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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:



» 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 database” 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 I'E-
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:

o0 Residential Sector Buildings
Residential Electric Appliances
Transport Sector

Industrial Sector: Processes

O O O O

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

o

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

Service Sector Buildings
Service Sector Electric Appliances
IT Appliances (all sectors)

Demand-side CHP (all sectors)

O O O O

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.




» 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



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

Cost-effectiveness
for the whole coun-

Cost-effectiveness
for the consumer

practices * try with usual market]  Baseline (1) -
conditions Autonomous
Progress + Older
1 2 3 policies (APS)
Dependence | static X) X X P
on drivers, X
technology | PYnamic /
innovation (autonomous) - - Autonomous
and policies (autonomous + _ Progress +
to enhance recent policies) ) ) X izeer Pl
technology Dynamic (additi X X X cles (APSTRP)
diffusion | hal): (1) high
barriers / high
transaction costs
(energy price or
policy induced)
Dynamic (additi- X X X
tional): (2) low
barriers / low
transaction costs
(energy price or
policy induced)
/ y
Technical Po- Economic Potential - Economic potential -

tential (4)
(TP)

High Policy Intensity (3)

(HPT)

Low Policy Intensity (2)
(LPI)

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).

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-



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.



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 545 54.5 57.9 61.1 62.3 62.8
Gas 34.6 41.5 43.4 46.0 47.2 47.6
Coal 14.8 13.7 14.3 14.7 14.8 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 CO, 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

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




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

EU27 (comparison with PRIMES baseline from Sept. 2007)

1600000

1400000 —

1000000

[ktoe]

e

800000 1=y primes EU27 final energy baseline Sept. 2007 e

—=— APS: Baseline excluding success of recent policies (EPBD, CO2
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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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50%

459 4  OPotentials from success of recent policies (EPBD....)

B Low policy intensity scenario LPI
40% =

0} OHigh policy intensity scenario HPI _—
£ 35% =
9 OTechnical potential |—
S 30% = a
2
° 25% 1 ’(
2
5 _
2 20% | =
5
o 15% ] I_ =
R

100/0 1 ,_ -

5% =

0%
2005 2010 2012 2015 2016 2020 2025 2030



10

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 NEEAPSs. 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

250000

200000 +

150000 +

ktoe

100000 +

50000 —

ESD target * of which Early of which new LPI potentials HPI potentials Technical

Action (30%, measures (70%)  without EU ETS without EU ETS  potentials without
derived from industries industries EU ETS industries
NEEAPs as far as
quantified)

*(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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