lysed European countries (e.g. living area per household) 

 the potentials of energy savings and CO2 emission reduction and  

 the economics of energy savings measures in buildings (costs for better insu-
lation). 

The principal task is to analyse the most important potential energy saving measures 
and their costs in the four different scenarios presented in Chapter 3. The structure 
of the analysis is as follows: 

1. At the first stage of the analysis, sector-specific data were collected and ana-
lysed in order to examine the characteristics and changes in the (residential) 
building sector in the European Union MS, Norway, Croatia, Iceland and 
Liechtenstein. This data is described in the first part.  

2. Afterwards, the report gives an overview about building typologies used, 
like building age and type, technical potentials of refurbishment, climate 
zones and a brief overview of the status and projection of the living area per 
building type in the analysed countries.  

3. The technology costs are important drivers for the model. Technology costs 
used are mainly insulation or retrofit costs divided into material and labour 
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costs. They are indexed in relation to European average to compare them on 
a European level.  

4. Then the scenarios, describing the penetration of the different technical op-
tions are set up. 

7.1.2 Sector-specific / use-specific data sources and modelling issues 

This section describes the data used to build up a database for EU-building stock 
within the specialised WI building model which provides inputs for the MURE 
residential model. A great amount of data was analysed and therefore, just the most 
important sources will be presented in this context. This includes databases on cur-
rent building stock, the distribution of building types and ages and their current spe-
cific energetic standard, as well as the costs of different options to improve energy 
efficiency in the building shell. 

To cover the current EU building stock and its distribution by age and type, the fol-
lowing data sources have been used: 

 Odyssee data provide a detailed overview and database on energy efficiency 
data and indicators for the EU27 members and Norway as associated country 
to the EU. Among others, the database provides important information on the 
construction of dwellings, single and multi-family dwellings (new and exist-
ing) and detailed information on the average square metres, new and existing, 
for single and multi-family dwellings. The time period covers the years 1990 
to 2004.  

 Additionally, “Housing Statistics in the European Union 2004” from 
Boverket and MMR17 (2005) gives a detailed overview of the housing devel-
opment and living conditions in the European Union. It is the 10th edition 
and, for the first time, it covers the whole EU25. The database of the quality 
of the housing stock is of special interest. It concentrates on the average liv-
ing area and the age of the EU-building stock as well as the distribution of 
the building types, like single and multi-family buildings. The last update of 
the Housing Statistics, by the Italian Ministry of Infrastructure and Italian 
Housing Federation (MIIR) has been used to refresh these data.  

 The PRIMES model provides projections of household numbers for each 
country of the European Union by 2030. Also, detailed values of their current 
and future energy use and CO2 emissions trends to 2030 are given.  

 The study “Cost-effective Climate Protection in the EU-Building Stock” car-
ried out by ECOFYS for EURIMA18 (2005) analyses the energy saving poten-

                                                 
17

  Boverkert = National Board of Housing, Building and Planning, Sweden; MMR = Ministry for 
Regional Development of the Czech Republic. 

18
  European Insulation Manufacturers Association (EURIMA). 
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tial of the building stock in the countries investigated that could be realised 
by an expansion of the Energy Performance of Buildings Directive (EPBD). 
Additionally, the last study U-values – For better energy performance of 
buildings, from November 2007, was used to refresh data.  

 In order to create realistic material and labour costs and to make realistic cost 
assumptions for refurbishment and new buildings, Eurostat is used which 
provides detailed information about the recent development in the construc-
tion sector (salaries and material costs) on the level of the EU Member 
States, Norway and Iceland. As a main information source for the costs of 
different refurbishment measures, Institut für Wohnen und Umwelt (IWU 
2006) provides detailed calculations for the refurbishment of each surface 
component, for instance for roofs, floors, façades and windows. In order to 
calculate these costs for all countries, a labour cost and material cost index 
was defined. These indices take into account different developments of the 
regions and their special social and economic background.  

 Miscellaneous data at national and regional level complement the databases.  

7.1.3 Step 1 – Definition of energy saving options 

Besides the definition of the technical potential and the energy saving options, the 
model categories and definitions used will be explained.  

Building age and type 

Differentiated data about the age and distribution of the European building stock is 
quite rare but necessary in order to define the building stock, its age, its physical 
characteristics and the breakdown of the building types within the EU MS, Croatia 
and the remaining EEA-countries. However, the building quality depends also on 
the extent of refurbishment and the point in time at which refurbishment has been or 
will be carried out. First insights  are provided by Housing Statistics in the Euro-
pean Union 2004 and its revision from 2005/2006 (Boverket, MMR 2005; MIIR, 
FIHF 2007) and several other reports like the EURIMA report (EURIMA 2005) 
which analysed the European building stock.  

All in all, the data about construction periods between each country vary and there-
fore some inaccuracies may exist. Table 7-1 gives an overview about the building 
stock in the two main construction periods of the existing building stock and the 
share of single and multi-family buildings. Single family buildings are subdivided 
into detached houses, semi detached houses and row houses. The main construction 
periods are: 

 old buildings, built before 1975 

 intermediate buildings, built between 1976 and 2000 and  

 new buildings, built between 2001 and 2030.  
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Table 7-1: Residential building stock 2004 by construction period 

in % of all  

residential dwellings 

Old  
buildings 

(< 1975) 

Intermediate 
Buildings 
(1976-2004) 

Share of  
single-family 

buildings  
(existing  

buildings) 

Share of  
multi-family 

buildings  
(existing  

buildings) 

Austria 48 52 56 44 
Belgium 79 21 70 30 
Bulgaria 86 14 56 44 
Croatia 47 53 56 44 
Cyprus 38 62 43 57 
Czech Republic 33 67 42 58 
Germany 81 19 47 53 
Denmark 72 28 59 41 
Estonia 60 40 25 75 
Greece 55 45 43 57 
Spain 62 38 50 50 
Finland 53 47 54 46 
France 61 39 57 43 
Hungary 46 54 61 39 
Ireland 46 54 92 8 
Iceland 56 44 76 24 
Italy 71 29 29 71 
Liechtenstein 43 57 56 44 
Lithuania 64 36 25 75 
Luxemburg 49 51 70 30 
Latvia 64 36 25 75 
Malta 63 37 82 18 
Netherlands 57 43 70 30 
Norway 65 35 76 24 
Poland 47 53 33 67 
Portugal 43 57 50 50 
Romania 82 18 56 44 
Sweden 71 29 43 57 
Slovenia 69 31 36 64 
Slovakia 31 69 49 51 
United Kingdom 71 29 81 19 

Source: WI calculations based on Boverket, MMR (2005); MIIR, FIHF (2007) and EURIMA, 
Ecofys (2005a) 



 

 

102

Due to regional differences in each country it can be observed that some countries 
have almost the same amount of single and multi-family buildings, e.g. Portugal, 
Spain, Austria, Romania, Slovakia, Bulgaria, Germany and a projected equal share 
in Croatia. In the Netherlands, Belgium, Luxemburg, Ireland, Norway and United 
Kingdom the amount of single family buildings is much higher, meanwhile the 
amount of multi-family buildings in almost every new EU Member State is twice as 
high or more than single-family buildings. This is to be observed especially in the 
Baltic countries and in Poland. 

Average living area in Europe 

The total amount of living area will grow by 2030. Based on PRIMES, Odyssee and 
national statistics from Croatia, Norway, Iceland and Liechtenstein, it is projected 
that in general the total number of households will grow but the number of inhabi-
tants per household will decrease by 2030 due to the demographic and social 
changes.  

The outcome of this is that an increasing size of new dwellings is projected until 
2030. The total increase of the floor space is 29 % between 2004 and 2030, and an 
increase of average living area from 88 m2 up to 97 m2 per dwelling in 2030 is pro-
jected. Figure 7-1 shows the increasing average living area for all countries ana-
lysed in this report. 

Figure 7-1: Expected average living area per dwelling 2004 – 2030 in m2 by 
EU-regions  
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It is expected that the trend differs between the countries by 2030. Especially in the 
Baltic countries and in Poland an increase of approx. 25 % of the average living 
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area per dwelling is expected, whereas in North-West Europe and in Scandinavia, 
France and Germany the average increase is about 5 to 7 %.  

Building types 

In order to compare different types of buildings, two typical residential buildings 
representing the bulk of dwellings across Europe have been chosen for model calcu-
lations with all simplifications this implies as compared to the complexity of the 
real building stock. The exact dimensions of the building types have been derived as 
typical average values from empirical studies from the Wuppertal Institute and IWU 
(Wuppertal Institute 2000, 2001; IWU 2005).  

In order to cover possible variations, both are calculated with typical m2 values of 
120 m2 for single-family buildings and 1,457 m2 for multi-family buildings and 
corresponding values for typical surface components (Table 7-2). In the table, the 
relevant details and specifications are listed, e.g. ceiling height, roofs, façade, floor 
and windows. 

Table 7-2: Average surface components of residential building types in m2  

Building components of the residential building types in m2 

 
Dwelling 

space 
Ceiling 
height Standard component surfaces 

Building type   Roof Facade Floor 
Windows 

E/W 

Single/two family house   120 2.5  90   166  63  29 

Large apartment house 1457 2.5 354 1189 354 380 

Source: WI calculations based on Wuppertal Institute 2000, 2001; IWU 2005 

Climate Zones 

The different climatic conditions in Europe are taken into account. The most impor-
tant indicator is heating degree days19; this value is characteristic for the typical 
useful energy demand to heat buildings (residential and non-residential buildings). 
Therefore, the building stock of each country is assigned to one of three climate 
zones: cold, moderate and warm. The breakdown between these climate zones is 
listed below: 

                                                 
19

  Heating degree days are quantitative indices and result from national temperature observations. 
Over one year (typically) the differences between each day´s daily temperature and 18°C (or 
another reference temperature) are added. Above a temperature of 18°C, it is assumed not to 
need any heating (the corresponding indoor temperature will be higher due to the insulation of 
the building). 
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 Cold, above 4,200 heating degree days, 

 Moderate, between 2,200 and 4,200 heating degree days and 

 Warm, below 2,200 heating degree days.  

The values are relating to long-term average heating degree days (1980-2004) and 
characterise the coldness and country specific useful heat demand. For Bulgaria, 
Romania, Norway, Iceland, Liechtenstein and Croatia own values have been as-
sumed respectively compared to countries with similar climatic conditions. Table 
7-3 gives an overview of the classification of each country into climate zones and 
its country specific heating degree days in brackets taken into account for this re-
port. The warmest countries are Malta and Cyprus, whereas Finland, Sweden, Nor-
way and Iceland belong to the coldest countries in Europe.  

Table 7-3: Classification of climate zones  

Cold Moderate Warm 

Estonia (4420) Austria (3569) Bulgaria (2101) 1 

Finland (5823) Belgium (2882) Cyprus (787) 
Iceland (4977) 1 Croatia (3044)1 Greece (1698) 
Latvia (4243) Czech Republic (3559) Italy (2085) 

Norway (5423) 1 Denmark (3479) Malta (564) 
Sweden (5423) France (2494) Portugal (1302) 

 Germany (3244) Spain (1856) 
 Hungary (2917)  
 Ireland (2916)  

 Liechtenstein (3569)1  
 Lithuania (4017)  
 Luxemburg (3216)  
 the Netherlands (2905)  

 

Poland (3605) 
Romania (2917)1  

 Slovakia (3440)  
 Slovenia (3044)  
 United Kingdom (3354)  

Source: Eurostat (2006), WI calculations 

The Eurostat classification is also comparable with the 2006 published European 
Heating Index from the Ecoheatcool project. 100 is equivalent to the average Euro-
pean value of heating degree days. Figure 7-2 shows a map concerning this index.  
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Figure 7-2: European Heating Index (Ecoheatcool Project)  

 
Source: Ecoheatcool Project (2006) 

Relating to the climate zones Figure 7-3 gives an overview about the split of the 
European building stock, residential as well as non-residential buildings, in 2004 
per climate zone. It shows that about three-quarter of single family buildings and 
nearly two-third of multi-family buildings exist in the moderate climate zone. The 
share of non-residential buildings (above and below 1,000m2) in these countries is 
as high as for single family buildings. 19 respectively 33 % of single and multi-
family buildings are located in the warm climate zone and 19 % of non-residential 
buildings, whereas the share of the cold climate zone is only approximately 5 %. 
 



 

 

106

Figure 7-3: Distribution of building types per climate zones, existing build-
ings 2004 in %  
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Source: WI calculations based on ECOFYS 2005b; WI 2000 

Energetic standard of residential buildings 

This chapter shows the definition of the energetic standard (U-values) of the exist-
ing building stock, defined as  

 old (not refurbished and already refurbished buildings) and  

 intermediate (IM) buildings.  

U-values of the different buildings types characterize the energetic standard of the 
buildings and are differentiated by climate zones: cold, moderate and warm climate 
zone. Furthermore they are differentiated by surface components: roof, façade, floor 
and window. 

The energetic quality of the building envelope has been taken from internal data 
from Wuppertal Institute, ISIS as well from the EURIMA, Ecofys report (2005b). 
All together, these values give an overview about the climate-specific energy stan-
dard of EU residential buildings. Table 7-4 shows the current energetic standard by 
surface components for old and intermediate buildings for each climate zone.  
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Table 7-4: Energetic standard of building components by climate zone 
and construction period of the building 

 U-values in Wm2K
 Old Intermediate (IM)

  
Built before 1975  
not refurbished 

Built before 1975  
already refurbished  Built 1976 - 2000 

Cold Climate Zone 
Roof 0.50 0.20 0.18 
Facade 0.50 0.30 0.25 
Floor 0.50 0.20 0.19 
Windows 3.00 1.60 1.60 

Moderate Climate Zone 
Roof 1.50 0.50 0.45 
Facade 1.50 1.00 0.75 
Floor 1.20 0.80 0.65 
Windows 3.50 2.00 2.75 

Warm Climate Zone 
Roof 2.46 1.00 0.65 
Facade 1.97 1.40 0.90 
Floor 2.50 1.00 0.68 
Windows 4.70 3.50 3.85 

Source: WI calculations based on EURIMA, Ecofys (2005b); WI (2000); IWU (1994); ISIS 

In order to calculate the energy saving potentials by 2030 it is necessary to define 
the energetic standard, by U-values, for new dwellings as well as for dwellings to be 
refurbished, differentiated by the specific value for each building component. New 
buildings are characterized by four building codes, New 1 to New 4, and refur-
bished buildings by three options from Ref 1 to Ref 3. The energetic standard Ref 1 
corresponds to New 1, Ref 2 to New 2 and Ref 3 to New 3.  

 Ref 1 and New 1 correspond to current building code standards from 2003 
until 2006,  

 New 2 and Ref 2 are synonymous with more advanced standards which are 
assumed to be promoted by current European Performance of Buildings Di-
rective (EPBD) and from other national standards like the German Energy 
Saving Directive (EnEV).  

 New 3 and Ref 3 are comparable with a low energy house. 

 Building code New 4 is an improved standard and comparable to the cur-
rently best available standard, which is also called Passive House standard.  

Table 7-5 gives an additional overview about the standards used to calculate the 
specific energy consumption for each building type per m2. 
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Table 7-5: Energetic standard of building components by climate zone 
and construction period of building 

U-values in Wm2K

 
Old 

buildings 
IM 

build. 
Refurbished (Ref)  

buildings 
New  

buildings 

  
Not 
ref. 

Alr. 
Ref  1 2 3 1 2 3 4 

Cold Climate Zone 
Roof 0.50 0.20 0.18 0.15 0.13 0.11 0.15 0.13 0.11 0.10 
Façade 0.50 0.30 0.25 0.18 0.17 0.15 0.18 0.17 0.15 0.10 
Floor 0.50 0.20 0.19 0.18 0.17 0.15 0.18 0.17 0.15 0.10 
Windows 3.00 1.60 1.60 1.42 1.33 1.03 1.42 1.33 1.03 0.78 

Moderate Climate Zone 
Roof 1.50 0.50 0.45 0.25 0.23 0.16 0.25 0.23 0.16 0.10 
Façade 1.50 1.00 0.75 0.41 0.38 0.20 0.41 0.38 0.20 0.10 
Floor 1.20 0.80 0.65 0.44 0.41 0.28 0.44 0.41 0.28 0.10 
Windows 3.50 2.00 2.75 1.84 1.68 1.30 1.84 1.68 1.30 0.60 

Warm Climate Zone 
Roof 2.46 1.00 0.65 0.50 0.43 0.30 0.50 0.43 0.30 0.10 
Façade 1.97 1.40 0.90 0.59 0.48 0.25 0.60 0.48 0.25 0.10 
Floor 2.50 1.00 0.68 0.55 0.48 0.33 0.55 0.48 0.33 0.10 
Windows 4.70 3.50 3.85 3.04 2.71 1.26 3.04 2.71 1.26 0.60 

Source: WI calculations based on EURIMA, ECOFYS (2005b); WI (2000); IWU (1994); ISIS 

Table 7-6 shows the specific energy consumption for single and multi-family build-
ings for the three climate zones in detail (Cold, Moderate and Warm). The specific 
values are the amount of the possible specific energy consumption, if the building is 
refurbished respectively built new. For the HPI Scenario and the Technical Scenario 
a full compliance with the respective standard is assumed while a partial compli-
ance is supposed in the Autonomous Progress and the LPI Scenarios (see next sec-
tion). The presented energetic standards result in country specific energy consump-
tion per m2 for each building type, single-family as well as multi-family buildings. 
They are shown for some selected countries in Figure 7-4.  
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Table 7-6: Average specific energy consumption per m2 for High Policy 
Intensity Scenario and Technical Potential Scenario 

Average specific energy consumption of a single-family building in kWh/m2 

Building standard Cold Moderate Warm 
Old without refurbishment 197 269 272 
Old, already refurbished 141 197 173 
Intermediate 134 179 133 
REF 1/2/3 118/112/98 113/106/74 98/85/59 
New 1/2/3/4 118/112/98/49 113/106/74/30 98/85/59/16 

Average specific energy consumption of a multi-family building in kWh/m2  

Building standard Cold Moderate Warm 
Old w/o ref. 142 177 168 
Old, already ref. 102 130 98 
Intermediate 93 86 75 
REF 1/2/3 89/78/74 80/60/56 65/50/39 
New 1/2/3/4 89/78/74/34 80/60/56/22 65/43/38/12 

Source: WI calculations based on WI (2001); WI (2000) 
 

Figure 7-4: Specific energy consumption per m2, selected countries 
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Partial non-compliance to regulation 

Jakob and Madlener have already identified that many barriers still exist, in order to 
prevent a more effective diffusion of energy efficiency technologies. One important 
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barrier is the fact that the renewal or refurbishment of the building stock is rela-
tively slow and not every refurbishment is done as it should be done. Aside, invest-
ments into the building stock are not essential, in order to use the building (Jakob, 
Madlener 2004).  

Taken into account that for the Autonomous Progress Scenario as well as for the 
Low Policy Intensity (LPI) Scenario the compliance with the technical possibilities 
will not be 100 %, it is assumed that the specific energy consumption for both sce-
narios will be higher than shown in Table 7-6. In order to project the level of com-
pliance to be expected, expert opinions20 about the compliance of refurbishment 
measures as well as of new buildings with the building codes have been used. Ac-
cording to Warren and Hjorth (2008), between 50 % and 65 % of all new homes fail 
to meet basic energy standards.  

According to these expert opinions, the following assumptions have been made, in 
order to calculate the specific energy consumption for the Autonomous Progress 
and the Low Policy Intensity Scenarios. It is to be considered that the compliance of 
refurbishment measures and implementation of new building codes could vary be-
tween countries. Thus, socio-economic country groups are defined as follows: 

 North-Western Europe (NW Europe):  

o Cold Climate Zone: Finland, Iceland, Norway and Sweden; 

o Moderate Climate Zone: Austria, Belgium, Denmark, France, Germany, 
Ireland, Liechtenstein, Luxemburg, the Netherlands and United King-
dom; 

 Southern Europe (S Europe): 

o Warm Climate Zone: Greece, Spain, Italy and Portugal 

 New Member States 2005 (NMS 2005): 

o Cold Climate Zone: Estonia and Latvia; 

o Moderate Climate Zone: Czech Republic, Hungary, Lithuania, Poland, 
Slovakia and Slovenia; 

o Warm Climate Zone: Cyprus and Malta; 

 New Member States 2007 and Croatia (New Member States 2007 + CR): 

o Moderate Climate Zone: Bulgaria, Croatia and Romania 
 

Table 7-7 gives an overview about the non-compliance factors of refurbished build-
ings. This means that buildings which are built as Ref 3 or New 3 and New 4 do not 
achieve the energetic standard of this building code, due to bad insulation or un-
                                                 
20

  In February 2008 a workshop about energy efficiency and their enhanced compliance took 
place in Paris, organised by International Energy Agency (IEA).  
http://www.iea.org/Textbase/work/workshopdetail.asp?WS_ID=349 
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skilled workers. No entry in Table 7-7 means that no country belongs to the climate 
zone.  

Table 7-7: Non-compliance factors for refurbished buildings, Autonomous 
Progress (APS) and Low Policy Intensity Scenario (LPI-S) (%) 

% 

North-Western   
Europe 

 

Southern 
Europe 

 

New Member 
States  2005 

 

New Member  
States 2007 and 

Croatia 
Cold Climate Zone 

APS  50 - 40 - 
LPI-S 35 - 25 - 

Moderate Climate Zone 
APS  45 - 40 35 
LPI-S 30 - 25 20 

Warm Climate Zone 
APS - 40 40 - 

LPI-S - 25 25 - 

Source: WI calculations based on Hjorth and Warren (2008) 

Table 7-8 gives a similar overview for new buildings. Both tables show the non-
compliance factors of the Autonomous Progress and Low Policy Intensity (LPI) 
Scenarios. It is supposed that the compliance with new building codes is high for 
new buildings. Therefore the non-compliance factor is set at two thirds of the 
amount of the value for refurbished dwellings. 

Table 7-8: Non-compliance factors for new buildings, Autonomous Pro-
gress (APS) and Low Policy Intensity Scenario (LPI-S) (%) 

 

North-
Western   
Europe 

Southern 
Europe 

New Member 
States  2005 

New Member  
States 2007 and 

Croatia 
Cold Climate Zone 

APS  33 - 26 - 
LPI-S 23 - 17 - 

Moderate Climate Zone 
APS  30 - 26 23 
LPI-S 20 - 17 13 

Warm Climate Zone 
APS  - 26 26 - 

LPI-S - 17 17 - 

Source: WI calculations based on Hjorth and Warren (2008) 
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Taken into account these assumptions, new specific energy consumption values are 
calculated by standard and by climate zone for both, the Autonomous Progress and 
Low Policy Intensity Scenario (Table 7-9 and Table 7-10). 

Table 7-9: Average specific energy consumption per m2 for the Autono-
mous Progress Scenario 

Average specific energy consumption of a Single Family Building in kWh/m2  

Building standard Cold Moderate Warm 
Old without refurbishment 197 269 272 
Old, already refurbished 158 225 212 
Intermediate 165 219 188 
REF 1/2/3 157/154/147 182/178/160 167/159/143 
New 1/2/3/4 144/140/130/97 159/153/131/99 144/134/115/83 
Average specific energy consumption of a multi-family building in kWh/m2   

Building standard Cold Moderate Warm 
Old without refurbishment 142 177 168 
Old, already refurbished 122 150 126 
Intermediate 117 125 112 
REF 1/2/3 115/109/107 122/110/109 106/97/91 
New 1/2/3/4 106/99/96/69 108/93/91/66 92/76/72/53 

Source: WI calculations based on WI (2001); WI (2000) 

Table 7-10: Average specific useful energy consumption per m2 for the Low 
Policy Intensity Scenario  

Average specific energy consumption of a Single Family Building in kWh/m2  

Building standard Cold Moderate Warm 
Old without refurbishment 197 269 272 
Old, already refurbished 141 197 173 
Intermediate 134 179 133 
REF 1/2/3 118/112/98 113/106/74 98/85/59 
New 1/2/3/4 118/112/98/49 113/106/74/30 98/85/59/16 
Average specific energy consumption of a multi-family building in kWh/m2   

Building standard Cold Moderate Warm 
Old without refurbishment 142 177 168 
Old, already refurbished 102 130 98 
Intermediate 93 86 75 
REF 1/2/3 89/78/74 80/60/56 65/50/39 
New 1/2/3/4 89/78/74/34 80/60/56/22 65/43/38/12 

Source: WI calculations based on WI 2001; WI 2000 
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Calibration of specific energy consumption values 

The energetic standards, as described before, highlight the theoretical technical 
standard of the buildings and the specific energy consumption per m2 for each cli-
mate zone, but do not integrate consumer habits, which differ from country to coun-
try.  

In South European countries the energy demand is typically not as high as pro-
jected, because of shorter heating periods per year and in eastern European coun-
tries the energy demand will be higher as projected, due to worse insulation of 
buildings, which could not be reflected by u-values. Therefore, the projected de-
mand per dwelling has been calibrated to the actual values from Kemna et al. 
(2007), Odyssee and PRIMES. PRIMES projects the energy demand until 2030 and 
Odyssee reflects the energy demand of the past for each EU-country. 

Furthermore it is known that countries such as the Netherlands, Denmark and Swe-
den have better insulated buildings as projected with climate corrected values. But 
the different climate zones cannot be the only explanation for outliers: Whereas the 
energy demand for the Netherlands is too high and should be reduced, the energy 
demand for Belgium and Luxemburg is too low, and all three countries are in the 
same climate zone and are neighbouring countries. Kemna et al. (2007) have shown 
that 50 % of the difference can be attributed to insulation and ventilation losses and 
the other half is caused by heating boiler efficiency.  

Table 7-11 shows a comparison between the latest EU-Baseline scenario and Od-
yssee values from 2004 compared to theoretical energy demand per dwelling in 
2004. From this comparison it appears that the actual energy demand for countries 
like Belgium, Luxemburg, Finland, France, Latvia and Estonia is higher than calcu-
lated. In contrast to this the useful energy demand for Spain, Portugal, Italy, Poland, 
Bulgaria, Slovakia, Lithuania, Denmark, the Netherlands and United Kingdom is 
lower than expected. Hence, the specific energy demand has to be calibrated for 
these countries, in order to calculate realistic values.  
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Table 7-11: Comparison EU-Baseline, Odyssee and theoretical useful en-
ergy demand  

Country EU-Baseline  
Scenario Odyssee Theoretical useful 

energy demand 
Austria 1.75 1.53 1.73 
Belgium 2.05 2.38 2.00 
Bulgaria 0.61 0.52 0.63 
Croatia - 1.31 1.15 
Cyprus 1.15 1.16 1.09 
Czech Republic 1.30 1.49 1.33 
Germany 1.55 1.41 1.61 
Denmark 1.45 1.21 1.41 
Estonia 1.45 1.66 0.93 
Greece 1.12 0.96 1.21 
Spain 0.81 0.46 1.08 
Finland 1.63 1.13 0.83 
France 1.52 1.39 0.93 
Hungary 1.25 1.58 1.37 
Ireland 1.81 1.54 1.18 
Iceland - - 1.26 
Italy 1.09 0.92 1.41 
Liechtenstein . - 1.11 
Lithuania 0.96 0.74 1.64 
Luxemburg 3.33 3.60 1.39 
Latvia 1.44 1.26 0.77 
Malta 0.46 0.18 1.61 
Netherlands 1.20 0.98 0.66 
Norway - 1.17 2.87 
Poland 1.18 0.97 0.93 
Portugal 0.58 0.85 0.56 
Romania 0.98 1.11 0.90 
Sweden 1.53 1.22 1.59 
Slovenia 1.46 1.03 1.03 
Slovakia 0.90 1.22 0.67 
United Kingdom 1.47 1.16 0.71 

Source: WI calculations, PRIMES, Odyssee 

Table 7-12 shows the calculated energy demand per dwelling before adjustment to 
the actual energy demand per m2. It can be seen, in which countries the demand is 
higher or lower than expected due to the influence of climate zones and behaviour. 
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Table 7-12: Average specific useful energy demand per m2 before and after 
calibration for single-family buildings  

Country Age Model 
result 

Cali-
brated Country Age Model 

result 
Cali-

brated
Belgium Old 252 328 Lithuania Old 356 196 
 Old, alr. ref. 184 240  Old, alr. ref. 260 143 
 IM 168 218  IM 237 130 
Bulgaria Old 184 131 Luxemburg Old 282 383 
 Old, alr. ref. 134 95  Old, alr. ref. 206 280 
 IM 122 87  IM 187 255 
Cyprus Old 117 142 Netherlands Old 254 150 
 Old, alr. ref. 74 90  Old, alr. ref. 186 110 
 IM 57 68  IM 169 100 
Denmark Old 305 198 Poland Old 316 265 
 Old, alr. ref. 223 145  Old, alr. ref. 231 194 
 IM 203 132  IM 210 176 
Estonia Old 160 246 Portugal Old 194 159 
 Old, alr. ref. 114 176  Old, alr. ref. 123 101 
 IM 109 167  IM 94 77 
Finland Old 211 255 Slovakia Old 301 235 
 Old, alr. ref. 151 182  Old, alr. ref. 220 172 
 IM 143 173  IM 200 156 
France Old 218 251 Spain Old 277 172 
 Old, alr. ref. 160 184  Old, alr. ref. 176 109 
 IM 145 167  IM 133 83 
Italy Old 311 159 UK Old 284 196 
 Old, alr. ref. 197 101  Old, alr. ref. 208 143 
 IM 150 76  IM 189 130 
Latvia Old 154 238     
 Old, alr. ref. 110 170     
 IM 104 162     

Source: WI calculations, based on PRIMES, Odyssee 

7.1.4 Step 2 – Technology costs 

Whether refurbishment measures are carried to save energy and emissions depends 
also on their cost-effectiveness. The decision to refurbish a building is a deducted 
decision. Generally, it has to be decided how to use the building and for which time 
period. One important reason to refurbish a building is the potential to realize en-
ergy savings and thus reduce operational costs for the owner. To determine the po-
tential in economic terms it is useful to evaluate data which allow an economic view 
on the refurbishment measure.  
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For the three different types of refurbishment measures and the four types of new 
buildings material and labour costs are provided by a technological analysis of Insti-
tut Wohnen und Umwelt (IWU) from 2006 and additionally from EURIMA (2005) 
and Jakob et al. (2002). The IWU values integrate already labour costs as well as 
material costs and are given in detail for each surface component, façade, roof, ceil-
ing and window and represent the costs per m2 for Germany (Moderate Climate 
Zone). Based on this information, costs are converted for the Cold and Warm Cli-
mate Zone. To translate the costs into country-specific values, two indices are used: 
a material and a labour cost index. First, the indices are explained, and then the 
costs for the components façade, roof, floor and windows are documented for each 
climate zone. Finally, learning curves are introduced, in order to project costs into 
the future. According to Jakob et al. (2002), learning curves for each refurbishment 
measure have been integrated, because it is assumed that costs for skilled workers 
will decrease over the years. 

Country specific labour costs 

Labour costs of skilled workers in the construction sector are calculated country by 
country, because of the differences in labour costs between the European Member 
States, other EEA countries and Croatia. Therefore, the following labour cost index 
was introduced to differentiate the costs of skilled workers per country. As basis for 
the assumption, Eurostat data from 2007 were analysed. Table 7-13 gives a detailed 
overview of the development of monthly salaries for skilled workers in the con-
struction sector from 2000 until 2005. Additionally, Figure 7-5 shows the average 
salaries in the construction sector for each climate zone.  

Figure 7-5: Salaries in the construction sector 
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They are weighted by the current technical condition of the existing buildings in 
each zone. With respect to the climate, specific costs for refurbishment measures for 
each surface component have been calculated. 

Table 7-13: Salaries per month for skilled workers in the construction sec-
tor 2000 - 2005 

 Euro 2000 2001 2002 2003 2004 2005
Austria 3036 3126 3205 3248 3345 3418
Belgium 2995 3150 3304 3560 3455 3490
Bulgaria 151 159 157 168 176 186
Croatia 395 462 547 562 608 658
Cyprus 1821 1883 1986 2111 2217 2284
Czech Republic 538 609 736 707 778 855
Germany 2788 2867 2949 3027 3012 3008
Denmark 2826 2918 3780 3868 3974 3996
Estonia 386 455 516 583 651 737
Greece 1104 1111 1133 1161 1138 1148
Spain 1718 1720 1781 1880 1975 2034
Finland 2838 2868 2919 2977 3013 3127
France 3700 3820 3947 4016 4206 4293
Hungary 395 462 547 562 608 658
Ireland 3122 3276 3600 3778 3928 4307
Iceland  n.a. 3852 4288 4344 4436 5271
Italy   n.a. 2419 2469 2519 2569 2619
Liechtenstein 5108 5227 5345 5378 5411 5507
Lithuania 327 382 425 427 516 543
Luxembourg   n.a.   n.a.   n.a.   n.a. 2834 2882
Latvia 289 295 295 301 330 381
Malta   n.a.   n.a. 858 841 1000 863
Netherlands 3156 3369 3602 3761 3996 4045
Norway 3656 3540 3725 3915 4001 4152
Poland 604 692 673 596 600 716
Portugal 1035 1076 1120 1166 1213 1263
Romania 176 194 202 195 224 302
Sweden 3656 3540 3725 3915 4001 4152
Slovenia 1130 1150 1227 1281 1395 1474
Slovakia 434 410 443 501 550 621
United Kingdom 3836 3965 4095 3872 4091 4317

Source: Eurostat 2007, Ireland National Statistics and WI projections 
 

As indicator for projections of future development of salaries the GDP-development 
of each country taken from the latest EU Baseline Scenario was used. Thus, an in-
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dex was created. Additionally, it is assumed that by 2030 the labour costs of the 
countries within the European Union will further converge in the future. Based on 
these assumptions, the development of country-specific GDP values and the ad-
justment of salaries, Table 7-14 illustrates the Index until 2030 for each country. 

Table 7-14: Labour Cost Index 2004-2030 2030 for refurbishment and con-
struction of buildings 

  2004 2010 2015 2020 2025 2030 
Austria 114 115 115 114 112 110 
Belgium 116 112 109 106 101 96 
Bulgaria 6 10 13 18 25 34 
Croatia 22 25 29 32 36 39 
Cyprus 76 82 88 91 92 92 
Czech Republic 28 32 36 39 41 43 
Germany 100 100 100 100 100 100 
Denmark 133 128 125 122 118 114 
Estonia 25 30 36 41 47 52 
Greece 38 47 54 60 71 82 
Spain 68 68 71 75 78 81 
Finland 104 103 102 101 99 98 
France 143 135 1,28 122 110 99 
Hungary 22 25 29 32 36 39 
Ireland 143 143 141 139 131 20 
Iceland 175 1,60 151 143 128 114 
Italy 87 86 90 93 96 99 
Liechtenstein 183 197 208 220 236 257 
Lithuania 18 25 33 41 52 64 
Luxembourg 96 123 148 168 195 217 
Latvia 13 21 29 37 49 63 
Malta 29 32 35 39 46 52 
Netherlands 134 124 118 112 100 87 
Norway 138 142 146 151 153 158 
Poland 24 28 33 38 43 48 
Portugal 42 45 48 53 60 68 
Romania 10 13 17 21 26 32 
Sweden 138 133 130 127 118 110 
Slovenia 49 53 55 57 57 57 
Slovakia 21 23 26 29 31 33 
United Kingdom 144 143 142 141 134 126 

Source: WI calculations based on PRIMES, Eurostat (2007),  
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Another important issue are material costs. They are different for each country but 
do not differ as much as labour costs. The following material cost index was created 
taking into account price variations for materials, in order to allow a comparison 
between the costs of materials for each country. 

Country specific material costs 

In order to calculate country specific material costs for insulation and construction 
of buildings, a report from Federal Office for Building and Regional Planning 
(BBR) from 2005 was considered. This report gives the current state of the art about 
the differences of material and insulation costs for Germany as well as for Central 
and Eastern European countries. These calculated costs have been confirmed by 
stakeholders in the construction segment. The values are taken into account to iden-
tify cost differences between each country.  

Five country groups were defined, differentiated by their economic development. 
Table 7-15 gives an overview about these groups and shows the index for the base 
year 2004. Germany, as well as most other countries from North-West of Europe 
are classified with an index value of 100 (reference group). Due to the BBR report, 
it is assumed that costs for materials are alike in middle and west European coun-
tries for the same climate zone, while material costs of Scandinavian countries and 
Finland are 10% higher than the reference group. Furthermore it is assumed that 
material costs are only about 10 % lower in the New Member States from 2005, 
whereas Greece, Spain, Portugal and Slovenia have a 5 % lower index than the ref-
erence group. The latest EU Member States Bulgaria and Romania as well as the 
forthcoming Member State Croatia have a 12 % lower share.  

Table 7-15: Material Cost Index 

110 100 95 90 88 
Denmark 
Finland 
Iceland 

Liechtenstein 
Norway 
Sweden 
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Bulgaria 
Croatia 

Romania 
 

Source: WI calculations based on BBR (2005) 

The following sections describe the cost assumptions for refurbishment.  
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Façade insulation 

Table 7-16 shows the cost assumptions for compound systems for heat insulation 
for façades. The assumptions are equivalent to Ref 3 in the moderate climate zone. 
The total costs amount to 100 Euro per m2. 

Table 7-16: Cost structure for the refurbishment of façades (Ref 3) 

Façade (Ref 3) Costs (€/m2) 
Scaffolding etc.  11 
Fire prevention education 2 
Preliminary work 4 
Labour costs  25 
Material costs 20 
Overcoating and providing mesh to cracks in plaster or render 11 
Expansion joints 4 
On-wall and painting costs 14 
Renewal and demolition of downpipes 3 
Window connection etc.  6 
Total  100 

Source: IWU (2006) 

Different qualities of refurbishment are differentiated by the variation of the insula-
tion thickness. Table 7-17 gives an overview about the costs and fix components for 
each type of refurbishment measure and for all climate zones.  

Table 7-17: Costs for façade insulation per refurbishment standard, all 
Climate Zones 

Façade Costs for thermal improvement in € 
 Cold Moderate Warm 
 Ref 1 Ref 2 Ref 3 Ref 1 Ref 2 Ref 3 Ref 1 Ref 2 Ref 3 
U-value before 0.50 0.50 0.50 1.50 1.50 1.50 1.97 1.97 1.97 
U-value after 0.18 0.17 0.15 0.41 0.38 0.20 0.59 0.48 0.25 
Labour costs 66.0 66.0 66.0 50.6 50.6 50.6 30.4 30.4 30.4 
Fix component 36.3 36.3 36.0 27.8 27.8 27.8 16.7 16.7 16.7 
Material costs 88.9 92.9 99.0 36.9 38.30 49.4 31.9 35.3 45.6 
Fix component 34.4 34.4 34.3 27.2 27.2 27.2 25.1 25.1 25.1 
Total 154.9 158.9 165.0 87.5 88.9 100.0 62.3 65.7 76.0 

Source: WI calculations based on IWU (2006) 

To calculate costs for a new building, the above created values are used and costs 
typical for refurbishment such as the renewal and demolition of downpipes and the 
overcoating to cracks in plaster are not completely taken into account. Table 7-18 
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shows the additional costs for the energetic standard of New 2 vs. New 1, New 3 vs. 
New 1 and New 4 vs. New 1 for facades.  

Table 7-18: Additional costs for façade insulation (insulation standards 
New 2/3/4 vs New1, all Climate Zones) 

Façade Additional costs New 2/3/4 versus New 1 in € per m2  
 Cold Moderate Warm 
Building code New2 New3 New4 New2 New3 New4 New2 New3 New4
U-value  0.17 0.15 0.10 0.38 0.20 0.10 0.48 0.25 0.10 
Additional 
Costs 

5.6 13.9 41.1 2.8 25.1 60.8 5.6 22.3 55.7 

Source: WI calculations based on IWU (2006) 

Roof insulation 

When considering an improved insulation of roofs, costs for pitched roofs are pre-
sented. If the insulation thickness has to be improved, it will be done beneath the 
rafters. But not in every case it is possible to carry out the insulation in such an easy 
way. In such cases, additional insulation material must be fitted between the joists 
of the roof. The following table shows cost assumptions for the insulation of roofs 
(energetic standard Ref 2) according to EURIMA, Ecofys (2005) which were com-
pleted with information from IWU, for example on the labour costs of skilled work-
ers. Therefore, the cost elements presented in Table 7-19 are more detailed com-
pared to the EURIMA report, where only total investment costs are given. The total 
insulation costs amount to 31.9 Euro per m2 roof surface. 

Table 7-19: Cost structure for roof insulation 

Roof (Ref 2) Costs (€/m2) 
Labour costs  21.3 
Material costs 10.6 
Total  31.9 

Source: EURIMA, Ecofys (2005b); IWU (2006) 

Due to the cost assumptions for Ref 2, it is assumed that 68 % of the total amount 
are fix components which have to be considered for each type of refurbishment, in 
order to maintain the roof and the current energetic standard. Only 32 % of the costs 
are considered to be costs necessary to reach the energetic standard of Ref 2. La-
bour costs contribute largely to the fix costs; it has, however, already been men-
tioned that labour costs differ nevertheless because of additional work depending on 
the energetic standard to be reached, e.g. it is often necessary to fix additional raf-
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ters or to exchange joists. Therefore, Table 7-20 gives an overview about the full 
and fixed costs for each type of refurbishment measure.  

Table 7-20: Costs for roof insulation, per refurbishment standard, all Cli-
mate Zones 

Roof Costs for thermal improvement in € 
 Cold Moderate Warm 
 Ref 1 Ref 2 Ref 3 Ref 1 Ref 2 Ref 3 Ref 1 Ref 2 Ref 3 
U-value before 0.50 0.50 0.50 1.50 1.50 1.50 2.46 2.46 2.46 
U-value after 0.15 0.13 0.11 0.25 0.23 0.20 0.50 0.43 0.30 
Labour costs 37.8 39.1 44.9 20.6 22.3 24.4 13.2 13.6 15.6 
Fix component 26.8 26.8 26.8 14.6 14.6 14.6 9.3 9.3 9.3 
Material costs 18.9 19.6 22.3 10.3 10.6 12.1 6.6 6.8 7.8 
Fix component 13.4 13.4 13.4 7.3 7.3 7.3 4.7 4.7 4.7 
Total 56.7 58.7 67.3 30.8 31.9 36.6 19.3 20.4 23.4 

Source: WI calculations based on EURIMA, Ecofys (2005b); IWU (2006)  

To calculate costs for new buildings, the above mentioned values are used to calcu-
late additional costs for the energetic standard of New 2 vs. New 1, New 3 vs. New 
1 and New 4 vs. New 1 for roofs. Table 7-21 gives an overview of these calcula-
tions for three climate zones.   

Table 7-21: Additional costs for roof insulation (insulation standards New 
2/3/4 vs New1, all Climate Zones) 

Roofs Additional costs versus New 1 in € per m2  
 Cold Moderate Warm 
Building code New2 New3 New4 New2 New3 New4 New2 New3 New4 
U-value after 0.13 0.11 0.10 0.23 0.20 0.10 0.50 0.43 0.10 
Add. Costs 1.2 4.3 10.3 0.5 4.1 11.6 0.7 3.7 10.0 

Source: WI calculations based on EURIMA, Ecofys (2005b); IWU (2006) 

Floor insulation 

Table 7-22 shows cost assumptions for walkable insulation of floors, which is 
equivalent to Ref 3 in the moderate climate zone. The total costs amount to 33.0 
Euro for each m2 floor.  
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Table 7-22: Cost structure for floor insulation 

Roof (Ref 3) Costs (€/m2) 
Demolition and renewing  of insulating materials 8.0 
Labour costs for installation 7.0 
Insulating panel 9.0 
Walkable surface 9.0 
Total  33.0 

Source: IWU (2006) 

From these cost assumptions for Ref 3, it is calculated that, similar to the insulation 
costs of facades, 55 % of the total costs are fixed; 45 % are necessary to achieve 
energetic standard Ref 3. This holds for labour as well as material costs. It is as-
sumed that labour costs for floors will not depend on the energetic standard. Table 
7-23 gives an overview about the full and fix components for all climate zones.  

Table 7-23: Costs for floor insulation, per refurbishment standard, all Cli-
mate Zones 

Floor Costs for thermal improvement in € 
 Cold Moderate Warm 
 Ref 1 Ref 2 Ref 3 Ref 1 Ref 2 Ref 3 Ref 1 Ref 2 Ref 3 
U-value before 0.50 0.50 0.50 1.20 1.20 1.20 2.46 2.46 2.46 
U-value after 0.18 0.17 0.15 0.44 0.41 0.28 0.50 0.43 0.30 
Labour costs 21.8 21.8 21.8 13.8 13.8 13.8 10.0 10.0 10.0 
Fix component 12.0 12.0 12.0 7.6 7.6 7.6 5.5 5.5 5.5 
Material costs 29.3 30.7 32.7 15.3 16.1 19.2 6.6 6.8 7.8 
Fix component 18.0 18.0 18.0 10.6 10.6 10.6 8.3 8.3 8.3 
Total 51.1 52.5 54.5 29.1 29.9 33.0 20.6 21.7 25.1 

Source: WI calculations based on IWU (2006)  

To calculate costs for new buildings, the above mentioned values are used to calcu-
late additional costs for the energetic standard of New 2/3/4 vs. New 1 for floors. 
Table 7-24 gives an overview of theses calculations for the three climate zones. 

Table 7-24: Additional costs for floor insulation (insulation standards New 
2/3/4 vs New1, all Climate Zones) 

Roofs Additional costs versus New 1 in € per m2  
 Cold Moderate Warm 
Building code New2 New3 New4 New2 New3 New4 New2 New3 New4
U-value after 0.13 0.11 0.10 0.23 0.20 0.10 0.50 0.43 0.10 
Add. Costs 1.5 3.6 4.8 0.7 3.6 20.9 0.7 2.9 15.3 

Source: WI calculations based on IWU (2006) 
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Windows 

Table 7-25 shows cost assumptions for wooden windows with low-emission double 
glazing for general exchange of windows and for passive houses (low-emission 
triple glazing). It is assumed that these types of windows are used for the new build-
ing code 4. The standard exchange of windows amounts to 333 Euro per m2 and the 
exchange with windows for passive houses 478 Euro per m2. It also shows the addi-
tional costs of approx. 145 Euro/m2 of window. 

Table 7-25: Cost structure for windows 

Windows 
Basic Costs 

(€/m2) 
Costs  for windows 

New 4 (€/m2) 

Demolition 22 22 
Roller blind 71 71 
Internal soffit 40 40 
Frame and glazing 200 345 
Total  333 478 

Source: IWU (2006) 

Due to this cost assumption for New 4, it is assumed that 36 % are labour and 64 % 
material costs. The costs for low-emission double glazing represent the basic costs 
of refurbishment. As the example shows, the costs for improvement are mainly de-
termined by frame and glazing. Taking into account this approach, Table 7-26 
shows the costs calculated for windows in each energetic standard Ref 1 to 3. 
 

Table 7-26: Costs for windows, per refurbishment standard, all Climate 
Zones 

Windows Costs for thermal improvement in € 
 Cold Moderate Warm 
 Ref 1 Ref 2 Ref 3 Ref 1 Ref 2 Ref 3 Ref 1 Ref 2 Ref 3 
U-value before 3.00 3.00 3.00 3.50 3.50 3.50 4.70 4.70 4.70 
U-value after 1.42 1.33 1.03 1.84 1.68 1.30 3.04 2.71 1.26 
Labour costs 262 262 262 176 176 176 127 127 127 
Fix component 182 182 182 118 118 118 101 101 101 
Material costs 304 334 364 237 259 280 162 172 182 
Fix component 274 274 274 215 215 215 152 152 152 
Total 566 596 626 413 435 456 289 299 309 

Source: WI calculations based on IWU (2006)  

Table 7-27 shows cost assumptions for windows, used in New 4 buildings. They are 
derived from IWU (2006). 
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Table 7-27: Costs for windows building code New 4, all Climate Zones 

Windows Costs for thermal improvement in € 
 Cold Moderate Warm 
 New 4 New 4 New 4 
U-value after 0.60 0.60 0.60 
Labour costs 262 176 127 
Fix component 182 118 101 
Material costs 393 302 192 
Fix component 274 215 152 
Total 655 478 319 

Source: WI calculations based on EURIMA (2005), IWU (2006) 

Learning curves  

These curves, also known as experience curves, depict experience-driven cost re-
ductions over production levels for the future. In order to take into account this 
phenomenon, a study by Jakob and Madlener (2002) has been analysed. They ana-
lysed the development of refurbishment costs in Switzerland over 25 years, from 
1975 until 2000 and found out, that experience-curves are in fact not used effi-
ciently in public policy respectively have seldom influence on it, in order to deter-
mine performances of energy-efficient technologies in the market. It is important to 
know that such curves are not easy to determine precisely because each specific 
region uses different materials to refurbish buildings and its transfer from one coun-
try to another is limited. This limit exists, because of different climate conditions 
and different performance of building codes and standards in each country or re-
gion. The results of the study which has been conducted by Jakob and Madlener 
have been put into a broader context and show that they are convertible into policy. 
The outcome of the Swiss study can therefore be applied in a similar way to other 
countries.  

Why can we expect reduced costs in the future despite increasing U-values for sur-
face components and better insulation standards? This result is based on the econo-
mies of scale and scope. They originate from a reduction of costs because of in-
creasing production levels; fixed costs are lower per unit of produced products. 
Therefore, learning curves are relating to decreasing production costs. Furthermore, 
these curves are referring to the fact that skilled workers are better educated and the 
larger production volumes reduce the time to convert work habits and enhance 
speed. Especially in the construction sector cost degression in energy efficiency 
measures results from the use of pre-fabricated components and other progress.  

Figure 7-6 to Figure 7-7 give an overview of the learning curves for roofs, facades 
and floors respectively windows from 2004 to 2030 according to experiences from 
Jakob and Madlener’s study. It highlights the fact that learning effects by skilled 
workers and technical development of better insulation materials could reduce costs 
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for the insulation of facades, roofs and floors as well as for windows. In the case of 
windows it was observed that the price of double glazing windows decreased by 
more than a factor of two, despite technical progress and a reduction of the U-value.  

For example, costs for the refurbishment of roofs as well as of facades and floors 
are reduced by 16 % by 2030 for the energetic standard of Ref 1 and 15 % for Ref 2 
and 3. 

Figure 7-6: Learning curves for roof, façade and floor insulation 

 

Source: WI calculations based on Jakob et al. (2002) 

As already mentioned, the effect of learning curves is even more noticeable in the 
production of windows. Jakob and Madlener highlighted that over 25 years the 
costs of the most effective window have been reduced by 34 %. Taking into account 
that from 2004 until 2030 26 years will pass by, it is suggested that low-emission 
triple glazing, which are used for passive and low-energy houses and are compara-
ble with the energetic standard of Ref 3 and New 3/4, will be even more cost-
effective in the future and reduce their costs by 34 %. There are already existing 
vacuum insulation-glass windows with this high energetic standard. Figure 7-7 
shows the reduction of costs for Ref 1 and Ref 2 in the coloured columns.  
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Figure 7-7: Learning curves for efficient windows 

 

Source: WI calculations based on Jakob et al. (2002) 

7.1.5 Step 3 – Definition of the four scenarios 

As already described above, the U-values respectively the specific energy consump-
tion per m2 of the buildings by building component for existing, new and refur-
bished buildings present the energetic standard of the building (cp. Table 7-5). They 
are differentiated by three climate zones and by level of performance (Ref 1 - 3 and 
New 1 – 4). The U-values of refurbished and new buildings are improved as com-
pared to Ref 1 / New 1 and correspond to current values of modern buildings inter 
alia from the European Performance of Buildings Directive (EPBD) (Ref 2 and 
New 2) and from other current standards in the European countries, e.g. the German 
Energy Saving Directive (Energieeinsparverordnung (EnEV))21. Ref 3 and New 3 
are comparable with a low energy house and New 4 is synonym for passive houses. 
For the latter, the U-values used are comparable to German passive energy house 
standard, which stands e.g. for significantly improved window frames and better 
insulated facades and roofs which results in a lower specific energy consumption 
per m2. Currently, in many Member States building codes are discussed and the 
values are just renewed or will be renewed.  

For the analysis four different scenarios (Autonomous Progress, Low/High Policy 
Intensity and Technical Potential) are developed and therefore three potentials are 
calculated as a difference with the Autonomous Progress Scenario. In order to inte-
grate different social and economic backgrounds of the countries, it is necessary to 
differentiate these countries. Thus, four socio-economic country groups have been 

                                                 
21

 The Energieeinsparverordnung EnEV is the present German Building Standard for new and old 
buildings in Germany. 
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defined and the four groups, listed below, represent the socio-economic develop-
ment in these regions. These regions have been chosen because countries are linked 
to each other within the groups due to the same climate zone and some roughly 
similar political background. Hence, it is assumed that theses groups show compa-
rable market situations with regards to the rate of renovation and energetic refur-
bishment: 

 The Group North-Western Europe (NW) consists of Central and Western 
European countries like Austria, Belgium, Germany, France, Ireland, Liech-
tenstein, Luxemburg, the Netherlands and United Kingdom and furthermore 
Scandinavian countries (Sweden, Norway, Denmark, Iceland and Finland). It 
is supposed that 1.2 % of the building stock will be refurbished from the be-
ginning of 2004. This value will increase until 2030. The new building codes 
are according to current standards. In many countries these building codes 
have already been legalized or will be legalized in a few years.  

 The Group Southern Europe (South) consists of the following countries: 
Greece, Spain, Italy, Portugal and Slovenia, as one of the New Member 
States of 2005, acceding the European Union. In contrast to North-Western 
Europe the maximum refurbishment rate is assumed to be lower and new 
building codes are assumed to be less performant. The upper limit in 2004 
for refurbishment is 0.9 % of the building stock. 

 The New Member States of the European Union (Cyprus, Czech Republic, 
Estonia, Lithuania, Latvia, Malta, Poland and Slovakia, since May 2005) be-
long to the group New Member States 2005 (NMS05), except Slovenia. Ap-
proximately 0.7 % of the building stock will be refurbished and building 
codes for new buildings will be as high as in Southern Europe.  

 The most recently acceded Member States Bulgaria and Romania, and Croa-
tia (as candidate country to the European Union), belong to the group New 
Member States 2007 (NMS07). The upper limit of retrofit measures of the 
building stock is only approx. 0.5 % per year, but will increase until 2030 as 
well as the building codes for new buildings.  

An overview about the scenario developments is given below. It is obvious that the 
share of refurbishment rates and the distribution of the new building codes vary in a 
number of aspects (New 1- to New 4). The Figures included show the distribution 
of the refurbishment rates over all groups and years more in detail.  

Autonomous Progress Scenario  

The definition of the Autonomous Progress Scenario is a comprehensive task. It 
could be observed that energy efficiency gains were achieved in the past through 
high efficiency technological processes in the construction sector. This also aligns 
with the findings of Jakob and Madlener and those stated in the EURIMA reports. 
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For example, the insulation of building components has been improved and their 
typical specific energy consumption has been reduced. On the one hand, the imple-
mentation of new legal incentives has promoted such technical progress but on the 
other hand, the development in the construction sector itself and increasing energy 
prices in the past, too, lead to the current results. As the state of the art review from 
TU Delft (Itardet al. 2007) has shown, many activities are currently in place and 
energy savings in the building sector, residential as well as non-residential building 
sector, seem to be an important goal to fulfil national and European wide targets for 
the reduction of energy consumption and CO2-emission. Policy and the normal 
technical progress generate an increasing awareness to improve the energetic stan-
dard of buildings.  

Total renovation rates, energetic refurbishment rates and the rate of new construc-
tion are decisive variables for the scenario definition. The scenarios are set up sepa-
rately according to these parameters for existing and new buildings. 

Refurbishment of existing buildings 

Figure 7-8 gives an overview of current refurbishment rates and possible future de-
velopments by socio-economic regions. Current refurbishment rates of buildings are 
significantly below the rates that would be necessary to cope with regular reinvest-
ment due to the lifetimes of components, which are typically between 25 years for 
windows and 30 to 50 years for the façade, floors and the roof. In fact, current 
renovation rates are between 1.2 % in North-Western Europe and 0.5 % in the re-
cently acceded countries Romania and Bulgaria (as also assumed for Croatia). Dur-
ing these renovations only a fraction of 40 to 60 % is also renovated energetically, 
i. e. refurbished as Ref 2 or 3 or newly built up as New 2, New 3 or New 4.  

Thus, the Autonomous Progress Scenario consists of one refurbishment class in the 
first time frame (Ref 1). From beginning of 2010, a second (Ref 2) and third class of 
energetic standard (Ref 3) are introduced. Until 2030, the rates of the more ambi-
tious refurbishment rates will be increasing, while Ref 1 is phased out. It is assumed 
that the Autonomous Progress Scenario will see increasing rates of energetic refur-
bishment out of more or less constant low frozen total renovation rates. 

Penetration of new more efficient buildings in the market 

It is supposed to start with high shares of the current energetic standards for new 
buildings. From 2010 until 2030, the share of more demanding building codes 
should start, but with not very ambitious targets in order to reduce the energy con-
sumption. Figure 7-9 shows the new building rates per building code (New 1-4) 
until 2030.  
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Figure 7-8: Rates of refurbishment rate per year, Autonomous Progress 
Scenario 

 

Source: WI calculations based on ISI (2007); WI (2000) 
 

Figure 7-9: Market shares of new building codes per year, Autonomous 
Progress Scenario 

 

Source: WI calculations  
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Low Policy Intensity Scenario 

In the two policy scenarios investigated in this study, the introduction of new poli-
cies is envisaged and thus, the market will continue transforming. Two different 
intensities of policy influence are envisaged; the first policy scenario is the Low 
Policy Intensity Scenario. 

Refurbishment of existing buildings 

Due to the need for maintenance of the existing building stock and the demand of 
new buildings, the building stock will be supported. For the low economic scenario 
it is assumed that the total renovation rates will increase to higher levels around 
2.5 % per year (Figure 7-10). The energetic refurbishment will achieve slightly in-
creasing market shares of the total renovation rate. Similar to the Autonomous Pro-
gress Scenario, in the North-Western countries additional refurbishment measures 
(Ref 2 and Ref 3) will have been introduced by 2010 due to the fact that from be-
ginning 2008 all over Europe new and stronger building codes are in force. The 
other regions follow the same pattern with some delay. The penetration rate of these 
improved standards will grow proportional from 2008 to 2030.  

Figure 7-10: Rates of refurbishment per year, Low Policy Intensity Scenario 

 

Source: WI calculations based on ISI (2007); WI (2000) 

Penetration of new more efficient buildings in the market 

Taking policy measures into account, the building codes will get stronger and more 
efficient measures like low energy houses and passive houses (New 3 and New 4) 
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will penetrate the market more effectively than in the Autonomous Progress Sce-
nario. Building code New 4 will start from less than 4 % in North-Western Europe 
respectively 1 % in the New Member States 2005 and grow up to 40 % in every 
region until 2030. Figure 7-11 shows the share of different building codes for the 
LPI-S.  

Figure 7-11: Market shares of new building codes per year, Low Policy In-
tensity Scenario 

 

Source: WI calculations  

High Policy Intensity Scenario 

Refurbishment of existing buildings 

In the high economic potential scenario the higher renovation rates of the Low Pol-
icy Intensity Scenario is coupled, starting from 2005, with additional energetic re-
furbishment at improved standards. A stronger role of policy measures than for the 
LPI-S is taken into account for this scenario. Thereby, the share of more efficient 
technologies will increase faster than in the Low Policy Intensity. This policy is 
implemented and promoted in every region. Figure 7-12 shows the assumptions for 
the rates of refurbishment for existing buildings in the regions. 

Penetration of new more efficient buildings in the market 

The introduction of the most efficient building technology reaches almost every 
region in 2010 (Figure 7-13). Thus, the market share is dominated by efficient 
building technologies in every country in the period 2010 to 2030. This leads to a 
share of new building code 4 up to 75 % in North-Western Europe in 2030 and up 
to 70% in the new acceded countries and in Croatia.  
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Figure 7-12: Rates of refurbishment rates per year, High Policy Intensity 
Scenario 

 

Source: WI calculations  

Figure 7-13: Rates of new building codes per year, High Policy Intensity 
Scenario 

 

Source: WI calculations  
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Technical Potential Scenario 

The Technical Potential Scenario assumes further speeding up of the total renova-
tion rates up to the maximum feasible level together with 100 % energetic refur-
bishment rates at high standards. Thus, a politically supported increase of the reno-
vation rates up to the maximum feasible level of about 4 % per year is supposed 
(Figure 7-14).  

Figure 7-14: Rates of refurbishment rates per year, Technical Potential Sce-
nario 

 

Source: WI calculations  

With a strong political promoting of the current most efficient building standard, it 
is assumed that in 2010 already 20 % of the new built buildings are equivalent to 
the New 4 standard in North-Western Europe, Southern Europe and in the New 
Member States which acceded to the EU in 2005. In North-Western Europe the 
market share of this building code will already reach 100 % in 2020, whereas in the 
New Member States 2007 and in Croatia it just reaches a value of about 85% 
(Figure 7-15). Until 2025 almost every region has reached 100 %, except the 
NMS07.  
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Figure 7-15: Rates of new building codes per year, Technical Potential Sce-
nario 

 

Source: WI calculations  

 

7.2 Heating devices 

7.2.1 Description of the sector/end-use 

The following paragraphs deal with the way the energy efficiency potential due to 
the improvement of the energy efficiency of the heating equipment has been calcu-
lated. In practice this potential is cumulated to that provided by the interventions on 
the building shell described in 7.1 in terms of useful energy. 

The heating devices are broken down into the following technologies: 

 Gas standard and condensing boilers  
 Heat pumps 
 Biomass boilers (from classic wood to the advanced pellet boilers) 
 Solar heating systems 
 Traditional oil and coal boilers 
 Electric radiators/stoves 
 District heating systems 

7.2.2 Sector-specific / use-specific data sources and modelling issues 

First of all it is worth highlighting that building shell and heating technologies are 
interlinked. Therefore the energy efficiency potential is differentiated by heating 
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systems for the existing and the new (future) building stock22. As a matter of 
fact, the energy efficiency potential is surely higher for the existing than for the 
future stock and it is possible to affirm that the more the building technology of a 
new house is advanced, the less is the residual margin to improve its overall energy 
efficiency, till one arrives to the passive house standard for which we can say that 
their residual potential is practically zero.  

According to this initial statement, the methodology for the calculation of the EE 
potentials due to the heating equipment improvement has been the following: 

1. The input data are: the useful energy consumption, calculated in accordance 
with the settings outlined in 7.1, the energy consumption share of the heating 
technologies and the corresponding energy efficiencies. 

2. The energy consumption shares of the heating technologies are the main sce-
nario drivers. These technologies are the ones listed in 7.2.1: 

3. For the reference year the data of the energy consumption shares at country 
level are provided by the EuP-Eco-design study on boilers23. These data have 
then been split between the existing and the new-future stock on the basis of the 
following criteria: 

a. In general, new buildings will not install coal or even oil boilers, the district 
heating connection is reduced, especially in the Eastern Countries, while, on 
the contrary, the majority of the share goes to the gas boilers as well as to 
renewables and heat pumps. 

b. The existing buildings take up the remaining energy consumption shares in 
order to be consistent with the overall breakdown provided by the Eco-
Design study. 

4. The conversion efficiencies of the heating technologies (boiler + heat distribu-
tion energy efficiency) have been estimated on the basis of the previous MURE 
data (MURE household 2000). To this end, like for the SHW systems (see 
paragraph 7.3), the countries considered here were divided in four groups in ac-
cordance with their supposed reference energy efficiency level: 

• Group 1: High reference conversion efficiency (i. e. high penetration of con-
densing boilers, average conversion efficiency for heating = 90 % in the ex-
isting buildings and 95 % in the new ones): Denmark, The Netherlands, 
Germany, Sweden, Norway, Austria, Iceland. 

• Group 2: Good reference conversion efficiency (country average conversion 
efficiency for heating = 85 % in the existing buildings and 90 % in the new 
ones): France, UK, Belgium, Finland, Luxemburg. 

                                                 
22

  According to the definitions provided in paragraph 7.1.3, the existing stock includes the buildings 
built up to 2004  

23
 Kemna, R. et al.: Eco-Design of Boilers (Lot 1: Boilers and combi-boilers), Task 3 final report, 

http://www.ecoboiler.org/) 
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• Group 3: Medium reference conversion efficiency (country average conver-
sion efficiency for heating = 75 % in the existing buildings and 90 % in the 
new ones): Italy, Spain, Portugal, Ireland, Czech Republic, Hungary, Poland, 
Slovak, Slovenia, the Baltic countries 

• Group 4: Poor reference conversion efficiency: Bulgaria, Romania, Croatia, 
Cyprus, Greece, Malta (country average conversion efficiency for heating = 
65 % in the existing buildings and 85 % in the new ones). 

7.2.3 Step 1 – Definition of energy saving options 

As outlined in point 2 of the previous numbered list, the energy consumption shares 
by heating technologies are the main scenario drivers. This means that the energy 
efficiency potentials mainly depend on the substitution rates of the less efficient 
heating technologies with the more efficient ones. 

To this end it is important to underline that the substitutions occurring within the 
same energy market (gas, oil, electricity, renewables, biomass, district heating) do 
not depend on the scenario settings but only on the autonomous progress of each 
market. In practice, in this simulation framework, the policies only act upon the 
market shares and not on the technology performance within each single market. 
These markets are considered as being sufficiently mature to autonomously increase 
the energy efficiency of the equipment sold in the market itself. The consequence of 
this is that the final energy consumption of the building is a function of: 

• The trend of the heating equipment efficiency within each energy market, set 
equal for all the scenarios 

• The market share of each energy market over time, depending on the scenario 
settings. 

We recognise that this approach is rather simplistic because it eliminates a degree of 
freedom in the policy simulation, i.e., the possibility to intervene within a single 
energy market. This has been adopted to cope with the data availability (i.e. very 
little information on the penetration of the condensing boilers in the gas markets) 
The consequence is that the potentials figures provided may be a little bit underes-
timated but we believe that the overall picture is more reliable. 

Table 7-28 to Table 7-30 show the reference conversion efficiencies attributed to 
the selected heating technologies and the four country groups respectively for the 
existing and the new buildings. The new buildings are in turn split by those built in 
accordance with the building codes defined as New1, New2, and New3 and the pas-
sive houses (code New 4). It is supposed that the requirements of the passive house 
standard limit the choice of the heating systems. 
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Table 7-28: Existing buildings, reference efficiencies by heating technology 
and country group 

 Group1 Group2 Group3 Group4 
Natural gas boilers 93% 87% 82% 80% 
Oil boilers 85% 81% 76% 74% 
Coal boilers 60% 60% 55% 45% 
Biomass boilers 70% 70% 65% 55% 
Electricity 100% 100% 100% 100% 
Renewables (solar or geothermal)1) 150% 150% 150% 150% 
Heat pumps2) 3,5 3,5 3,5 3,5 
District heating3) 100% 100% 100% 100% 

Notes: 1)  

Table 7-29: New buildings, reference efficiencies by heating technology and 
country group 

  Group1 Group2 Group3 Group4 
Natural gas boilers 95% 95% 95% 90% 
Biomass boilers 85% 85% 80% 75% 
Electricity 100% 100% 100% 100% 
Renewables (solar or geothermal) 1) 150% 150% 150% 150% 
Heat pumps2) 3,5 3,5 3,5 3,5 
District heating3) 100% 100% 100% 100% 

Notes: see Table 7-28 

Table 7-30: Passive houses, reference efficiencies by heating technology and 
country group 

  Group1 Group2 Group3 Group4 
Natural gas boilers 99% 99% 99% 99% 
Biomass boilers 90% 90% 90% 90% 
Electricity 100% 100% 100% 100% 
Renewables (solar or geothermal) 1) 150% 150% 150% 150% 
Heat pumps2) 4 4 4 4 
District heating3) 100% 100% 100% 100% 

Notes: see Table 7-28 

Starting from these values, a set of maximum achievable conversion efficienciesby 
heating technology has been devised (Table 7-31). As outlined before, these values 
are differentiated by country groups and not by policy scenarios and represent the 
average stock efficiencies in the 2030 markets.  
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Table 7-31: Heating technologies: maximum technical achievable conversion 
efficiency (market situation in 2030) 

 Autonomous Progress 
 Group 1 Group 2 Group 3 Group 4 
Natural gas boilers 99% 99% 91% 91% 
Oil boilers 91% 87% 85% 84% 
Coal boilers No coal boilers in 2030 
Biomass boilers 84% 84% 81% 70% 
Electricity 100% 100% 100% 100% 
Renewables (solar or geothermal) 150% 150% 150% 150% 
Heat pumps 4 4 4 4 
District heating 100% 100% 100% 100% 

7.2.4 Step 2 – Technology costs 

Assumption on technology costs for heating are based on a cost degression hy-
pothesis of 15 years. 

7.2.5 Step 3 – Definition of the four scenarios 

Table 7-32 shows the criteria followed to define the market share trends of the heat-
ing technologies defined in paragraph. 7.2.1. In accordance with the criteria out-
lined in this table, the main technological drivers are represented by: 

 The penetration of the gas condensing boilers in the market (simulated 
in the model through the increasing of the boiler efficiency): 

− In the Autonomous Progress Scenario the gas market share increases 
steadily taking the place of the coal and, partially, of the oil boilers.  

− In the LPI Scenario the trend in the market share of the gas boilers is 
practically the same as in the Autonomous Progress Scenario in the ex-
isting building stock (or slowly decreasing); it is decreasing in the future 
building stock. 

− In the HPI Scenario the trend of the gas boilers is decreasing in both the ex-
isting and the new building stock in favour of the penetration of heat pumps 
and renewables (taking into account the climate zone of the country). 

 The penetration in the market of the renewables (solar systems and geo-
thermal). As a general rule, should the country climate allow this, the overall 
penetration targets with respect to the share in the starting year are:  

− Up to + 10 % in the autonomous scenario 

− Up to + 25 % in the LPI Scenario 

− Up to + 40 % in the HPI Scenario 
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 The penetration in the market of the heat pumps. 
− In the Autonomous Progress Scenario the heat pumps substitute the 

market of the traditional electric radiators and penetrates till reaching in 
the year 2030 9-10% of the heating equipments stock 

− In the LPI Scenario there is a further penetration of this technology by 
2030 up to the triple of the penetration they have in 2010 (15 – 18 % of 
the heating equipment stock in 2030).  

− In the HPI Scenario, by 2030 the heat pumps have six times the penetration 
they have in 2010 (30 – 36 % of the heating equipments stock in 2030). 

Table 7-32: Criteria followed to set the market share trends of the heating 
technologies 

Technologies Criteria 
District heating In the Western countries the penetration does not change across 

the scenarios (it remains the same as in the reference year) be-
cause it is supposed that the energy efficiency improvements will 
be carried out at the level of the transformation sector. In the 
Eastern countries in general only the existing buildings are con-
nected to district heating. In some cases a decrease is foreseen in 
the penetration of district heating in existing buildings (due to the 
possible phase out of obsolete plants). 

Gas boilers The hypothesis is that: 
• by 2015 in the Autonomous Progress Scenario for the 

group 1 countries and in the LPI/HPI Scenarios for the 
other country groups, 15 % of the sales at EU level are 
constituted by condensing boilers; 

• and that up to 2030 this technology represents 100 % of 
the market also for the group 3 countries.  

Overall the gas boiler share in the existing and future buildings 
increases steadily in the Autonomous Progress Scenario, but does 
not increase or slowly decreases in the LPI Scenario and steadily 
decreases in the HPI Scenario. 

Oil boilers Residual technology. This market is mainly substituted by the gas 
boilers. 

Coal boilers Old boilers with a short residual life. This stock should disappear 
in the Autonomous Progress Scenario around 2010-2015 depend-
ing on the country (in some cases like Poland, the coal boiler 
stock disappears only in the policy scenarios and by the year 
2020). 

Biomass boilers This is an option which is more triggered by environment (CO2 
emissions) rather than by energy efficiency considerations. The 
share of this technology, with the exception of the few cases in 
which the starting share is very high, is generally kept unaltered. 
Actually an increase of this market share decreases the average 
country energy efficiency. 

Electricity Decreasing market substituted by heat pumps 
Renewables (solar heat-
ing/geothermal) 

Strong increase in accordance with the country latitude, especially 
in future buildings 

Heat pumps Strong increase in all the scenarios but less than that in the SHW 
systems. In this framework the heat pump constitutes the leading 
energy driver for the increase of the electricity demand in the sector.  
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7.3 Sanitary Hot Water 

7.3.1 Description of the sector/end-use 

The following paragraphs deal with the way the energy efficiency potential due to 
the improvement of the energy efficiency of the sanitary hot water equipment has 
been calculated. The technological breakdown of this end-use is similar as for the 
heating devices described in section 7.2.1 but with some specialties for the SHW: 

 District heating 

 Hot water provided by the heating system 

 Dedicated gas boilers (both instantaneous and storage) 

 Dedicated solar thermal devices 

 Dedicated electric instantaneous water heaters 

 Dedicated electric storage water heaters 

 Heat pumps 

7.3.2 Sector-specific / use-specific data sources and modelling issues 

The calculation of the efficiency potentials for the sanitary hot water (SHW) energy 
consumption has been set according to the following steps: 

1. Calculation of the SHW energy overall demand 

2. Break down of the SHW energy demand by water heater technologies 

3. Calculation of the SHW energy consumption by water heater technology 
(final energy) 

4. Definition of the criteria to set the penetration of the water heater technolo-
gies in the involved countries 

5. Calculation of the EE potentials 

The data for the calculation of the SHW energy consumption have been provided by 
the EuP Eco-design study on boilers24. The settings of the water heater technologies 
penetration trends have been provided by Fraunhofer ISI and completed by ISIS 
based on the eco-design study for boilers. 

The main set of input variables and data sources were the following: 

 Households number trend (PRIMES) 

                                                 
24

  Kemna, R. et al.: Eco-Design of Boilers (Lot 1: Boilers and combi-boilers), Task 3 final report, 
http://www.ecoboiler.org/)  
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 Hot water consumption by household and per country (Eco-design study for 
boilers) 

 Share of the market penetration trends of the water heaters technologies per 
EE scenario (Eco-design study for boilers for the reference year, own esti-
mates, also based on the Eco-design study, for the scenario trends) 

 Conversion efficiency of the water heater technologies per country (Eco-
design study for boilers) 

 

The yearly SHW energy demand per household has been calculated on the basis of 
the daily hot water consumption (by household) according to the following formula: 

1.21_____ ×= dayhhLitreshhSHWdemandEn  (kWh) 

Where  

21.1 (kWh/Litre) = (365 days x 50 degree °C x 1.16 Wh/degree) / 1000 Wh/kWh  

The energy demand up to the year 2030 has in turn been estimated by increasing the 
reference energy demand in accordance with the household growth rate (from 
PRIMES) and by keeping constant the reference annual SHW consumption.  The 
break down of the final energy consumption by the most used water heaters tech-
nologies ( see Table 7-33) has been then estimated by multiplying the SHW energy 
demand by the water heaters market penetration in the ESD countries and then by 
dividing the result by the energy efficiencies of the water heater technologies con-
sidered. 

7.3.3 Step 1 – Definition of energy saving options 

Like the heating devices, also in the case of the SWH the energy consumption 
shares by technology are the main scenario drivers. This means that the energy effi-
ciency potential mainly depends on the substitution rates of the less efficient SWH 
technologies with the more efficient ones and that the substitutions performed 
within the same energy market (gas, electricity, renewables, district heating) do not 
depend on the scenario settings but are considered as autonomous progress for each 
market. The consequence of this is that, also for the SHW devices, the final energy 
consumption is a function of: 

• The variation trend of the SWH equipment efficiency within each energy mar-
ket, set equal for all the scenarios. 

• The penetration trends of each energy market, depending on the scenario set-
tings. 

Table 7-33 shows the considered water heaters technologies and corresponding 
conversion efficiency: 
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Table 7-33: Conversion efficiency by water heater technology 

Water heater technology Conversion efficiency 
District heating 100% 
Hot water provided by the heating system 
Dedicated gas boilers (both instantaneous and storage) 

variable according to the refer-
ence countries and over time, 
see Table 7-34 

Dedicated solar thermal devices 150% (variable according to the 
reference countries and over 
time, see below) 

Dedicated electric instantaneous water heaters 97% 
Dedicated electric storage water heaters 65% 
Heat pumps (COP) From 3.5 [2005] up to 4.2 

[2030] 
 

All figures shown in Table 7-33 do not change over time with the exception of the 
heat pump COP for which an improvement of 20 % has been envisaged, the dedi-
cated gas boilers and the dedicated solar thermal devices. 

The average figure of 150 % for the conversion efficiency of these devices means 
that, on average, in each household in which this system is applied, the solar contri-
bution is able to provide one third of the SHW energy demand. For the Mediterra-
nean countries this figure is higher and increases overtime: it has been set to 200 % 
for Italy, Spain and Malta in 2004 (50 % of the energy demand provided by the sun) 
and reaches a level of 250 % in 2030 (300% for Malta) while it has been set to 
500% in 2004 (80% of the energy demand provided by the sun) for Cyprus, reach-
ing up to 100 % of energy provided by the sun in 2030 for this country. 

Concerning the boilers, their conversion efficiency has been differentiated by group 
of countries according to the following grouping criteria (similar to those used for 
the conversion efficiency of the household heating systems):  

 Group 1: High conversion efficiency countries (i.e. high penetration of con-
densing boilers): Denmark, The Netherlands, Germany, Sweden, Norway, 
Austria, Iceland  

 Group 2:Good conversion efficiency countries: France, UK, Belgium, 
Finland, Luxemburg 

 Group 3: Medium conversion efficiency countries: Italy, Spain, Portugal, 
Ireland, Czech Republic, Hungary, Poland, Slovak, Slovenia, the Baltic 
countries 

 Group 4: Poor reference conversion efficiency: Bulgaria, Romania, Croatia, 
Cyprus,…  

The conversion efficiency figures associated to the country groups are shown in 
Table 7-34. Like in the case of the heat pumps, a general improvement of 20 % of 
the conversion efficiency, linearly growing up to 2030, has been envisaged for all 
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the country groups shown below. As outlined before, it is worth noting that this 
efficiency improvement is not ruled by policies but only by the autonomous pro-
gress of the SHW equipments.  

Table 7-34: Conversion efficiencies for the SHW boilers 

Country 
groups 

Hot water provided by the  
heating system 

Dedicated boilers 

Group 1 75% 70% 
Group 2 65% 65% 
Group 3 55% 65% 
Group 4 45% 55% 

7.3.4 Step 2 – Technology costs 

Assumption on technology costs for heating are based on a cost degression hy-
pothesis of 15 years. 

7.3.5 Step 3 – Definition of the four scenarios 

Table 7-35 shows the criteria followed to set the market trends of the SWH tech-
nologies listed in Table 7-33. In accordance with these criteria, the market penetra-
tion shares of these technologies have been thus determined taking into account the 
starting situation (at the reference years) and the country profile (GDP, sensitive-
ness toward the energy efficiency issues, climate conditions..). Like in the case of 
household heating technologies, the overall criteria has been the progressive en-
trance in the market of the electric technologies together with the solar heaters sys-
tems. These two technologies represent the targets outlined in the technical scenario 
and generally arrive up to the 50 % of the market (according to the climate condi-
tions) in the high policy intensity scenario. 
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Table 7-35: Main criteria followed to set the SWH market trends in the 
involved countries 

Technologies Criteria 

District heating The penetration does not change with the scenarios (it re-
mains the same as in the reference year) 

Hot water provided by the heat-
ing system 

The conversion efficiency increases at the same rate in all 
scenarios but the market penetration is considered as residual 
(together with the dedicated boilers)  

Dedicated gas boilers As in the case of the systems linked to central heating boilers, 
these water heaters increase their efficiency in all the scenar-
ios in the same way but decrease their penetration according 
to the entrance of the heat pumps. 

Dedicated electric instantaneous 
electric water heaters 

The penetration of this technology increases in all the scenar-
ios taking the place of the storage electric systems but to-
gether, the instantaneous and storage systems decrease their 
penetration in favour of the heat pump technology. This loss 
of market position of both electric SHW systems is minimum 
in the autonomous scenario and maximum in the HPI Sce-
nario. 

Dedicated electric storage elec-
tric water heaters 

This technology is rapidly phased out, starting from the 
autonomous scenario, in favour of the instantaneous water 
heaters.  

Heat pumps This technology, together with the solar thermal devices, is 
the main energy efficiency driver of the SHW systems. It 
corresponds to the BAT at the reference year and it is ex-
pected to steadily increase its penetration in the market in the 
following way: 

Up to 30 % in the Autonomous Progress Scenario  

Up to 50 % in the LPI Scenario 

Up to 70 % in the HPI Scenario 

Up to 90 % in the Technical Scenario (but this depends on the 
penetration of the solar systems) 

These targets has been be adjusted according to the reference 
country groups 

Dedicated solar thermal devices In accordance with the climate conditions of the involved 
countries, a strong penetration of these systems has been 
foreseen in all the scenarios. In the Autonomous Progress 
Scenario this technology reaches 10 – 20 % in the southern 
countries while in the HPI levels of 40 – 50 % are reached in 
countries like Greece or Spain and up to 100% in Cyprus25. 

 

                                                 
25

  The share of the solar water heaters is shown in the ESD database within the “technology driv-
ers/household/water heating” page 
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7.4 Results residential sector 

7.4.1 Results useful energy demand of residential buildings 

All assumptions described in section 7.1 are integrated in the model calculation and 
in the following the potentials of energy savings are given for the whole EU27. Be-
cause of the high amount of data, a more detailed overview can be obtained by us-
ing the online database.  

Figure 7-16 shows the useful energy demand in toe per dwelling for all scenarios 
for the EU27 and Figure 7-17 shows the same demand expressed in kWh per square 
meters. The corresponding data are displayed in Table 7-36. 

With regards to Figure 7-17 it is worth noting that the specific (useful) energy de-
mand of the Technical Scenario arrives in 2030 to the value of 61 kWh/m2 that is 
close to that of the passive houses. 

Figure 7-16: Useful energy demand (EU27) – toe/dw 
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Figure 7-17: Useful energy demand per square metre (EU27) – kWh/m2 
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Table 7-36: Useful energy demand (EU27) per dwelling and per square meter 

    2004 2010 2015 2020 2025 2030 
APS toe/dw 1.10 1.06 1.03 0.99 0.96 0.93 
LPI-S   1.10 1.05 1.00 0.95 0.90 0.85 
HPI-S   1.10 1.01 0.93 0.84 0.75 0.67 
TS   1.10 0.99 0.89 0.75 0.62 0.51 
    2004 2010 2015 2020 2025 2030 
APS kWh/m2 145.5 137.0 129.6 123.0 116.9 111.5 
LPI-S   145.5 135.2 126.2 117.2 109.0 101.9 
HPI-S   145.5 130.2 117.5 103.8 91.5 80.4 
TS   145.5 128.2 111.9 92.8 75.9 61.3 

 

Figure 7-18 to Figure 7-20 and Table 7-37 show the energy saving potentials for the 
three alternative scenarios vs the Autonomous Progress Scenario from the existing 
building stock (total26 and refurbishment only27) and new building stock (new build-
ing codes). 

                                                 
26

  Total saving potential for heating from existing stock: savings stemming from both refurbish-
ment of the EXISTING stock and the penetration of more efficient heating systems in the stock. 
Potentials from hot water are not included in this item. 

27
  Total saving potential for heating from refurbishment existing stock: saving potentials from the 

increased penetration of refurbishment measures for the EXISTING stock (excl. heating sys-
tems). 
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Figure 7-18: Energy efficiency potential: total existing building stock EU27 
(versus Autonomous Progress Scenario) 
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Figure 7-19: Energy efficiency potential: refurbishment of the existing stock 
EU27 (versus Autonomous Progress Scenario) 
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Figure 7-20: Energy efficiency potential: new building stock EU27 (versus 
Autonomous Progress Scenario) 
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Table 7-37: Energy efficiency potentials from the existing and new building 
stock (EU27 – ktoe)  

Total stock 2010 2015 2020 2025 2030 
LPI 2.857 5.517 9.660 13.423 16.778 
HPI 10.742 19.743 31.990 43.285 54.192 
Technical Potential 13.990 28.728 50.270 69.720 87.388 
Refurbishment existing 
stock           
LPI 1.187 3.078 6.417 9.431 12.163 
HPI 5.620 12.115 21.683 30.505 38.651 
Technical Potential 7.537 17.958 35.377 51.176 65.593 
New building codes           
LPI 1.669 2.439 3.243 3.925 4.615 
HPI 5.122 7.628 10.308 12.737 15.541 
Technical Potential 6.453 10.770 14.893 18.529 21.794 

 

It is essential to keep in mind that the figures show just the saving potentials for 
each scenario versus the Autonomous Progress Scenario. The Autonomous Progress 
Scenario includes already energy efficiency improvements and therefore the saving 
potentials can be seen as additional savings.  
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7.4.2 Results heating devices 

Figure 7-21 and Table 7-38 show the trend of the final thermal energy consumption 
expressed in toe per dwelling. The final energy takes into account the energy con-
sumption required by the use of the heating equipments. It is worth noting here that, 
starting from the year 2020 and for the policy and technical scenarios, the final en-
ergy consumption is progressively lower than the useful energy demand. This is the 
result of the combined effect of the introduction in the market of the heat pumps 
and the solar systems ad the progressive increase of the average decimal efficiency 
of the gas boilers. Moreover, in many EU Eastern countries and in some EU West-
ern countries a non negligible portion of the heating systems is represented by the 
district heating to which it has been conventionally attributed the 100% of decimal 
energy efficiency (when the decimal energy efficiency is equal to 100%, the useful 
energy is equal to the final thermal energy). 

Figure 7-21: Final thermal energy consumption (EU27) – toe/dw 
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Table 7-38: Final  energy consumption (EU27) – toe/dw 

    2004 2010 2015 2020 2025 2030
Autonomous 1,31 1,23 1,14 1,06 0,98 0,92
LPI 1,31 1,21 1,10 0,98 0,87 0,76
HPI 1,31 1,16 1,01 0,84 0,67 0,49
Technical 

Toe/dw 

1,31 1,14 0,95 0,74 0,51 0,28
 

Figure 7-22 shows the EE potential trend of the final thermal energy consumption 
for the EU27 countries. The savings shown in this figure are the results of the sav-
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ings provided by the refurbishment and new building codes interventions, as dis-
cussed in the previous paragraph (see Table 7-37), plus the savings provided by the 
increasing of the energy efficiency of the heating systems. The break-down of each 
of the curves shown in Figure 7-22 by these two classes of savings is provided in 
Figure 7-23 to Figure 7-25 and in Table 7-40. It is worth noting here that the contri-
bution of the heating equipment to the overall savings is rather high, especially in 
the LPI scenario, where arrive in the year 2030 up to the 50 % of the total achiev-
able savings. 

Table 7-39 shows the percentage of the contribution of the heating systems to the 
overall final thermal energy consumption by EE scenario. 

Table 7-39  Percentage of the contribution of the heating systems to the 
overall final thermal energy consumption 

  2010 2015 2020 2025 2030
LPI-S 27% 39% 39% 41% 50%
HPI-S 26% 29% 29% 33% 39%
TS 27% 26% 24% 28% 34%

 

Figure 7-22:  Energy efficiency potential from the final thermal energy de-
mand for the– EU27 countries 
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Figure 7-23:  Split of the savings between the useful and final energy, LPI 
scenario – EU27 
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Figure 7-24:  Split of the savings between the useful and final energy, HPI 
scenario – EU27 
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Figure 7-25:  Split of the savings between the useful and final energy, Tech-
nical scenario – EU27 
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Table 7-40:  Energy efficiency breakdown by scenario and useful/final energy 
consumption (EU27 – ktoe) 

LPI-S 2010 2015 2020 2025 2030
Useful energy 2.857 5.517 9.660 13.423 16.778
Final energy 1.039 3.476 6.160 9.472 17.067

Total 3.896 8.993 15.820 22.895 33.845
HPI-S           
Useful energy 10.742 19.743 31.990 43.285 54.192
Final energy 3.783 8.180 12.904 21.077 34.380

Total 14.526 27.923 44.895 64.361 88.571
Technical Scenario           
Useful energy 13.990 28.728 50.270 69.720 87.388
Final energy 5.071 10.070 16.177 27.115 45.740

Total 19.061 38.798 66.447 96.835 133.128
 

7.4.3 Results sanitary hot water 

Figure 7-26 and Table 7-41 show the EE potentials obtainable from the SHW sys-
tems. The high potential achieved in the technical scenario shows the maximum 
savings obtainable in this sector when the sanitary hot water demand is satisfied by 
the heat pumps + solar heaters systems. The share of the EE improvement provided 
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by  the thermal (mainly gas boilers + solar systems) and the electric (electric water 
heaters + heat pumps) devices separately, is the following: 

 LPI scenario: thermal / electric = 30% / 70% (still little penetration of solar sys-
tems and high share of efficient electric water heaters) 

 HPI scenario thermal / electric 50% / 50% (the solar systems penetration is 
equivalent to the heat pumps one, still high share of gas boilers) 

 Technical scenario: thermal / electric = 70% / 30% (prevalence of solar systems) 

Finally Figure 7-27 and Table 7-42 show the final energy consumption trends of the 
SHW systems by scenario. In practice with respect the starting energy consumption 
value (0.12 toe/dw) and thank to the penetration of the solar heaters and the heat 
pump devices, the unitary consumption is halved in the HPI scenario and reduced of 
two third in the technical one. 

Figure 7-26: Energy Efficiency Potential from the SHW systems – EU27 
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Table 7-41: Efficiency Energy Potential from the SHW systems (EU27, 
ktoe) 

 ktoe 2010 2015 2020 2025 2030 
LPI-S 745 1.156 1.798 2.356 3.180 
HPI-S 872 1.618 2.609 3.621 5.336 
Technical Scenario 2.073 3.110 4.911 6.889 10.220 

 



 

 

155

Figure 7-27:  Final Energy Consumption trend by scenario of the SHW sys-
tems (EU27 – toe/dw) (EU27 toe/dw) 
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Table 7-42:  Final Energy Consumption trend by scenario of the SHW sys-
tems (EU27 – toe/dw) (EU27 toe/dw) 

  2004 2010 2015 2020 2025 2030 
Autonomous Progress Scenario 0.12 0.11 0.10 0.10 0.09 0.09 
LPI-S 0.12 0.11 0.10 0.09 0.08 0.07 
HPI-S 0.12 0.10 0.10 0.09 0.07 0.06 
Technical Scenario 0.12 0.10 0.09 0.07 0.06 0.03 

 

7.4.4 Results overall residential sector (including electricity) 

Figure 7-28 and Table 7-43 show the overall energy consumption trend (toe/dw) by 
scenario for the residential sector. In 2030, the achievable reduction of the total uni-
tary consumption of the residential sector is: 

 41 % in the LPI Scenario; 

 57 % in the HPI Scenario 

 and 73 % in the Technical Scenario. 

Figure 7-29 and Table 7-44 show the overall EE Potential obtainable in this sector 
for all the 27 EU countries. In the LPI Scenario the savings arrive to 43 Mtoe (by 
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2030), corresponding to a relative savings with respect the Autonomous Progress 
Scenario of 17.5 %. In the HPI Scenario the savings are of 104.8 Mtoe (42.3 % 
compared to the APS) and in the Technical Scenario of 163.4 Mtoe (66 %). 

Figure 7-28:  Residential sector: Overall final energy consumption trend by 
scenario – EU27 toe/dw 
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Table 7-43: Residential sector: Overall final energy consumption trend by 
scenario – EU27 toe/dw 

 Toe/dw 2004 2010 2015 2020 2025 2030
APS 1.68 1.60 1.49 1.40 1.31 1.23
LPI-S 1.68 1.56 1.42 1.28 1.14 1.00
HPI-S 1.66 1.49 1.32 1.13 0.93 0.71
Technical Scenario 1.66 1.43 1.22 0.96 0.72 0.44
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Figure 7-29: Residential Sector: Overall Energy Efficiency Potential– EU27 
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Table 7-44: Residential Sector: Overall Energy Efficiency Potential– EU27  

  2010 2015 2020 2025 2030
LPI-S 4,854 10,990 19,788 29,238 43,256
HPI-S 15,827 31,109 51,178 74,654 104,862
Technical Scenario 

ktoe 

21,934 45,472 79,513 117,811 163,457
  2010 2015 2020 2025 2030

LPI-S 1.6% 3.8% 7.2% 11.2% 17.5%
HPI-S 5.2% 10.7% 18.6% 28.7% 42.3%
Technical Scenario 

% 

7.2% 15.7% 28.9% 45.3% 66.0%
 

Table 7-45 (ktoe) and Table 7-46 (%) show the break down of the total savings by 
the main final end uses considered in this study for the residential sector: heating, 
sanitary hot water and appliances plus lighting. The main contribution to the total 
savings is obviously provided by the heating subsector (building insulation + heat-
ing systems). The SHW contribution generally decreases in all the scenarios while 
the share of the savings provided by the appliances & lighting uses increase steadily 
in all the scenario steps of up to triple their contribution in the year 2030. 

Table 7-47 and Table 7-48 (%) provide the total savings break down by the thermal 
(fossil fuels and solar systems) and electricity uses. Consistently with the break 
down by end uses above outlined, the thermal uses provide the major contribution 
to the overall savings. This contribution increases along the scenario steps reaching 
90 % by 2030 (HPI and Technical Scenarios). 
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Table 7-45:  Residential sector – Break down of the overall EE potential by the 
main final end uses and by scenario (EU27 – ktoe) 

LPI-S 2010 2015 2020 2025 2030
Heating 3,896 8,993 15,820 22,895 33,845
SHW 745 1,156 1,798 2,356 3,180
Appliances and lighting 213 841 2,170 3,988 6,232
HPI-S 2010 2015 2020 2025 2030
Heating 14,526 27,923 44,895 64,361 88,571
SHW 872 1,618 2,609 3,621 5,336
Appliances and lighting 430 1,568 3,673 6,672 10,954
Technical Scenario 2010 2015 2020 2025 2030
Heating 19,061 38,798 66,447 96,835 133,128
SHW 2,073 3,110 4,911 6,889 10,220
Appliances and lighting 800 3,564 8,155 14,087 20,109

Table 7-46:  Residential sector – Break down of the overall EE potential by 
the main final end uses and by scenario (EU27 – %) 

LPI-S 2010 2015 2020 2025 2030
Heating 80.3% 81.8% 79.9% 78.3% 78.2%
SHW 15.3% 10.5% 9.1% 8.1% 7.4%
Appliances and lighting 4% 8% 11% 14% 14%
HPI-S 2010 2015 2020 2025 2030
Heating 91.8% 89.8% 87.7% 86.2% 84.5%
SHW 5.5% 5.2% 5.1% 4.9% 5.1%
Appliances and lighting 2.7% 5.0% 7.2% 8.9% 10.4%
Technical Scenario 2010 2015 2020 2025 2030
Heating 86.9% 85.3% 83.6% 82.2% 81.4%
SHW 9.5% 6.8% 6.2% 5.8% 6.3%
Appliances and lighting 3.6% 7.8% 10.3% 12.0% 12.3%

Table 7-47:  Residential sector – Break down of the overall EE potential by 
thermal and electricity uses and by scenario (EU27 – ktoe) 

LPI-S 2010 2015 2020 2025 2030
Thermal 3.438 8.615 15.648 23.227 36.064
Electricity 1.416 2.376 4.140 6.012 7.192
HPI-S 2010 2015 2020 2025 2030
Thermal 12.621 26.249 44.424 64.902 94.304
Electricity 3.206 4.860 6.753 9.753 10.558
Technical Scenario 2010 2015 2020 2025 2030
Thermal 17.518 37.658 67.775 101.572 147.303
Electricity 4.416 7.815 11.738 16.239 16.154
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Table 7-48:  Residential sector – Break down of the overall EE potential by 
thermal and electricity uses and by scenario (EU27 – %) 

LPI-S 2010 2015 2020 2025 2030
Thermal 70,8% 78,4% 79,1% 79,4% 83,4%
Electricity 29,2% 21,6% 20,9% 20,6% 16,6%
HPI-S 2010 2015 2020 2025 2030
Thermal 79,7% 84,4% 86,8% 86,9% 89,9%
Electricity 20,3% 15,6% 13,2% 13,1% 10,1%
Technical Scenario 2010 2015 2020 2025 2030
Thermal 79,9% 82,8% 85,2% 86,2% 90,1%
Electricity 20,1% 17,2% 14,8% 13,8% 9,9%
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8 Energy efficiency potentials in the transport sector 

This section investigates energy efficiency potentials from three different types of 
options: 

 Potentials from technical measures to improve energy efficiency from pas-
senger and goods transport  

 Potentials from the modal shift towards public transport means for both pas-
senger and goods transport 

 Potentials from behavioral measures (such as eco-driving) for cars and for 
road goods transport 

8.1 Energy efficiency potentials from technical measures 

8.1.1 Description of the sector/end-use 

The first type of potentials considered within the transport sector concerns technical 
interventions. After having analysed the technical measures identified by the Euro-
pean Commission28 the conclusions have been that the technical interventions with 
the largest impact on energy saving potentials are the ones regarding the reduction 
of transport fuel consumption. In particular, with respect to cars the simulation of 
energy efficiency potentials carried out here with the MURE simulation model are 
derived from the new car efficiency standards based on the decrease in CO2 emis-
sions, while the potentials arising from the technical improvement of trucks and 
trailers engines have been calculated starting from the hypothesis of a specific con-
sumption decrease up to 2030. 

8.1.2 Sector-specific / use-specific data sources and modelling issues  

In the first phase of the work we analysed the available data sources and their con-
sistency with the PRIMES baseline scenario data. After a probing comparison be-
tween different data sources, data from the TREMOVE model have been chosen as 
the source from which all data needed to fill up the transport section of the database, 
were taken. This is due to the fact that the energy drivers considered by this model 
are taken from PRIMES. Figure 8-1 shows the consistency of this assumption for 
cars and motorcycles traffic, one important driver for the transport sector. 

Therefore, all data relevant for the “Autonomous Progress Scenario” were provided 
by TREMOVE. 

                                                 
28

  See paragraph 8.1.3 
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Figure 8-1: Consistency of PRIMES and TREMOVE cars and motorcycles 
passenger-km trends 
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BOX 8-1: THE TREMOVE TRANSPORT DATABASE 

TREMOVE is a transport and emissions simulation model developed for the Euro-
pean Commission in the context of the Mid-term Assessment of the White Paper on 
European Transport Policies for 201029. The baseline transport volumes have been 
extracted from the SCENES transport model and harmonised with national statis-
tics. TREMOVE models both passenger and freight transport in the EU15 region 
plus Switzerland, Norway, Czech Republic, Hungary, Poland and Slovenia. The 
basic assumptions taken within this transport model are as follows: 

• macro-economic figures are from DG TREN “Transport and Figures”, 200530 

• the demographic development is from DG TREN and EUROSTAT 

• specific consumptions and emissions are drawn from European standards and 
voluntary agreements between the EC and ACEA 

                                                 
29

 http://ec.europa.eu/transport/white_paper/documents/doc/lb_texte_complet_en.pdf - „European 
Transport Policy for 2010: time to decide” 

30
  „European Energy and Transport – Trends to 2030, update 2005“ - Directorate-General for 

Energy and Transport 
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• policies and measures included are either planned or already implemented before 
2010 by the EC or the member states 

The version 2.4.4 – the one taken into account - of the TREMOVE transport data-
base distinguishes three types of areas: Metropolitan city area (identifies the capital 
of the country), other cities (other urban areas), non urban areas. 

For all EU Countries (EU21), SCENES and NUTS2003 GIS programmes are used 
that allow to define the geographic areas and to characterize them according to: 

• the number of inhabitants 

• the distribution of the population in the territory  

• the topographic map 

• the geographic border of the urban areas  

• the various ways of transport for each type of vehicle 

 

Moreover TREMOVE distinguishes the following modes of transport: urban road, 
non urban road, motorways, rail, air, waterways 

From the elaboration of TREMOVE data, the evolution of the detailed vehicle fleet, 
the related number of vehicle-km and the specific energy consumption split by size 
and by fuel have been estimated based on three major elements: 
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1. the historical vehicle fleet 
2. the growth of transport volumes 
3. the characteristics of the available vehicle types and technologies on the mar-

ket (e.g. vehicle size, fuel type, annual mileage) 

All these data have been inserted into the MURE Transport tool in order to set up 
the Autonomous Progress Scenario trend. The table below (Table 8-1) shows the 
break down by mode used by the MURE tool for the different modes (road, rail, 
inland waterways and air). 

Table 8-1: Overview of the MURE mode break down structure 

 Vehicle Category Units 

Road Transport 

 Small car vehicles 

 Large/Medium car vehicles 

 Light Duty Vehicles vehicles 

 Heavy Duty Vehicles vehicles 

 Bus vehicles 

 Coach vehicles 

Rail Transport 

 Metro/Tram vkm 

 Passenger train vehicles 

 Freight train vehicles 

Inland waterways Transport 

 Inland ship vkm 

Air Transport 

 Airplane pkm 

 

The figures below show the trends (baseline or autonomous progress) of some ex-
ogenous figures for a sample of European countries, obtained by filling up the 
MURE transport database with the TREMOVE data. In particular the first one illus-
trates the trend of the specific consumption of the stock of gasoline cars, while the 
second projects the specific consumption of the Diesel stock, both from the year 
2005 to the year 2030. 
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Figure 8-2: Average specific consumption trend of the gasoline car stock 
(Autonomous Progress Scenario) 
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Figure 8-3: Average specific consumption trend of the Diesel car stock 
(Autonomous Progress Scenario) 
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It is important to note that the different values characterizing each country are due 
to the different split by size and the corresponding trends up to 2030 considered by 
the TREMOVE model and consequently taken up for the Autonomous Progress 
Scenario by the MURE Transport tool (see Table 8-2). 

Table 8-2: Share of car size over time 

  2005 2010 2015 2020 2025 2030 
Small 24.92% 21.66% 20.77% 20.17% 19.33% 18.40% 

Medium 62.44% 64.55% 64.54% 64.59% 64.66% 64.65% Austria 
Large 12.64% 13.80% 14.69% 15.24% 16.01% 16.96% 
Small 30.08% 27.67% 27.07% 26.62% 25.88% 24.95% 

Medium 59.30% 61.50% 61.88% 61.96% 62.19% 62.48% Belgium 
Large 10.61% 10.84% 11.05% 11.41% 11.93% 12.57% 
Small 46.52% 44.47% 43.80% 43.37% 43.19% 42.97% 

Medium 48.30% 50.45% 51.18% 51.48% 51.63% 51.82% Bulgaria 
Large 5.18% 5.08% 5.02% 5.15% 5.18% 5.21% 
Small 54.68% 55.52% 54.55% 53.39% 52.72% 51.85% 

Medium 39.96% 39.47% 40.32% 41.09% 41.55% 42.15% Croatia 
Large 5.35% 5.01% 5.13% 5.52% 5.73% 6.00% 
Small 35.41% 35.88% 36.31% 36.71% 36.94% 36.86% 

Medium 53.46% 53.11% 52.69% 52.29% 52.02% 51.98% Cyprus 
Large 11.13% 11.02% 11.00% 11.00% 11.04% 11.16% 
Small 52.95% 51.81% 52.02% 51.93% 51.66% 51.42% 

Medium 41.67% 43.17% 43.07% 43.16% 43.36% 43.56% Czech Repub-
lic 

Large 5.38% 5.02% 4.91% 4.91% 4.98% 5.02% 
Small 38.94% 31.94% 28.66% 28.11% 27.12% 25.70% 

Medium 55.20% 62.28% 65.36% 65.63% 66.23% 67.04% Denmark 
Large 5.86% 5.79% 5.99% 6.26% 6.65% 7.26% 
Small 25.11% 25.25% 25.21% 25.02% 24.82% 24.63% 

Medium 59.21% 59.14% 59.07% 59.02% 59.10% 59.24% Estonia 
Large 15.69% 15.61% 15.72% 15.96% 16.08% 16.14% 
Small 35.42% 27.18% 20.88% 20.04% 19.43% 18.58% 

Medium 55.09% 62.44% 67.71% 67.97% 68.11% 68.24% Finland 
Large 9.49% 10.38% 11.41% 11.99% 12.46% 13.18% 
Small 31.58% 28.45% 27.35% 26.73% 25.92% 24.97% 

Medium 58.50% 61.12% 61.67% 61.81% 62.09% 62.41% France 
Large 9.91% 10.44% 10.98% 11.47% 11.99% 12.62% 
Small 28.42% 26.96% 25.85% 24.87% 23.87% 22.76% 

Medium 53.72% 53.57% 53.24% 52.98% 52.84% 52.70% Germany 
Large 17.87% 19.47% 20.91% 22.15% 23.29% 24.53% 
Small 76.91% 75.27% 72.70% 70.25% 68.38% 67.33% 

Medium 21.13% 22.88% 25.58% 28.14% 30.04% 31.03% Greece 
Large 1.97% 1.85% 1.72% 1.62% 1.58% 1.64% 
Small 64.92% 67.32% 68.63% 68.74% 68.48% 68.24% 

Medium 31.63% 29.76% 28.81% 28.72% 28.94% 29.15% Hungary 
Large 3.45% 2.91% 2.57% 2.55% 2.58% 2.61% 
Small 59.47% 54.26% 49.68% 46.79% 45.10% 43.78% 

Medium 35.95% 40.80% 44.78% 47.16% 48.43% 49.34% Ireland 
Large 4.57% 4.95% 5.53% 6.06% 6.47% 6.88% 
Small 57.83% 53.80% 51.34% 50.03% 49.26% 48.54% 

Medium 35.30% 37.93% 39.20% 39.60% 39.78% 40.07% Italy 
Large 6.87% 8.27% 9.46% 10.37% 10.96% 11.39% 
Small 25.19% 25.24% 25.22% 10.37% 41.84% 53.32% 

Medium 59.29% 59.24% 59.02% 0.50% 98.61% 126.89% Latvia 
Large 15.52% 15.52% 15.76% 1.17% 27.32% 35.21% 
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  2005 2010 2015 2020 2025 2030 
Small 25.32% 25.37% 25.30% 25.04% 24.87% 24.71% 

Medium 59.30% 59.26% 59.17% 59.09% 59.15% 59.26% Lithuania 
Large 15.38% 15.37% 15.53% 15.87% 15.98% 16.03% 
Small 17.53% 20.66% 20.45% 18.79% 17.03% 15.22% 

Medium 61.11% 60.85% 60.80% 60.51% 59.98% 58.96% Luxembourg 
Large 21.36% 18.50% 18.76% 20.69% 22.99% 25.82% 
Small 63.74% 63.13% 62.55% 61.93% 61.29% 60.60% 

Medium 32.86% 33.52% 34.08% 34.64% 35.17% 35.72% Malta 
Large 3.41% 3.35% 3.36% 3.43% 3.54% 3.68% 
Small 52.27% 52.88% 54.01% 53.80% 53.50% 53.26% 

Medium 43.34% 42.87% 41.81% 41.95% 42.22% 42.44% Poland 
Large 4.39% 4.24% 4.18% 4.24% 4.28% 4.30% 
Small 59.82% 58.77% 55.18% 53.68% 53.38% 52.96% 

Medium 32.70% 32.67% 33.97% 34.35% 34.48% 34.72% Portugal 
Large 7.48% 8.55% 10.85% 11.97% 12.14% 12.32% 
Small 47.26% 44.86% 44.12% 43.70% 43.52% 43.29% 

Medium 47.62% 50.17% 51.01% 51.32% 51.46% 51.67% Romania 
Large 5.12% 4.96% 4.87% 4.98% 5.01% 5.04% 
Small 55.89% 54.23% 53.92% 53.71% 53.46% 53.16% 

Medium 41.75% 43.13% 43.25% 43.38% 43.60% 43.87% Slovak Re-
public 

Large 2.36% 2.64% 2.83% 2.91% 2.94% 2.97% 
Small 57.10% 55.86% 56.44% 56.05% 55.23% 54.27% 

Medium 39.71% 40.94% 40.32% 40.57% 41.22% 41.98% Slovenia 
Large 3.20% 3.20% 3.24% 3.38% 3.55% 3.75% 
Small 33.51% 27.38% 23.79% 22.30% 21.77% 21.36% 

Medium 58.23% 65.06% 69.02% 70.61% 71.11% 71.39% Spain 
Large 8.26% 7.56% 7.19% 7.09% 7.13% 7.25% 
Small 22.07% 16.92% 14.40% 14.41% 13.93% 13.04% 

Medium 55.70% 56.80% 56.46% 55.23% 54.33% 53.53% Sweden 
Large 22.23% 26.28% 29.14% 30.36% 31.74% 33.44% 
Small 36.37% 33.04% 32.75% 32.14% 31.09% 29.91% 

Medium 55.56% 58.63% 58.68% 59.10% 59.70% 60.33% The Nether-
lands 

Large 8.08% 8.32% 8.57% 8.76% 9.21% 9.76% 
Small 36.09% 36.43% 37.02% 36.96% 36.30% 35.40% 

Medium 52.15% 51.94% 51.34% 51.23% 51.54% 51.96% United King-
dom 

Large 11.76% 11.63% 11.64% 11.81% 12.16% 12.64% 
Small 30.53% 29.83% 30.07% 30.67% 30.15% 28.73% 

Medium 60.78% 63.04% 63.26% 62.25% 62.43% 63.18% Norway 
Large 8.69% 7.13% 6.67% 7.08% 7.42% 8.09% 

8.1.3 Step 1 – Definition of energy saving options 

The first step in defining which of the technical interventions would have to be 
simulated was to analyze the technical measures identified by the European Com-
mission31 and particularly: 

 The technical options to reduce fuel consumption at the vehicle level 

                                                 
31

  Taken from “Review and analysis of the reduction potential and costs of technological and 
other measures to reduce CO2-emissions from passenger cars” – Final Report, TNO Science 
and Industry, IEEP (Industry for European Environmental Policy) and LAT (Laboratory for 
Applied Thermodynamics), 2006. 
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 The application of fuel efficient air conditioning systems 

 The options to reduce vehicle and engine resistance factors 

 The options for the application of alternative fuels based on fossil energy 

 The increased application of biofuels 

 The possibilities to include N132 vehicles (Light Duty Vehicles) into the 
Commitments 

The conclusions of the analysis have been that the technical interventions with the 
largest impact on energy potential savings are the ones regarding the fuel consump-
tion reduction. Concerning cars the simulation of energy efficiency potentials car-
ried out here with the MURE simulation model are based on new car efficiency 
standards derived from the decrease in CO2 emissions, while the potentials arising 
from the technical improvement of trucks and trailers engines have been calculated 
starting from the hypothesis of a specific consumption decrease up to 2030. 

8.1.4 Step 2 – Technology costs 

Assumption on technology costs for cars are based on TNO (2006). 

8.1.5 Step 3 – Definition of the four scenarios 

Passenger Cars 

As said before, the baseline provided by the TREMOVE database corresponds to 
the ESD Autonomous Progress Scenario. The basic assumptions considered within 
this transport model are as specified in Box 8-1. However, due to the fact that the 
baseline scenario would then include already the success of the presently planned 
CO2 policies for cars up to 2012/15, it was decided to establish the Autonomous 
Progress Scenario based on the penetration of the current new cars which gives al-
ready quite some improvement in the stock. In addition, new cars in this scenario 
initially improve at a similar rate as in the period 1996-2006 (around 1%/year) 
which drops later on to 0.5% improvement per year, considering the without addi-
tional efforts the more easily available potentials will be exhausted. In addition to 
this a scenario “Autonomous progress + Recent Policies” (APS+RP) was intro-
duced which includes the assumption that the CO2 policies for cars as currently de-
cided, will be successful. In this scenario the new car fleet would reach a value of 
130g CO2/km in 2012/15 (see the notes to Table 8-3). The potentials are all meas-
ured against the first scenario.  

                                                 
32

  “Vehicles of category N1” is defined by Annex II to the Framework Directive as goods vehi-
cles with a maximum mass not exceeding 3.5 tonnes. OJ No. L42, 23.2.1970, as last amended 
by Directive 2006/40/EC of the European Parliament and of the Council dated 17th May 2006, 
OJ No. .L161, 14.06.2006 
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The Economic Potential-Low Policy Intensity (LPI) and the Economic Potential-
High Policy Intensity (HPI) scenarios represent an additional economic saving po-
tential with different CO2 emissions targets up to 2030 (see Table 8-3), whereas the 
fourth scenario, the Technical Potential, presents the maximum target technically 
achievable regardless of cost-effectiveness but nevertheless including essentially 
near economic potentials. Based on the development of energy consumption in 
these four scenarios (plus the APS+RP Scenario), we calculate saving potentials 
that represent the difference of energy demand in each scenario to the energy de-
mand in the Autonomous Progress Scenario. 

Taking into account the new efficiency of cars related to CO2 emission reduction, 
the differentiation of the scenarios is done in the following way.  

 First of all it was assumed that the specific consumption of new cars, as the 
main driver, will be the same for all countries in 2030, while drivers like the 
yearly pkm and tkm, the share of small, medium and big cars and the fuel 
split trend - for each specific country - will be the same for all scenarios. 

 Then different CO2 emission developments per kilometer have been estab-
lished as shown in Table 8-3. 
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Table 8-3: Scenario hypothesis for new cars 

SCENARIO HYPOTHESIS 
Autonomous Progress Scenario 

(APS) 
165g CO2/km decreasing first at an average rate of 1%/year 
observed in 1996-2006 then declining to 0.5% annually up 

to 2030 
33

 
APS + recent CO2 policies for cars  

(APS + RP) 
130g CO2/km in 2012/15 

34
  

(value constant after 2015 up to 2030) 
Economic Potential – LPI 125g CO2/km in 2015 

35
 

(value constant after 2015 up to 2030) 
Economic Potential – HPI 95g CO2/km in 2020 

36
 

(125g CO2/km in 2012, 95g CO2/km in 2020; value con-
stant after 2020 up to 2030) 

Technical Potential 80g CO2/km in 2025 
37

 
(125g CO2/km in 2012, 95g CO2/km in 2020; 80g CO2/km 

in 2025; value constant after 2025 up to 2030) 

 
                                                 
33

  The assumption of decreasing changes for new cars in the baseline may still considered as 
optimistic in that improvements in car technology have been compensated in the past by the 
shift towards larger cars. In future, this trend may, however, be less important given the signal 
from the oil price market. For this reason the trend towards larger cars was considered relevant 
for the earlier periods up to 2020. 

34
  Value adopted by the European Commission. The value adopted is 120g CO2/km for 2012. 

However, this value is to be reached by a combination of technical measures (which shall reach 
130g CO2/km) and the remainder through while complementary measures would contribute a 
further emissions cut of up to 10g/km, thus reducing overall emissions to 120g/km. These com-
plementary measures include efficiency improvements for car components with the highest im-
pact on fuel consumption, such as tyres and air conditioning systems, and a gradual reduction in 
the carbon content of road fuels, notably through greater use of biofuels. Efficiency require-
ments will be introduced for these car components. It can, however, be expected that the major 
additional impact will come from the addition of biofuels which is not considered here as being 
part of the energy efficiency potentials. The target was adopted for 2012 with penalties foreseen 
starting in 2012 and increasing up to 2015. In the present analysis it was assumed that for the 
“Autonomous Progress + Recent Policies” Scenario the target would only be reached in 2015, 
See: http://ec.europa.eu/environment/air/transport/co2/co2_home.htm 

35
  Target adopted by the European Parliament for 2015. In the present analysis it was assumed 

that for the Low Policy Intensity (LPI) Scenario the target would only be reached in 2015, 
while for the High Policy Intensity (HPI) Scenario and the Technical Scenario, it was assumed 
that the target would be replacing the 130 g CO2 target in 2012. 

36
  According to the EU Commission research efforts are sustained to reach a fleet average of 95 g 

CO2/km in 2020  
http://europa.eu/rapid/pressReleasesAction.do?reference=MEMO/07/597&format=HTML&age
d=0&language=EN&guiLanguage=en 

37
  According to the European Parliament, long-term targets should be determined by no later than 

2016: these targets “will possibly require further emissions reductions to 70g CO2/km or less by 
2025.” Nevertheless, it can be assumed that such a target may also require additional adding of 
biofuels. The ability to add further biofuels (at least the ones of first generation) is currently an 
issue of debate. This issue can, however, not further be debated here. Therefore 80g CO2/km 
was chosen as the value for 2025.  
http://www.greencarcongress.com/2007/10/european-parlia.html 
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The LPI scenario is characterized by the target value of 125g of CO2 per kilometer 
fixed by the European Parliament to be reached by 2015. After this point in time no 
further improvement is assumed. 

The first step in setting the scenario was to take into account the combined fuel con-
sumption38 of new cars per each size and fuel type as shown in Table 8-4. 

Table 8-4: Fuel consumption of reference models 

FUEL CONSUMPTION OF THE REFERENCE MODEL 

Fuel type Size Reference model39 
Specific combined 

consumption 
(lt/100km) 

Small FIAT Grande Punto 1.2 6.1 
Medium FORD Focus 1.6 6.6 Gasoline 

Large AUDI A6 2.4 9.7 
Small FIAT Grande Punto 1.3 4.7 

Medium FORD Focus 1.6 4.5 Diesel 
Large AUDI A6 2.7 6.9 

 

Starting from these values for each country we calculated the specific consumption 
of new cars by fuel weighting with the vehicle-km and secondly the specific con-
sumption of new cars by fuel at European level. 

The HPI has a more restrictive value of 95g of CO2 per kilometer for the CO2 emis-
sions that has to be achieved by 2020. Finally the Technical Scenario has been de-
fined by choosing the most ambitious target equal to 80g of CO2 per kilometer up to 
202540. The value in 2020 is the same as for the HPI scenario. Therefore the differ-
ence between both scenarios is small up to 2020. 

Then we have determined the differentiation of scenarios also in terms of specific 
consumption by fuel by considering the energy consumption corresponding to a 
certain CO2 emission value as described in the table below. Starting from the values 
described in the second column of Table 8-5 we obtained the energy consumption 
for each scenario. 

                                                 
38  The combined figure presented is for the urban and the extra-urban cycle together. It is there-

fore an average of the two other parts of the fuel consumption test, Urban and Extra-urban cy-
cles, weighted by the distance covered in each part. 

39  “Quattroruote” Magazine, May 2008. 
40  These values have then been multiplied by a coefficient taking into account the difference be-

tween theoretical and real consumption of cars. 
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Table 8-5: Conversion from CO2 emission targets to kWh/km for each 
scenario and each type of fuel 

Energy con-
sumption when 

emitting : → 

APS 
165 g CO2/km 

kWh/km 

APS+RP 
130g CO2/km 

kWh/km 

LPI 
125g CO2/km 

kWh/km  

HPI 
95g CO2/km 

kWh/km 

TS 
80g CO2/km 

kWh/km 
regular grade  

petrol 0.621 0.489 0.470 0.357 0.301 

super petrol 0.632 0.498 0.479 0.364 0.306 

Diesel fuel 0.618 0.487 0.468 0.356 0.300 

natural gas 0.784 0.618 0.594 0.451 0.380 

Abbreviations:  
APS: Autonomous Progress Scenario, APS+RP: Autonomous Progress + Recent 
Policies, LPI: Low Policy Intensity Scenario, High-Policy Intensity Scenario, 
TS: Technical Scenario 

Source: EMEEES EU Project – Task 4.1 “Definition of the process to develop harmonized bot-
tom-up evaluation methods”; own calculations 

Starting from these values, we calculated the weighted average specific consump-
tion data of the new cars for the reference year by considering the national cars reg-
istration data by size and fuel. The trend values by scenario have been then calcu-
lated in accordance with the scenario settings outlined in Table 8-3. The resulting 
average specific consumption figures of the new cars, corresponding to the four 
scenarios settings, are shown in Table 8-6. The legend below the table shows the 
years in which the market transformation starts. 

Table 8-6:  EU27 average specific consumption trends of new cars by scenario 

Scenarios 2004 2010 2012 2015 2016 2020 2025 2030

Autonomous Progress Scenario 6.37 6.00 5.89 5.73 5.69 5.51 5.32 5.16
Autonomous Progress Scenario + 
Recent Policies 

6.37 5.63 5.39 5.02 5.02 5.02 5.02 5.02

Low Policy Intensity Scenario 6.37 5.53 5.25 4.83 4.83 4.83 4.83 4.83

High Policy Intensity Scenario 6.37 5.38 4.83 4.56 4.47 3.67 3.67 3.67

Technical Scenario 6.37 5.31 4.83 4.43 4.29 3.67 3.09 3.09

Legend: 

Linear trend   

Start 125 g CO2/km   

Arrive to 95  g CO2/km   

Arrive to 80  g CO2/km   
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Once set the new cars specific consumption trends by country they have been in-
serted in MURE for the stock energy consumption and energy efficiency potentials 
calculation. It is worth noting that a sort of rebound effect has been implicitly taken 
into account by envisaging an increase of the average car size (expressed in cubic 
centimetres) over time obtained from the TREMOVE model data (see Table 8-2). 
The split by fuel and the average yearly travelled km are on the contrary kept al-
most constant along the scenario steps.  

It is finally worth signaling that: 

 we assumed an average car life time of 13 years; 

 in accordance with the TREMOVE database, the real-life energy consump-
tion conditions imply an over consumption of approximately 20 % as com-
pared to the theoretical performance of the new cars. This is compensated in 
the HPI Scenario and the Technical Scenario by behavioral changes. 

Light duty vans 

For light duty vans the scenario hypothesis are described in Table 8-7. 
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Table 8-7: Scenario hypothesis for light duty vans 

SCENARIO HYPOTHESIS 
Autonomous Progress Scenario 

(APS) 
201g CO2/km decreasing first at an average rate of 

0.5%/year in order to reach 190g CO2/km in 2015 then 
declining to 0% annually up to 2030 

41
 

APS + recent CO2 policies for cars  
(APS + RP) 

175 g/km CO2 by 2012 and 160 g/km CO2 by 2015  
42

  
(value constant after 2015 up to 2030) 

Economic Potential – LPI 160g CO2/km in 2012 
43

 
(value constant after 2012 up to 2030) 

Economic Potential – HPI 145g CO2/km in 2020 
44

 
(160g CO2/km in 2012;  

value constant after 2020 up to 2030) 
Technical Potential 130g CO2/km in 2020 

45
, 

46
 

(160g CO2/km in 2012;  
value decreasing to 120g CO2/km up to 2030) 

 

Trucks and Trailers 

Heavy Duty Vehicle (HDV) fuel efficiency has historically improved at a rate of 
approximately 0.8%-1% per year. This trend would likely continue, though there 
may be a temporary drop-off in response to mandated emission controls. There re-
mains a large potential for near-term energy efficiency improvements in heavy-duty 
vehicles on the order of 10-20%. Reaching this potential, however, requires con-
                                                 
41

  According to Institute for European Environmental Policy (2007): Possible Regulatory Ap-
proaches to Reducing CO2 Emissions from Cars, 070402/2006/452236/MAR/C3, December 
2007, p.51, the baseline value (without policy aimed at efficiency improvement in N1s) for 
2012 is expected to be around 190 g CO2/km based on autonomous efficiency improvements 
stemming in part at least from technology improvements diffusing into light vans from equiva-
lent passenger cars. It is assumed here that this value is only reached in 2015, and then contin-
ues to decrease slowly to 185g CO2/km in 2030. 

42
  Value adopted by the European Commission in its most recent proposal on the reduction of 

CO2 emissions from cars and light duty vehicles COM(2007)856 final and SEC(2007) 1723.  
http://ec.europa.eu/environment/air/transport/co2/co2_cars_regulation.htm 

43
  According to TNO (2006), p.190: Package 2 (Least cost 2012).  

http://ec.europa.eu/enterprise/automotive/projects/report_co2_reduction.pdf 
44

  According to TNO (2006), p.190: Package 3 (Least cost 2012).  
http://ec.europa.eu/enterprise/automotive/projects/report_co2_reduction.pdf 

45
  According to TNO (2006), p.190: Package 4 (Least cost 2012).  

http://ec.europa.eu/enterprise/automotive/projects/report_co2_reduction.pdf 
46

  According to Handelsblatt (9/7/2007) the Japanese producer of vans, Nissan, has introduced the 
Atlas 20 with a 35 PS electric motor and a 130-PS-Diesel motor on the domestic market. The 
fuel consumption is 10-35 % lower than for a Diesel-only driven lorry. The Diesel-Hybrid- 
„Canter Eco Hybrid“ of the Daimler-Chrysler-daughter Mitsubishi Fuso is around 20 % more 
economic. These developments also support the figures chosen for the potentials of light vans. 
http://www.handelsblatt.com/technologie/energie_technik/neuer-antrieb-fuer-lkw-
hersteller;1291617 
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certed action on a number of HDV sub-systems including engines, integrated cab 
and trailer aerodynamics, drive-trains, tyres and embarked auxiliary systems. Of 
these, the greatest absolute increases in energy efficiency are likely to stem from 
advances in engine design. However, improvements in the energy efficiency of en-
gines will be somewhat offset by increases in fuel consumption resulting from man-
dated NOx and particulate matter emission reductions. The greatest relative im-
provements in energy efficiency are likely to stem from improvements in auxiliary 
systems. Reductions in total vehicle weight (tractor plus trailer), decreases in tyre 
rolling resistance and drive-train improvements can also contribute to improved 
energy efficiency. Regular maintenance and vehicle upkeep are also important to 
achieve better fuel efficiency – e.g. simple wheel and chassis alignment can result 
in up to an 18 % improvement in fuel efficiency47. 

There also exists a significant potential for increasing the efficiency of HDV use 
through better operational practices, improved driver training and enhanced logis-
tics management. 

The potentials for trucks and trailors have also been investigated empirically by 
Mercedes and described in DVZ (2008), see Table 8-8. 

Table 8-8: Potentials for trucks and trailors48 
Current truck 34 l/100km

Improvements in: Mercedes Actros 1844, 40t (Test, 13000km, loaded) 19,9 l/100km
Engine Automatic fine-tuned gears

Ecoroll-System 0,5 l/100km
Electronic coupling of propulsion and water pump+ electronic regulation of air compressor 0,34 l/100km

Aerodynamics and equip Energy saving tyres (Supersingle tyres/saving tyres) 0,68 l/100km
Tyre pressure (too low in 30% of all cases) 0,8 l/100km
Improvement on Aerodynamics 5 l/100km

Behaviour Reduced speed (80km reglementary speed compared to 90km/h) 2,7 l/100km
Driving behaviour 3,4 l/100km

Diesel and lubricants Improved Diesel and lubricants 0,68 l/100km  

Source: DVZ (2008) 

Derived from this empirical work, with respect to the technical improvements of 
trucks and trailers we have assumed an increase of efficiency in terms of energy 
savings different for each scenario but characterized by the same percentage applied 
to the different specific consumption values of each EU country as shown in the 
table below. 

                                                 
47

  “Fuel Efficiency for HDVs Standards and Other Policy Instruments: Towards a Plan of Ac-
tion”, IEA – International Transport Forum Workshop on Standards and Other Policy Instru-
ments on Fuel Efficiency for HDVs, 21-22 June 2007, International Energy Agency – Paris. 

48
  Based on DVZ (2008): Rekordjagd im Kreisverkehr. 40-t-Sattelzug verbraucht im Dauertest 

unter optimalen Bedingungen unter 20 l Diesel. Nr. 73, 17/6/2008, p.13 
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Table 8-9: Scenario hypothesis for trucks and trailers (new settings) 

SCENARIO HYPOTHESIS 

Autonomous Progress Scenario – APS 4% up to 2030 1) 

Economic Potential – LPI 9% up to  2030 2) 

Economic Potential – HPI 14% up to  2030 3) 

Technical Potential  
(excluding driver behaviour/reduced speed) 

24% up to 2030 

Technical Potential  
(including driver behaviour/reduced speed) 

41% up to 2030 

Technical Potential  
(including driver behaviour/reduced 
speed/avoidance of empty driving) 

44% up to 2030 

1) Based on the extrapolation of historical time series from 1990-2006 (Odyssee Database) 
2) Continued existence of previous barriers such as low attention to tyre pressure; includes highly 

economic options 
3) Supposes removal of barriers and includes also more expensive but still economic options 

 

In addition for trucks it is assumed in the technical scenario that about one third of 
the roughly 20-30 % of empty driving49 can be avoided by 2030. This leads to an 
additional net reduction of 3 % of the truck energy consumption.  

Other traffic modes 

The potentials of other traffic modes such as air traffic, rail traffic and navigation on 
water ways have been investigated in the EX-TREMIS study50. Other information 
on more efficient air planes was also used51. For rail traffic there is a trade-off be-
tween increased speed and more efficient engines and rolling infrastructure that 
may diminish the available potential. This may be characterized as a rebound effect. 
For navigation little potential for improvement was found. But in general the data 
situation for this mode is bad. 

                                                 
49

  see EEA:  
http://themes.eea.europa.eu/Sectors_and_activities/transport/indicators/TERM30,2001/ 
Load_factors_TERM_2001.doc.pdf 

50
  JRC-IPTS (2008): EXploring non road TRansport EMISsions in Europe. Development of a 

Reference System on Emissions Factors for Rail, Maritime and Air Transport. Final Report. 
http://www.ex-tremis.eu/ 

51
  e. g. Silent Airplane - Highly Energy Efficient Design which may achieve around 25 % im-

provement in the fuel consumption and which is intended for the generation after next of air-
craft for entry into service in 2030. (http://sustainabledesignupdate.com/?p=1016),  
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Table 8-10: HPI potentials for other transport modes 

 2010 2012 2015 2016 2020 2025 2030
Public road transport 4.9% 6.5% 9.0% 9.9% 13.2% 17.5% 21.8%
Motor cycles 3.8% 5.0% 6.9% 7.5% 10.0% 13.1% 16.3%
Rail 3.4% 4.5% 6.2% 6.8% 9.0% 11.8% 14.6%
Aviation 2.6% 3.5% 4.8% 5.3% 7.0% 9.2% 11.4%
Inland navigation 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%

 

Public road transport was treated in a similar way as light duty vans, assuming simi-
lar potentials. 

8.2 Modal Shift 

8.2.1 Description of the sector/end-use 

Modal shift is defined as covering distances that would have been travelled anyway 
with less energy intensive transport modes. In practice, many existing policies aim 
at both shifting towards “more sustainable” transport modes and avoiding trips. In 
our case the simulation only applies for the former aim. There are many different 
policies to facilitate the increase of the share of less energy-extensive transport 
modes. The majority of them concentrate on shifting from individual motorised 
transport to public transport. 

8.2.2 Sector-specific / use-specific data sources and modelling issues  

The modal shift we distinguish between urban and interurban transport volumes and 
flows. The distinction between urban and interurban modal shift estimates is justi-
fied by the different scale of transport flows, determining different tools of assess-
ment, assumptions and order of magnitude of results.  

Also in this case the so-called baseline or autonomous progress has been obtained 
by filling up the MURE transport database with the TREMOVE data. Moreover, in 
order to calculate the percentage of modal shift at urban level in this scenario, the 
average past public transport investment expenditure per capita has been derived 
from the annual average of the five years (1997-2001) in 44 metropolitan areas of 
20 EU countries from the UITP Mobility in Cities Database (2001). The key refer-
ence scenario used for the interurban modal shift assessment, instead, comes from 
the ASSESS52 study, carried out for the DG TREN in the context of the Mid Term 
Assessment of the EU CTP to 2010.  

                                                 
52  ASSESS study (2005) "Assessment of the contribution of the TEN and other transport policy 

measures to the midterm implementation of the White Paper on the European Transport Policy 
for 2010" 



 

 

177

8.2.3 Step 1 – Definition of energy saving options 

The general methodology for the assessment of potential energy savings from 
transport modal shift is based on the MURE transport tool, which requires as input 
the modal shifts from cars to collective modes along a variable time span classified 
by regular steps, distinguishing urban/interurban transport and passenger/freight 
transport. 

As a consequence, the key issue addressed by this chapter is how to provide sound 
estimates of the modal shift over 25 years on a wide geographical scope (the EEA 
countries today, in practice the EU27 members plus Croatia, Norway, Iceland and 
Liechtenstein), in order to feed the MURE transport tool and providing the impacts 
in terms of potential energy savings. 

This challenging task can only be fulfilled on the basis of a specific set of assump-
tions, extrapolations and hypothesis, making at the same time the best use of exist-
ing statistical sources and studies. 

The interurban transport addresses in fact regional transport flows (a common 
classification is to distinguish between short distance < 500 km and long distance > 
500 km), the assessment of which requires the use of transport models and Origin-
Destination-Trip matrices (O-D matrices) generally set up at the EU level.  

Modal shift is in such a context estimated as an outcome of transport models whose 
output run over a time span of several years (usually up to 2020) under the effects 
of large-scale policies, e.g. the set up of the TEN-T infrastructure projects (the so 
called Van Miert list). 

On the other hand, modal shift at urban level is usually estimated after field-trial 
experiments, e.g. the set up of new metro lines or new cycle paths, based on policies 
designed at local level and with lower impacts in terms of transport volumes shift-
ing from one transport mode to another. 

The following picture shows pros and cons of the two modal shift estimates ob-
tained in the two different contexts. 

Table 8-11: Modal Shift Pros and Cons 

 PROS CONS 

URBAN LEVEL Data on modal shift are real 
data derived from field trials 

Few examples for a proper 
generalization at EU level, data 
only available for a given year 

INTERURBAN LEVEL Data available at EU25 and 
country level (2000-2020) 

Data only available for the 
main EU corridors and routes 
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It can be observed that modal shifts assessed in urban areas suffer from a low level 
of transferability to the EU level, due to the fact that modal shift at urban level is 
highly site-specific. Furthermore, scenarios and projections over a long time span 
are quasi non-existent, due to the fact that the existing observations are related to 
given years with poor data collection of historical series. 

However, it should be considered that the transferability at EU urban areas level of 
modal shift realized in a specific urban context represents a problem which is not 
possible to overcome even if an extensive database were available. The solution can 
only be based on assumptions and hypothesis of extrapolation to the overall Europe 
arena, as described in the section on the urban assessment.  

Concerning the interurban level, modal shift is - in general – more easily assessed, 
being based on the outcome of transport models taking into account baseline scenar-
ios consistent with the DG TREN scenarios projected at broad geographical scale 
(the EU25 level) as described next. 

8.2.4 Step 2 – Technology costs 

Assumption on technology costs for modal shift are based on investment levels. 

8.2.5 Step 3 – Definition of the four scenarios 

For what concerns the modal shift there are only two scenarios distinguished be-
sides the Autonomous Progress Scenario: the Low and the High Policy Intensity 
scenarios. In fact, due to the approach chosen here of considering limitations to the 
capability to invest in public infrastructure, there is no meaning to consider a “tech-
nical” scenario when talking of measures like the modal shift. For this reason the 
Technical Scenario is considered equal to the HPI Scenario.  

Secondly, it is worth noting that we have considered different hypothesis for urban 
and interurban modal shift scenarios which are discussed in the following sections. 

8.2.5.1 The Urban Level 

There is a flourishing activity of projects and initiatives funded by the EC aiming at 
assessing the impacts of transport measures at urban level53. 

In general, the urban transport measures and policies can be classified in two main 
categories: 

                                                 
53

  We mentioned, among others, the CANTIQUE project, the AUTO OIL II project and the 
CIVITAS initiative, in addition to the ELTIS website (www.eltis.org), in which is possible to 
review more that 100 case studies of transport measures in European urban areas. 



 

 

179

1) Supply side measures, focussing on the provision of new infrastructures or ser-
vices, e.g. new metro lines, new buses, or improving the existing ones, e.g. in-
creasing the frequency of buses, etc. Also the growing use of information tech-
nologies in traffic management, e.g. the Intelligent Transport Systems and Ser-
vices (ITS), can be included in this category. 

2) Demand side policies, in which the focus is how to modify the existing demand 
patterns through - for example - pricing measures for curbing congestion or 
traffic demand management policies, like parking management, park and ride 
schemes and so on. 

In principle, both categories cause impacts in terms of modal shifts. However, given 
the objectives of the ESD study, we prefer to focus on the supply side measures in 
the light of the following two arguments: 

1) The time scale of the impacts. The supply side measures have a long term ef-
fect, in the sense that the impacts of a new infrastructure can be assessed only 
after the infrastructure has been provided, i.e. after a certain number of years, 
depending on the type of infrastructure, or, in case of an improved transport 
service, the potential impacts can reach its maximum impact, when the new 
service is fully developed, scaling down the impacts in the years before propor-
tionally. On the contrary, the impacts of the demand side measures, which have 
normally a short-time range, e.g. usually one year, are difficult to estimate in a 
long-term perspective; 

2) The magnitude of the modal shift. In terms of modal shift potentials, the order 
of magnitude of the supply side measures is higher compared to the demand 
side measures. As suggested in the final report of the Urban Transport Bench-
marking Initiative54, the supply of public transport means (metro lines, buses) is 
a leading factor in explaining the use of public transport instead of private cars. 
The potentials of transport volumes subject to modal shifts are in such cases 
significant: “in the majority of the cities where there is a metro system present 
the proportion of passenger kilometres travelled by metro is in the range of 25-
30%” (corresponding to approximately 7 billion of passenger kilometre in the 
London metropolitan area) 55. On the contrary, the demand side measures are 
usually applied on small areas, e. g. the historical areas of the big cities, involv-
ing a lower number of passenger kilometres. For example, the road pricing 
measures applied in the charged area of London concern an annual average 
value of about 280,000 vehicle kilometres shifted from cars to other modes56. 

                                                 
54

  TTR “The Urban Transport Benchmarking Initiative”, July 2006 
55

  TTR, “The Urban Transport Benchmarking Initiative”, July 2006, page 47 
56

  Central London Congestion Charging, London, page 27 
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At urban level the scenarios are set up according to hypotheses of investment ca-
pability by country (or group of countries) in urban areas and the methodology 
has followed the subsequent steps: 

i. Data collection and organization of urban transport investments by country 

ii. Country classification by GDP per capita 

iii. LPI and HPI scenario settings considering the identification of target invest-
ments for each scenario 

iv. Allocation of target investments to the scenarios 

v. Transformation of these investments into physical construction of public in-
frastructure 

vi. Transformation of these infrastructure improvements into mobility figures 
(new passenger-km attracted by an improved collective urban transport offer) 

vii. Calculation of the modal shift from urban car traffic (from MURE data) to 
the traffic taken up by public transport 

viii. Energy potential calculations by scenario 
 

The average past public transport investment expenditure per capita has been ob-
tained by considering the annual average of five years (1997-2001) for 44 metro-
politan areas in 20 EU countries57. The transport investment includes: 

 construction of new infrastructure 

 rolling stock purchase 

 new equipment for existing infrastructure 

 financial costs and expropriation costs 

A country classification has been carried out by using a cluster analysis character-
ized by two main indicators:  

1.   The ratio between the EU GDP per capita (=100) and the per-capita GDP of 
the EU countries (PPP 2006 prices) 

2.   The population density (inhabitants/km2) 

                                                 
57

  From the UITP Mobility in Cities Database, 2001. 
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Table 8-12: Country classification by GDP per capita and population den-
sity 

Luxembourg 

Liechtenstein 
High Density & High GDP 

Finland 

Ireland 

Iceland 

Norway 

Sweden 

Low Density & High GDP 

Bulgaria 

Croatia 

Estonia 

Latvia 

Lithuania 

Romania 

Medium Density & Low GDP 

Czech Republic 

Hungary 

Slovenia 

Slovakia 

Poland 

Portugal 

Medium Density & Medium‐Low GDP

Austria 

Cyprus 

France 

Greece 

Italy 

Spain 

Medium Density & Medium GDP 

Belgium 

Denmark 

The Netherland 

UK 

Germany 

Malta 

High Density & Medium GDP 

 

For each group of countries the APS, the EP-LPI and the EP-HPI / TP scenario tar-
gets are set up by considering: 

   For the Autonomous Progress Scenario, the average past public transport 
investment expenditure per capita has been used to define the scenario. This 
information was derived from the annual average of the five years (1997-
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2001) in 44 metropolitan areas of 20 EU countries from the UITP Mobility 
in Cities Database (2001). 

 For the EP-LPI scenario, the weighted national average of public invest-
ment for all countries if more than the public investment of a considered 
country or the public investment of the country otherwise; 

 For the EP-HPI/TP scenarios, the Best Practices (highest investment per 
capita) within the considered group. 

The next step was to extrapolate the annual resources available for investment - at 
constant prices 2005 – and then to define a specific cost for a new kilometer of 
metro or tram built and for the construction of a new bus line with ten new buses. 
The unitary costs58 by public investment (metro/km, tram/km, new bus line) shown 
in the following table have been assumed. 

Table 8-13: Unitary costs by public investment 

UNITARY COSTS (€2005) 
per km of Metro  € 160.000.000

per km of Tram  € 12.000.000 

for a new Bus Line € 3.900.000 

 

Moreover, for each group of countries weighting factors have been defined assum-
ing an increasing need of metro and bus lines to the extent that the population den-
sity at country level increases. The represent the market shares that each metro, 
tram and bus may take in the newly built infrastructure. These figures are modu-
lated with the size of the urban areas. 

Table 8-14: Weighting factors adopted 

  Weighting factor 

 

High Den‐
sity & High 

GDP 

Low Den‐
sity & High 

GDP 

Medium 
Density & 
Low GDP 

Medium 
Density & 
Medium‐
Low GDP 

Medium 
Density & 
Medium 
GDP 

High Den‐
sity & Me‐
dium GDP 

Metro  0.12  0.10  0.10  0.12  0.20  0.12 

Tram  0.50  0.48  0.45  0.43  0.20  0.45 

Bus  0.38  0.42  0.45  0.45  0.60  0.43 

                                                 
58

 The figures include the infrastructure, vehicle and operating costs. 
Sources: 

-the EDICT project (European Demonstration of Innovative City Transport), 5° FP 
- Various: Web sites: Euronet.nl, Amicotreno.it, interviews 
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Once we had obtained the annual target investments by group of countries for each 
of the scenarios, we calculated the number of kilometers or new bus lines that will 
be built up to 2030. Starting from these data we have been able to evaluate the per-
son-km moved from private cars to public transport. 

8.2.5.2 The Interurban Level 

The RTD projects concerning transport scenarios funded over the past years by the 
EC represent a good source of information for an assessment of interurban modal 
shift. They generally cover a broad time span, e.g. up to 2020, and a wide geo-
graphical scope, i.e. at least EU2559. 

The key reference scenario used for the modal shift assessment for the interurban 
level comes from the ASSESS60 study, carried out for DG TREN in the context of 
the Mid Term Assessment of the EU Common Transport Policy CTP to 2010.  The 
ASSESS study tries to assess the impacts of a package of measures envisaged by 
the EC as the key drivers for meet the target of a sustainable transport policy in 
Europe.  

The package of measures, corresponding to the assumptions behind the simulation 
of the modal shifts estimates are shown in the following table.  

Table 8-15: Assumptions behind modal shift at European level 

Measures  
1 Harmonise clauses in commercial road transport contracts NO 
2 Driving restrictions on heavy goods vehicles on designated roads  
3 Training of professional drivers  
4 Social harmonisation of road transport  
5 Introduction of the digital tachograph   
6 First railway package: separated management of infrastructure and services, opening 

international services in TENs   

7 Second railway package: opening up the national and international freight market   
8 Second railway package: ensuring a high level safety for the railway network   
9 Updating the interoperability directives on high-speed and conventional railway 

networks (ERTMS)   

10 European Railway Agency  NO 
11 Third railway package: certification of train crews and trains on the Community rail 

network   

12 Third railway package: gradual opening-up of international passenger services   
13 Third railway package: Quality of rail services and users' rights  NO 
14 Third railway package: improving quality of the rail freight services   

                                                 
59

  We mention, among others, the TEN/STAC project, the ETIS BASE information system and 
the TRANS TOOLS project. 

60  ASSESS study (2005) "Assessment of the contribution of the TEN and other transport policy 
measures to the midterm implementation of the White Paper on the European Transport Policy 
for 2010" 
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15 Enter the dialogue with the rail industries in the context of a voluntary agreement to 
reduce adverse environmental impacts   

16 Support the creation of new infrastructure, and in particular rail freight freeways   
17 Single European Sky  
18 Technical requirements in the field of civil aviation and establishing a European 

Aviation Safety Agency  NO 

19 Air transport insurance requirements   
20 Harmonisation of airport charges  
21 Introduction of market mechanism in slot allocation procedures on Community air-

ports  

22 Community framework for airport noise management NO 
23 Protection against subsidisation and unfair pricing practices in the supply of air ser-

vices from third countries NO 

24 Safety of third country aircraft NO 
25 Air service agreements with third countries NO 
26 Airport capacity expansion  
27 Introduction of kerosene taxation  
28 Introduction of differential en route air navigation charges  
29 Motorways of the seas  
30 Port services liberalisation  
29 Simplify sea and inland waterway custom formalities and linking up the players in 

the logistic chain  

30 Ship and port facility security NO 
31 European Maritime Safety Agency NO 
32 Double-hull oil tankers Penal sanctions for ship source pollution NO 
33 Oil pollution damage compensation fund  
34 Transfer of ship register NO 
35 Training of seafarers NO 
36 Eliminating bottlenecks in inland waterways transport  
37 River Information System  
38 Greater harmonisation of boat masters' certificates  NO 
39 Social legislation inland waterway transport   
40 Port state controls  NO 
41 Sulphur content of marine fuels   
42 Marco Polo Programme   
43 Intermodal Loading Units and freight integrators   
44 Trans European Network projects  
45 Funding of TENs  NO 
46 Tunnel safety   
72 TEN infrastructure in the candidate countries  
73 Funding of infrastructure in the New EU Member States  NO 
47 European Road Safety Action programme  NO 
48 Harmonisation of road safety checks and penalties     
49  "Black Spots" on TENs   NO 
50 Seat and head restraints NO 
51 Tackling dangerous driving NO 
52 Technical investigations of the causes of road accidents   
53 Harmonisation of driving licensing systems   
54 Speed limitation devices  NO 
55 Intelligent transport systems and e-Safety  NO 
56 Pedestrian and cycling protection NO 
57 Infrastructure charging covering all transport modes and internalising the external 

costs   

58 Uniform commercial road transport fuel taxation   
59 Electronic road toll system (interoperability)  NO 



 

 

185

60 Harmonising VAT deductions  
61 Taxation of passenger cars according to environmental criteria   
62 Taxation of energy products and exemptions for hydrogen and bio fuels   
63 Introduction of a minimum share of bio fuels consumption in road transport   
65 Compensation of air passengers Information for air passengers, assistance for per-

sons with reduced mobility   

66 Extending protection of users' rights to other transport modes NO 
67 Intermodality for people  
68 Public service requirements and the award of public service contracts in passenger 

transport by rail, road and inland waterway NO 

69 Support for pioneering towns and cities (CIVITAS initiative)  NO 
70 Promote the use of clean vehicles in urban public transport   
71 Promotion of good urban transport practices  NO 
64 European Research on new clean car technologies and ITS application to transport NO 
74 Develop administrative capacity in the candidate countries   
75 EU external relations in the transport sector  NO 
76 Galileo programme   

 

Not all the measures indicated in Table 8-12 have been modelled. For 32 measures, 
labelled in the table with “NO”, it has not been possible to consider their impacts, as 
the measures are mainly characterised as R&D measures or administra-
tive/organisational measures with uncertain impacts on transport users and opera-
tors. 

On the contrary, all the measures introducing taxes and charges and improving in-
frastructure provision and interoperability have been taken into account. In particu-
lar, due to its importance in terms of transport modal shifts, we would like to men-
tion the implementation of the TEN-T infrastructure projects in the EU Member 
States. The projects are the following: 
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Table 8-16: The TEN-T infrastructure projects 

1. High-speed train/combined transport north–south 
2. High-speed train PBKAL (Paris-Brussels- Cologne-Amsterdam- London) 
3. High-speed railway axis of south-west Europe 
4. High-speed train east 
5. Conventional rail/combined transport: Betuwe line 
6. High-speed train/combined transport, France-Italy 
7. Motorway axis Igoumenitsa/ Patra-Athina- Sofia-Budapest 
8. Multimodal link Portugal-Spain-Central Europe 
Spain-Central Europe 
9. Conventional rail link Cork-Dublin-Belfast- Larne,Stranraer 
10. Malpensa airport, Milan 
11. Øresund fixed rail/road link between Denmark and Sweden 
12. Nordic triangle rail/road 
13. Ireland/United Kingdom/Benelux road link 
14. West coast main line (rail) 
15. Global navigation and positioning satellite system Galileo 
16. Freight railway axis Sines/Algeciras-Madrid- Paris 
17. Railway axis Paris- Strasbourg-Stuttgart- Wien-Bratislava 
18. Rhine/Meuse-Main- Danube inland waterway axis 
19. High-speed rail interoperability on the Iberian peninsula 
20. Fehmarn Belt: fixed link between Germany and Denmark 
21. Motorways of the sea 
22. Railway axis Athina- Sofia-Budapest-Wien- Praha-Nürnberg/Dresden 
23. Railway axis Gdansk- Warszawa- Brno/Bratislava-Wien 
24. Railway axis Lyon/Genova-Basel- Duisburg- Rotterdam/Antwerpen 
25. Motorway axis Gdansk-Brno/Bratislava- Wien 
26. Railway/road axis Ireland/UK/continental Europe 
27. "Rail Baltica" railway axis Warszawa-Kaunas- Riga–Tallinn 
28. Eurocaprail on the Bruxelles-Luxembourg- Strasbourg railway axis 
29. Railway axis on the Ionian/Adriatic intermodal corridor. 
30. Inland waterways Seine-Scheldt 

 

In order to estimate the impacts from the measures, four scenarios have been devel-
oped in the ASSESS study, according to an increasing level of ambition: 

1) Null scenario (N-scenario): assumes that none of the White Paper measures has 
been implemented. 

2) Partial implementation scenario (P-scenario): includes only measures that are 
assumed to be implemented before 2010. This scenario is what – under current 
conditions – may actually happen in the future. 

3) Full implementation scenario (F-scenario): includes all White Paper measures. 
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4) Extended scenario (E-scenario): the extended scenario is an enhanced version of 
the partial and the full implementation scenario. The extended scenario includes, 
besides all measures implemented or planned now, a number of measures that: 

 are included in the White Paper but not included in the partial implementa-
tion scenario due to the current status of implementation; 

 are included in the White Paper and also in a weak form in the partial im-
plementation scenario; 

 are not mentioned in the White Paper but that may be needed to achieve 
(some of the) objectives set in the White Paper. 

In principle, all the four scenarios are developed for 2010 (the time-horizon of the 
White Paper). However, sometimes the implementation and the impact of measures 
take time. For example, some of the TEN-projects have been started within the pe-
riod 2000-2010 but they will be finalised in the period 2010-2020. Also pricing for 
passenger road transport in the extended scenario will only be introduced from 2011 
onwards. To show the impacts of these measures the scenarios are developed and 
evaluated for both the year 2010 and 2020. 

So the resulting modal shifts in interurban/regional transport used as input in the 
MURE transport tool for the HPI Scenario are based on the ASSESS Extended Sce-
nario. The reason lies in the fact that given the objective to provide an assessment 
of the energy potential savings, it makes sense to assume the upper estimates of 
modal shift as reference values for the assessment. The LPI Scenario has been 
based on the ASSESS Full Scenario. Unfortunately – for what concerns passenger 
modal shift - in this latter scenario the hypothesis are not always positive to a shift 
towards a more sustainable transport mode, but it foresees also an increase in pri-
vate cars traffic. For this reason we decided not to consider it within the LPI sce-
nario, while in the goods modal shift there is an increase in usage of rail and inland 
waterways in respect of trucks and trailers volumes decrease.  

Methods of assessment 

The modal shift impact assessment, namely the modal shift from cars to other trans-
port modes, has been carried out through a set of models, of which the core model 
was the SCENES transport model.  

The SCENES output was processed into the TREMOVE transport database, (vehi-
cle stock, emissions, fuel consumption, government revenues), the CGE (regional 
welfare), the SLAM (logistics), a noise model, and the SWOV road safety model 
and a macro-economic model. 

In details, the set of models are the following: 

 SCENES, a network transport forecast model  
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 TREMOVE, a transport and environmental model  

 A road safety model  

 A noise model  

 A logistics modelling tool  

 CGEurope, a regional economic model  

 Quantitative macro-economic analysis  

The seven models have been designed in order to be as much as possible, consis-
tent. In the following box, taken from the ASSESS description, the relationship be-
tween the models is shown in terms of variables involved. 

TREMOVE uses the same transport baseline as SCENES. CGEurope uses the cost 
data from SCENES and adjusts its own transport flows as much as possible. The 
SCENES and TREMOVE models are linked. TREMOVE uses the transport volume 
from SCENES, and breaks it down to further details, e.g. on vehicle costs etc. 

The other models use the SCENES-TREMOVE output as is, that is mainly the Ac-
cess database for TREMOVE which includes the complete demand module vol-
umes and costs, and in some cases network data from SCENES (speeds and vol-
umes for noise and safety assessment, etc). 

The geographical model scope is EU25. Model years are usually 2000, 2005, 2010 
and 2020, again except where this is not possible within the scope of the model.  

The ASSESS baseline scenario (2000-2020) of modal shares in the EU25 shows a 
growing trend for the road sector, both passenger and freight. In particular, for 
freight transport, the increase is about 8 percentage points (from 74.8 % in 2000, to 
81.7 % in 2020). 

Table 8-17: Baseline scenario 2000-2020: Modal shares for freight (tkm) 
and passenger transport (pkm) 

Tonne-km (%) 2000 2010 2020 
Road freight 74.8 78.7 81.7 
Rail freight 18.7 15.2 12.6 
Short Sea Ship 6.6 6.1 5.7 
Passenger-km* (%) 2000 2010 2020 
Car 75.7 75.8 76.6 
Coach 8.2 7.3 6.1 
Train 6.9 6.5 5.9 
Air 5.1 6.6 7.8 

* The passenger scenario does not include a small percentage for passenger/cycling 
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As far as passenger transport is concerned, a growing trend is expected in the air 
sector (from 5.1 % to 7.8 % of total passenger-kilometre), while the rail sector is 
forecasted to lose passengers in the order of 1 percentage point. 

The implementation of the ASSESS extended scenario leads to a better performance 
for the rail and waterborne sectors (in the freight transport), while in the passenger 
transport the weight of road transport is still strong. 

Table 8-18: Extended scenario 2000-2020. Modal shares freight (tkm) and 
passenger transport (pkm) 

Tonne-km (%) 2000 2010 2020 
Road freight 74.8 75.7 75.1 
Rail freight 18.7 18.1 18.6 
Short Sea Ship 6.6 6.3 6.3 
Passenger-km* (%) 2000 2010 2020 
Car 75.7 76.4 75.3 
Coach 8.2 7.3 7.0 
Train 6.9 6.5 7.0 
Air 5.1 6.0 6.9 

* The passenger scenario does not include a small percentage for passenger/cycling 

 

It can be observed that, at EU25 level, the implementation of the ASSESS extended 
scenario at 2020 determines in the freight transport a modal shift from road trans-
port by -6.6%, towards the rail sector (+6.0%) and the waterborne sector, i.e. Short 
Sea Shipping (+ 0.6%). 

Concerning the passenger sector, the modal shift from road to other modes is lower, 
-1.1%, directed mainly towards rail and coaches. The decreasing weight of the air 
sector (- 0.9%) should also be mentioned. 

The above values of modal shift, shown at an aggregated level (EU25) are broken 
down on a country-by-country basis for the ESD study.  

8.3 Behavioural measures 

8.3.1 Description of the sector/end-use 

Eco-driving is a way of driving that reduces fuel consumption, greenhouse gas 
emissions and accident rates. Shifting gears between 2000 and 2500 r.p.m., regular 
checking of tyre pressure and other tips are characterising the behavioural measures 
taking place nowadays.  
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In fact, the effective use of gear shift indicators (GSI) in itself only captures part of 
the total reduction potential of eco-driving. On the other hand GSI can be a useful 
tool to assist drivers in maintaining a correct and effective fuel efficient driving 
style. In this way the use of GSI in combination with eco-driving is expected to in-
crease the long-term effectiveness of eco-driving.  

8.3.2 Sector-specific / use-specific data sources and modelling issues  

Also in this case the autonomous progress scenario has been obtained by filling up 
the MURE transport database with the TREMOVE data. 

8.3.3 Step 1 – Definition of energy saving options 

Within the transport sector a second group of measures taken into account in simu-
lating non-technical instruments is the one considering people behaviours. In par-
ticular, for passenger transport we envisaged the eco-driving strategy while for 
freight load factor increase as considered. 

8.3.3.1 Eco-driving in passenger cars 

Eco-driving is a term used to describe initiatives that support energy efficient use of 
vehicles. It is a way of driving that reduces fuel consumption and greenhouse gas 
emissions. Smart and safe driving techniques, in fact, can lead to significant fuel 
savings.  

Eco-driving is a cost-effective way of reducing CO2 emissions because it is based 
on measures to alter behaviour of consumers. Eco-driving has become an integral 
part of transport sector emissions reduction strategies in several countries. It re-
mains, however, in the margins of transport policy development in many other 
countries. 

Some of the key principles of Eco-Driving are: 

 Maintain engine speeds between 1200 – 3000 rotations per minute (rpm); 

 Change to higher gears between 2000 – 2500 rpm, and drive in top gears at 
lower speeds – the so-called “50 in 4th gear” driving style; 

 Try to anticipate more to avoid strong accelerations, decelerations, over-
taking or aggressive driving; 

 Driving at speed limits and avoiding high speeds; 

 Add 10% to standard tyre pressure; 

 Avoid using the air condition, or set at temperatures above 21°C. 
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8.3.3.2 Load factor61 in freight transport 

The loading efficiency of road freight transport is improving slightly in some EU 
Member States, but has remained relatively stable or worsened in most Member 
Countries. 

Though data quality on load factors is poor, figures for some countries indicate they 
are still low. In Denmark, Germany, Spain and Portugal the load factors increased 
between 1980 and 1995. In the Netherlands, Finland and Sweden the load factor 
dropped significantly (by 10-17 %) between 1980 and 1995. Empty hauling makes 
up only 25 % of total truck vehicle-km in Germany and over 40 % in the Nether-
lands. In the United Kingdom, empty hauling declined from about 33 % to 29 % of 
total truck vehicle-km between 1980 and 1996. 

Figure 8-4: Load factors for road of selected countries, 1980 to 1998 

 

There are no EU-wide targets for load factors and overall freight transport effi-
ciency. Several Member States have taken initiatives to increase the efficiency of 

                                                 
61

  The load factor is the ratio of the average load to total freight capacity, in tonnes or volume. As 
such data are not available for the whole EU for all modes, the load factor is defined as the 
number of tone-km divided by the number of vehicle-km. 
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freight transport62. For example in Germany logistics and fleet management systems 
are used to minimise empty journeys and generally increase the efficiency of freight 
transport. Information and communication technologies are used in combined trans-
port chains to facilitate the interconnection of the modes and the tracking of con-
signments (German Federal Ministry of Environment and Nuclear Safety, 2000). 

In Finland, instead, The Environmental Guidelines of the Transport Sector set out 
actions for more efficient and environmentally-friendly freight transport. Projects 
promoting logistical efficiency to reduce transport growth (including projects to 
increase truck load factors) are encouraged by the Ministry of Transport. The de-
velopment of logistical systems using on-board computers and geographical infor-
mation systems is encouraged (Finish Ministry of Transport and Communications, 
1999). 

We have also to notice that transport is relatively cheap compared with other pro-
duction factors. Therefore, transporters are not sufficiently stimulated to improve 
their efficiency. Companies prefer inefficient transport to inefficient time-
management, resulting in an increasing number (more vehicle-km) and a decreasing 
size of shipments (TNO, 1999). 

Freight transport efficiency depends to a certain extent on economic conditions. 
Small transporters may merge into larger transport companies, which usually use 
their vehicle fleets more efficiently. 

8.3.4 Step 2 – Technology costs 

No assumption on technology costs for behavioural changes are taken. 

8.3.5 Step 3 – Definition of the four scenarios 

Like the previous chapter about modal shift, also in this case we have distinguished 
only two scenarios beyond the Autonomous Progress: the Low and High Policy 
Intensity scenarios. The Technical Scenario is the same as the HPI Scenario. In fact 
there is no meaning to consider a “technical” scenario when talking about behav-
ioural measures. 

Energy savings that could be achieved in 2030 by the implementation of eco-
driving have been estimated to be equal to 5 % in the LPI scenario and roughly 
10 % in the HPI scenario.  

Concerning load factors in goods transport and in particular for trucks and trailers, 
due to the fact that the values are almost steady, we assumed a 1% of energy sav-
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  European Environmental Agency – Load Factors TERM 2001. 



 

 

193

ings to be reached in 2030 for the LPI scenario and 3 % for the HPI scenario (see 
also section 8.1.4.  

8.4 Results transport sector 

8.4.1 Results technical measures 

The resulting saving potentials for the transport sector are presented below. It is 
important to have in mind that the following histograms show the additional saving 
potential, which means that the potential is additional in comparison to the energy 
already saved in the Autonomous Progress Scenario. In the following the potentials 
of energy savings are given for the whole EU-27. Because of the high amount of 
data, a more detailed overview can be conducted by using the online database. 

Figure 8-5: Saving Potentials for Technical Measures in passenger trans-
port (EU-27) (ktoe) 

2010 2012 2015 2016 2020 2025 2030

0

20.000

40.000

60.000

80.000

100.000

120.000

140.000

kt
oe

APS+RP LPI HPI Technical Scenario  
 

As illustrated in Figure 8-5, the energy savings potentials coming out from the 
implementation of technical measures in passenger transport at EU-27 level are 
equal in absolute values to roughly 32 Mtoe for the LPI Scenario, 80 Mtoe for the 
HPI Scenario and 124 Mtoe for the Technical Scenario in 2030. The impact of 
recent policies (CO2 policies for passenger cars and light duty vehicles in the 
pipeline) amount to 17 Mtoe in 2030. 



 

 

194

These results as shown below (Figure 8-6) demonstrate that both the LPI and HPI 
potentials achievable by the realization of more efficient car engines are quite 
substantial by achieving a potential of 8.7 % (LPI), 23.4 % (JPI) and 28.8 % 
(Technical Scenario) in 203063. It appears that substantial amounts of the LPI 
potentials are envisaged for in the recent CO2 policies set up for cars with an aim of 
130g CO2/km in 2012/2015. 

Figure 8-6: Saving Potentials for Technical Measures in passenger trans-
port (EU-27) (%) 
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As illustrated in the graph below (Figure 8-7), the potential gains obtainable with 
technical interventions on trucks and trailers engines are quite stable during all the 
period considered and, in 2030, are equal to 10,7% in the LPI Scenario, 19,1% in 
the HPI Scenario and 29,1% in the Technical Scenario.  
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  The percentage reduction refers to the Autonomous Progress Scenario for car transport. 
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Figure 8-7: Saving Potentials for Technical Measures in Road Freight 
Transport (EU-27) (%) 
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8.4.2 Results modal shift 

The results from modal shift interventions in passenger transport both at urban and 
interurban level show a total potential of 13 Mtoe, 21 Mtoe and 27 Mtoe achievable 
respectively within the LPI, HPI and the Technical Scenario as shown in Figure 8-8. 
In percentage terms the maximum achievable potential is equal to 13 % in 2030 
while the LPI and HPI Scenarios have a potential of 6 % and 10 % respectively. 

It is worth noting that in the graphs below (Figure 8-8 and Figure 8-9) there are also 
potentials also for the Technical Scenario represented even if, as stated in the Modal 
Shift paragraphs, there is no real meaning to consider a “technical” scenario when 
talking about measures like modal shift. The Technical Scenario shown derives 
from the hypothesis that the modal shift has been implemented in parallel with the 
penetration of more efficient cars in terms of CO2 emissions abatements. Hence 
interactions are taken into account. 
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Figure 8-8: Saving Potentials for Modal Shift Measures in passenger trans-
port (EU-27) (ktoe) 
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Figure 8-9: Saving Potentials for Modal Shift Measures in passenger trans-
port (EU-27) (%) 
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For what concerns the good transport modal shift the achievable potentials within 
the LPI and HPI Scenario in absolute values are equal to 4.3 Mtoe and 10.7 Mtoe 
respectively, while in percentage terms the two scenarios are characterized by a 
potential of 2.4 % and 5.9 % correspondingly (Figure 8-10). 

Figure 8-10: Saving Potential for Modal Shift Measures in goods transport 
(EU27) (%) 
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8.4.3 Results behavioural measures 

The results of the behavioural measures implementation show (see Figure 8-11) a 
saving potential in 2030 of 9.4 Mtoe in the LPI Scenario, of 15.8 Mtoe in the HPI 
Scenario and 14.7 Mtoe in the Technical Scenario. The technical potential is lower 
than the HPI potential because this interacts with the larger potentials for technical 
measures which reduce the amount of energy available in the Technical Scenario. 
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Figure 8-11: Saving Potentials for Behavioural Measures in passenger 
transport (EU-27) (ktoe) 
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Figure 8-12 summarises the potential trends in percentage terms from 2010 up to 
2030. We can see that most of the impacts build up in an early phase while in the 
later stages the potentials decrease due to advances on the technical side. 
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Figure 8-12: Saving Potentials for Behavioural Measures in passenger 
transport (EU-27) (%) 
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8.4.4 Results overall transport sector 

The total saving potentials at EU-27 level within the transport sector are equal to 
185 Mtoe for the Technical Scenario, 132 Mtoe for the HPI and 64 Mtoe for the low 
policy intensity scenario. In absolute values the main role in saving potentials 
achievable is played by the EU15 countries responsible of roughly 90% of the total 
potentials. Nevertheless it is worth noting that EU-12 countries are characterized by 
an stronger increase in energy savings during the considered period than the EU15 
countries. 

For all results at country level a more detailed overview can be performed by using 
the online database. 
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Figure 8-13: Total Saving Potentials in Transport Sector (EU-27) 
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Figure 8-14: Total Saving Potentials in Transport Sector (EU-27) (%) 
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9 Industry 

The saving potentials in the industrial sector were calculated by dividing the techno-
logical structure in three different fields: 

 Process related technologies are defined to be very individual and often 
only found in one branch or even applied for only one production step. The 
technologies related to certain processes in energy intensive industries are 
distinctly covered in the model. 

 There is a certain set of technologies, which are applied independent of the 
branch or the production step. They are called cross-cutting technologies 
(CCT) in the following and will be divided in electricity consuming CCT, 
which are mainly motor systems, and heat generation CCT, which are re-
lated to heat and steam generation. 

The following analysis is structured according to this division of technologies and 
each technology field will be treated in one chapter. Also the model that had been 
used for the analysis of industry is adapted to this structure and is described in chap-
ter 9.1.2.1. 

9.1 Process technologies 

9.1.1 Description of the sector/end-use 

The structure of the part of the model that presents process technologies (see below) 
is implemented according to Figure 9-4. The energy consumption of the sectors 
implemented is directly taken from official EU energy balances. Table 9-1 shows 
how the distinct sectors are defined. For the illustration of “bottom-up” saving po-
tentials in the following chapters, the sector non-metallic mineral products will be 
divided in glass and cement production. 
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Table 9-1: Sectoral coverage of the model 

Sector NACE- Code 

Iron and steel 27.1, 27.2, 27.3, 27.51, 27.52 

Non-ferrous metals 27.4, 27.53, 27.54 

Paper and printing 21, 22 

Non-metallic mineral products 26 

Chemical industry 24 

Food, drink and tobacco 15, 16 

Engineering and other metal 28, 29, 30, 31, 32, 34, 35 

Other non-classified 20, 25, 33, 37, 45,17, 18, 19,13, 14 

 

According to Figure 9-4, the sectors can be further divided in characteristic proc-
esses. In this study, we chose the most relevant processes in terms of energy con-
sumption (seeTable 9-2) and included production statistics and forecasts as well as 
the specific energy consumption for each process. As described in Figure 9-5, the 
implementation of these processes is necessary for the bottom-up part of the model. 
By considering physical production values, a direct connection to energy consump-
tion is established. The connection between energy consumption and monetary in-
dicators like value added is more indirect and thus less concrete. Nevertheless, the 
amount of data needed for the calculation increases considerably when extending 
the bottom-up calculations to further processes. Thus, only the processes with the 
highest energy consumption were included. 
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Table 9-2: Processes by sub-sector implemented in the model 

Iron and Steel Non-ferrous metals Paper and Printing 

Sinter Primary Aluminum (Hall-Heroult) Paper 
Blast furnace Secondary Aluminum Mechanical Pulp 
EAF Aluminum Further Treatment Chemical Pulp 

Rolled steel Primary Copper Recovered Fibres 

Coke oven Secondary Copper  

Smelting reduction Copper Further Treatment  

Direct reduction Primary Zinc: Imperial Smelting  

 Zinc: Galvanizing  

Glass Cement Chemicals 

Container glass Clinker burning-Dry Chlorine-Hg (mercury) 
Flat glass Clinker burning-Semidry Chlorine-Membrane 
Other glass Clinker burning-Wet Chlorine-Diaphragm 

 Quarrying Polypropylene (PP) 

 Raw material preparation Polyethylene (PE) 

 Cement Grinding Polyvinyl chloride (PVC)

 Lime milling  

 Gypsum milling  

 

As all of the processes have a certain specific energy consumption that shows, how 
much energy is used for a certain amount of output (e.g. energy consumption per 
tonne of steel), saving options exist, that can decrease the specific consumption and 
thus, make the process more energy efficient. In total, about 80 distinct saving op-
tions are considered and allocated to the relevant processes. 

The production projections for the most relevant products are given in Figure 9-1. 
The products were grouped according to the following definitions (compare with 
Table 9-2): 

 Steel: blast furnace and electric arc furnace 

 Paper: paper (all types) 

 Glass: flat glass, container glass and other glass 

 Cement: dry cement, semi-dry cement and wet cement 

 Aluminium: primary aluminium and secondary aluminium 
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Figure 9-1: Production projections of chosen product groups for EU27 [kt] 
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Figure 9-2: Final energy demand in EU27 industry by sector 2004  
(Eurostat) 
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Figure 9-3: Share of total industrial energy demand by country (2004) 
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9.1.2 Sector-specific / use-specific data sources and modeling issues 

9.1.2.1 Structure of the MURE-Industry model 

For the assessment of saving potentials in the industrial sector the MURE-Industry 
model was used. It is structured according to the characteristics of the industrial 
sector. 

First of all, this implies the division in 8 industrial sectors – to ensure, the model is 
compatible to Eurostat energy balances. Each of these sectors consists of several 
production steps, which are defined as processes. A certain activity - most com-
monly the annual production in metric tonnes - can be allocated to each of these 
processes. As for each process, also the specific energy consumption per unit of 
activity is given, the total amount of energy used in the process can be calculated. 
Given this energy demand, for all processes, options were considered that reduce 
the specific energy demand and, hence, increase the energy efficiency of the proc-
ess. 
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Figure 9-4: Structure of the MURE-Industry model 
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For the analysis of saving potentials in the industrial sector, the saving options play 
an essential role. For each of the saving options, information on the technical saving 
potential, the costs and the rate of diffusion are provided in the model. 

In addition to this bottom-up information, the model contains top-down informa-
tion, taken from the official Eurostat energy balances. The combination with the 
energy balances ensures, that no unrealistic values are included in the model and, 
furthermore, the whole energy demand is included in the model to complement the 
bottom-up technology information. Figure 9-5 shows how the bottom-up and the 
top-down approach are combined, using the example of the iron and steel sector. 
While the top-down energy demand is given in the energy balances, the bottom-up 
value is calculated as the sum of the energy consumption of all processes imple-
mented for the iron and steel industry. But, as it is not possible to include all proc-
esses in the model, the bottom-up energy consumption is always lower than what is 
given in the energy balances. This gap is the reason why the top-down approach is 
also necessary.  
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Figure 9-5: Combination of bottom-up and top-down in the Mure-Industry 
model 
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As the objective of the model is to make projections about energy demand, projec-
tions of activity values are needed. Here, one advantage of the bottom-up approach 
becomes obvious: the physical production output can be taken as activity indicator, 
while for the “gap”, for which no technical information is available, value added is 
taken as activity indicator.  

But for forecasting the energy demand, physical indicators are much more reliable 
due to a variety of reasons also outlined by (Neelis et al. 2007; Schenk, Moll 2007). 
For this analysis, the main reason is that the specific energy consumption is much 
more correlated to the physical output (e.g. metric tonnes) than to the monetary out-
put. Consequently, the monetary output (as value added) is only taken, if there was 
no information on the physical production available or if the process was not rele-
vant in terms of energy consumption. 

Another characteristic of energy consumption in industry is the fact that some en-
ergy using applications are only used in certain sectors, whereas others are to be 
found in nearly all sectors. Due to its use pattern, this second type of technology is 
also referred to as cross-cutting technologies, which are divided in heat producing 
and electricity demanding technologies, while the first type of technologies is 
named process specific technologies in the following. 

For the following analysis of saving options and their potentials the same distinction 
between technologies is applied, beginning with the process specific technologies. 

9.1.2.2 Sector-specific data sources 

As for this bottom-up calculation approach, a huge amount of data is needed, it was 
necessary to make use of many different and often much specialised sources. There-
fore only the most important sources will be presented. These contain databases on 
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production statistics or energy balances as well as key publications on energy effi-
ciency in industry. 

Physical production is one main driver for energy demand and considered in our 
calculation on the level of the processes shown in Table 9-2. Main sources are: 

 The UN database on worldwide physical production (Industry Commodity 
Production Statistics Database 2004) gives historical production by product 
and country. Often these data are slightly too disaggregated for energy ef-
ficiency purposes. 

 Most of the production values in the iron and steels sector were taken from 
the “Steel Statistical Yearbook 2006” of the International Iron and Steel 
Institute. The reliability of the statistical data seems high, as the values are 
in accordance with other statistics. 

 As all the statistical databases give only historical data, the necessary pro-
jections of production development were taken from an ongoing European 
research project on Adaptation and Mitigation Strategies (ADAM: 
http://www.adamproject.eu/). In the framework of this project, projections 
of production figures for energy intensive products were made in accor-
dance with expected economic growth. 

As written above, it is not possible to show all the literature sources used for the 
assessment of energy saving potentials in industry, but still, several key publications 
exist, that shall be presented here: 

 A recently published report on industrial energy consumption by the Inter-
national Energy Agency (IEA 2007) presents a broad overview of energy 
intensities and energy efficiency development over time as well as in com-
parison between different countries and world regions.  

 For the calculation of saving potentials, it is very helpful to have informa-
tion on the best practice energy consumption for distinct processes. A re-
cent publication by Worrel et al. (2007) gives an overview of the world-
wide best practice values for energy intensity in chosen industrial sectors.  

 Neelis et al. (2007) give a comprehensive overview of the development of 
energy intensity in the Dutch energy intensive industry. Although, the fo-
cus of their study are the Netherlands, the comprehensiveness and the huge 
amount of information on the energy intensity of distinct products makes it 
a valuable source for our analysis. 

 For the comparison of long-term trends, in certain industrial sectors as well 
as for the whole industry, the Odyssee Database (http://www.odyssee-
indicators.org/) as well as IEA (2004) can be recommended. 
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9.1.3 Step 1 – Definition of energy saving options 

Due to the heterogeneity of the industrial sector, a huge variety of different saving 
options is available in the different branches. This huge variety makes it impossible 
to consider all saving options in the model. Nevertheless, the saving options that 
were identified have the highest potentials and still moderate costs, so that a future 
application seems reasonable. 

Saving potentials due to dynamics in drivers, e.g. shifts between substitutable proc-
esses towards more or less energy intensive processes are not explicitly considered 
as distinct saving option, still, the effects of process substitutions have an influence 
on the development of energy intensity and energy demand. These effects are in-
cluded in the autonomous scenario for the industrial sector. They are therefore not 
considered as energy saving options which are open to energy efficiency policy. 
Examples of these saving potentials realised by process substitutions are: 

 For the production of chlorine in the chemical industry, three main tech-
nologies can be used: the diaphragm process, the mercury process and the 
membrane process. Of all these, the membrane process is least energy in-
tensive and an obvious trend, that this process continuously substitutes the 
mercury process, which will be forbidden in Europe by 2020, can be ob-
served and is considered in the calculations 

 The energy intensity of cement production is directly related to the clinker 
/ cement ratio, i.e. the amount of clinker used to produce a fixed amount of 
cement. The more clinker substitutes, like fly ashes or granulated blast fur-
nace slag are used, the less energy intensive is the production of cement. In 
our calculation, a considerable increase of clinker substitutes is considered, 
leading to an average clinker factor of about 71 % in 2030. 

 For the production of steel, two main processes are used, the blast furnace 
and the electric arc furnace (some others play a minor role in Europe). Of 
these both, the electric arc furnace has a huge demand for electricity and 
thus a shift towards this process would increase electricity demand consid-
erably while at the same time decreasing the demand for final energy. It 
should be noted that even in primary energy terms this process shift in-
duces an energy saving. 

 In aluminium production one can distinguish between primary and secon-
dary aluminium. The production of primary aluminium is very energy in-
tensive, as also there electrolysis is used. Aluminium is further also pro-
duced by recycling aluminium wastes, which is far less energy intensive. 
Also here, a shift towards secondary (recycled) aluminium is an important 
option to decrease energy demand in aluminium production. 

The saving options that were distinctly considered in the modelling work are de-
scribed in the following. But, as about 80 saving options are considered in the dif-
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ferent processes, only representative examples will be shown. The following main 
types of saving options can be distinguished 

 Heat recovery in processes where waste heat is not yet used. If the tem-
perature level of waste heat is high enough, it is even assumed that the heat 
can be used do drive a turbine and thus generate electricity. This is for ex-
ample the case in the blast furnace process in steel production. In other 
cases the waste heat can be used for preheating, e.g. scrap, which than is 
used in the electric arc furnace for the production of secondary aluminium. 
An instrument often used to fit sources of waste heat with heat demand 
uses, taking into account different temperature levels is the pinch analysis. 

 For some processes, it was not possible to identify distinct saving options, 
instead a whole bundle of saving options or process improvements were 
considered. This bundle represents the difference between the mean energy 
intensity in a certain country and the best practice energy intensity for the 
process. 

 One group of options consists in the substitution of a certain production 
technology by the best available technology (BAT) in terms of energy effi-
ciency. Examples are new and improved burner types like recuperative 
burners, improved roller mills, improved furnaces or new catalysts. 

 Besides the substitution of process technologies, in some cases it is possi-
ble to use additional technologies in order to increase the efficiency, like 
the improved insulation of furnaces. 

 The most radical saving option, but often also the most influential is the 
substitution of the whole production process by an improved process. This 
is not to be confused with the substitution of products like discusses above 
which is considered to occur autonomously. Examples are the usage of 
oxygen as fuel in the electric arc furnace process or thin slap and strip cast-
ing in steel production. 

 As not only technical saving options are considered, another group of sav-
ing options represents behavioural or management options. These options 
mainly address the reduction of stand-by losses by e.g. improved control 
systems, which are more related to actual demand. 

As mentioned, to all of the processes shown in Table 9-2 saving options are allo-
cated that increase the energy efficiency of the process. 

9.1.4 Step 2 – Technology costs 

In the last chapter, a short overview of the saving options considered was given. 
Already the types of saving options that were presented show that it is often diffi-



 

 

211

cult or not possible to allocate costs to the saving options, as for example it is not 
possible to draw an adequate system boundary. Moreover, energy efficiency is often 
not the main driver for the implementation of saving options related to process im-
provement, thus their costs can often not be allocated to the energy saved. Main 
driver to implement these options is perhaps a general process improvement or the 
reduction of costs. 

Furthermore, when bundles of saving options were considered, it was not possible 
to allocate some kind of average costs to these bundles. 

To conclude, explicit and reliable cost information is only available for saving op-
tions that are in fact distinct technologies like recuperative burners, improved fur-
naces or better insulation. In the case of saving options that represent a switch of 
processes or major changes in processes, the costs are much more difficult to asses 
and are subject to higher uncertainties. For this second type of saving options, costs 
were assessed by assessing at industry typical requirements for investment deci-
sions, like a payback period of several years and combining this information on 
minimum payback time with the realisation of saving options. 

9.1.5 Step 3 – Definition of the four scenarios 

As for the other sectors, also in the industrial sector, four scenarios are defined. The 
autonomous development, which assumes no political or behavioural changes, 
represents the baseline development. Thus, it is assumed, that even in the autono-
mous scenario some saving options will be realised in companies. Two scenarios 
represent an economic saving potential with different policy intensities. The fourth 
scenario is not connected to economic decisions; it shall present a technically possi-
ble path for fostered energy efficiency development, assuming that energy saving 
technologies take up and diffuse through the market regardless of cost-
effectiveness. 

Based on the development of energy consumption in these four scenarios, we calcu-
late three different saving potentials that represent the difference of energy demand 
in each scenario to the energy demand in the autonomous scenario. 

Due to the structure of Industry and also the MURE-Industry model, the differentia-
tion of the scenarios is done the following way. 

For each saving option, two different diffusion rates are implemented. One is re-
lated to the autonomous development and the other to the remaining three scenarios. 
In order to differentiate the economic potential scenarios from the technical poten-
tial scenario, for each saving option the cost-effectiveness is calculated. Some sav-
ing options turned out to be not cost-effective under given assumptions, while oth-
ers were cost-effective. Consequently, the sum of the cost-effective saving options 
representing the economic scenario is lower than the saving potential calculated by 
summing up all saving options, which represents the technical scenario.  
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Furthermore, two economic scenarios are distinguished, by applying two different 
discount rates in cost calculations, one of 8 % and another of 30 %. The high dis-
count rate shall represent high expectations in terms of payback time in industry. 
The lower discount rate represents a cost-effective scenario from an economy wide 
viewpoint, leaving aside the high expectations about payback time. 

As only restricted information is available on the costs of many saving options, the 
economic-potentials have to be interpreted with caution. Some saving options, that 
might be economic, but for which it was not possible to quantify costs, were only 
included in the technical potential. Thus, the two economic potentials might be too 
low in comparison to the technical potential; that is why they have to be interpreted 
as lower bound for the economic potentials. 

Furthermore, it must be kept in mind that with a bottom-up approach it is never pos-
sible to consider all saving options especially in a long term time horizon. Still, our 
approach shall consider the most important options in terms of saving potential, 
although, it can always happen that new highly effective options are found that 
could not be foreseen at the time of this study. 

Table 9-3: Overview of the definition of the four scenarios for industrial 
process technologies 

Scenario Definition 

Autonomous scenario Low diffusion rate 

Economic scenario (low 
policy intensity) 

High diffusion rate but taking into account only cost-
effective saving options (30 % discount rate) 

Economic scenario (high 
policy intensity) 

High diffusion rate but taking into account only cost-
effective saving options (8 % discount rate) 

Technical scenario High diffusion rate (maximum boundary given by 
stock and lifetime of technologies) 

9.2 Electricity consuming cross-cutting technologies 

9.2.1 Description of the sector/end-use 

In contrast to the household or even the commercial sector, electricity is used for a 
much wider variety of purposes and appliances in the industry. Most systems are 
individually designed according to characteristics of production processes, which 
often differ between companies.  

An overview of the possible uses of electricity in the industry gives Figure 9-6. The 
figure shows the most common applications, but still, many are not included. 
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Figure 9-6: Cross-cutting technologies (CCTs) in industry – system 
boundaries 

 
 

Nevertheless, by choosing the most relevant technologies, it is possible to include a 
larger part of the electricity demand in the model. Depending on the country spe-
cific structure of industry, the share of CCT changes slightly, but is in average about 
70 % of the total industrial electricity consumption, considering electric motors and 
lighting as CCT (for more details see Figure 9-7). 

As electric motors make the biggest share in electricity demand, five of the six CCT 
are some kind of electric motor systems, thus electric motors play a central role in 
our assessment of efficiency potentials. In the following, the chosen technologies 
are described. 

Pumps are the CCT with the highest share of industrial electricity demand, which is 
estimated to be about 12 % in Europe. Especially the paper industry has a very high 
share of pumps in electricity consumption, mainly used for pulp and water pumping 
(Sulzer Management, Winterthur 1997). 

Fans are mainly used in industry for cooling, drying, suction cleaning or for the 
ventilation of rooms (Hoffmann, Pfitzner 1994). A huge variety of different types of 
fans are utilised in the industry, which all have varying efficiencies. According to 
Radgen (2002) they account for about 9 to 17 % of electricity demand of the indus-
trial branches. 
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Compressed air is used in industry for a variety of different applications, like 
pneumatic drives for tools, fogging and varnishing as well as for suction and clean-
ing. The advantage of compressed air in comparison to the direct usage of electric-
ity is mainly its flexibility (Fraunhofer ISI 2003). Thus, for many applications com-
pressed air is often preferred, despite its higher electricity demand. 

Cooling systems are not as widespread through the industrial branches as other CCT 
are. They are mainly used in the food sector, for cold storages and refrigerators and 
in the chemical sector for low temperature processes. 

Other motor appliances shall represent all motor systems that are not covered by 
the systems described above. This group is very heterogeneous and includes for 
example conveyors, centrifuges, elevators or mixers.  

Lighting systems in industry are either using fluorescent lamps or high intensity 
discharge lamps (HID), representing between 37 and 63 % of electricity demand for 
lighting in Europe respectively (IEA 2006). Thus industrial lighting is far more effi-
cient than residential lighting. 

To give the quantity of saving potentials and their costs not only in relative terms 
but also in absolute values for the industrial sector of a whole country, we needed to 
identify the absolute energy demand in any of the considered motor systems. There-
fore we estimated the share of every motor system in the total electricity demand of 
each industrial sub sector (see Figure 9-7), based on a literature analysis and several 
expert interviews (see next literature overview). 
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Figure 9-7: Share of cross-cutting technologies by sector 
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9.2.2 Sector-specific / use-specific data sources and modelling issues 

Two main groups of studies are available that assessed the saving potentials in 
cross-cutting technologies. The first covers the SAVE-studies, which analysed en-
ergy consumption and saving potentials for efficient electric motors in general 
(Almeida et al. 2001), for the usage of variable speed drives (Almeida et al. 2000) 
and also in ventilation systems (Radgen 2002), pump systems (ETSU et al. 2001) 
and compressed air systems (Radgen, Blaustein 2001). 

The second group covers studies done in the framework of the European Directive 
on Energy using products. The studies are life cycle assessments of energy using 
products and they aim at assessing environmental as well as monetary impacts of 
these products. Furthermore, they show improvement potentials and suggest suit-
able political instruments. Important for the analysis of cross-cutting technologies 
are mainly the studies under lot 11, which cover electric motors (Almeida et al. 
2007), fans (Radgen et al. 2007) and pumps (Falkner 2007). 

The field of lighting is comprehensively described in IEA (IEA 2006)), covering the 
status quo of lighting usage, technology descriptions, saving options and according 
policy instruments. 
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9.2.3 Step 1 – Definition of energy saving options 

To asses the saving potentials we related certain saving options to any of the cross-
cutting technologies; for example the repair of air leakages in compressed air sys-
tems. As we included about 50 saving options in total, it is not possible to describe 
each of the saving options in detail; instead the following summary shall give an 
idea about what type of options were considered. 

As shown, most of the considered cross-cutting technologies are motor systems. 
Due to the similarity of motor systems, there are several saving options that can be 
applied to more than one system. Examples are the usage of a motor with a higher 
efficiency (Almeida et al. 2007), or the direct coupling of motor and driven applica-
tion, which avoids friction losses in a belt driven system. 

Also the choice of high efficiency pumps, fans and compressors leads to consider-
able savings (Radgen et al. 2007). The optimisation of the ductwork is another often 
very effective saving option; this is especially the case for compressed air systems, 
for which only small leakages in the pipes can be responsible for huge energy losses 
(Radgen, Blaustein 2001 p. 49). In all systems the possibility exists to lower so 
called standby losses by improving control systems that are related to the real de-
mand of an energy service. Control systems are especially interesting in combina-
tion with a variable speed drive, which is an inverter that controls the input fre-
quency to the motor and thus also the motor’s rotation speed (Almeida et al. 2000). 
Variable speed drives are in particular efficient for pumps systems that are often 
controlled using a valve, which decreases the flow of a fluid by increasing friction 
in the pipe, but leaves the rotation speed of the motor constant. 

For pumps, the possibility exists to soften the surface by coating it with glass or 
resin to reduce friction losses and also increase the durability, (Gudbjerg, Andersen 
2007). 

Lighting systems are somewhat more different to the presented motor systems. A 
lighting system consists of a lamp, a ballast, cables, control mechanisms and light 
fixture. All these components have influence on the efficiency of the whole system. 

Using electronic instead of magnetic ballasts can decrease the electricity consump-
tion by about 25 % at constant luminous efficacy (Meyer et al. 2000 p.111).  

Besides technical improvement options a high saving potential can be realised using 
improved and demand related control systems. These can be simple like more and 
better located light switches and also time switches or more complicated systems 
including motion detectors and photometers that allow to adapt the illumination 
level to the actual demand (Carbon Trust 2006 p.5). 

For any of the saving options we calculated saving potentials after the following 
methodology. 

For some CCT comprehensive analysis of saving potentials exist, like the study 
conducted by Radgen et al. (2002; 2001) on compressed air and ventilation systems. 
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In these cases, the literature values were taken and slightly extended as well as up-
dated. 

In cases where no data was available, case studies on saving potentials in certain 
companies were used as basis for own estimates, which were done analogously to 
Radgen et al. (2001) using the following equation: 

Pot tech, Rem, t = Pot tech, Ref * (Sh Applicable - Sh Applied, t) 

For each saving option a technical saving potential, Pot tech, Ref, t, is calculated as 
average value from the case studies. This is corrected by the share of cases or com-
panies in which the saving option is applicable, Sh Applicable, and the share of compa-
nies that have already applied the option at a certain point in time, Sh Applied, t. Result 
is the remaining technical saving potential at this point in time, Pot tech, Rem, t. 

The next step is to shift the viewpoint from single saving options to the whole set of 
saving options which can be applied to increase the total efficiency of a distinct 
CCT. This widening of system boundaries implies several consequences.  

First of all to mention is the influence that saving options have on the potentials of 
other saving options. This effect can be explained using the example of a com-
pressed air system. In this example, two saving options exist to increase the effi-
ciency of the whole system. The first is the replacement of the motor by a high effi-
ciency motor and the second is the repair of air leakages in the ducting system. It is 
assumed, that the motor replacement will lower the total energy consumption by 
5 % while the repair of air leakages will contribute 10 % to the reduction of total 
system energy consumption. If now, it is chosen to first repair the air leakages, and 
thus reduce energy consumption by 10 % leading to a remaining consumption of 
90 %. Now, the saving potential for the motor replacement is decreased to 5 % of 
the remaining 90 %, which means 4.5 % when related to the initial energy con-
sumption of the compressed air system. This reduction of saving potential is ac-
companied by a reduction in the cost of saved energy. 

In general it can be said, that this effect always appears, when more saving options 
are related to the same “energy flow” or target, only then they can influence the 
height of each others’ potentials. This is also the reason, why this phenomenon was 
not discussed above in the section on process specific saving potentials. For cross-
cutting technologies, we allocated about 10 saving options to each technology, 
while we allocated far less saving options to each of the processes in chapter 7.4. 
Thus, in the second case, with less saving options for each process, the interactions 
are also less, if not marginal. 

Two main consequences can be observed that have to be considered when analysing 
saving potentials: 

 The cumulated saving potential of many saving options is lower than the 
sum of all the distinct potentials 
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 To calculate the “corrected saving potential” assumptions on the ranking of 
saving options have to be made, because this ranking of saving options has 
a direct effect on the height and costs of every saving potential. 

In our approach we decided to consider these interactions between saving potentials 
by ranking them from the most to the least cost-effective option. Knowing the rank-
ing of saving options, it is possible to calculate “correction factors” to reduce the 
height of their potentials. This calculation method has to be kept in mind, when ana-
lysing the resulting abatement cost curves; this correction method makes already 
expensive options even more expansive, because the amount of saved energy (and 
thus saved energy costs) is lower. 

Considering the given methodology and its restrictions, the resulting relative saving 
potentials for any of the CCT are given in Figure 9-8. 

Figure 9-8: Relative long-term technical saving potential by application 
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9.2.4 Step 2 – Technology costs 

In contrast to the assessment of costs for process technologies in chapter 9.1.4, for 
cross-cutting technologies it is more often possible to find or calculate cost data as 
the saving options concerned have a more modular structure and system boundaries 
are easier to draw. 

Most important principle for the cost assessment is that only “premium costs” were 
considered. For energy efficient motors that would mean only the price difference 
to standard motors is relevant, not the whole motor price. In general one could say 
only the cost share that can directly be related to the efficiency improvement is con-
sidered. This is especially relevant the more non-energy efficiency benefits (or dis-



 

 

219

advantages) a certain technology has. Nevertheless, in many cases such a differen-
tiation is not feasible, due to the high level of detail of the information needed. 

This focus on “premium costs” has another implication on the market diffusion of 
all saving options that represent an alternative investment in a more efficient tech-
nology (for example high efficiency motors). As only the price premium is consid-
ered, the diffusion is directly restricted by the rate of renewal of the motor stock. 
Only if, for example a standard motor shall be replaced, the high efficiency motor 
can be installed. In the case of electric motors, a lifetime of 20 years would also be 
the minimum time period needed for the complete diffusion of high efficiency mo-
tors in the stock. 

Besides the assessment of costs in the base year a second important assumption is 
the development of costs over time. The assumption of constant costs over 25 years 
seems relatively unrealistic and a decline of costs would be expected. Nevertheless, 
as the empirical basis is very thin, we used a simple model to implement cost de-
gression; that means the standard experience curve model, described for example by 
the IEA (2000). It is assumed that cost reduction is directly correlated to the experi-
ence gained with a certain product. The critical variable in this concept is the learn-
ing rate, which determines the slope of the cost reductions. A doubling in cumulated 
experience leads to a relative decrease in costs in the height of the learning rate. In 
our model we assumed rather low learning rates, from 1 to 10 % depending on the 
potential for cost reduction of the saving options. 

When constructing experience curves the relevant system for which the costs shall 
be analysed has to be chosen. In our study the system is as broad as possible, from 
the production of the product to the installation in the firms. Thus, according to Neij 
et al (2003) the productions as well as the market perspective are included in the 
calculations and the costs are related to the whole process of applying a saving 
technology. This represents the fact, that cost reductions are possible everywhere in 
the production chain and for our purpose it is not important where the cost reduc-
tions take place. 

Like for the market diffusion as well for the cost development, there is not much 
data available on energy efficiency technologies. Most studies on cost reduction 
have been carried out for supply side technologies like wind or solar energy. 

Nevertheless, as many of the saving technologies considered in our study are at the 
beginning of their market diffusion, a general tendency towards price reductions 
seems realistic, at least more realistic than constant prices until 2030. 

As indicator for the experience often the cumulated capacity produced or installed 
(Neij et al. 2003) or the cumulated energy supplied are used on the supply side. 
Analogously on the demand side we use as indicator the cumulated energy saved by 
a certain saving technology, which is an approach also used by Jakob et al. (2004) 
for building insulations. We decided to choose the cumulated energy saved and not 
the cumulated installed saving potential as many of our saving technologies are or-
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ganisational measures for which the learning does not stop with the implementation 
of the measure but continues. This effect can only be implemented by taking a wide 
system boundary and thus the cumulated energy saved as experience indicator. 

Nevertheless, for some saving technologies the contrary is true. For example for 
high efficiency motors, as for most “real technologies” not much learning can be 
expected after having installed the motor in a company. 

 

Pt = P0 * Xt
-E 

Pt Price in year t 

P0 Price in base year, P0(X=1) = Pt/(Xt
-E) 

X Indicator for cumulated experience: cumulated saved energy 

E Experience parameter, which determines the slope of the curve; it is directly 
related to the progress or learning rate: E = log2(1-learning rate) 

Equation 9-1: Experience curve (compare IEA 2000 p.10)  

As there is only little empirical data available on the cost development of energy 
saving technologies, we assumed three different cases for the slope of the cost re-
duction curve and grouped the technologies according to their expectations for cost 
reductions. 

 A learning rate of 1 to 3 % is assumed for material-intensive technologies, 
like for example high efficiency electric motors with low possibilities for 
further cost reductions due to the high share of material costs. 

 For material-extensive technologies and knowledge based or management 
saving options we assumed a learning rate of 5 to 7 %, because more pos-
sibilities exist to decrease costs by further improvements in productivity. 

 The highest learning rate we assumed was 10 %, mainly for technologies 
that are based on microelectronics and for which stronger cost reductions 
have been observed in the past. Examples are control systems in general or 
more specific variable speed drives for electric motors. Duke et al. (1999 
p.52) observed a learning rate of 11 % for electronic ballasts (1986-97, 
USA, market price to cumulated sales). 

In general, the assumed learning rates are rather moderate and will more likely un-
derestimate the decline in costs. 

The learning rates are assumed exogenously, thus they can not be influenced by for 
example R&D investment. Induced learning is not considered in the model. 



 

 

221

The resulting cost-effective saving potential can be observed in Figure 9-9. The 
small vertical interval lines represent different assumptions on electricity prices and 
discount rates. 

Figure 9-9: Relative technical and cost-effective saving potential for cross-
cutting technologies (2030) 
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9.2.5 Step 3 – Definition of the four scenarios 

The four scenarios are defined the same way as for process technologies described 
in chapter 9.1.5. 

For electric motors a stock model was used, comparably to these used to determine 
the saving potentials in the residential sector. Two essentially different develop-
ments were assumed. In the first case, the autonomous development the labelling of 
electric motors is not being changed and no additional policies are to be applied. 
The resulting market shares are given in Figure 9-10. The type of motor efficiency 
class (IE1 to IE4) corresponds to the classification proposed by the International 
Electrotechnical Committee (IEC), with IE1 motors being the least efficient. Com-
pared to the current labelling scheme in the EU, the new IE1 class corresponds to 
the current EFF2 class and IE2 has equal requirements as EFF1. Thus the IEC label-
ling scheme goes beyond the currently applied scheme in the EU, by establishing 
the more ambitious class IE3. The concept of very efficient IE4 motors is so far not 
well defined. Although this very efficient class is expected to exist in the future, so 
far no requirements in terms of efficiency values have been made. Thus, IE4 motors 
are not explicitly considered in the calculations. 



 

 

222

Figure 9-10: Electric motors market share “no additional policies” (EU25; 
until 2005 empirical data) 
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In the second case, we assumed new policies that introduced minimum energy per-
formance standards (MEPS) for electric motors sold in the EU. It was assumed that 
from 2012 onwards only motors with an efficiency equivalent to EFF1 (IE2 accord-
ing to international classification) are sold. By 2020 the new standard will be even 
stricter and IE3 motors will present the new minimum efficiency level (see Figure 
9-11).  

Figure 9-11: Electric motors market share “New standards” (EU25; until 
2005 empirical data) 
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Given the above market shares the resulting motor stock can be calculated. As for 
the years before 1998 no data is available it is assumed that the years before have 
the same shares as 1998. 

Figure 9-12: Resulting stock of electric motors “New standards” (EU27) 
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As data on the share of electric motors by efficiency class is only available for the 
EU as a whole it is assumed that the shares are the same for each country. 

Nevertheless, using energy efficient electric motors is only one saving option of all 
the options described above. But given the variety and the high number of saving 
options only for electric motors a stock model was used. The diffusion over time of 
the other saving options was realized by using logistic diffusion curves, which look 
very similar to the diffusion of electric motors but are not connected to a market 
share and a product stock.  

To summarise, the definition of the scenarios is done comparably to process related 
saving options. That means, two different diffusion rates were considered and for 
the economic scenarios the additional criteria of cost-effectiveness has to be ful-
filled. To represent an economic low policy intensity scenario we used a 30 % dis-
count rate while we considered an 8 % discount rate for the economic high policy 
intensity scenario. See also Table 9-4 for an overview of the scenario definitions. 
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Table 9-4: Overview of the definition of the four scenarios for industrial 
electricity consuming cross-cutting technologies 

Scenario Definition 

Autonomous scenario Low diffusion rate 

Economic scenario (low pol-
icy intensity) 

High diffusion rate but taking into account only cost-
effective saving options (30 % discount rate) 

Economic scenario (high 
policy intensity) 

High diffusion rate but taking into account only cost-
effective saving options (8 % discount rate) 

Technical scenario High diffusion rate (maximum boundary given by stock and 
lifetime of technologies) 

9.3 Heat generation cross-cutting technologies 

9.3.1 Description of the sector/end-use 

Heat is used in industry for a variety of different purposes. While in some cases, 
heat with a temperature of less then 100°C is sufficient, other branch specific proc-
esses need temperatures far above 1000°C. While the low temperature levels can be 
supplied with ordinary boilers, for the high temperature processes, industrial fur-
naces specially designed for certain processes are necessary. Figure 9-13 shows in 
detail which temperature levels are needed in which industries. Although, the calcu-
lation methodology is based on a rather old study by Hofer (1994) the method used 
is still valid, as the main processes in industry have not changed considerably. 
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Figure 9-13: Heat demand by industrial sector and temperature level (own 
calculations based on Hofer (1994) 
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For CHP generation in Europe, a variety of different technologies are applied, 
which shall be presented briefly, based on the overview given by (IZT Institute for 
Futures Studies and Technology Assessment GmbH et al. 2002 p.44). The classical 
and most used CHP technology is the steam turbine, either as backpressure or con-
densing turbine, which allows it to use any kind of fuel as input. The disadvantage 
of steam turbines is the relatively low electrical efficiency of below 20 per cent. In 
industrial CHP, gas turbines were more common, due to their high reliability and 
large range of power. They account for a higher electrical efficiency but only permit 
gasses as fuel, traditionally natural gas. The highest electrical efficiency can be 
reached with combined cycle gas turbines (CCGT), which are a combination of a 
gas turbine, followed by a steam turbine. Their main advantage, the high efficiency 
of above 40 per cent, led to a tripling of electricity production in CCGT in the EU15 
from 1994 to 1998 (Eurostat 2001 p. 14), while in the same period, the electricity 
production from steam turbines stayed constant. Also for internal combustion en-
gines a remarkable increase in electricity generation could be observed. They are 
mainly applied in smaller units and for more decentralised and flexible purposes. 

Figure 9-14 shows the share of heat generation of each of these technologies in total 
CHP generation. Unfortunately, only aggregated data for public and industrial 
(autoproducers) CHP heat generation was available. In industry, the share of steam 
turbines might be lower and the usage of gas turbines might be more extensive than 
shown in this figure. 
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All these technologies permit heat production with a maximum of around 500°C. 
Thus, their application is bounded by the temperature pattern of heat demand. As 
shown in Figure 9-13 heat below 500°C is concentrated on certain sectors, which, 
consequently, have the highest potential for further CHP utilization.  

Figure 9-14: Heat generation by CHP technology (Danko 2005) 

0,0000

0,1000

0,2000

0,3000

0,4000

0,5000

0,6000

Combined
cycle

Steam :
backpressure

turbine

Steam :
condensing

turbine

Gas turbine
with heat
recovery

Internal
combustion

engine

Others

Sh
ar

e 
of

 to
ta

l C
H

P 
he

at
 g

en
er

at
io

n

 

9.3.2 Sector-specific / use-specific data sources and modelling issues 

Data sources for heat demand and heat generation technologies are provided by 
Eurostat (Danko 2005; Eurostat 2001). They show heat generation by country, sec-
tor and technology used. To make estimations on saving potentials the mean effi-
ciencies by countries are essential. 

Further specific information on the country specific structure of CHP technologies 
and also political instruments are given by several COGEN Europe studies 
(http://www.cogen.org/publications/reports_and_studies.htm)  

9.3.3 Step 1 – Definition of energy saving options 

The saving potentials in heat generation are calculated, comparable to the saving 
potentials in electrical cross-cutting technologies. Still, there are some necessary 
differences due to the characteristics of heat generation, which will be explained in 
detail. 
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The model contains eight technology groups for the generation of heat in industry, 
of which only boilers represent the separate heat production (SHP), all other tech-
nologies are applied for combined heat and power generation (CHP). This already 
shows the focus on CHP. 

Technologies considered are: 

 Steam backpressure turbine 

 Steam condensing turbine 

 Gas turbine 

 Combined cycle 

 Fuel cell 

 Internal combustion engine 

 Boiler 

 Others 

Main input variable for the calculations is the heat demand of industry. It is derived 
in the first part of the model, taking into account the development of production and 
value added as well as certain sector specific energy saving options and assuming 
an average combustion efficiency of 85 %. In the next step, the total heat demand is 
allocated to different temperature levels, as the possibilities and the technologies for 
supplying heat depend strongly on the temperature needed. For example tempera-
tures below 100°C are mainly used for water and space heating and also in the food 
industry, whereas temperatures up to 500°C are needed for many different industrial 
processes. The usage of heat in temperature levels above 1000°C is very specialised 
and process specific. In these high temperature levels, industrial ovens are the 
source of heat production. 

Two general groups of saving options in heat generation are implemented: im-
proved diffusion of combined heat and power replacing separate generation of heat 
and electricity and improved efficiencies in separate as well as combined heat gen-
eration. Both will be explained in the following. 

Beginning with the increased diffusion of CHP plants, which substitute separate 
heat and electricity generation. An autonomous and a maximum diffusion of CHP, 
which distinguishes between industrial sectors and CHP technologies, are exoge-
nously included in the model. As upper threshold for the CHP diffusion it is as-
sumed that CHP can only be applied to the share of heat demand, which has a tem-
perature below 500°C. CHP technologies producing heat considerably above 500° 
are so far not available but might be in the future. One option might be the solid 
oxide fuel cell (SOFC) that allows for heat levels up to 900°C, which might clearly 
increase the potential for CHP application in the industrial sector.  
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The calculation of the energy savings realised by faster CHP diffusion is a method-
ologically crucial aspect. In this modelling approach we applied a methodology in 
accordance with Eurostat (Eurostat 2001)  that calculates the savings by comparing 
the CHP system with an alternative system that might be in place, if the CHP unit 
would not have been built. The saving potential is defined as the difference between 
primary energy demand of both systems. Consequently, the choice and definition of 
the alternative system - the system that was replaced by the CHP plant – has con-
siderable influence on the results. If the alternative system is a modern Combined 
Cycle Gas Turbine (CCGT) for electricity generation with efficiency of about 60 % 
and a modern boiler for heat generation having efficiency above 90 %, the savings 
allocated to the substitution by CHP are rather small if not negative. On the other 
side, if the efficiencies of the average power plant of an economy are assumed as 
alternative to CHP, the savings allocated to CHP are considerably higher, if not too 
high.  

In our calculations, we assumed an alternative system that produces electricity with 
an efficiency of 45 % and heat with an efficiency of 85 %. 
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ESt,p,c Energy savings in year t, technology p and country c 

HPt,p,c Heat produced in year t, technology p and country c 

cp,ρ  Average ratio between electricity and heat production of CHP for process p

and country c 

ηheat, ref Reference heat production divided by primary energy input 

ηel, ref Reference electricity production divided by primary energy input 

ηheat, real, t0,p,c Real heat efficiency of CHP unit in year t, technology p and country c 

Equation 9-2: Calculation of savings due to increased CHP diffusion 

The second group of energy savings considered in the model are the savings due to 
improvements in energy efficiency, leaving aside structural effects. In all technolo-
gies mentioned above, a potential for improvements in energy efficiency exists. 
Important to consider is the fact that the model works with average efficiencies of 
plants already operating, which also includes rather outdated technologies with low 
efficiencies. Thus, improvement potentials are considerably higher than they are for 
new plants only. 
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This approach is direct based on the most recent Eurostat statistics on CHP (Danko 
2005). The remaining saving potential is calculated as difference between the aver-
age efficiency of a certain heat production technology in a certain country and the 
highest efficiency of the same technology of all countries. As the differences in av-
erage efficiencies between countries are considerable high, also the saving poten-
tials differ a lot. In case there was no data available, the average efficiencies of ei-
ther EU25 or EU15 were taken. 

Although, this approach considers certain technologies for heat generation, it is not 
really a technology focused bottom-up approach, as it mainly works with top-down 
statistical mean values. This has several implications. As for the efficiency im-
provement, no distinct “energy efficiency technologies” were evaluated, it is not 
possible to allocate costs to the saving options and potentials. 

Main simplifications: 

 The heat temperature levels by branch are assumed to be equal in all coun-
tries and to be constant over time 

 It is assumed, that at most 90 % of the heat demand below 500° can be 
supplied by CHP. This restriction shall display the heterogeneity of heat 
demand. 

 Growth rates of CHP are assumed to be equal in all sectors of each coun-
try. 

 In the official Eurostat statistics, which were used as basis for the calcula-
tions, the shares of CHP technologies were not given separately for public 
supply and autoproducers (industry). Consequently the technology shares 
used include also CHP technologies used in public supply 

9.3.4 Step 2 – Technology costs 

The economic situation of industrial CHP plants in Europe is strongly depending on 
the development of gas and electricity prices. Falling electricity prices after the lib-
eralisation of the electricity markets deteriorated cost-effectiveness of CHP plants, 
especially, when gas prices were increasing (Horn et al. 2007 p153). 

As a result of the more challenging price situation, about 60 % of companies that 
were running industrial CHP plants estimated their plants to be threatened by shut-
down due to high costs (Horn et al. 2007 p.153)..  

According to Horn et al. (2007) also the CHP law has not considerably improved 
the situation for CHP plants. Only in some individual cases it could be proved that 
the CHP law supported the establishment of new CHP plants.  

The present energy prices allow for most industrial CHP plants to produce electric-
ity with costs comparably to wholesale prices, but facing a higher uncertainty due to 
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the fluctuant heat demand. As a result payback periods are rather long, especially in 
comparison to the companies' core businesses.  

Consequently, without additional strong support, industrial CHP production is not 
expected to increase significantly. 

Building on the described economic situation of CHP production, we assume for the 
modelling work that a CHP diffusion that goes beyond the slowly increasing 
autonomous trend is not economical. Thus, the economic scenarios on CHP diffu-
sion have the same level like the autonomous diffusion scenario. Only the technical 
scenario experiences a much higher diffusion rate. 

9.3.5 Step 3 – Definition of the four scenarios 

The total saving potential in heat generation can be divided in 2 main types of effi-
ciency improvement, as shown above. The first is the increased diffusion of CHP, 
meaning the substitution of separated electricity production (SEP) and SHP by CHP 
and the second is the improvement of mean efficiency of CHP and SHP by means 
of technological improvement. Both types are covered in the technical scenario. 

The economic scenarios cover only the efficiency improvement, for CHP and SHP 
units, as it is agreed that convergence of mean efficiencies in Europe towards the 
best practice is cost-effective. Concerning the second type of improvement, the en-
hanced diffusion of CHP, this option is considered not to be cost effective - espe-
cially with regard to the last years, where without public subsidies CHP units were 
not built. Therefore, in the economic scenario only the autonomous market diffu-
sion rates of CHP technologies are included, which are essentially lower than in the 
technical scenario. 

In the autonomous scenario, even the rate of convergence of mean efficiencies in 
CHP and SHP between European countries is much lower. 
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Figure 9-15: Share of CHP in heat generation (EU27) 
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Table 9-5: Overview of the definitions of the four scenarios for heat gen-
eration cross cutting technologies 

Scenario Definition 

Autonomous scenario Low rate for CHP diffusion (extrapolation of statistical devel-
opment) and low EU-wide convergence of plants' efficiency 
values. 

Economic scenario (low 
policy intensity) 

CHP diffusion as in the autonomous scenario; 

EU-wide efficiency convergence as in the technical scenario. 

Economic scenario (high 
policy intensity) 

Only one economic scenario established for heat generation 
technologies, because of data restrictions and due to the fact 
that the diffusion of CHP is non-economic under the conditions 
considered here.  

Technical scenario High diffusion rate of CHP (max 90% of a sector's heat con-
sumption below 500 C to be generated in CHP plants); 

Fast EU-wide convergence of plants' mean efficiency values. 
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9.4 Results industry 

9.4.1 Results process technologies 

The saving of energy in certain processes means that in these processes certain 
products can be produced using less energy for each. Consequently, the consump-
tion of energy per unit produced (e.g. per tonne of steel produced) decreases as en-
ergy is saved in this distinct process of production. The unit consumption is calcu-
lated by dividing the energy consumed in one year by the number of units produced 
in that year. This figure is often used as an indicator for the comparison of energy 
efficiency either over time or between countries. 

The unit consumption figures given in this study do not represent single products 
but mostly groups of products. The example of steel will clarify this distinction. 
Steel can be produced using different processes of which the blast furnace process 
and the electric arc furnace process are separately considered in the calculation of 
saving potentials. Still, for the presentation of the results only one indicator is used, 
which is the energy consumption per tonne of steel produced. Thus, one tonne of 
steel shall be understood as a country specific mixture of blast furnace and electric 
arc furnace steel, representing the whole steel production of one country. This cal-
culation method implies that also structural changes like e.g. the shift towards elec-
tric arc furnace steel influence the calculated unit consumption. 
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∑

=

== n

P
CYP

n

P
CYP

P

E

1
,,

1
,,

CY,PG,  UC  

UCPG,Y,C: Unit consumption of product group PG in year Y and country C 

EP,Y,C:  Energy consumption for product P in year Y and country C 

PP,Y,C: Production of product P in year Y and country C 

Equation 9-3: Calculation of unit consumption 

In the following the development of the resulting unit consumptions are given for 
the whole EU27 and for the sum of electricity and fuel input. More disaggregated 
results are presented the online Energy Saving Potential (ESP) database. The defini-
tion of the product groups is the following: 

 Steel: blast furnace and electric arc furnace 

 Paper: paper (all types) 

 Glass: flat glass, container glass and other glass 

 Cement: dry cement, semi-dry cement and wet cement 
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 Aluminium: primary aluminium and secondary aluminium 

 

Figure 9-16: Energy consumption per tonne of steel produced (EU27) 
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Figure 9-17: Energy consumption per tonne of paper produced (EU27) 
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Figure 9-18: Energy consumption per tonne of glass produced (EU27) 
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Figure 9-19: Energy consumption per tonne of cement produced (EU27) 
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Figure 9-20: Energy consumption per tonne of aluminum produced (EU27) 
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9.4.2 Results electricity consuming cross-cutting technologies 

The resulting saving potentials are presented below. It is important to have in mind 
that the diagram shows the additional saving potential, which means that the poten-
tial is additional in comparison to the energy already saved in the autonomous de-
velopment, which represents more or less as business as usual path. Thus the addi-
tional potential excludes these business as usual improvements and is calculated as 
difference between the three scenarios and the autonomous development scenario. 
The intention of showing additional potentials is to present only these potentials that 
need improved and extended policies to be realised. 

Calculating the saving potentials in comparison to a frozen technology scenario 
would lead to considerably higher potentials.  

Figure 9-21: Additional saving potential in motor and lighting systems 
(EU27) 
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One of the main characteristics of saving options in motor and lighting systems is 
that the investment is in most cases cost effective and a payback time of a few years 
is the normal case. Consequently, the economic potentials are not much lower than 
the technical potential, as it can be see in Figure 9-21. The technical potential by 
2030 of 14000 ktoe equals 162 TWh or 3.3 % of total industrial final energy de-
mand (fuels and electricity). 

The cost-effectiveness of these saving options can be observed more transparent in 
Figure 9-22, which shows groups of saving options in terms of total energy saved 

additional economic potential (high discount rate = LPI) 

additional economic potential (low discount rate = HPI) 

additional technical potential 
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and specific costs for the example of Germany. As most of the options are situated 
below the x-axis, their costs would be negative and thus the option is cost-effective 
in average.  

Especially for the realisation of saving options in the field of electrical cross-cutting 
technologies several barriers and market failures exist that prohibit the realisation of 
these saving options. Many of these barriers are connected to the low importance of 
energy consumption in the related companies. Consequently a huge part of the cost-
effective saving options is not realised in the autonomous scenario. It is assumed 
that further policy instruments are necessary to tackle market failures in this field. 

Figure 9-22: Exemplary cost curve for aggregated saving options in electri-
cal cross cutting technologies (Germany, 2030) 

 

Source: compare with Fleiter (2008) 

9.4.3 Results heat generation cross-cutting technologies 

The saving potentials in heat generation, presented in this chapter, are the effects of 
two different types of saving options: the increased diffusion of CHP and the EU-
wide convergence of mean efficiency values to "best practice". 

As mentioned in the last chapter, for heat generation only one economic scenario 
has been established. The data basis had not been detailed enough to distinguish 
between low and high policy intensity scenarios. Consequently, the results in terms 
of saving potentials are equal for the two economic scenarios. 
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Figure 9-23: Additional saving potential in heat generation (EU27) 
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9.4.4 Results overall industrial sector 

As explained in the chapters on partial results, also here it is essential to keep in 
mind that the diagrams below show additional saving potentials, which means that 
they show the difference between a chosen scenario and the autonomous scenario, 
which also considers a certain improvement in energy efficiency. Thus, the result-
ing saving potentials are interpreted as being additional to what will be realised in a 
business as usual development.  

Due to the huge amount of data only more aggregated results are shown in this 
chapter. A more detailed analysis, also on the basis of specific countries, including 
EEA and candidate countries, can be conducted using the Energy Saving Potential 
database that has been developed in the framework of this project. 

additional economic potential (high discount rate = LPI) 

additional economic potential (low discount rate = HPI) 

additional technical potential 
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Figure 9-24: Additional saving potentials by sector (EU27, 2030) 
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The following two diagrams show the saving potentials aggregated by type of tech-
nology. The technologies are distinguished in motors and lighting (electricity con-
suming cross-cutting technologies), heat generation cross-cutting technologies and 
process specific technologies, according to the division of the foregoing chapters. 
Additionally, the total saving potential in industry is given, which is defined as the 
sum of the three distinct technology groups. The potentials in Figure 9-26 are given 
as share of the total projected autonomous energy demand of industry in 2030; in 
other words, the relative potentials are given as share of the energy demand projec-
tions in the autonomous scenario. 

Even more, the category “ESD-potential in industry” shall represent a proxy for the 
saving potentials in sectors tackled by the ESD directive, which excludes all 
branches that are covered by the European emissions trading scheme (ETS). Conse-
quently the ESD-potential is calculated as the total potential minus the potential to 
realise savings related to direct CO2 emissions in the sectors iron and steel, non-
ferrous metals, paper and printing, non-metallic minerals and the chemical industry. 

additional economic potential 
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Figure 9-25: Additional saving potential by type of technology (EU27, 2030) 
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Figure 9-26: Additional saving potentials by type of technology in % (EU27, 
2030) 
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To better judge the size of the above shown saving potentials, the following expla-
nation should help. 

The additional technical saving potential in motors and lighting systems is pre-
sented to be about 4.5 % by 2030 compared to the total final energy demand in the 
autonomous development scenario. Because motors and lighting systems consume 
only electricity, saving measures aimed at these systems can only reduce electricity 
consumption. But only about one third (28%) of industrial final energy consumption 
is electricity. Taking this fact into account, the saving potential is about 16% of the 
total electricity consumption. Furthermore, only about 70% of industrial electricity 
consumption is due to motors and lighting systems. Thus, the additional saving po-
tential is about 23 % when compared to the total electricity consumption in motors 
and lighting systems. It also has to be kept in mind that these 23  % are additional to 
an autonomous saving potential which is in this case relatively high at about 11%. 
Consequently, the total saving potential in motors and lighting systems is about 
34 % of total electricity demand in motors and lighting systems, of course, varying 
between countries due to different industrial structures. 

The same calculation can be made for the saving potentials in heat generation cross 
cutting technologies as they only refer to low temperature heat below 500°C and 
especially CHP is not applicable in all cases. Thus, the given additional technical 
saving potential of about 4.5 % is in fact above 20 % when compared to the total 
heat demand below 500°C and not to the total industrial final energy demand. 

Following the above analysis, the remaining share of industrial final energy con-
sumption of about 50% goes to specific processes that differ considerably between 
branches. For these 50 % the given additional saving potentials seem in fact low. 
The first explanation for this low result is a methodological one and based on the 
huge variety of different processes, which are difficult and time intensive to tackle 
in a comprehensive way in a bottom-up analysis. Thus some saving potentials might 
exist in some specific processes that were not taken into account in this study. The 
second explanation refers to the fact that these processes are mainly located in the 
energy intensive industries, which have very high shares of energy costs in their 
total costs. Consequently, the concerned companies were since long intensively 
looking for ways of reducing their energy consumption as it goes along with a re-
markable reduction in production costs and increasing competitiveness at the same 
time. 
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Figure 9-27: Energy intensity (energy demand per value added) (EU27, In-
dustry) 
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It also has to be considered that the autonomous scenario also includes savings that 
were realized due to dynamics in drivers, which means production shifts between 
different processes and products, like for instance the shift to the usage of recycled 
products (see chapter 9.1.3). Because the drivers are not differentiated between sce-
narios, they have the same effect on energy consumption in all scenarios. If drivers 
were differentiated between the scenarios, the gap between the autonomous and the 
other scenarios might be widened. 

This improvement of energy intensity through structural change is exactly the same 
in all four scenarios and thus has the same effect on the three types of saving poten-
tials. 
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Figure 9-28: Cost curve for saving options in the EU27 until 2030 (calculated 
with 8% discount rate, only additional saving potential) 
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Figure 9-28 shows the marginal costs for additional (beyond autonomous) energy 
conservation in the EU27 industry. The curve considers the direct costs of saving 
options, e.g. the price premium for a more efficient electric motor. Energy costs are 
not incorporated in these cost figures, thus depending on the level of energy prices 
the cost effective saving potential is determined by the intersection point with the 
energy carrier price (see green lines). As this curve incorporates saving options that 
reduce electricity consumption as well as other energy carriers like e.g. natural gas a 
variety of different energy carrier price levels exists. The upper green line repre-
sents an expensive energy carrier, like electricity when bought in smaller amounts 
(0.11 Euro per kWh) and the lower green line represents an less expensive energy 
carrier, like natural gas when bought in huge amounts (5 Euro per GJ). 

In general the curve shows a huge saving potential that can be realized cost effec-
tively. This is the case for the whole potential beneath or in between the green en-
ergy price lines. 
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Figure 9-29: Comparison of industrial energy intensity development of dif-
ferent scenarios (Energy consumption per value added) 
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Comparing the energy intensity in the autonomous development scenario with the 
official EU baseline, it can be observed that the technical scenario is very similar to 
the EU baseline, while the autonomous development scenario lies considerably 
above (see Figure 9-29). As the value added development is considered as an ex-
ogenous variable in our modelling and taken from the EU baseline from 2007 
(European Communities 2008), the similarity of the energy intensity developments 
indicates also comparable assumptions on the improvement of energy efficiency in 
our technical scenario and the EU baseline. Some explanations for this somehow 
astonishing result are given on the next page. 
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Figure 9-30: Comparison of industrial energy consumption development 
(ktoe) 
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When looking at the resulting final energy demand, it is striking that also in the 
technical scenario it is increasing, more or less with the same slope than in the EU 
baseline from 2007. In the autonomous scenario the energy demand increases even 
faster. The following reasons can be mentioned to explain this phenomenon. 

First, the used projections on value added imply a rather strong economic growth in 
the industrial sector and only a very slow decrease of the share of industrial gross 
value added of the economy's total GDP, from 19.6 % in 2005 to 19.3 % in 2030. 

Second, also the production of energy intensive products is growing in some cases 
(paper, aluminium, and glass) or only slightly decreasing (steel, cement) until 2030. 

Unfortunately, the comparison of absolute figures between the EU baseline and our 
projections are difficult, due to a different energy demand in the base year 2004, 
which is about 3.5 % higher in our model, due to the bottom-up calculations and the 
fact that Eurostat figures had been preliminary when we started the modeling work. 
Still, the slope of both curves, the EU baseline and our autonomous scenario, are 
very similar, so that a downward shift of our projections to the EU baseline value in 
2004 would result in a close overlapping of both curves. Consequently, our “techni-
cal saving potentials” scenario projection would be similar to the EU baseline. 

Furthermore in our study we assumed that if no technological changes happened in 
industry, a part of the energy demand would grow directly correlated to the growth 
of value added (the other part related to production projections). This approach 
might lead to a high energy demand estimation as factors like a tendency towards 
higher value production which only results in higher value added but leaves output 
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and energy demand constant, were not considered in our study, as the knowledge 
about these effects is rather low and would not allow a reliable quantification. 

For the interpretation and usage of the calculated saving potentials in industry it has 
to be kept in mind that this assessment does clearly underestimate the total sav-
ing potential, mainly due to the following reasons. 

First of all, as the concept of this study is based on a bottom-up approach, in which 
every single technology option had to be assessed and distinctly included in the 
model, it is obvious that saving options might exist that were not considered, espe-
cially when thinking of the enormous heterogeneity of energy consumption in in-
dustry. Therefore, the resulting potentials are to be interpreted as showing a possible 
efficiency improvement given that the assessed set of more than 150 distinct saving 
options will be realized. Thus the saving potential can completely be related to dis-
tinct saving options and is not an abstract estimation. 

Closely related to the former point is the aspect of diminishing knowledge about 
technological options in the long term. Especially after 2020 new technologies 
might emerge, which have the potential to influence energy consumption in a revo-
lutionary way. Technology fields with such a potential could be nanotechnology or 
biotechnology, but they are still conceptual and not concrete enough to be imple-
mented in a bottom-up energy model. 

As explained above, the model is structured in one part that takes into account the 
production of certain energy intensive industrial bulk products (e.g. steel or alumi-
num) and allocates distinct saving options to their production processes. Although 
more than 30 products are considered distinctly, they make up for about 50 percent 
of the industrial energy consumption and the remaining 50 percent are distributed to 
the countless number of remaining products and processes. For these remaining 
products a detailed bottom-up analysis is not possible, although there are certainly 
numerous potentials to raise energy efficiency. Consequently, the additional saving 
potential related to process technologies (see Figure 9-26) of about 2 percent would 
be at least 4 percent, if all processes could be considered. 

Due to a lack of data, the saving potentials related to buildings in industry could not 
be estimated. But certainly the relative potential would be comparable to the poten-
tials calculated for the tertiary sector. 

The dynamics of production and consumption due to rising energy prices could not 
be considered in this study, but they might have a considerable influence on energy 
consumption, not in terms of technical saving options, but rather in terms of shifts 
towards products with lower energy intensity. 

As shown in the chapter on saving potentials, in industry many potentials exist, 
which are related to a shift of processes towards higher energy efficiency - e.g. from 
wet clinker burning to dry clinker burning in the cement industry. This shift is con-
sidered for some processes in the model, only the effects are not attributed to the 
additional saving potential, but to the autonomous potential, because we did not 
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calculate with several different production scenarios. Among others, this effect ad-
dresses the potentials by increased usage of clinker substitutes in cement production 
or the enhanced usage of recycled materials. 

Furthermore, the assessment of costs is very restricted for certain types of industrial 
technologies, especially when these technologies are deeply integrated in the pro-
duction process and when energy efficiency benefits overlap with other non-energy 
benefits. Thus, especially for the process technologies, the economic potentials have 
to be interpreted cautiously. 

Especially the projection of the autonomous development is rather difficult to de-
fine and has to be interpreted more in the sense of an assumption. Over the last dec-
ade energy intensity reduction in EU15 industry had been about 1% annually, which 
lies in between the autonomous and the technical scenario calculated in our study. 
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10 Tertiary sector 

10.1 Heat uses in the tertiary sector 

10.1.1 Description of the sector/end-use 

As seen above, enormous potentials exist in the residential sector and energy sav-
ings are also possible in the non-residential building sector. But, the situation of 
non-residential buildings regarding distribution of building ages and types in the 
base year is not transparent. There are mixed use buildings together with residential 
buildings, e.g. bars.  

The stock of buildings is defined as educational, health care, shopping and leisure 
as well as office buildings. The division of the buildings is due to Itard et al. (2007) 
for following countries: France, Germany, Netherlands, Italy, Spain and United 
Kingdom. In order to characterize the building stock of the other countries 
EURIMA, Ecofys report (2005b) was used. In the report, the building stock differs 
between small and large non-residential buildings depending on the space of build-
ings which can be larger or smaller than 1.000m2 for each climate zone.  

The path of the analysis follows the residential sector, cp. the part about residential 
buildings. Deviations from the approach used for residential buildings are explained 
below.  

10.1.2 Sector-specific / use-specific data sources and modelling issues 

Sector-specific data sources 

The used data sources are described below, in order to calculate the current and pro-
jected building stock of the non-residential buildings. Two main sources are taken into 
account, and additionally national statistics have been added to the databases.  

In order to cover the current building stock and their distribution of age and type, 
following data sources are used: 

 Itard et al. (2007) from TU Delft and associated partners, like IWU in Darm-
stadt analysed the current situation of non-residential buildings for seven 
European Union Member States and Switzerland. This report distinguishes be-
tween the health care buildings, educational buildings, shopping and leisure 
and office buildings. Furthermore, assumptions for the sizes of the buildings 
are made, which are taken into account, in order to define small or large non-
residential buildings and to make a characterisation of the building age.  

 Furthermore, Kemna et al. (2007) published values of floor area for EU25. 
The authors give an overview about the total floor area, but do not differenti-
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ate by size or age of the buildings. But, in order to calculate projections of 
the total floor area it was useful to take these values into account.  

 Additionally, “Cost-effective Climate Protection in the EU-Building stock” 
from EURIMA, Ecofys (2005b) presents an overview of the distribution of 
small and large non-residential buildings for the whole EU.  

 Finally, diverse data on the national level complete the database on buildings 
in the tertiary sector. The data on the development of cost calculations in the 
residential sector has been used in order to calculate costs of refurbishment 
and for new buildings. .  

Representation of the European non-residential building stock 

In this context only varieties compared to the residential building part are men-
tioned. All other parts have already been described before.  

Building age and type 

Aggregated and current data about buildings in the tertiary sector are not often 
available. In order to define the character of the building stock in the tertiary sector, 
based on the results and assumptions from Itard et al. (2007) and EURIMA the 
structure of the existing building stock in 2004 was defined and distinguished be-
tween old and intermediate buildings. These two main construction periods have 
already been described in the residential part.  

All in all, the data about construction periods between each country varies only be-
tween each climate zone (cold, moderate and warm) and Germany, Spain, France, 
Italy, Netherlands and United Kingdom per size of building (smaller and larger than 
1.000 m2). Table 10-1 shows assumptions for the existing building stock in 2004.   

Table 10-1: Non-residential building stock 2004 overview in % 

 
Old 

(< 1975) 
IM 

(1976-2004) 
Share of small 

buildings    
Share of large 

buildings 

Cold Climate Zone 66 34 65 35 

Moderate Climate Zone 70 30 65 35 

Warm Climate Zone 51 49 65 35 

Germany 64 36 52 48 

Spain 61 39 53 47 

France 66 34 58 42 

Italy 71 29 48 52 

Netherlands 59 41 65 35 

United Kingdom 60 40 55 45 

Source: WI calculations based on Itard et al. (2007); EURIMA, Ecofys (2005b) 
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As already mentioned, the buildings differ between small and large. Small buildings 
refer to smaller than 1.000 m2 and larger to more than 1.000 m2.  

These two types belong to two typical non-residential buildings. Detailed dimen-
sions of the buildings are shown in Table 10-2 and are due to internal data from 
Wuppertal Institute and show the typical sizes of each building component.  

Table 10-2: Average surface components of non-residential buildings in m2  

Building components of the residential building types in m2 

 Dwelling 
space 

Ceiling 
height Standard component surfaces 

Building type   Roof Facade Floor Windows 
E/W 

Small non-res. building   700 2.5  367   755 367  185 

Large non-res. building 1800 2.5 1.500 2.100 1.500 250 

Source: WI calculations based on Wuppertal Institute 2000, 2001; IWU 2005 

Due to regional differences in each country, it could be observed that in some coun-
tries the amount of old tertiary buildings is higher than of intermediate buildings. 
EURIMA reports that two third in the cold climate zone are old buildings, whereas 
70% in  moderate climate countries are built before 1975. Except in warm climate 
countries it is supposed that half of the buildings are built after 1975. A more de-
tailed view on some countries is possible referring to Itard et al.. It is possible to 
distinguish country specific for some countries like Germany, France, Italy, Spain, 
the Netherlands and United Kingdom, cp. Table 10-1.  

Floor area of non-residential buildings 

It is assumed that the floor area of tertiary buildings will increase in each climate 
zone until 2030. Figure 10-1 shows the projection of floor area for cold, moderate 
and warm climate zone.  

As a result of further economic growth the total amount of buildings will increase 
about 38% (cp. current PRIMES values of the development of GDP in each country 
until 2030). The development of the gross domestic product is used to trigger the 
development of the housing market in the tertiary sector.  

Even in the cold climate zone it will grow up to 40% from the base year 2004, with 
a total amount of 310 million m2 up to 440 million m2 in 2030. Whereas the floor 
area of moderate zone will rise from a total of 4.300 million m2 up to nearly 6.000 
million m2 in 2030 and in the warm climate zone from 1.100 million m2 up to 1.500 
million m2.  

At the same time, a demolition rate of about 0.045% is supposed in the non-
residential sector, whereas this value accounts only 0.03% in the residential sector 
due to BBR (2006) where this demolition rate is assumed. Due to Kemna et al. a 
more ambitious demolition rate is supposed for the tertiary sector. It is highlighted 
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that due to image reasons the breakdown of old existing buildings, not already re-
furbished, and refurbishment is more aspired than in the domestic housing market.  
 

Figure 10-1: Building stock in the tertiary sector 2004 and projection up to 
2030 

Existing building stock 2004 and projection up to 2030
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Source: WI calculations based on Kemna et al. (2007), BBR (2006); PRIMES 

 

10.1.3 Step 1 – Definition of energy saving options 

Technical potential / U-values 

In order to characterize the specific energy consumption per building, the same en-
ergy consumption values as in the residential building part have been taken for the 
model calculation. Specific values have already been described there, cp. technical 
potential, and should not repeated again.  

Climate Zones 

The distribution of tertiary buildings per climate zone has already been shown in 
Figure 7-3. It is assumed that more than three-quarter accounts to moderate climate 
zone, small as well as large non-residential buildings. 19% belong to cold climate 
zone and 5% to warm climate zone.  

Climatic conditions have already been described, cp. Step 1- Definition of energy 
saving options. In this chapter, climate zones are specified according to the relation 
between energy consumption and climatic conditions.   
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10.1.4 Step 2 – Technology costs 

A further step is to calculate the cost effectiveness of refurbishment and new built 
buildings, in order to reduce emissions of dwellings. This approach has already 
been characterized for residential buildings, cp. part residential buildings and has 
been applied to non-residential buildings, too. 

10.1.5 Step 3 – Definition of the four scenarios 

The definition of the four scenarios, autonomous, two policy scenarios (LPI, HPI) 
and technical potential, is applied to the tertiary building sector, too. Nevertheless, it 
is assumed that the refurbishment rates even in all four scenarios are more sophisti-
cated than in the residential sector. Kemna et al. (2007) already explained, that the 
amount of refurbishment is 50% higher in the non-residential sector than in the 
residential sector, whereas the penetration rate of new building codes is synonym to 
new buildings in the residential building part and is therefore not part of the descrip-
tion of the four scenarios.  

But, due to economic reasons, it is still assumed that the development will not be 
identical for each region, North-Western Europe, Southern Europe, New Member 
States 2005 and New Member States 2007 plus Croatia. Therefore, following fig-
ures show penetration rates of each scenario for refurbishment and new buildings. 
Furthermore, the different scenarios will be described to point out the differences 
between each scenario.  

Autonomous scenario  

It considers that technology diffusion is only driven in an autonomous way and 
takes into account the development of demography, refurbishment and demolition 
rates of buildings and includes impacts of policies. These policies are in force be-
fore 2004. Figure 10-2 shows the penetration rates per year for four regions.  
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Figure 10-2: Rates of refurbishment rate per year, Autonomous Progress 
Scenario 

 

Source: WI calculations based on ISI (2007); WI (2000) 

Policy Scenarios 

Within these scenarios the introduction of new policies is envisaged and thus, the 
market will continue transforming. Therefore, two different intensities of policy 
influence are envisaged. The first policy scenario is the Low Policy Intensity Sce-
nario.  

Low Policy Intensity Scenario (LPI) 

It is defined by low policy intensities and by considering an additional technology 
diffusion of BAT beyond autonomous diffusion only to a realistic level driven by 
increases in market energy prices and comparatively low level energy efficiency 
policy measures as in the past in many EU countries. In this case consumer deci-
sions will be motivated by cost-effectiveness criteria based on usual market condi-
tions.  
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Figure 10-3: Rates of refurbishment rate per year, Low Policy Intensity 
Scenario 

 

Source: WI calculations based on ISI (2007); WI (2000) 

 

High Policy Intensity Scenario (HPI) 

This scenario describes the additional technology diffusion of best energy saving 
technologies (BAT) to the maximum possible, from an economic viewpoint. It con-
siders cost effectiveness from a country perspective, given the fact that one can as-
sume in such a case a high policy intensity which reduces transaction costs for the 
consumer by suitable measures. 
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Figure 10-4: Rates of refurbishment rate per year, High Policy Intensity 
Scenario 

 

Source: WI calculations  

 

Technical Potential Scenario 

This scenario considers a full technology diffusion of BAT to the maximum possi-
ble. The maximum, in this context, corresponds to technical limits. It shows how 
much more energy could hypothetically be saved by the year 2015, if all invest-
ments in end-use technology, buildings etc were moved to BAT during renovation 
cycles or in case of new installations between nowadays and 2015. This is a hypo-
thetical maximum that will never be reached in practice. 
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Figure 10-5: Rates of refurbishment rate per year, Technical Potential 

 

Source: WI calculations  

 

10.2 Electricity uses in the tertiary sector 

10.2.1 Description of the sector/end-use 

With 2.8% annual growth in the period between 1992 and 2002, the tertiary sector 
had been growing more rapidly than the overall economy and thus gained in share 
of total GDP (ADEME 2005).While final energy consumption grew slightly slower 
than value added, electricity consumption showed comparable growth rates than 
value added. In the period from 1990 to 2004, both, electricity demand and value 
added in the tertiary sector increased by about 60 % on the EU25 level. Although 
the figures for the EU25 aggregate indicate a strong correlation between value 
added and electricity demand development, this correlation can not be observed for 
most individual member states, as shown in Figure 10-7. 
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Figure 10-6: Development of electricity demand and value added in the ter-
tiary sector 
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Source: Odyssee Database 

When comparing the electricity intensity of the tertiary sector between 1990 and 
2004 by country, two main characteristics can be observed (Figure 10-7).  

First, as mentioned above, the country specific development does not indicate a 
clear trend. Some countries showed increasing electricity intensity, while it fell in 
others. Some of the EU15 countries that show the highest growth rates in electricity 
intensity are the southern countries, Spain, Italy, Greece and Portugal that also ex-
perienced immense growth rates in installed air conditioning systems and cooled 
floor area, as described further below. However, this does not explain the raise in 
countries like Ireland and Finland, where a strong economic growth might be driv-
ing the trend (ADEME 2005 p.95).Only on the EU25 level electricity intensity 
stayed more or less constant, which can be regarded as coincidence. 

Second, electricity intensity is considerably higher in new member states than in the 
EU15. The 11 countries with the highest electricity intensities are new member 
states. 

However, this country comparison has to be regarded with caution, as it does not 
take into account the different levels of purchasing power. 
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Figure 10-7: Electricity intensity of value added by country in the tertiary 
sector (Electricity demand per value added) 

0 0,01 0,02 0,03 0,04 0,05 0,06 0,07 0,08

Belgium
United Kingdom

Germany
Italy

Luxembourg
Denmark

Austria
Netherlands

France
Spain

Ireland
Sw eden
Greece
Portugal
Finland

Slovenia
Cyprus
Poland

Malta
Latvia

Hungary
Lithuania

Estonia
Czech Republic
Slovak Republic

Bulgaria
NMS10

EU15
EU25

Mtoe / kEuro

Electricity intensity (2004)
Electricity intensity (1990)

 
Source: Odyssee Database 

 

When looking at the division of absolute electricity demand in the tertiary sector by 
country it is remarkable that only three countries, France, Germany and UK, are 
responsible for more than 50 % of electricity consumption (Figure 10-8). 
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Figure 10-8: Electricity demand in the tertiary sector by country 
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Source: Odyssee Database 

 

To get a deeper understanding of the technological structure of electricity demand 
in the tertiary sector, the following paragraphs focus on the distinct appliances and 
technologies which are responsible for the main part of electricity demand. These 
are: 

 Street lighting 

 Office lighting 

 Ventilation  

 Air conditioning 

 Commercial refrigeration and freezing 

 Office equipment (computers, monitors, copying and printing) 

 Servers 

 Miscellaneous motor appliances (that are not covered in the other catego-
ries) 

The short introduction to these technologies will also focus on how the total elec-
tricity demand of these appliances has been estimated. 

A huge share of tertiary sector’s electricity demand is consumed by lighting tech-
nologies. A general lighting system consists of three main parts, lamp, luminaire 
and ballast. The lamp is the actual light source that emits light. The luminaire is the 
apparatus in which the lamp is fixed. Depending on the local necessities it trans-
forms, distributes or filters the light. For discharge lamps (like fluorescent lamps), a 
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ballast is needed to limit the current of the lamp. In the tertiary sector, two main 
applications for lighting are observed, street lighting and office lighting (in a wider 
sense), which are both considered in this study. 

Street lighting accounts for about 6 % of the electricity consumption of the tertiary 
sector in Europe. This value varies between 3 and 12 % from country to country, 
depending on the density of light points and the lamp technologies used. 

Figure 10-9: Light points for street lighting per capita distinguished by 
country 
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Source (Van Tichelen et al. 2007) 
 

In office lighting mainly linear fluorescent lamps are to be found. While their effi-
cacy is higher than for incandescent lamps or even compact fluorescent lamps, it is 
lower than for high intensity discharge lamps, which are often found in street light-
ing or in industry. Our definition of office lighting is coherent with the definition of 
the EuP report (Tichelen Van et al. 2007b), who considered lighting equipment for 
office work areas that are functionally comparable, which excludes other types of 
lighting that are also found in office buildings like lighting for toilets or reception 
desks. Considering this definition, the energy demand calculated for office lighting 
represents about 12 % of the tertiary sector’s electricity demand in 2004 in the 
EU27. Consequently, the electricity demand for all lighting applications is slightly 
higher. 

The definition of ventilation systems is done according to the EuP report on Fans in 
non-residential buildings (Radgen et al. 2007). This means only fans above 125 W 
are considered in order to exclude residential fans and fans for appliances like com-
puter ventilation. Even more fans incorporated in air handling units that also deliver 
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cold or heat, are not considered. Still, there might be a certain overlapping between 
the different applications, when for example a fan is sold to an OEM who incorpo-
rates it into an air conditioning unit.  

Because the scope of the EuP study on fans, which covers also buildings in the in-
dustrial sector (all non-residential buildings) the figures have to be corrected by the 
share of fans which are used in the industry sector.  

Thus, the electricity consumption of fans in the tertiary sector as given by Radgen et 
al. (2007) is first corrected by the share of fans used in air conditioning systems and 
then corrected by the share of fans used in industry. 

The usage of fans is also directly related to the installation of air conditioning sys-
tems, which have increased in number extensively over the last decades. Figure 
10-10 shows how the floor area equipped with air conditioning systems increased to 
about 400 % from 1980 to 2000. In air conditioning two types of systems can be 
distinguished: room air conditioners (RAC) and central air conditioners (CAC). The 
former can be bought as separate products and are mainly found in the residential 
sector, while the latter, CAC, are characterised by a central refrigerating unit and 
are generally bigger in size. CACs are mostly found in tertiary sector buildings or 
huge apartment buildings. 

As a result of the remarkable increase in cooled floor area since the 1980s, CACs 
accounted for about 10 % of electricity consumption of the tertiary sector in 2004. 

Figure 10-10:  Total floor area provided by type of air conditioning system in 
the EU15 tertiary and industrial sector 

 

Source: Adnot et al. (2003) 
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When shifting the focus from the EU15 perspective to single member states, sig-
nificant differences between countries become obvious (see Figure 10-11). While 
the northern countries contribute only marginally to the air conditioners' electricity 
consumption, the Mediterranean member states are responsible for about 80% of 
total electricity consumption in CAC systems, according to Adnot et al. (2003 V2 
p.62). Especially noteworthy are the immense shares of Italy and Spain, who ac-
count together for about 75 %. 

Figure 10-11: Share of EU15 electricity consumption by central air condition-
ing systems (2004) 
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Source: Adnot et al. (2003) 

 

When looking at the electricity consumption for air conditioning systems as share of 
tertiary sector’s total electricity consumption the difference between southern and 
northern EU member states becomes even more obvious (see Figure 10-12). While 
this share is below 5% in the central European countries and marginal in the Scan-
dinavian countries, it goes up to 40% in Spain, 30% in Italy and Greece and 12% in 
Portugal. 
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Figure 10-12: Air conditioning electricity consumption as share of total terti-
ary sector consumption (2004) 
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Source: own calculations based on Adnot et al. (2003) 

 

Other important electricity consuming applications are commercial refrigerators 
and freezers. This term covers a large variety of products that are utilised in differ-
ent locations like supermarkets, restaurants hotels or cafés. 

According to the EuP study by Monier et al. (2007) three general types of refrigera-
tion and freezing appliances can be distinguished. These are remote (1) or plug-in 
(2) refrigerated display cabinets and cold vending machines (3). The first two appli-
ances are mainly distinguished due to the location of the refrigerant compressors. In 
the case of remote cabinets one refrigerant compressor can even be used for several 
cabinets. As it is the case for plug-in display cabinets, also for cold vending ma-
chines, the whole refrigeration equipment is located directly within the frame of the 
machine. 

Based on this general classification, they focus on the five concrete appliances, 
which were found to be most representative for the three types (see Table 10-3). 
These appliances together are responsible for about 10 % of tertiary sector's elec-
tricity demand. 
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Table 10-3: Commercial refrigerators' and freezers' energy consumption in 
the EU25 

Appliance EU-25 stock electricity 
consumption in 2006 

(TWh)

Number of 
equipment

Share of total 
tertiary el 

consumption
Remote open vertical chilled multi deck cabinets 37,04 1.312.630         5,5%
Remote open horizontal frozen island 5,11 172.117            0,8%
Plug in one door beverage cooler 16,25 6.323.941         2,4%
Plug in horizontal ice-cream freezer 4,45 2.709.285         0,7%
Spiral cold vending machine 2,98 1.092.956         0,4%
TOTAL 65,83 11.610.930     9,8%  

Source: Calculations based on Monier et al. (2007) and Odyssee database 

 

Also for office equipment, a large variety of products can be found and it is not pos-
sible to consider each of them distinctly. Still, the most relevant products in terms of 
electricity consumption are considered. In detail, these are laptops and desktop 
computers, monitors (LCD and CRT) as well as different imaging appliances like 
printers and copiers. In the last years a constant replacement of CRT (Cathode ray 
tube) by LCD (liquid crystal displays) monitors could be observed as well as an 
increasing market diffusion of laptops. This trend is assumed in the EuP study to 
lead to the total phase out of CRTs by 2013 (TCO Development, Swedish Environ-
mental Institute 2007). 

The printers and copiers mostly used in offices are photoelectrical, which account 
for more than 90 % of electricity consumption of all printers in offices. Thus, inkjet 
printers play a minor role in terms of energy consumption, not in terms of units 
sold. In total, the electricity consumption of copiers and printers is marginal in 
comparison to the electricity demand of the tertiary sector and accounts for about 
1 %. 

Table 10-4: Electricity consumption of office equipment 

Appliance Annual electricity 
consumption per 

product (KWh)

EU stock 2005 Total annual 
electricity 

consumption (GWh)

Share of EU27 tertiary 
sector electricity demand

Desktop 194 44000000 8536 1,3%
Laptop 98 36500000 3577 0,5%
LCD 86 20500000 1763 0,3%
CRT 189 24000000 4536 0,7%

Total computer 125000000 18412 2,7%
Copiers 257 6351000 1633,47 0,2%
Printers 134 38414000 5148,01 0,8%

Total imaging 44765000 6781,48 1,0%
Total 169765000 25193,48 3,7%  

Source: Calculations based on (Fraunhofer Institute for Reliability and Microintegration (IZM) 2008; 
TCO Development, Swedish Environmental Institute 2007) and Odyssee database 
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The raising demand of the ITC society for servers and data centers affects also sig-
nificantly the electricity demand. According to Schäppi et al. (2007) data centers in 
the EU15 consumed about 37 TWh in 2006 and their electricity demand for 2010 is 
expected to nearly reach 70 TWh, if no action is taken, which is a doubling in 4 
years. It is estimated that about half of a data canter’s electricity consumption is due 
to server infrastructure like cooling and lighting. To avoid overlapping, only the 
other half, which is directly consumed by servers, is considered in our analysis, as 
lighting and air conditioning is already covered by other end-uses. Based on the 
above mentioned analysis by Schäppi et al., we estimated that 2.1 % of tertiary sec-
tors electricity consumption in the EU27 is due to servers. 

Figure 10-13:  Electricity consumption in data centers (EU27 total: 39.6 TWh 
in 2006) 

 

Source: (Schäppi et al. 2007) 

Although, the most important electric motor appliances, i.e. fans, were already con-
sidered still a huge number of appliances exists that can not be analysed in such a 
level of detail. Therefore, these appliances are aggregated to one bundle of “other 
motor appliances”, which is composed lifts, conveyors, pumps, compressed air 
systems etc. 

In contrast to industry, where a lot of larger motors are to be found, in the tertiary 
sector most of the electricity consumption by electric motors is due to small sized 
motors with a rated power below 10 kW. Bertoldi et al. (2007 p.43) give a total 
electricity consumption of miscellaneous motor appliances, which equals 10 % of 
the electricity consumption in the tertiary sector. This figure will also be used for 
our calculations. 
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Another main electricity use in the tertiary sector is hot water and space heating, 
which is covered in the chapter on building heating demand in the tertiary sector. 

All the electricity consuming appliances that are not mentioned so far account in 
total for less than 10 % of electricity demand in the tertiary sector. Due to their het-
erogeneity and the lack of available data they will not be analysed in detail. Appli-
ances in this category are cooking, small office equipment like faxes and non-office 
building lighting, to mention just a few. 

Figure 10-14:  Resulting shares of tertiary electricity consumption by appli-
ance (EU27, 2004) 
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A summary of the above analysis is illustrated in Figure 10-14. The figure shows 
that the bottom-up analysis is able to explain 91 % of the electricity consumption in 
the tertiary sector. The shares of space heating and hot water and miscellaneous 
motor appliances were the only ones that are not calculated based on stock figures 
but taken from Bertoldi et al. (2007 p.43), who’s calculations are based on (ECCP 
working group on energy efficiency in end-use equipment and industrial processes 
2001). The value of 17% for ventilation seems rather high, especially in comparison 
to other studies like the one mentioned above by Bertoldi. This is even more the 
case, when it is taken into account that the ventilation consumption is already low-
ered by the overlapping with air conditioning systems. The figures on lighting 
might slightly underestimate the consumption, as we focused on most common 
lamp and luminaire types only.  

We also tried to segment the electricity consumption country wise to allow for 
country specific characteristics in technology structure. However, in most cases it 
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was not possible to derive country specific data for the distinct appliances from the 
mentioned literature. In these cases country specific values were assumed to equal 
EU averages. Only for street lighting, air conditioning and partly computers country 
specific values could be derived and were used in our analysis. 

Table 10-5:  Overview on the results and methodology of bottom-up 
electricity demand calculations 

Appliance Share in tertiary 
el consumption 
2004 (EU27) 

Calculation and data source 

Office lighting 12.0 % Based on estimated stock data of  linear fluorescent 
lamps for office lighting (Tichelen Van et al. 2007b) 

Street lighting 6.0 % Based on light points and estimated stock of lamps 
(Tichelen Van et al. 2007a) 

Computers and moni-
tors 

2.7 % Based on estimated stock data for laptops, desktop 
computers, CRT and LCD monitors (TCO Devel-
opment, Swedish Environmental Institute 2007) 

Imaging equipment 1.0 % Based on estimated stock data for 5 most common 
types of copiers and printers (Fraunhofer Institute 
for Reliability and Microintegration (IZM) 2008); 
could be 50% higher due to use pattern uncertainty 

Servers 2.1 % Based on estimated stock data for different types of 
servers (Schäppi et al. 2007) 

Commercial refrigera-
tion and freezing 

9.8 % Based on estimated stock data for 5 most common 
types of commercial refrigeration units (Monier et 
al. 2007) 

Ventilation 17.0 % Based on stock data by Radgen et al. (2007) cor-
rected by overlappings with fans in industry and in 
air-conditioning systems 

(Central) Air condi-
tioning 

10.4 % Based on forecasts from 2003 about the stock of 
central air conditioning systems (Adnot et al. 2003) 

Miscellaneous motor 
appliances 

10 % Not based on stock data, more uncertain estimation 
from Bertoldi et al. (2007) 

Hot water and space 
heating 

20 % Not based on stock data, more uncertain estimation 
from Bertoldi et al. (2007) 

Remaining 9.0 % Calculated as residual. Covers cooking, small office 
equipment like faxes and non-office building light-
ing, etc. 
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10.2.2 Sector-specific / use-specific data sources and modelling issues 

10.2.2.1 Sector specific methodology 

The evaluation of saving potentials in the tertiary sector is mainly based on bottom-
up calculations, which consider stocks of certain appliances, appliance specific en-
ergy consumption and also appliance specific improvement / saving options. The 
figures used are mainly derived from the product studies conducted in the frame-
work of the EU Directive on eco-design requirements for energy using products 
(EuP Directive). As it is the aim of the EuP Directive to tackle energy consumption 
of products, studies were conducted for all main products. While many of those 
studies are finalised in late 2007 or the beginning of 2008 others were not finalised 
when our project ended and we had to use preliminary or older data sources. 

The main consequences of relying on EuP studies are the following. 

 Most up to date data 

 Very comprehensive analyses 

 Mainly focus on technical / product related saving potentials leading to an 
underestimation of behavioural potentials. 

 The time horizon is 2020 and thus extrapolations until 2030 are necessary 

 As the scenarios concentrate on cost-effective saving measures it became 
difficult to estimate a "technical" saving potential that could also consider 
very expensive options 

10.2.2.2 Sector-specific data sources 

In the case of street lighting, two main studies present a comprehensive overview of 
the current stock of technologies in use and possible options for energy savings. The 
first is the study in the framework of the EU Directive on eco-design requirements 
for energy using products (EuP) and the second is a report from a European project 
called E-Street, which aims at supporting intelligent street lighting in Europe (Van 
Tichelen et al. 2007; Walraven, As 2006). 

Also for office lighting the EuP study has to be mentioned as most recent and most 
comprehensive source (Tichelen Van et al. 2007b). A general broad overview of 
global energy consumption, saving potentials and measures in the field of lighting 
presents IEA (2006) 

For servers no EuP studies have been conducted so far. Three main studies were 
used as basis for the analysis. Koolmey (2007) estimated the US and the global en-
ergy consumption of servers and his methodology can be found in some of the later 
studies. The study by Schäppi et al. (2007) focuses on the situation in the European 
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Union, while Ficher (2007) gives insights into the situation in Germany and com-
pares different legislative frameworks in different regions. A comprehensive over-
view of energy saving options in data centers is given by Greenberg et al. (2006), 
while Europe Economics et al. (2007) assessed saving options related to the label-
ling of servers. 

For the part on commercial refrigerators and freezers the EuP study gives a very 
detailed and comprehensive overview (Monier et al. 2007).  

Also for Ventilation systems the related EuP report had been used as main source 
(Radgen et al. 2007).  

As the EuP study on air conditioning systems covers only residential appliances, the 
so-called room air conditioners, an older study had to be used to cover the central 
air conditioners, which are mainly used in the tertiary sector. Adnot et al. (2003) 
provide a comprehensive overview about electricity consumption in central air con-
ditioning systems in the EU15 and assess also possibilities to improve energy effi-
ciency. Noteworthy also that they provide lots of country specific data, although a 
little out-dated by now. 

The EuP report by Almeida et al. (2007) on electric motors was used as the basis for 
cost and saving potential figures concerning savings in electric motor systems. 

As general data source for energy consumption in the tertiary sector also the Od-
yssee database has to be mentioned. Unfortunately, certain information is still miss-
ing for the new member states, e.g. the floor area. 

10.2.3 Step 1 – Definition of energy saving options 

The considered energy saving options for street lighting are mainly derived from 
the related EuP study. They propose a list of 13 distinct saving options in total. The 
most important options are the phase out of high pressure mercury lamps (HPM) 
being replaced by efficient high pressure sodium lamps (HPS) and the replacement 
of ferromagnetic ballasts by electric ballasts. 

While the share of HPM lamps in all lamps used for street lighting is about 31 % in 
the EU25, it differs strongly between countries (see Figure 10-9). According to Van 
Tichelen et al. (2007) HPM lamps are not used for street lighting in the UK, while 
they represent above 60 % of all lamps for street lighting in Italy. Consequently, 
also the saving potential, resulting from the replacement of HPM lamps differs 
highly by country. 
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Figure 10-15: Share of high pressure mercury lamps (HPM) in total lamp 
stock (2005) 
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Source: (Van Tichelen et al. 2007) 
 

The phase-out of ferromagnetic ballasts being replaced by electronic ballasts, which 
have a higher efficacy and allow for dimming, is another very important saving op-
tion. The dimming option is especially interesting to overcome the technological 
lock-in of already built street lights. Improved luminaires with constant wattage do 
not decrease energy consumption but increase brightness at the light point. To lower 
electricity consumption either the number of light points or the wattage per light 
point has to be reduced. With dimmable ballasts the refitted lights can be dimmed 
resulting in lower energy consumption with constant lumen output. 

Van Tichelen et al. (2007) calculate a total saving potential of 21 % (compared to 
BAU) until 2020, assuming that several political instruments are enforced by 2010, 
including minimum standards and technology bans.  

The replacement of HPM lamps is bound to the replacement of luminaires, which 
have a lifetime of about 30 years. Therefore, the total potential for HPM replace-
ment needs at least 30 years to be realised. Taking these restrictions into account, a 
total saving potential of 41 % could be realised until 2040. 

For office lighting, mostly linear fluorescent lamps (LFL) are used (IEA 2006 
p.211). Figure 10-16 shows different types of LFLs, which also have different effi-
cacies (efficacy = lumens emitted per watt of power consumed). T12 lamps are 
known to have the lowest efficacies, while T5 lamps have the best efficacies (~105 
lm/W) of all available fluorescent lamp types. T8 lamps are further divided in the 
less efficient halophosphor LFLs and the more efficient tri-phoshpor LFLs, reach-
ing efficacies up to 95 lm/W (IEA 2006 p.117). Although a constant slight tendency 
towards higher efficacy lamps can be observed, the rise of the market share of T5 
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and T8 tri-phosphor LFLs is still slow. Consequently, fostering the penetration of 
these most efficient LFL types is an important saving option in the field of office 
lighting. 

Figure 10-16: Development of market shares of different types of linear fluo-
rescent lamps (EU25) 

 

Source: (Tichelen Van et al. 2007b) 

 

As already mentioned for the case of street lighting, also in office lighting ballasts 
are used as a "gear" to start and control fluorescent lamps. Because the efficiency of 
the available ballasts differs significantly, the replacement of the traditionally used 
ferro-magnetic ballasts by high efficient electronic ballasts would realise a huge 
electricity saving potential. Market data from 2004 indicate still low market shares 
for electronic ballasts (Figure 10-17). 
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Figure 10-17: Market data for ballasts for fluorescent lamps in the EU25 

 

Source: EuP study(Tichelen Van et al. 2007b) based on figures from Eurostat 

 

Also for office lighting, the EuP study (Tichelen Van et al. 2007b) gives the most 
comprehensive analysis of saving options and potentials. Therefore it is used as 
main source in our analysis. 

They calculated a "best available technology" (BAT) scenario including the follow-
ing saving options. 

 Increased luminaire maintenance factor (LMF) 

 Increased optic luminaire efficiency 

 All office luminaires are equipped with dimmable electronic ballasts, which 
are much more efficient than traditionally used ferromagnetic ballasts. 

 Usage of high efficiency T5 fluorescent lamps 
 

Taking all these saving options into account, the resulting total energy consumption 
in 2020 is 31% lower in the BAT-scenario than it is in the business-as-usual (BAU) 
scenario. Still, as it is assumed that the measures are implemented in 2010 and the 
average lifetime of a luminaire is 20 years, by 2020 only 50% of the total saving 
potential are realised. Consequently, until 2030 a total saving potential of 62% is 
technically achievable due to Tichelen et al.(2007b). This on the first sight seem-
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ingly high saving potential is also in line with the achieved energy savings observed 
in 17 case studies presented in IEA (2006 p.148). 

Main component in ventilation systems is the fan, which can be divided in three 
main components, the motor, the transmission and the fan itself, which all can be 
subject to improvement measures. The related improvement options are shown in 
Table 10-6. 

Table 10-6: Options for efficiency improvements for fans 

 

Source: (Radgen et al. 2007p.149) 

 

By improving the aerodynamic profile of the fan considerable efficiency increases 
can be achieved. The least efficient fans with ladder strip impellers have efficien-
cies around 40%, the best forward curved bladed centrifugal fans achieve up to 60% 
and aerofoil bladed fans can achieve a static efficiency of about 88%. 

The availability of significant energy saving potentials is also underlined by the 
finding of Radgen et al. (2007) that efficiencies divert strongly between different 
fans within the same product classes. Within some product classes, the static effi-
ciency fluctuates from 20% to 70% between different fans. 

The aggregated efficiency improvements they calculated are less based on distinct 
component improvements but more general on market shifts to best practice prod-
ucts, achieved my minimum energy performance standards (MEPS). 

However, it shall be mentioned that the EuP study focuses on the product “fan” and 
not on the whole ventilation system. Thus considerable saving potentials related to 
system improvements are not covered in this analysis. 

Adnot et al. (Adnot et al. 2003) calculated 15 scenarios on electricity consumption 
by central air conditioning (CAC) systems in Europe. The scenario with the low-
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est electricity consumption by 2020 assumed the implementation of US legislation 
on energy consumption of CAC, which is combination of MEPS and building 
codes, in Europe. Single improvement options are: 

 Replacing constant flow by variable flow systems could save up to 80% 
depending on the local use pattern. By allowing for variable flow the flow 
rate can adapt to real load conditions as well as reduce efficiency losses 
due to oversized components 

 Air Side Free Cooling offers a huge saving potential at low costs, but un-
fortunately above all in colder climates. 

 Decrease pressure drop at air handling units, like filters or heat exchangers 
etc. 

 Improve duct system quality (low pressure drop connection pieces, leakage 
tests..) 

 Improvement of system components, like efficient motors, compressors 
and fans 

 
In the case of commercial refrigerators and freezers the technology specific sav-
ing options, which are considered in the related EuP study (Monier et al. 2007) were 
used in our analysis. 

For remote refrigerated display cabinets the following options shall be mentioned, 
that reduce the electricity consumption either by using more efficient components 
or by limiting heat losses: 

 ECM (electronically commutated motor) evaporator fans 

 Liquid suction heat exchanger for remote units only 

 Addition of a glass door or glass lid for open cases 

For plug-in units these additional options are considered: 

 Increasing heat exchangers’ surface 

 Improved insulation by using argon instead of air in glass doors and in 
general thicker insulation 

 Usage of high efficiency and modulated compressors (variable speed 
drive) 

 High efficient lighting (T5 fluorescent lamps or LEDs) reduce direct as 
well as indirect electricity consumption by emitting less heat. 

 Lighting controls have the same effect 

 Anti-sweat heaters control 
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Most effective of these options are the addition of a glass door or glass lid where the 
case had been open before. This option can reduce the appliances’ electricity con-
sumption by up to 50%. Other effective options are variable speed drives for com-
pressors, the increasing of heat exchangers’ surface and ECM fans at evaporator 
and condenser. 

Two main saving options in the field of computers and monitors are the replace-
ment of CRT monitors by LCD monitors and the usage of laptops instead of desk-
top PCs (TCO Development, Swedish Environmental Institute 2007 p.210-214). 
Both decrease electricity consumption considerably, but due to the methodology of 
our study, are not counted as saving option. These two developments are regarded 
as exogenous technology drivers and thus do not change in the different scenarios. 

Figure 10-18: Apparent consumption of office equipment appliances in the 
EU (from 2007 Prognosis) 

 
Source: (TCO Development, Swedish Environmental Institute 2007) 
 

Other energy saving options for PCs and laptops are: 

 multi core processor 

 adaptive intensity processor use (adaptive clock frequency) 

 design of power supply 

 design and selection of hard drive (flash, hybrid hard drive) 

For LCD monitors these two main saving options can be mentioned: 

 LED backlight usage 

 design of power supply 
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It should be noted that about one half of the efficiency improvement in the assessed 
policy case is due to the implementation of power management while another third 
of the improvement is realised by high efficiency power supplies (TCO Develop-
ment, Swedish Environmental Institute 2007 p.253). 

For imaging equipment (printers and copiers) the network standby phase and espe-
cially the transition phase (heating) to use phase are responsible for huge parts of 
the appliances’ electricity consumption, of course depending on the actual use pat-
tern.  

Consequently, energy efficiency measures considered in the EuP study (Fraunhofer 
Institute for Reliability and Microintegration (IZM) 2008) on imaging equipment 
address these issues: 

 Reduce high ready mode power consumption in the transition phase be-
tween jobs 

 Reduce duration of transition phases into network standby 

 Reduce high network standby of always online products 

 Reduce the still considerably high off-mode losses 

 

Schäppi et al. (2007) calculate a possible reduction of servers’ electricity consump-
tion by 50 % by 2011 compared to a business as usual development, but do not 
show with which saving options and measures this saving potential could be real-
ized. Also Europe Economics et al. (2007) mention a saving potential of above 50 
% for standard volume servers, which account for about 80% of all servers' electric-
ity consumption. According to them the most important energy saving options are: 

 Usage of quad core processors, which, in comparison to dual core technol-
ogy, offer a 35% higher computing power at 20% lower electricity con-
sumption. 8 core processors are already expected in 2008 and it is assumed 
that they have the same energy efficiency effects and further core multipli-
cations are possible in the future. 

 The saving potential of power management options accounts for about 15-
20% of servers’ electricity consumption, but depends strongly on the spe-
cific use pattern. As this option reduces the energy consumption of the 
processor, it overlaps with the option of using multi-core processors. 

 It is expected that the efficiency of power supply units (PSU) can be im-
proved by 50%, especially by improving part load operation. 

 A saving option to decrease the energy consumption of hard drive disks is 
the replacement by solid state drives, which are expected to enter the mar-
ket in 2008, but high costs are still counteracting a fast diffusion. Solid 
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state drives are expected to use about 4 times less energy than conventional 
drives. 

For the analysis we assumed that servers’ electricity consumption is structured as 
illustrated in Figure 10-19. 

Figure 10-19: Typical electricity consumption in standard volume servers 

 
Source: (Europe Economics et al. 2007 p.39) 
 

As energy efficient servers account for lower heat losses they also reduce the en-
ergy demand for cooling. This effect is not directly considered in our approach, as 
the cooling demand is covered in the assessment of air-conditioning appliances. 
Thus, energy savings by increased efficiency in servers could be even higher than 
outlined here. 

Saving options considered for the bundle of other electric motor systems mainly 
tackle electricity consumption of the motor itself and less system optimisation ef-
fects, as a large variety of different systems is covered by this aggregate. 

The following distinct saving options are considered: 

 Usage of high efficiency motors (IE2 or even better IE3 motors) 

 Variable speed drives 

 Improved demand related control systems 

 Direct coupling of motor and application instead of V-belt 

 Avoidance of oversizing 
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10.2.4 Step 2 – Technology costs 

The saving options for street lighting are all considered to be cost-effective, as the 
average life cycle costs in the policy case scenario are about 30% lower than in the 
business as usual scenario calculated by Van Tichelen et al. (2007). 

Also in office lighting, the aggregated life cycle costs in the BAT scenario were 
about 10% lower than they were in the BAU scenario (Tichelen Van et al. 2007b). 
Thus, the whole bundle of saving options considered in office lighting can be re-
garded as cost-effective. 

For energy saving measures for fans Radgen et al. (2007 p.182) found that they are 
cost-effective in average. It was not possible to give concrete costs for certain sav-
ing options; instead they showed how much the price of improved fans could in-
crease to be still cost-effective. 

In the case of commercial refrigeration the EuP study provides very detailed cost 
information that makes it possible to explicitly model the cost-effectiveness of sev-
eral distinct saving options, as done for the industrial cross-cutting technologies.  

A good example that cost-effectiveness is not always the main goal for realising 
saving options is the replacement of desktop PCs by laptops, which is a saving op-
tion with a huge impact on energy consumption. The purchase price of laptops are 
so much higher that even the lower electricity consumption can’t compensate for 
that and finally life cycle costs are significantly lower for the less energy efficient 
desktop PCs(TCO Development, Swedish Environmental Institute 2007 p.217). 
Still, laptops replace desktop PCs more and more. However, as discussed above, the 
replacement of desktop PCs by laptops is not considered as a distinct saving option 
in our analysis, as it is implemented as  a technology driver that can not be ad-
dressed by policies. 

The remaining options in the field of computers and monitors are on average cost-
effective. 

To summarise the discussion on costs, it can be concluded that for most of the ap-
pliances energy consumption dominates the life cycle costs and thus, measures that 
increase energy efficiency are often cost-effective. The same effect has been found 
for cross-cutting technologies in the industry chapter, where often more efficient 
solutions would also be cost-effective but still they are not applied in many cases. 

10.2.5 Step 3 – Definition of the four scenarios 

As most of the data on saving options is based on the findings of the EuP product 
studies, the structure of these studies is reflected in our scenario building. In general 
the approach shall be similar to the one followed for industrial electricity consum-
ing cross-cutting technologies, still certain differences could not be avoided.  
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The EuP reports aim at showing possible improvement options for certain energy 
using products and in a final chapter presenting and comparing the impact of differ-
ent policy options in terms of costs, energy and resource consumption. The fact that 
the reports aim at finding the policy option with the lowest life cycle costs (LLCC) 
leads to an underestimation of the technical scenario, as very costly options are not 
considered. 

Furthermore, as the cost data is only in the least cases given per saving option, for 
most appliances only aggregated information on cost-effectiveness is available. This 
makes it difficult to follow the methodology laid out in the industry chapter, which 
distinguishes the scenarios by considering only cost-effective options for the policy 
scenarios (HPI and LPI), taking into account a lower discount rate for the LPI sce-
nario than for the HPI scenario, while in the technical scenario all options are con-
sidered, no matter at what costs they would be available. As a consequence of the 
aggregated cost data the potentials in the three scenarios will seem very similar and 
in fact represent one policy scenario, which can be regarded as a collection of most 
likely scenarios from the EuP reports. 

10.3 Results tertiary sector 

10.3.1 Results heat uses in the tertiary sector 

Figure 10-20 shows the unitary energy demand trend (kWh/m2) for heating uses in 
the public and collective buildings of the tertiary sector. The same data broken 
down by building size (small ≤ 1000 m2 and large ≥ 1000 m2) and building age 
(existing = all the building stock at the year 2004, new the future buildings built 
after the year 2004) are shown in Table 10-7.  

With respect the starting year, the energy efficiency improvement is of the 26% for 
the autonomous progress scenario, of the 40%for the Low Policy Intensity scenario, 
of the 54% for he High Policy Intensity one and finally of the 67% for the Technical 
scenario. 
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Figure 10-20:  Heating demand in the tertiary sector (offices and public build-
ings) – EU27 kWh/m2 
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Table 10-7:  Heating demand in the tertiary sector (offices and public build-
ings) – EU27 kWh/m2 

Overall  

  2004 2010 2015 2020 2025 2030 

Autonomous 83,7 80,5 76,5 71,8 66,7 61,9 
LPI 83,7 76,9 70,3 63,5 56,8 50,2 
HPI 83,7 74,9 66,2 58,1 49,5 38,8 

Technical 83,7 69,6 56,1 44,2 35,1 27,3 

Small Buildings all ages ≤ 1000 m2 

  2004 2010 2015 2020 2025 2030 

Autonomous 96,8 93,3 88,7 83,1 77,0 71,3 
LPI 96,8 89,2 81,5 73,3 65,5 57,6 
HPI 96,8 86,7 76,6 67,1 56,8 44,2 

Technical 96,8 80,3 64,4 50,5 39,9 30,7 

 



 

 

281

Large Buildings all ages ≥ 1000 m2 

  2004 2010 2015 2020 2025 2030 

Autonomous 62,4 59,7 56,7 53,4 49,9 46,6 
LPI 62,4 57,1 52,2 47,4 42,6 38,2 
HPI 62,4 55,6 49,3 43,5 37,7 29,9 

Technical 62,4 52,2 42,6 33,8 27,3 21,6 

Existing buildings all sizes, up to 2004 

  2004 2010 2015 2020 2025 2030 

Autonomous 83,7 80,3 77,0 73,7 70,4 67,2 
LPI 83,7 76,4 69,9 63,3 56,8 50,4 
HPI 83,7 74,1 65,6 57,1 48,8 40,4 

Technical 83,7 71,2 60,4 49,6 38,9 28,2 

New buildings all sizes, from 2004 

  2004 2010 2015 2020 2025 2030 

Autonomous 0,0 82,0 73,9 65,5 57,8 52,2 
LPI 0,0 82,0 73,2 64,7 57,8 51,5 
HPI 0,0 82,0 69,0 61,3 51,5 35,7 

Technical 0,0 53,0 33,7 25,6 25,6 25,6 
 

The energy efficiency potentials achievable in the service sector from both the 
building refurbishment interventions and the application of the new building codes 
are shown in Figure 10-21 and in Table 10-8. From Table 10-8 it is possible to see 
that the energy savings achievable in the EU27 countries in the year 2030 from this 
type of interventions start from 15,8 Mtoe for the LPI scenario, corresponding to a 
relative gain of 22,8%, arrive to 26,9 Mtoe in the HPI scenario (38,9%) and target 
to 39,7 Mtoe in the technical scenario 57,2%). 

Finally Table 10-9 (ktoe) and Table 10-10 (%) provide the break down of these sav-
ings by building age. In the LPI scenario the energy efficiency improvement is prac-
tically totally entrusted to the refurbishment interventions of the existing building 
stock. In the HPI scenario as well as in the technical one, the savings provided by a 
more strict implementation of the building codes provide up to the 20% of the total 
savings. For what concerns the building size the small buildings contribute for the 
30-33% to the overall savings and the large ones for the remaining 70-67%. This 
percentage practically doesn’t change along the scenario steps and by scenario type 
(actually the building share by size is kept constant along the scenario steps). 
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Figure 10-21:  Energy Efficiency potentials from the heating uses in the terti-
ary sector (offices and public buildings) – EU27 ktoe 
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Table 10-8:  Energy Efficiency potentials from the heating uses in the tertiary 
sector (offices and public buildings) – EU27 

    2010 2015 2020 2025 2030

LPI 3.658 6.769 9.811 12.630 15.821

HPI 5.119 9.945 14.296 19.243 26.961

Technical 

ktoe 

9.218 18.262 26.627 33.271 39.667

    2010 2015 2020 2025 2030

LPI 5,1% 9,4% 13,8% 17,9% 22,8%

HPI 7,2% 13,9% 20,0% 27,3% 38,9%

Technical 

% 

12,9% 25,5% 37,3% 47,3% 57,2%
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Table 10-9:  Energy Efficiency potentials from the heating uses in the tertiary 
sector, break down by building age. EU27 ktoe 

LPI 2010 2015 2020 2025 2030 

Existing stock 3.658 6.675 9.668 12.630 15.569 

New stock 0 95 143 0 252 

HPI 2010 2015 2020 2025 2030 

Existing stock 5.119 9.343 13.529 17.676 21.787 

New stock 0 603 767 1.567 5.174 

Technical 2010 2015 2020 2025 2030 

Existing stock 7.367 13.439 19.461 25.427 31.336 

New stock 1.851 4.824 7.166 7.844 8.331 
 

Table 10-10:  Energy Efficiency potentials from the heating uses in the tertiary 
sector, break down by building age. EU27 ktoe 

LPI 2010 2015 2020 2025 2030 

Existing stock 100,0% 98,6% 98,5% 100,0% 98,4% 

New stock 0,0% 1,4% 1,5% 0,0% 1,6% 

HPI 2010 2015 2020 2025 2030 

Existing stock 100,0% 93,9% 94,6% 91,9% 80,8% 

New stock 0,0% 6,1% 5,4% 8,1% 19,2% 

Technical 2010 2015 2020 2025 2030 

Existing stock 79,9% 73,6% 73,1% 76,4% 79,0% 

New stock 20,1% 26,4% 26,9% 23,6% 21,0% 
 

10.3.2 Results electricity uses in the tertiary sector 

As the EuP studies have been used as main data source for the assessment of saving 
potentials in the tertiary sector's electricity consumption, the special pattern of these 
reports also has an influence on the results of our analysis. The results, thus, have to 
be interpreted slightly different than in the other sectors and with the goals of the 
EuP reports in mind. 

Furthermore, as in the other sectors, we assessed scenarios, which show the saving 
potential additionally achievable in relation to an autonomous energy efficiency 
improvement. Thus it reflects the saving potential addressable by policies. 

Figure 10-22 shows the development of the additional saving potentials by end-use 
for the EU27. The total saving potential arrives at 20% of the autonomous electric-
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ity demand development, which is very close to the EU baseline projections (see 
further below). This saving potential can be considered as cost effective, which 
means the life cycle costs of appliances are lower than they would be without im-
plementing the saving options. 

Figure 10-22: Additional policy scenario saving potential per base year by 
end-use in the tertiary sector (in percentage, EU27) 
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Due to the chosen methodology for the tertiary sector, these saving potentials dif-
ferentiated by end-use, do not consider dynamics in drivers, which means an in-
creased diffusion of air conditioning systems or servers, as it is expected by experts, 
could not be considered. In other words, the shares of end-uses in total electricity 
consumption change only due to efficiency improvements but not due to stock 
changes. This methodological aspect has to be considered when interpreting the 
results. In general it makes the resulting long-term saving potential in air-
conditioning and internet and communication technologies seem lower than it might 
be, given the expected increase in the usage of these technologies. However, it is 
uncertain to forecast growth rates for the stock of appliances and it is far from sure 
how technologies' growth rates will develop relative to other technologies in the 
future.  
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Figure 10-23: Additional policy scenario saving potential by end-use in the 
tertiary sector (in ktoe, EU27) 
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A comparison of our results with the official EU projections (baseline 2007) and 
empirical data is illustrated in the two following diagrams. 

Figure 10-24 shows the development of electricity demand for the EU27 in the dif-
ferent scenarios. The long-term autonomous development follows a constantly 
growing trend, both, in the EU baseline as well as in the autonomous scenario. The 
growth of these two scenarios is also in line with the observed development from 
1990 onwards (Odyssee data). In the autonomous scenario, electricity demand in-
creased by 43% in the period from 2004 to 2030 - mainly driven by growth in GDP. 

Only the policy scenario, which includes all savings mentioned above, can come 
close to a stabilisation of electricity demand. Although from 2004 to 2030, an in-
crease of 12% can be noticed, the rise is far lower from 2010 onwards, when the 
considered saving options and measures are assumed to be in force. From 2010 to 
2030 the policy scenario shows an increase in electricity demand by 5%, in contrast 
to 34% in the autonomous scenario. 
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Figure 10-24: Development of total electricity demand of EU27 in comparison 
to past development and the EU baseline 2007 projections 
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Analogously to Figure 10-24, Figure 10-25 shows how the electricity intensity of 
tertiary value added develops in different scenarios. Also here, our autonomous 
scenario calculations end at the same level in 2030 as the EU baseline. Electricity 
intensity in the policy scenario is about 23% lower in 2030 than in the EU baseline. 
However, as illustrated in Figure 10-24, this significant improvement in tertiary 
sector energy efficiency (measured as electricity consumption per value added) will 
just suffice to have a stable or slowly increasing electricity demand. 
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Figure 10-25: Development of electricity intensity in EU27 in comparison to 
empirical data and the EU baseline from 2007 
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For a proper interpretation of the resulting saving potentials in the tertiary sector’s 
electricity demand, the following aspects have to be kept in mind. 

 About 20% of electricity demand in the EU tertiary sector is due to space 
heating and hot water. The saving potentials for this end-use are not cov-
ered in this chapter on electricity, but in the chapter about building energy 
demand for heating in the tertiary sector. 

 The structure of the EuP reports, which have been used as main data 
source, does not allow for a strictly “technical saving potentials” scenario, 
as the assessed saving potentials are assessed by political measure and in 
the centre of the assessment is the criteria of cost-effectiveness. The reports 
try to identify the option with least life cycle costs. 

 Furthermore, the focus of the EuP reports is on the product, not on the sys-
tem. The proposed saving options, like minimum energy performance 
standards (MEPS), address product specific changes. They seldomly con-
sider options beyond the product level, which also indicates that our calcu-
lated saving potential is not the  

 As for the other sectors, it is also the case in the tertiary sector, that a bot-
tom-up analysis of distinct technologies and saving options always leaves 
out options and technologies, which have a lower share in electricity de-
mand. Still, all these options and technologies together would further in-
crease the total saving potential.  
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Consequently, there are still additional saving potentials in the tertiary sector avail-
able that go beyond our analysis. The total additional policy saving potential of 20% 
in 2030 has to be interpreted as a potential realisable by implementing recom-
mended policies addressing electricity consumption in the most relevant end-uses. 
This saving potential can also be realised cost-effectively as its life cycle costs are 
lower than in the business as usual case. 

10.3.3 Results overall tertiary sector 

A summary of the results for the tertiary sector is given in the following two tables. 

Table 10-11:  Summary of energy efficiency potentials from the service sector 
EU27 ktoe 

Economic (LPI) - Total saving potential in tertiary
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 ktoe 4476 7631 12364 14071 20900 28668 35366

Economic (LPI) - Total saving potential for heating in service buildings
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 ktoe 3658 4902 6769 7377 9811 12630 15821

Economic (LPI) - Electricity saving potential in tertiary
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 ktoe 818 2729 5595 6694 11089 16038 19545

Economic (HPI) - Total saving potential in tertiary
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 ktoe 5951 9805 15585 17564 25480 35388 46599

Economic (HPI) - Total saving potential for heating in service buildings
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 ktoe 5119 7049 9945 10815 14296 19243 26961

Economic (HPI) - Electricity saving potential in tertiary
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 ktoe 832 2755 5640 6749 11184 16145 19638

Technical - Total saving potential in tertiary
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 ktoe 10131 15709 24075 26880 38102 49789 59716

Technical - Total saving potential for heating in service buildings
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 ktoe 9218 12836 18262 19935 26627 33271 39667

Technical - Electricity saving potential in tertiary
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 ktoe 913 2873 5813 6945 11475 16518 20049  
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Table 10-12:  Summary of energy efficiency potentials from the service sector 
EU27 % 

Economic (LPI) - Total saving potential in tertiary
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 % 3,2 5,3 8,4 9,5 13,7 18,2 21,8

Economic (LPI) - Total saving potential for heating in service buildings
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 % 5,1 6,9 9,4 10,3 13,8 18 22,8

Economic (LPI) - Electricity saving potential in tertiary
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 % 1,2 3,6 7,2 8,4 13,2 17,7 20,3

Economic (HPI) - Total saving potential in tertiary
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 % 4,2 6,8 10,5 11,8 16,7 22,4 28,7

Economic (HPI) - Total saving potential for heating in service buildings
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 % 7,2 9,9 13,9 15,1 20 27,4 38,9

Economic (HPI) - Electricity saving potential in tertiary
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 % 1,2 3,6 7,3 8,5 13,3 17,8 20,4

Technical - Total saving potential in tertiary
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 % 7,1 10,9 16,3 18,1 24,9 31,6 36,8

Technical - Total saving potential for heating in service buildings
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 % 12,9 17,9 25,5 27,8 37,3 47,3 57,2

Technical - Electricity saving potential in tertiary
Unit 2010 2012 2015 2016 2020 2025 2030

EU27 % 1,3 3,8 7,5 8,8 13,7 18,3 20,8  
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PART III 
 
 

Database structure and interface to the MURE 
demand simulation and supply module 
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11 The Energy Saving Database (ESP) and the link to 
MURE 

11.1 Database purposes (model inputs, presentation of outputs) 

The Energy Saving Potential (ESP) database is the tool required by the DG-TREN to 
communicate on energy efficiency potentials, to assess easily energy efficiency poten-
tials by country and to consult the drivers behind the calculation of these potentials. 
Therefore the database was restricted to the information and functionalities strictly nec-
essary for these purposes and the emphasis was put on the user’s friendliness and the 
relevance of the database outputs. 

The database was designed as a web database so as to be easily accessible to many us-
ers, at least in the Commission, which meant a development on a dedicated Web site. 
DG-TREN may be able to integrate the database on the Europa Web site later on. Its 
address is: www.eepotential.eu. Its access is restricted and protected with a password. 

In summary, the database will enable the Commission to access information on: 

 Energy efficiency potentials by country and EU wide (in % or in Mtoe) 

 Energy efficiency potentials by category 

 Main drivers used in the calculation of potentials 

 Energy efficiency indicators consistent with ODYSSEE indicators 

During the project, the database was used by the project partners to store, organise and 
check the main models inputs and outputs, to guarantee the consistency between all 
models used and between the drivers (i.e. models inputs) and potentials 
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11.1.1 Contents of the database 

The primary purpose of the database is to deliver information on the energy efficiency 
potentials by country and category altogether with the background information on the 
drivers of these potentials as they have been used in the calculation: 

 Socio-economic and sectoral activity projections (e.g. dwellings, traffics, 
production) 

 Market penetration of technologies or modes of transport 
 

The database has four major components: energy efficiency potentials, socio-economic 
drivers, technology drivers related to energy efficiency potential calculations and energy 
efficiency indicators. 

Energy efficiency potentials 

The database enables the user to display the total potential by sector and by sub-sector 
or end-uses: dwelling categories (existing/new), types of appliances (refrigerators, 
freezers, TVs, .), industrial branches (NACE classification or energy intensive products 
such as cement, steel, etc…), industrial cross-cutting technologies (e.g. pumps, ventila-
tors, compressed air, electric motors), CHP at the demand side, transport modes, trans-
port services, etc…The potentials are given for the three types of potentials considered 
in the study: low policy intensity potential (LPI), high policy intensity potential (HPI) 
and technical potential. They can be expressed in final energy and primary energy. They 
are given for all energy products, and in industry for electricity and for non electric fu-
els (coal, oil, gas, biomass).  
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Table 11-1: Categories of energy efficiency potentials available in the database  

Industry Savings in whole industry : total, fuels and electricity 
• Savings by branch: 

o Steel 
o Non ferrous 
o Chemicals 
o Non metallic minerals:   cement, glass … 
o Paper 
o Food 

• Savings by technology: 
o Heat generation : boilers and CHP with <500°C 
o Electrical appliances: motors, lighting …. 
o Industrial process: steel, aluminium, cement, paper, glass, chemicals 

Transport • Total 
• Passengers 

o Total 
o Technical 
o Modal shift 

• Goods 
o Total 
o Technical 
o Modal shift 

Households • Total 
• Heating :  

o Total 
o Existing stock (in dwellings built before 2000) 
o Existing stock from refurbishment 
o New dwellings (in dwellings built since 2000) 
o Water heating (total) 

• Electrical appliances :  
o Total 
o refrigerators 
o freezers 
o washing machine  
o dishwasher 
o dryers 
o AC 
o Lighting 
o TV 
o Set top Boxes  
o Desk Tops 
o Lap Top 
o Modem Routers  
o IT screens 

Socio-economic drivers related to energy efficiency potential calculations 

The second item in the database are socio-economic macro drivers, such as GDP, popu-
lation, households, number of cars, traffic of passengers and goods, industrial produc-
tion, with a single projection over the period. 
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Table 11-2: Socio-economic drivers available in the database 

Transport • Number of cars 
• Total passenger traffic  
• Total traffic of goods 

Households • Stock of dwellings 
• Construction of dwellings 

Technology drivers related to energy efficiency potential calculations  
Technology drivers are given for the four scenarios: autonomous scenario, low policy inten-
sity scenario, high policy intensity scenario and technical scenario. They relate to the energy 
performances of new cars, the share of efficient modes of transport and the penetration rates 
of energy efficient equipment (e.g. shares of labels A, A+). For industry, there is no easily 
identifiable technology driver, due to the heterogeneity of the sector (multiplicity of process 
and cross-cutting technologies); therefore, no driver is shown for that sector. 

Table 11-3: Technology drivers available in the database 

Transport • Specific consumption of new cars (l/100 km) 
• Share of public transport (rail+bus)  in total passenger traffic (%) 

o Urban 
o Interurban 

• Share of public transport (rail+water)  in total traffic of goods  (%) 
Households • Heating :  

o insulation of existing stock 
 % of refurbished dwellings (cumulated since 2004) 
 saving rate after refurbishment  (average for all refurbished 

dwellings)  
 energy savings index of new dwellings (2004 standards=100) 
 share of efficient heating systems : heat pumps, wood pellet 

heaters 
o Water heating : share of solar water heaters 

• Electrical appliances  (share of efficient classes)64 
o refrigerators65 
o freezers66 
o washing machine67  
o dishwasher68  
o dryers69 
o AC70 
o Lighting71: share of labels A 

                                                 
64  The different efficient class to be displayed are indicated in the footnotes for each appliance  
65  share of labels A+, A++, Newcat 
66  share of labels A+, A++, Newcat 
67  share of label A, Newcat, BAT 
68  share of labels A, BAT 
69  share of label Newcat, A 
70  share of label A+ 
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Energy efficiency indicators 
The energy efficiency indicators relate to unit energy consumption by mode of trans-
port, by end-use and appliance for households and by type of product in industry. They 
are provided for the four scenarios: autonomous scenario, low policy intensity scenario, 
high policy intensity scenario and technical scenario. 

 

Table 11-4: Energy indicators available in the database 

Industry • Total energy intensity of industry to value added: total, fuels and electricity 
• Energy intensity to value added  by sub-sector (in index, 2004=100) 

o Chemicals  
o Food 
o Engineering 

• Unit consumption per ton   
o Steel  
o Aluminium  
o Cement  
o Glass 
o Paper 

• Diffusion indicators for cross-cutting technologies (%): 
o Share of CHP in heat production 
o Share of efficient motors in motor stock (label EFF1 and above) 

Transport • Specific consumption of car stock (litre/100 km) 
• Average yearly consumption per car (toe/car) 
• Average consumption of road transport of goods per tonne-km (goe/tkm) 
• Average consumption of transport of goods per tonne-km (goe/tkm) 
• Average consumption of passenger transport per passenger-km (goe/pkm) 

Households • Total unit consumption per dwelling 
• Heating : unit consumption 

o Total : per dwelling and per m2 
o Existing stock (per m2)  ( dwellings built before 2000 )  
o New dwellings (per m2)  ( for all dwellings built after 2000 )  

• Water heating (unit consumption per dwelling)    
• Electrical appliances (unit consumption in kWh/year) 

o Total: per dwelling 
o  Refrigerators per appliance  (stock average) 
o Freezers per appliance (stock average) 
o washing machine per appliance (stock average) 
o dishwasher per appliance (stock average) 
o dryers per appliance (stock average) 
o AC per appliance (stock average) 
o Lighting per appliance (stock average) 
o TV per appliance (stock average) 
o Other ICT’s per dwelling (set top boxes, desk tops, Lap Top, mo-

  dem routers, IT screens)  
 

                                                                                                                                               
71 share of label A 
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11.1.2 Disagregation level 

The energy efficiency potentials are displayed by country for the following countries 
and for four countries aggregates: EU27, EU15, EU-12 and EEA countries (which in-
clude EU27, Iceland, Liechtenstein and Norway. For simplicity reasons, Croatia, which 
most likely will enter the EU in short time, was also integrated into this aggregate). The 
list of countries covered is given in the Table below: 

Table 11-5: Countries in the ESP  

Austria 

Belgium 

Bulgaria 

Croatia 

Cyprus 

Czech Republic 

Germany 

Denmark 

Estonia 

Finland 

 

France 

Greece 

Hungary 

Ireland 

Iceland 

Italy 

Liechtenstein 

Lithuania 

Luxembourg 

Latvia 

 

Malta 

The Netherlands 

Norway 

Poland 

Portugal 

Romania 

Spain 

Sweden 

Slovenia 

Slovak Republic 

United Kingdom 

 

The target years considered for the potentials are: 2010, 2015, 2020, 2025, 2030, plus 
two intermediate years, 2012 and 2016, as key years for the ESD. For the drivers and 
indicators, the values for 2004, the base year, are also given. 
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11.2 Database main structure 

The data used in the project were organised in two types of data set in Excel format:  

 input data files by sector, in which data have been input manually; these files 
are called “data inputs” (e.g. file “data input household" for households) as 
they include mostly inputs to the MURE model; the various scenario  drivers 
displayed in the database are also included in these input data files; these 
files were shared by all partners  

 “output data” files by sector that store the results of the MURE model and 
are only used to feed the database for the potentials and indicators 

 

Figure 11-1 shows the link between all these databases. 
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Figure 11-1: Organisation of the database inputs and outputs  

 

 

11.2.1 Detailed operational structure of the database  

11.2.2 Input data files 

The input data files are organised on Excel in 3 sheets: base year data, socio-economic c 
drivers and technology drivers, the later being differentiated according to the type of 
potentials  

 The base year data (BY) (only one year 2004) are of two origins depending on 
whether they are available in another database or need to be input manually  

− data already available in an external database (e.g. ODYSSEE ); they have 
been imported automatically from the database  

− data that are not already organised in a database, that were missing from 
ODYSSEE or that needed some external assessment by the project partners, 
(e.g. estimate of the specific consumption of new cars according to ur-
ban/non urban from the average):  
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 The socio-economic drivers (SD) were in general available in an electronic 
format and were extracted from the results or input data from Primes and Tre-
move). 

 The technology drivers (TD) contain the main assumptions on the different 
type of scenarios; their projections were defined for each of the 4 scenarios; they 
are of two types: 

− drivers used for models simulation and not included in the database for con-
sultation, as two detailed and complex;  

− drivers available for consultation in the database. 
 

Figure 11-2: Organisation of input data 
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Figure 11-3: Sources of data 

 
 

11.2.3 Output data from the models 

The outputs from MURE needed for the database were exported in one data file by sec-
tor. The next section discusses further the linkage with MURE. 

11.2.4 Public database 

This database is the final output and deliverable of the project. It was conceived so as to 
be very user friendly so as to enable: 

 Easily retrieving and nicely displaying of the information stored in the data-
base. 

 Provision of more elaborated and readily available information products 
through data tables. 

 

Three querying logics were implemented:  

 Querying country data on energy efficiency potentials (years x country x  
sector/category x potentials); data can be retrieved by type of potential 
(comparison for one country of the values for the different potentials se-
lected) or by country (cross-country comparison of the values by type of po-
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tential ; at any time links are proposed to the main economic and technical 
drivers used in the calculation, and to related indicators; 

 Querying country data on technology drivers (years x country x technology x 
scenario); data can be retrieved by scenario (comparison for one country of 
the values for the different scenario selected) or by country (cross-country 
comparison of the values by type of driver for each of the scenario selected); 

 Querying country data on energy efficiency indicators (years x country x in-
dicator x scenario); data can be retrieved by scenario in the same way as the 
drivers; 

 Querying country data on socio-economic drivers (years x country x driver); 
data are retrieved by country. 

Figure 11-4: Database content 
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11.3 Interface with the MURE model  

The interface between the database and the MURE model is displayed on the following 
graph. It has the following two main functions: 

 Supply of data to MURE, on the one hand 

 Output form MURE to the database (e.g. potentials), on the other hand 
 

Figure 11-5: Inputs data to MURE and outputs from MURE 

Energy 
consumption, 

conversion 
coefficients

Energy 
efficiency 
indicators

Scenario 
drivers*

Specific consumption
(base year)

Socio-economic
Discount rates

(base year and 
target years)

Technology data 
Penetration rates

Technology 
drivers*

Final energy 
consumption by 
energy and sub-
sector (base year)

Primary energy mix 
(base year and 
target years)

Coefficients (base 
year)

MURE
 

 

Energy
efficiency 
potentials

Technical
Economic
In final, primary 
energy, CO2
Aggregated cost 
curves

( base year and 
target years)

MURE
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