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Model-based Analysis of the 2008 EU
Policy Package on Climate Change and

Renewables

By P. Capros, L. Mantzos, V. Papandreou, N. Tasios

1 Introduction

Climate change is caused by greenhouse gas
(GHG) emissions stemming largely from the
energy system (from combustion of fossil fuels,
such as coal, lignite, oil and gas). CO, emissions
from fossil fuel combustion represent between 70
and 80% of total GHG!2 emissions in the devel-
oped countries. In June 1996, the European
Council endorsed the objective to limit global av-
erage temperatures increases to no more than 2°C
above the pre-industrial level. In the energy sec-
tor, the EU is confronted with an increasing de-
pendence on energy sources that are located out-
side the EU. This trend, combined with the conti-
nuously increasing energy prices experienced
since 2004, exposes the EU economy to future
energy crises. Therefore, both due to environmen-
tal concerns as well as the concern about the secu-
rity of the EU energy supply, a business-as-usual
energy future is not sustainable.

To address these challenges, the 2007 European
Spring Council decided the following targets for
the EU: a) reduce GHG at least by 20% in 2020
compared to 1990 levels; b) supply 20% of energy
needs by 2020 with renewable energy sources
(RES), including use of biofuels at 10% of liquid
fuels in road transport; c) give priority to energy
efficiency in all energy domains. In January 23,
2008 the European Commission proposed a full
policy package of implementation measures to
meet the EU's objectives on climate change and
renewable energy for 2020.

1 Non-CO2 GHGs: methane, CHa4; nitrous oxide, N20O;
hydro fluorocarbons, HFCs; per fluorocarbons, PFCs;
sulphur hexafluoride, SFes

2 CO2 is also emitted by some industrial processes,
without relation to combustion, such as the cement
production

Primes Model - E3MLab/NTUA

In essence, the package is a legislative proposal
including three actions: a) Amendment of Direc-
tive 2003/87/EC so as to improve and extend the
EU greenhouse gas emission allowance trading
system; b) Decision on the effort of Member
States to reduce their greenhouse gas emissions to
meet the Community’s greenhouse gas emission
reduction commitments up to 2020; c) Directive
on the promotion of use of renewable energy
sources.

The EU-ETS is a policy instrument to reduce CO;
emissions in electricity plants and major indus-
trial installations. It covers today already more
than 40% of all EU-27 GHG emissions. In De-
cember 2006 the Commission proposed to in-
clude aviation in the EU-ETS. The proposed
amendment of January 2008 to the Directive
foresees a single EU-wide cap for the emissions
covered by the EU-ETS, which is set at a level 21%
lower than emissions in 2005 by 2020 for the ETS
sectors. Harmonised allocation of emission allow-
ances with full auctioning is foreseen for power
plants starting in 2013 and a gradual increase to-
wards the full use of auctioning to allocate allow-
ances to the rest of the ETS sectors, with the ex-
ception of those installations exposed to a signifi-
cant risk of carbon leakage.

The choice of an EU-wide cap under the EU-ETS
implies that the rest of the total effort for GHG
reduction (20% lower in 2020 than 1990) is as-
signed to the so-called non-ETS sectors, which
represent today some 60% of total GHG emis-
sions in the EU and relate to a wide range of sec-
tors covering mostly small scale emitters, such as
transport (e.g. cars, trucks), residential and ser-
vices buildings, small industrial installations, ag-
riculture, etc., including all types of greenhouse
gases. These are typically sectors where Member
States have the competence to implement policies
and measures to reduce greenhouse gas emis-
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sions, supplemented by EU policies. The pro-
posed Decision of the EU sets differentiated GHG
emission reduction obligations by Member-State
for those non-ETS sectors (see Table 1).

The third legislative proposal, namely the Direc-
tive on renewables, also defines differentiated
quantitative targets by Member-State and assigns
to the Member-States the corresponding respon-
sibility (see Table 1). The proposed Directive im-
proves and extends the Guarantees of Origin (GO)
which may be used by the Member-State to trade
renewable energy and meet their obligation in a
more cost-effective way. The 10% biofuels objec-
tive is set as an EU-wide obligation and is in-
cluded in the renewables target. The quantitative
GHG emission reduction targets have been de-
fined in two-steps: firstly, the total GHG reduc-
tion effort has been divided between the EU-ETS
and non EU-ETS sectors at the EU-wide level,;
secondly, the EU-wide effort assigned to the non
EU-ETS sectors has been further divided between
the Member-States.

Meeting the GHG emission reduction target in-
creases the use of RES but does not necessarily
imply meeting the RES target, and vice-versa.
This implies that the proposed RES targets by
Member-State calls upon additional policies and
measures on top of those required for meeting the
GHG targets alone. Similarly, attaining 10% bio-
fuels share is not necessarily derived from the
overall RES target. Additional policies and meas-
ures may be needed for biofuels. It is therefore
evident that specifying the targets in quantitative
terms is a complex exercise. Naturally this also
involves multiple decision criteria.

The PRIMES energy system model has been used
as an impact assessment tool. A large series of
tentative target differentiation schemes have been
evaluated with respect to their implications on the
Member-States’ energy systems and in terms of
energy costs and prices. The use of the PRIMES
model ensured consistency of the analysis given
that the targets induce simultaneous and complex
changes in the energy system, compared to busi-
ness-as-usual. Regarding the non-CO2 GHGs the
analysis was carried out by using the GAINS3
model results of I1ASA.

3 See http://www.iiasa.ac.at/rains/gains-
methodology.html

» Page 2

Table 1: Targets by Member-State as proposed by the

EC
Obligations for 2020 non EU-ETS target (*) RES(:i;gEt
Austria AT -16% 34%
Belgium BE -15% 13%
Bulgaria BG 20% 16%
Cyprus Cy -5% 13%
Czech Republic cz 9% 13%
Denmark DK -20% 30%
Estonia EE 11% 25%
Finland FI -16% 38%
France FR -14% 23%
Germany DE -14% 18%
Greece EL -4% 18%
Hungary HU 10% 13%
Ireland IE -20% 16%
Italy IT -13% 17%
Latvia LV 17% 42%
Lithuania LT 15% 23%
Luxembourg LU -20% 11%
Malta MT 5% 10%
Netherlands NL -16% 14%
Poland PL 14% 15%
Portugal PT 1% 31%
Romania RO 19% 24%
Slovakia SK 13% 14%
Slovenia Sl 4% 25%
Spain ES -10% 20%
Sweden SE -17% 49%
United Kingdom UK -16% 15%

Explanations:

(*) reduction of GHG by 2020 compared to 2005

(**) Share of renewables in final energy demand by 2020

Source: European Commission DG ENV

The study was carried out between July 2007 and
January 2008 and the results have been used by
the Impact Assessment working document# of the
European Commission SEC (2008) 85/3. The
model-based scenarios were constructed using
the Baseline scenario of November 2007 pub-
lished by DG TRENS. All figures up to 2005 are
based on Eurostat statistics (for non CO; GHG on
UNFCCC statistics) and for time periods beyond
2005 they are based on the PRIMES model and
the GAINS model of 11ASA (for non-CO, GHGSs)
resultss.

4 See
http://ec.europa.eu/commission_barroso/president/focus/en
ergy-package-2008/index_en.htm

5 See
http://ec.europa.eu/dgs/energy_transport/figures/trends_20
30_update_2007/index_en.htm

6 M. Amann, L. Hoglund Isaksson, W.Winiwarter, A.
Tohka, F. Wagner, W. Schopp, I. Bertok, C. Heyes
(2008) Emission scenarios for non-CO2 greenhouse
gases in the EU-27 : Mitigation potentials and costs in
2020. Final Report, May 2008, International Institute

Primes Model - E3AMLab/NTUA



Report to DG ENV: Model-based Analysis of the 2008 EU Policy Package on Climate Change and Renewables

2 Problem Definition

2.1 The Baseline GHG Emissions

The EU emitted 5211 Mt of COz-equivalent in
2005, 6.6% down from 1990 (5578 Mt). The ETS
sectors, excluding aviation, emitted 2193 Mt of
CO; in 2005, accounting for 42% of total GHG
emissions. Emissions from power generation ac-
counted for 61% of emissions by ETS sectors in
2005.

Table 2: GHG Emissions - Business as Usual - EU27

GHGs (Mt CO2 equivalent) 1990 2000 2005 2020 2030

All GHGs 5578 5101 5211 5496 5380
All CO2 4379 4128 4267 4610 4639
ETS sectors 2290 2340 2557 2573
ETS without aviation 2156 2193 2339 2319
Aviation 134 147 218 255
Non-ETS sectors 2811 2871 2940 2806
Energy related non-ETS 1838 1927 2054 2065
Non CO2 GHGs 1199 973 944 886 741

Under business-as-usual assumptions, total emis-
sions of GHGs in the EU are projected to rise by
5.5% in 2020, compared to 2005. The emissions
of non CO, GHGs’ are projected to decrease by
6.2% in 2020 from 2005, contrasting an increase
of 9.3% of CO; emissions. In the ETS sector with-
out aviation CO; emissions are also projected to
rise in 2020: 6.7% up from 2005. If aviation is
included in the ETS, the increase of CO, emis-
sions becomes 8% compared to 2005. Emissions
of CO2 from non-ETS sectors are also projected to
rise in 2020: 6.6% up from 2005.

The business-as-usual projection (see Table 2)
shows an unequal evolution of emissions across
the Member-States. Emissions from ETS includ-
ing aviation are projected to increase in all Mem-
ber-States (except for Malta). Emissions of CO2 in
non-ETS sectors also rise in all Member-States,
except Germany, the UK, Denmark and Finland,
but this increase is significantly higher in Mem-
ber-States that had (in 2005) a lower GDP per
capita than the EU average. Emissions of non-
CO2 GHGs are projected to decrease in most
Member-States, with the exception of few new
Member-States, as well as Spain and Belgium.

for Applied Systems Analysis (I1ASA), Laxenburg, Aus-
tria
7 The non-CO2 GHGs are included in the non-ETS sec-
tor.

Primes Model - E3MLab/NTUA

The table below summarises the changes of emis-
sions by Member-State in the Baseline scenario in
2020 relative to emissions in 2005. This table
shows the Member-States in descending order of
GDP/capita in 2005.

Table 3: Baseline projection of GHG Emissions (2020)
Baseline in 2020: % changes from 2005
ETS

PRIMES Model Non non- . other
All All ETS w/out | Avia-
Database GHes | coa C02 (co2) ETS i i non-
s avia- | tion
GHGs (GHGs) ETS

tion
Bulgaria BG| 49 |17.2| -32.7| 10.7 | -39 9.2 | 108.2| 43.6
Romania RO| 271 (381 1.0 | 316 | 23.0 | 31.0 | 154.7| 51.7

Latvia LV | 613 | 683| 459 | 779 | 549 | 779 | 76.7 | 61.7
Lithuania LT | 224|301 76 | 285 19.1 | 27.2 | 93.3 | 32.0
Poland PL | 133|179 -5.7 | 13.2 135 | 12.8 | 914 | 286
Slovakia SK | 20.3 | 23.5| 6.6 | 25.2 146 | 24.8 | 1145| 203
Estonia EE | 153 | 19.7| -7.7 | 159 140 | 154 | 69.7 | 353

Hungary HU| 148 | 16.3| 10.7 | 17.4 | 134 | 16.2 | 68.6 | 153
CzechRep. |CZ | -1.7 | -04 | -10.2| -7.2 5.7 -8.7 | 111.2| 129
Malta MT| -18.4|-19.4| -12.5| -37.8 | 11.6 | -49.6 | 43.7 | 27.0
Slovenia SI | 176 | 236 -9.2 8.9 245 84 | 65.0 | 41.2
Portugal PT | 11.5|18.0| -11.6 | 225 23 20.7 | 48.0 | 11.7

Greece EL 36 | 79 | -13.4| 04 7.0 -1.0 | 275 | 223
Cyprus cy| 02| 17| 9.0 -51 6.1 |-14.1| 321 | 126
Spain ES | 9.4 |10.7| 2.9 7.9 10.7 3.6 | 59.4 | 14.0

EU27 EUJ 55 | 80 | -6.2 9.3 2.4 6.7 | 476 | 6.6
Italy IT | 12.0 | 146 -2.3 | 183 7.5 16.2 | 58.2 | 11.0
Germany DE| -04 | 08| -9.1 3.6 -4.5 1.1 | 53.1| -3.0
France FR| -09| 09| -58 | -43 0.4 | -10.3| 394 | 41
Belgium BE| 79 | 7.0 | 12.6 | 13.8 3.7 11.2 | 52.0| 0.1
UK UK| -28 | 0.2 | -176| 5.2 -9.4 0.1 | 424 | -5.7
Austria AT | 6.6 | 85| -41 | 125 3.2 9.8 | 582 | 5.5
Finland Fl 20 | 34| -51 | 102 | -65 9.1 | 33.0| -71

Netherlands |NL | 9.4 | 12.2| 41 | 225 | -06 | 21.5| 29.7 | 1.0
Sweden SE | 179 | 24.1| -5.3 | 384 7.4 375 | 454 | 13.4
Denmark DK| -08 | 03| -47 1.4 -2.5 -2.1 | 344 | -1.2
Ireland IE 6.2 | 17.0| -145| 233 | -2.1 19.7 | 56.0 | 10.7
Luxembourg|LU | 10.6 | 11.5| -3.3 | 13.7 9.4 4.5 | 32.3 | 10.6

For more details on the emission figures included
in the PRIMES database for 2005 (as in end No-
vember 2007) and in the PRIMES Baseline sce-
nario, see the tables shown in Appendix.

2.2 The GHG Target

The 20% EU target corresponds to maximum
emissions of 4462 Mt of CO,-equivalent in 2020,
18.8% down from business-as-usual® emissions in
2020 (5494 Mt). The target for 2020 corresponds
to a 14.4% reduction of GHG emissions from
2005 levels, instead of an increase by 5.5% as pro-
jected under business-as-usual trends.

The choice of a single EU-wide cap on emissions
by sectors subject to the ETS implies that the total
emission reduction effort must be first divided
between the ETS and the non-ETS at the EU-wide
level. Enforcing an overall cap on ETS emissions
in 2020 of e.g. 21% less than emissions in 2005,

8 Business-as-usual refers to the 2007 Baseline scenario
quantified by PRIMES model (Op. Cit.)
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implies that the ETS sectors, excluding aviation,
will have to decrease emissions by 460 Mt COz in
2020 compared to 2005 emission levels or 606
Mt less than their business-as-usual emissions in
2020. This corresponds to an abatement effort of
25.9%.

Non-CO, GHG emissions are included in the non-
ETS category and accounted for 33% of non-ETS
emissions in 2005. The enforcement of the emis-
sions cap on the EU-ETS keeping 21 % below
2005 levels together with a target for the aviation
sector equal to their 2005 emission levels implies
that the non-ETS sectors will have to emit maxi-
mally 2582 Mt of CO,-equivalent in 2020. This
corresponds to an abatement effort of 12.1% from
business-as-usual emissions in 2020 (or 10.0%
less emissions from 2005 levels).

The allocation of emission allowances is to be
harmonised and the EU-ETS cap to be set at EU
level. Therefore Member States cannot longer set
themselves an emission cap for their ETS sectors.

By contrast, it is proposed that the emissions cap
on non-ETS sectors has to be met by each Mem-
ber-State, so specific caps have to be specified by
Member-State.

Table 4: GHG Targets according to the EC proposal

Max allowed emissions in Mt CO2 equivalent in % change
2020 (EC proposal) fror:n

Baseline
All GHGs 4462 =20% less than 1990 -18.8
ETS without aviation 1732 =21% less than 2005 -25.9
Aviation 147 = stable from 2005 -32.3
ETS sectors 1880 = Sum of ETS caps -26.5
Non-ETS sectors 2582 = Diff. GHG - ETS -12.1

In summarising, the emission reduction “effort
sharing” problem can be translated in setting the
following constraints:

a) Reduction of CO, emissions by EU-ETS
sectors of the EU in 2020, compared to
2005.

b) Reduction of GHG emissions by non-ETS
sectors of each Member-State in 2020,
compared to 2005.

2.3 The RES Target

The EU used 123 Mtoe of renewable energy
sources (RES) in 2005 to cover part of its primary
energy requirements, accounting for 6.8% of total
primary energy requirements in 2005.
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Eurostat introduced a new indicator termed
“share of renewables in Gross Final Energy Con-
sumption”, which is measured as a ratio of re-
newable energy consumed in all final demand
sectors (including the part of electricity and heat
generated by renewables) over final energy de-
mand increased by distribution losses and self
consumption of electricity and steam. In terms of
final energy demand, the EU consumed (directly
or indirectly) 104 Mtoe of RES in 2005, which
accounted for 8.7% of Gross Final Energy Con-
sumption in 2005, according to the new indicator
of Eurostat, mentioned above, which is used to
measure performance against the RES target.

Table 5: RES use — Baseline scenario - EU27

Renewable Energy Sources 1990 2000 2005 2020 2030

In Primary Energy (Mtoe) 74 101 123 197 237
In Final Energy Demand 91 104 176 213
(Mtoe)
As % of Final E

s % of Final Energy 79 87 127 147
Demand

Under business-as-usual assumptions, the share
of RES in Gross Final Energy Consumption is
projected to rise to 12.7% in 2020, which is lower
than the 20% required by the EU target. The de-
velopment of RES is very unequal across the
Member-States (see Table 6), since it depends on
their RES potential and the policies in place.
Thus, increasing RES deployment will also imply
unequal relative efforts across the Member-
States. Table 6 shows that gross final demand is
projected to grow significantly more in Member-
States with GDP/capita lower than the EU aver-
age. Increasing the RES ratio would imply higher
relative effort, compared to Member-States with
low increase of gross final energy demand.

Meeting the RES target will require increasing the
use of RES or reducing final energy demand, or
both. To quantify the additional amount of RES
that the EU has to use by 2020 in order to meet
the RES target, it is therefore necessary to also
forecast final energy demand and its possible
change under the new policy circumstances.

For this purpose, a prospective analysis, a sce-
nario, is necessary. Such a scenario is even more
necessary if it is required to set differentiated RES
targets by Member-State, again because the tar-
gets are expressed as ratios of RES over final en-
ergy demand.
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Table 6: RES per Member-State - Baseline scenario

% change or diff.

Observed - 2005
from 2005

Baseline - 2020

Gross Gross Gross
RES RES RES
RES De- i RES De- . RES De- .
Mtoe | mand ratio Mtoe | mand ratio Mtoe | mand ratio
in % in% in %
Mtoe Mtoe Mtoe

BG| 1.2 | 104 {113| 1.4 | 136 | 10.0| 156 | 31.0 | -1.3
RO| 51| 26.1(19.7| 7.1 | 37.3 | 189 37.4 | 428 | -0.7
Lv | 1.8 | 42 |422| 2.2 6.3 | 353 24.8 | 49.0 | -6.9
LT | 0.7 | 48 |15.0| 1.2 6.6 | 17.7| 60.5 | 35.8 | 2.7
PL| 45 |596| 75| 89 | 803 |11.1| 989 | 349 | 3.6
SK| 08| 111 | 69| 1.1 | 140| 76 | 404 | 26.2 | 0.8
EE | 06 | 3.1 [183| 0.7 | 41 |17.0| 233 | 33.1| -1.3
HU| 09 | 186 | 47| 15 | 226 | 6.5 | 68.6 | 21.2 | 1.8
Cz| 18| 273| 6.7 | 3.8 | 33.1|11.6/109.4| 214 | 4.9
MT| 00| 06 | 00| 0.0 | 0.7 | 3.1 29.1| 3.1
Sl 0.8 | 51 |151f 1.1 7.0 | 153|393 | 37.2| 0.2
PT | 33| 19.2 |17.0| 5.7 | 24.0 | 23.9| 75.8 | 25.3 | 6.9
EL | 1.6 | 216 | 75| 3.0 | 27.0 | 11.0| 82.4 | 248 | 3.5
Cy | 01 1.7 | 3.0 | 0.2 22 | 75 |2213| 265 | 4.6
ES | 8.2 |100.4| 8.2 | 19.7 | 126.8| 15.5| 140.6| 26.2 | 7.4
EU| 104 | 1205 | 8.7 | 176 | 1391 | 12.7| 68.9 | 154 | 4.0
IT 73 |137.2| 53 | 13.6|166.7| 82 | 86.6 | 21.5| 2.9
DE | 13.2 | 224.7| 5.9 | 25.7 | 236.6| 10.9| 94.7 | 53 | 5.0
FR | 154 |161.5| 9.5 | 23.3|179.8|13.0| 51.3 | 113 | 34
BE| 09| 371 | 24| 32| 405 | 7.8 |2493| 9.1 | 54
UK| 2.5 |1559| 1.6 | 10.1|163.4| 6.2 |307.9| 48 | 4.6
AT | 68 | 28.0 |24.2| 84 | 324 |26.1| 244 | 156 | 1.8
FI 7.5 | 259 |288| 9.1 | 28.7 | 31.6| 21.4 | 109 | 2.7
NL| 1.8 | 529 | 35| 4.1 | 59.2 | 6.9 |124.3| 11.8 | 3.5
SE | 147 | 34.6 | 42.4| 159 40.0 [ 39.8| 85 | 155 | -2.6
DK| 25| 163 |155| 3.7 | 175 |209| 453 | 75 | 54
IE 04 | 127 | 30| 1.2 | 155 | 7.5 |204.7| 223 | 45

Lu| 00| 44 | 11| 03| 53 | 6.1|578.3| 20.1| 5.0

2.4 Considering the two targets together

The RES effort sharing problem cannot be exam-
ined without consideration of the emission reduc-
tion effort sharing and vice versa. Both the RES
and the reduction of energy demand are among
the options for meeting both the GHG and the
RES targets. This is also ensured by following a
model-based analysis.

2.5 Additional policy issues

The complexity of the analysis increases when
considering the following additional issues:

a) Itisrecognised as possible to meet part of
the emission reduction obligations out-
side the EU territory by means of the
Clean Development Mechanisms (CDM),
as defined within the Kyoto protocol.

b) The EU policy package extends the appli-
cability of the guarantees of origin (GO)
as a means for Member-States to comply
with their individual RES target. The
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Member-States may trade RES for that
purpose.

¢) The biofuels target (10%) is enforced at
the EU level and is not differentiated by
Member-State. However, the biofuels are
taken into account at the Member-State
level for complying with the RES target.

3 Methodology ‘

3.1 Energy scenarios for effort sharing

A large number of candidate effort sharing
schemes were analysed by constructing a series of
energy scenarios with the PRIMES energy model.
Each PRIMES scenario corresponds to a specific
effort sharing scheme. The model was not used to
optimise the effort sharing scheme per Member
State according to some distribution key but only
to analyse the overall consequences of alternative
schemes. These schemes were proposed by the
EC.

3.2 Modelling methodology

In mathematical terms, the PRIMES energy
model may be understood as a tool which deter-
mines energy quantities and energy prices that
maximise the sum of consumer and producer
surpluses®. The emission reduction and the RES
targets are defined as constraints of this maximi-
sation problem. The marginal values (dual vari-
ables of constraints) associated to these two con-
straints are termed “carbon value” and “RES
value” respectively. The carbon value is the sys-
tem-wide cost of the last ton of CO; abated in or-
der to meet the emission reduction constraint.
The RES value is the virtual system-wide unit cost

9 In fact the PRIMES model has the equivalent mathe-
matical form of a set of concatenated MCPs (Mixed
Complementarities Problem), which correspond to the
first-order conditions of a nonlinear optimization prob-
lem representative of an agent’s behavior, as well as
demand-supply equilibrium conditions. Total energy
system cost is calculated ex-post on the basis of model
results and is not used as an overall objective function,
as in traditional optimization models. The concatena-
tion of MCPs and equilibrium conditions can be ex-
tended by adding overall constraints such as the emis-
sion cap and the RES deployment targets. The solution
of the concatenated MCPs and equilibrium constraints
is equivalent of maximizing social surplus (sum of con-
sumer and producer surpluses). The computer imple-
mentation of PRIMES is more complex and the model
is not solved as a single MCP.
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from the last RES unit which is used in order to
meet the RES constraint.

If both targets are sufficiently ambitious, both
marginal values are different from zero. This
means that the emission reduction target alone
would not be enough to induce RES use that
meets the ambitious RES target, and vice versa.

In any energy demand or supply sector, the unit
cost of emission reduction increases with increas-
ing total amount of emission abated. Similarly,
the unit cost of RES increases with increasing to-
tal amount of RES used. The PRIMES model
simulates in detail these relationships by repre-
senting energy technologies, substitution possi-
bilities and potential resources.

The results of the model indicate the specific
amounts of emission reduction and RES uses by
sector and by Member-State which are associated
with the overall energy market equilibrium, sub-
ject to the emission and the RES constraints.

3.3 The Cost-Efficiency solution

At a market equilibrium point, the amount of
emission reduction by sector is such that the mar-
ginal emission reduction costs of all sectors are
equal to the marginal value of the overall emis-
sion reduction target. Similarly, the amount of
RES uses is such that marginal costs of RES uses
in all sectors are equal to the marginal value of
the RES constraint. The equality of marginal
emission abatement costs across all sectors of the
EU Member-States and the equality of the RES
marginal values across all sectors ensure the low-
est possible total cost for meeting the two targets.

The resulting energy scenario is termed “cost-
efficiency scenario” and is used as a benchmark in
the analysis of alternative effort sharing schemes.

3.4 Total Compliance Cost

Total compliance cost is defined as the additional
direct and indirect energy-related costs, com-
pared to business-as-usual, which correspond to
the additional effort needed for meeting the emis-
sion reduction and the RES deployment targets.

From an economy-wide perspective, the total en-
ergy cost is the sum of all kinds of energy-related
costs incurred by final energy demand sectors,
namely households, services, agriculture, industry
and transport. These costs include purchase of
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energy commodities, as well as cost associated
with the purchase and use of end-use equipments,
and the costs of any actions to improve energy
efficiency and adapt energy consumption behav-
iour. Final demand sectors may also bear
stranded costs, when for example energy equip-
ment is prematurely replaced for economic rea-
sons.

The prices of energy commodities, which are
computed by the model, are such that all kinds of
energy supply costs (investments, purchase of
fuels, transportation-transmission etc.) plus profit
are covered.

The PRIMES model implements a partial equilib-
rium, contrasting a general economic equilibrium
that a model such as GEM-E3 implements. From
this perspective, total compliance cost is exactly
the incremental cost that the rest of the economic
system would be required to pay in order to com-
ply with the targets. In this sense, total compli-
ance cost is a first order approximation of eco-
nomic cost of the policy package.

3.5 Costs for non-CO, GHGs

The PRIMES model covers the energy and proc-
ess related emissions of CO,. The non-CO, GHGs
are modelled by using the GAINS model of 11ASA.
This model derives emissions of non-CO, GHGs
from a series of activity indicators, referring
among others to agriculture and to specific indus-
trial processes.

Emission reduction possibilities are modelled
through cost-abatement marginal curves which
are identified per type of non-CO, GHG and per
Member-State. These curves, along with CO,
abatement possibilities quantified by using the
PRIMES model, are combined for constructing
GHG emission and RES scenarios, hence the ef-
fort sharing schemes.

Hereinafter, referring to effort sharing analysis
with PRIMES is considered as inclusive of the
marginal abatement curves of non-CO, GHGs
from the GAINS model of 11ASA10,

10 See
http://www.iiasa.ac.at/rains/C&E__package.html?sb=1
9
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Figure 1: Marginal Cost Curve and Abatement Cost
€/t Abated

Marginal
Cost

Area=
Abatement
Cost

Mt of Non-CO2 GHG Abated

Compliance cost for non-CO, GHGs is the integral
of the marginal abatement cost curves from zero
up to the level of abatement required for non-CO-
GHGs under a certain effort sharing scheme. (See
Figure 1)

3.6 Distributional Equity

Although the cost-efficiency scenario is optimal in
terms of total compliance cost, it is not necessar-
ily acceptable from the perspective of distribu-
tional effects among the Member-States. This is
simply because the cost-efficiency scenario does
not consider distributional equity among the con-
straints of market equilibrium. In this scenario
compliance costs per unit of GDP have substantial
differences between the Member-States. A cost-
effective distribution of the effort among the
Member-States results in proportionally higher
compliance costs for Member-States with lower
GDP per capita. This result was considered by the
EC as not consistent with equity and fairness cri-
teria which have been set as basic policy princi-
ples by the EU.

The PRIMES model has also been used to evalu-
ate distributional effects among the Member-
States for different allocation scenarios. The
evaluation was based on quantification of a set of
distributional equity criteria using the results of
the model. There has been no attempt to aggre-
gate the criteria, as for example is common in
multiple criteria decision-aid methods. The dis-
tributional criteria included the following:

i Total compliance cost for a Member-State
per unit of GDP.

il Change of GHG emissions of a Member-
State from non-ETS sectors in 2020 com-
pared to 2005.
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iii. Total per capita emissions of a Member-
State from non-ETS sectors in 2020.

Obviously these criteria are measures of distribu-
tional equity concerning the sharing of efforts
among the Member-States. Enforcing one of these
criteria is meant as seeking minimisation of varia-
tion of criterion value across the Member-States
in addition to minimisation of total cost of com-
pliance with the required targets. The inclusion of
the additional criterion results into an energy
scenario and a distribution of efforts that differ
from the one corresponding to the cost-efficiency
scenario. Total compliance cost corresponding to
such a scenario is naturally higher than the cost
associated with the cost-efficiency scenario, the
difference representing the cost incurred for satis-
fying the distributional equity requirement.

The finally proposed target allocation by the EC
was not based on a PRIMES model run that opti-
mises targets according to a certain equity criteria
such as for instance equal costs per GDP. But the
policy making process did take into account the
various PRIMES results for different target alloca-
tion keys, as proposed by the EC, and their impact
on fairness, expressed as cost per GDP.

The model-based analysis of alternative effort
sharing schemes based on the above mentioned
distributional criteria are not presented in the
present report, in order to avoid further complex-
ity. The present report includes only the model-
based results of scenarios that correspond to the
eventual effort sharing schemes proposed by the
Commission.

3.7 Energy Scenario Data Base

As mentioned above, the GHG emission reduction
and the RES deployment are related to each
other. The levels of the two targets as decided by
the EU are ambitious. In fact, the results of the
model indicate that the marginal values of both
targets are different from zero at market equilib-
rium. In other words, meeting a single target is
not enough to also meet the other target: addi-
tional policies and measures are required.

Due to the size of the model and computer limita-
tions, solving the model simultaneously for all
Member-States results in unacceptable large
computing times. Therefore, enforcement of both
EU targets simultaneously as explicit constraints
is not possible.
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It was thus chosen to run the model consecutively
for each Member-State by varying the level of the
marginal values associated with the two targets,
namely the carbon value and the RES value, until
both targets are met.

The model runs had also to accommodate the pol-
icy option to represent the EU ETS market at the
EU level and the non-ETS sectors on a national
basis with the possibility of varying carbon values,
reflecting differentiated emission reduction tar-
gets by Member-State for the non-ETS sectors.
Similarly, the model runs had to accommodate
the policy option allowing for differentiated RES
targets by Member-State and so the correspond-
ing RES values could vary across the Member-
States.

Consequently the domain of possible energy (ef-
fort sharing) scenarios is delimited by the Carte-
sian product of one carbon value for the EU-wide
EU-ETS sector, 27 carbon values for the national
non-ETS sectors!! and 27 RES values also on a
national basis. Only a sub-set of these combina-
tions comprises of acceptable effort sharing
schemes, having carbon values and RES values
sufficiently high to induce meeting both targets.

Following this methodology approximately 150
complete energy scenarios with different carbon
and RES values were investigated by using the
PRIMES model for the period 2005-2030 and for
all Member-States and the set of those that meet
the two targets was identified. Each of these sce-
narios corresponds to a distinct effort sharing
scheme which, on the basis of the model results,
can be evaluated against its performance in terms
of compliance cost (per Member-State and over-
all). The scenarios allow assessing usual energy
policy appreciation criteria, such as security of
energy supply, energy intensity indicators, etc.

By using the database of energy scenarios it is
possible to construct multidimensional marginal
abatement cost curves and marginal RES de-
ployment cost curves, for each Member-State and
for the EU. The multiple dimensions correspond
to the 55 (1+27+27) different marginal values for
carbon and the RES.

11 The carbon values for the non-ETS sectors, which are
defined on a national basis, were also used for the mar-
ginal abatement cost curves for the non CO2 GHGs.
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3.8 Auctioning vs. Grandfathering

In order to assess the implications of enforcing
full auctioning versus grandfathering two series of
the scenarios were implemented.

The full auctioning regime assumes that purchas-
ing the emission allowances is a true cost element
in power generation and so electricity prices are
affected directly. Under the grandfathering re-
gime, the degree of passing through to consumer
prices the opportunity costs associated with the
carbon price of the EU ETS depends on the mar-
ket power of participants in the electricity market.
In a well functioning market, as this assumed for
the PRIMES model projections, power producers
will mostly pass through to consumers true emis-
sion abatement costs induced by the scarcity of
emission allowances and are less able to pass
through the opportunity cost associated with
grandfathered emission allowances. So the model
simulates very different impacts on electricity
prices of auctioning versus grandfathering re-
gimes which consequently affects the demand for
energy and the rest of the energy system.

On the contrary, the non-ETS carbon values and
the RES values, although used in the model to
influence decision makers’ choices about fuel mix
and energy efficiency, do not entail direct pay-
ments to the consumers or to energy producers,
other than the costs that are involved indirectly in
the changes of energy structures induced by these
marginal values. There are no money transactions
induced directly by these marginal values. They
constitute therefore a measure of the intensive-
ness of policies and measures that would be im-
plemented for inducing the corresponding energy
system changes.

The auctioning regime will generate substantial
revenues which will be recycled in the economy
under the responsibility of the national states. It
is assumed that they are not allowed, however, to
recycle the revenues as subsidies to the purchas-
ers of emission allowances in the ETS. From a
macroeconomic perspective, the economic impact
of revenue recycling, although depending on the
concrete choices for recycling, will most likely
have a positive impact on the economy. So the
auctioning revenues are not included in the com-
pliance cost. However, the consumer costs corre-
sponding to the increased energy prices induced
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by the auctioning regime are included in the com-
pliance cost.

3.9 Impact of CDM

All these scenarios have assumed that emission
reduction takes place within the EU territory. As
mentioned before, it is an option to get emission
reduction credits through the CDM flexibility
mechanisms. For this purpose a set of additional
scenarios were built by using the PRIMES model
that include access to CDM.

It is generally assumed that the marginal cost (i.e.
the price if an organised market operates) of CDM
emission credits at a global scale will be lower
than the marginal cost of emission reduction
within the EU territory, certainly in case of no
new ambitious international agreement on post
2012 climate change policies. Therefore, provid-
ing for the possibility of using the CDM flexibility
mechanism implies lower emission reduction ef-
forts in the EU and lower carbon prices for the
ETS as well as the non-ETS sectors at national
level. This will further imply that the RES values
must increase in order to meet the RES target,
since the additional RES deployment induced by
the carbon values will be lower. Generally, there
will be weaker incentives for structural changes in
the EU energy system, both in the demand and
the supply sectors.

Hence, the choice of the reduction in marginal
costs within the EU and thus carbon values in the
EU due to access to CDM is a crucial assumption
for the construction of the scenarios. Several sce-
narios were built to analyse the impact of reduced
EU carbon values due to access to CDM emission
credits.

It is however difficult to predict what will be the
level of the marginal cost of emission credits at
global scale because this will mainly depend on
whether or not other world regions will undertake
sufficient emission reduction commitments. If the
EU acts unilaterally then the marginal cost of
emission credits from CDM is likely to remain at
low levels, which would require imposing upper
limits to the access to CDM if substantial emission
reductions need to be achieved within the EU.

3.10 RES trading

Trading of electricity of RES origin among Mem-
ber-States is of course possible under the EU In-
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ternal Energy Market regulations. The PRIMES
model simulates electricity trading irrespectively
of electricity origin. Physical trading of electricity
from RES is assumed not to imply any exchange
of Guarantees of Origin (GO).

The proposed policy package analysed possible
benefits from RES trading, which is meant to con-
cern the exchange of GOs. Two cases have been
examined by means of energy scenarios con-
structed with PRIMES:

a) No RES trading. The exchange of GOs
among Member-States would not count
towards the RES targets and the Member-
States meet their RES targets domesti-
cally.

b) Full RES trading. The scope of GOs is ex-
tended adding all possible applications of
RES, including outside the electricity sec-
tor. The exchange of GOs among Mem-
ber-States count towards their individual
RES targets.

According to the first case, the Member-States
will implement strictly national policies to meet
their RES target. As they may have different RES
targets and because the marginal costs of RES
deployment differ, both the costs of meeting the
target and the RES values will differ by Member-
State. Evidently the resulting distribution of RES
uses does not correspond to a cost-effective ex-
ploitation of renewables potential of the EU and
compliance costs would be raised.

According to the second case, the Member-States
would be allowed to meet their targets by buying
GOs for RES produced in other Member-States.
The RES trading system may be applied in prac-
tice at the level of companies. In that case, RES-
producing companies would be able to select be-
tween feed-in tariffs or other domestic support
schemes or to sell the GO to a company in another
Member-State who would have the obligation to
hold GOs. It is difficult to model in PRIMES this
complex economic mechanism, because PRIMES
represent the national RES supporting schemes
directly without possibility for arbitration among
sub-models by Member-State. For this reason, it
was assumed that the exchange of GOs is allowed
only between Member-States irrespectively of
possible differences in their national RES sup-
porting schemes. Nevertheless, the possibility of
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trading the GOs among the Member-States facili-
tates reaching a cost-effective exploitation of the
RES potential in the EU and leads to lower com-
pliance cost and a lower RES value, compared to
the non-trading case.

3.11 Biofuels Target

The European Commission’s proposal includes a
target concerning renewables in transport sepa-
rately from the RES target. It is expected that the
bulk of this target will be achieved through the
use of biofuels. The target is defined at the EU
level, 10% of liquid fuels in transport, without
differentiation by Member-State. Using biofuels
counts towards the RES target for each Member-
State.

The European Commission proposed a set of sus-
tainability criteria referring to production of bio-
fuels and clearly opted for the promotion of sec-
ond-generation biofuels. The PRIMES model did
not study the sustainability issue for biofuels, be-
cause the new specialised biomass model of
PRIMES was not fully operational when the pre-
sent study was carried out. However the PRIMES
model took into consideration the potential of
biomass and waste energy supply and the related
cost curves.

The model simulated that production of biofuels
domestically in the EU exhibits increasing mar-
ginal costs with increasing amounts of produc-
tion, owing to decreasing marginal productivity of
agricultural resources. The cost curves differ by
Member-State and the model, which simulates a
cost-effective exploitation of biomass resources,
shows different levels of biofuels production per
Member-State.

Exchanges of biofuels among the Member-States
are assumed to take place and so the target can be
met in a flexible way at the EU level. To ensure
meeting the 10% target it is found that the mar-
ginal cost of biofuels at the EU level needs to be
higher in certain scenarios than the RES value
corresponding to the RES target. In other words
meeting the target cannot derive from meeting
the RES target alone: additional policies would be
needed to promote the biofuels.

The modelling of the scenarios applies an iterative
process varying the level of biofuels marginal cost
until the target is reached. Since the biofuels are
assumed to count towards meeting the RES tar-
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get, the level of the RES value corresponding to
the RES target is lower than without the biofuels.

3.12 Energy System Impacts

The Appendix includes a summary of the energy
system projections per Member-State and for the
period up to 2030, corresponding to a set of sce-
narios which have been retained as the basis of
the policy making process. The PRIMES model
projects in detail the energy balances, investment
in energy demand and supply sectors, costs and
prices by sector and commodity and emissions of
COz. The GAINS model of I1ASA also estimates
air quality emissions (as derived from PRIMES
projections) and the emission of non-CO, GHGs.

3.13 Definition of Scenarios

The scenarios shown in the Appendix are defined
as follows:

i Baseline scenario (BL): the business-
as-usual scenario of DG-TREN of end
November 2007.

ii. EC Proposal without RES trading
(RSAT): scenario corresponding to the
effort sharing scheme proposed by the
European Commission which meets the
target (see Table 1) separately in the EU
(for the EU ETS, 27 Non ETS and 27 RES
targets) and does not allow exchange of
GOs among the Member-States.

iii. EC Proposal with CDM without RES
trading (RSAT-CDM): same as sce-
nario RSAT, but part of emission reduc-
tion can be justified by emission reduc-
tion credits taken from the CDM mecha-
nism lowering the carbon value to a uni-
form price of 30 €/tCO,.

iv. EC Proposal with RES trading
(NSAT): same as scenario RSAT, but ex-
change of GOs among the Member-States
is allowed, resulting in RES developing
differently from RES obligations by
Member-State but overall RES developing
on a cost effective basis.

V. EC Proposal with CDM and with
RES trading (NSAT-CDM): same as
NSAT, but with possibility to take emis-
sion credits from CDM lowering the car-
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bon value to a uniform price of 30
€/1COo.

vi. Cost-Efficiency Scenario (CES):
meets the targets at least energy system
cost by equalizing marginal costs of GHG
emission reduction and marginal costs of
RES deployment across all sectors and all
Member-States.

Vii. Cost-Efficiency Scenario with CDM
(CES-CDM): same as scenario CES, but
with possibility to take emission credits
from CDM at a price of 30 €/tCOs,.

viii. High Oil & Gas prices Baseline
(HOG-BL): Alternative business-as-
usual projection assuming high import
prices for oil and gas,

iX. Cost Efficiency scenario with high
prices (HOG-CES): same as scenario
CES, but built on the basis of the high oil
and gas prices Baseline scenario.

Except the two Baseline scenarios (BL with mod-
erate world energy prices, and HOG-BL with high
oil and gas prices), all policy scenarios involve
meeting the overall GHG emission reduction tar-
get, the RES ratio and the biofuels targets. All pol-
icy scenarios assume full auctioning of emission
allowances for the power generation sector (in-
cluding CHP). A grandfathering regime is as-
sumed for the rest of sectors covered by the EU-
ETS.

All scenarios were quantified up to 2030 in order
to analyse the long term consequences for the en-
ergy system. Neither specific emission reduction
target nor RES targets were set for 2030. How-
ever, it was assumed that the carbon and RES
values applied for 2020 will further increase in
2030 according to an extrapolation formula.

For comparison purposes, two extreme scenarios
were also quantified: a) a “pure” carbon scenario
which considers the GHG emission reduction tar-
get alone and finds a cost-effective solution at the
EU level; b) a “pure” RES scenario which consid-
ers the RES target alone and finds a cost-effective
solution at the EU level. The “pure” carbon sce-
nario does not meet the RES target and the “pure”
RES scenario does not meet the GHG emission
reduction target.
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4 Exploring the Scenario
Database

As mentioned above, numerous energy scenarios
were constructed with PRIMES by varying the
levels of the carbon price of EU-ETS, the carbon
value for non-ETS sectors and the RES value. This
section summarises some interesting findings
regarding the relationships between ETS, non-
ETS and RES.

The analysis presented here refers to the year
2020 and to the EU as a whole. The CDM possi-
bility is not taken into account in this analysis.
Each point shown in the graphics of this section
correspond to an energy scenario with PRIMES.
In the analysis presented in this sub-section only
CO, emissions from energy are considered. The
rest of the GHGs (including non energy CO2) are
not accounting against the reduction target. The
carbon price (for the EU-ETS) and the carbon
values (for the non-ETS) were varied in a range!?
from 25 €/tCO; up to 80 €/tCO; and the RES
value varied between 0 and 75 €/MWh.

The relationships between EU-ETS and non-ETS
can be explored by varying the carbon price of the
EU-ETS and the carbon value for the non-ETS
sectors, while keeping unchanged the level of the
RES value. The relationship between EU-ETS and
non-ETS is shown in Figure 2 first for a zero RES
value and then for a high RES value (70 €/MWh).
As expected, total GHG emissions decrease as the
carbon values increase.

The rate of change of GHG emissions per unit of
change of carbon values is higher when both EU-
ETS and non-ETS face high levels of carbon val-
ues. In other words, there is clearly a synergy be-
tween EU-ETS and non-ETS in terms of effective-
ness of carbon values in reducing emissions.

The effectiveness of the carbon values intensifies
with increasing RES-values. In terms of effective-
ness, there is a synergy between all the three do-
mains: ETS, non-ETS and the RES.

Figure 2 also shows that the relative effectiveness
of the carbon values in terms of emission reduc-

12 For comparison, the Baseline scenario assumes a
carbon price of 22 €/tCO: applicable only for EU-ETS
which is assumed to operate under a grandfathering
regime.
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tion is increasing up to a certain level (40-45
€/tC0O,) and is decreasing in marginal terms
beyond that level, owing to a relative exhaustion
of highly productive emission reduction options.
This decreasing effectiveness is more pronounced
when considering the carbon price of the EU-ETS
alone, which can be attributed to the relative
short horizon (2020) not allowing the deployment
of carbon free options that need long lead times.

Figure 2: ETS vs. non-ETS
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The relationships between the carbon values (tak-
en equal for the EU-ETS and the non-ETS) and
the RES values are shown in Figure 3. The first
figure shows the effects on GHG emissions and
the second shows the effects on total RES use.

The effectiveness of the RES value in reducing
emissions and facilitating the deployment of RES
is significantly high for a range of RES values up
to 35-40 €/MWh. Beyond that level the effective-
ness of the RES value is decreasing in marginal
terms.
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The effectiveness of the RES value is higher when
the carbon value is at a high level and especially in
a range between 35 and 50 €/tCO.. In that range
the model results show the maximum degree of
synergy between the carbon values and the RES
values in terms of their effectiveness in reducing
emissions and deploying RES.

Figure 3: Carbon values and the RES value
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However, for high levels of the carbon values the
results show that some degree of antagonism ex-
ists between carbon values and RES: the change
of emissions and RES per unit of change of the
RES value is decreasing when the carbon value
exceeds the level of roughly 55 €/tCO,. At such a
level of carbon value it seems more economic to
start deploying other carbon free options (e.g.
CCS which is expensive because it lacks sufficient
maturity by 2020) rather than further increasing
the RES.

Not all combinations of carbon values and RES
values imply meeting the two targets. The feasible
combinations are those that lead to at least 20%
emission reduction from 1990 and to at least 20%
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RES in gross final energy consumption. Moreo-
ver, a small subset of these feasible combinations
meets exactly the two targets and from an eco-
nomic perspective merit to be further considered
in the policy analysis process. These combinations
form the efficient frontier.

If the RES value is limited strictly below 40
€/MWh then, in order to meet the RES target, the
carbon values needed are higher than those re-
quired to meet exactly a CO2 emission reduction
of 20% (from 1990 and only for CO; from energy).
If the RES value is above 60 €/MWh then the
RES target is overshot for any carbon value higher
than 25 €/tCO..

If the carbon values are kept strictly below 35
€/tCO; the reduction of CO2 emissions by 20%
(achieved entirely through domestic measures)
cannot be met for any RES value below 80
€/MWh. If the carbon values are higher than
roughly 60 €/tCO,, the reduction of CO2 emis-
sions by 20% is overshot even if the RES value is
zero. However, the RES value has to be at least
equal to 35 €/MWh for meeting the RES target as
well.

In Figure 4 the points lying on the floor of the 3d
graph correspond to combinations of carbon val-
ues and RES values that exactly meet the 20%
(energy related) CO- target, without overshooting
this percentage reduction. Similarly, in Figure 5
the points lying on the floor of the graph are the
combinations that meet exactly the RES target.
Such combinations define the efficient frontier.

The efficient frontier ranges between 35 and 45
€/tCO-, for the carbon values related to reduction
of CO2 emissions from energy and between 40
and 55 €/MWh for the RES values.

Within such range there exist several combina-
tions of carbon and RES values (see Figure 6) that
lead to meeting exactly the two targets (-20% of
CO2 emissions from energy and RES 20% in
gross final energy demand) by 2020 without over-
shooting these percentage goals.

The range shown in Figure 6 corresponds to en-
ergy scenarios that reduce energy CO, by 20%,
from 1990 and meet the 20% RES target.
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Figure 4: Combinations that at least reduce energy-
related CO2 emissions from 1990 by 20%
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Figure 5: Combinations that at least meet the RES tar-
get
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Figure 6: The Efficient Frontier
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5 Overview of Scenario results

5.1 Summary of results

Table 7 provides a summary of model results by
scenario. The abbreviations of scenario names are
explained in section 3.13.

The “pure” carbon scenario (pure-GHG) needs
the highest carbon value (assumed the same for
the ETS and the non-ETS sectors to support cost-
effectiveness) among the scenarios to achieve the
GHG emission reduction target because there is
no independent effort to reach the RES target
which would facilitate reaching the GHG target.
Similarly, the “pure” RES scenario (pure-RES)
needs the highest RES value among the scenarios
in order to reach the RES target, because there is
no independent GHG emission reduction effort
which would induce higher deployment of RES.
The deployment of the RES under the pure-RES
case leads to GHG emission reduction of 9.3% in
2020 from 1990, down from 1.5% in the Baseline
scenario. Emission reduction under the pure-
GHG case induces more RES leading to a RES
share of 15.9% in 2020, up from 12.7% in the
Baseline scenario.

Using the cost-efficient scenario as a reference,
the consideration of both targets helps to reduce
the carbon value by 9 €/tCO; and the RES value
by 11 €/MWh, from their levels in the pure-GHG
and the pure-RES cases, respectively.

Table 7: Summary of Scenario Results — EU27 - 2020

Scenarios BL RSAT NSAT CES
GHG compared to 1990 in % -1.5 -20 -20 -20
RES Share in Gross Final Energy 12.7 20 20 20
Carbon Price EU-ETS €/tCO2 220 47.0 42.7 39.2
Carbon Value non-ETS €/tCO2 0 35.2 37.2 39.2
RES value - energy supply €/ MWh 0 49.6 44.5 44.8
RES value - energy demand €/MWh 0 49.9 44.5 44.8
RES value - biofuels €/MWh 0 69.5 44.5 44.8

Scenarios RSAT-CDM|NSAT-CDM| CES-CDM
GHG compared to 1990 in % -14.8 -15.2 -16.8
RES Share in Gross Final Energy 20 20 20
Carbon Price EU-ETS €/tCO2 30.0 30.0 30.0
Carbon Value non-ETS €/tCO2 20.9 22.2 30.0
RES value - energy supply €/MWh 53.0 49.5 48.2
RES value - energy demand €/MWh 52.2 49.5 48.2
RES value - biofuels €/MWh 82.9 49.5 48.2

Sensitivity Analysis | pure-GHG | pure-RES | HOG-BL | HOG-CES

GHG compared to 1990 in % -20 -9.3 -7.1 -20
RES Share in Gross Final Energy 15.9 20 14.9 20
Carbon Price EU-ETS €/tCO2 48.5 220 220 34.5
Carbon Value non-ETS €/tCO2 48.5 0 0 34.5
RES value - energy supply €/MWh 0 56.0 0 36.8
RES value - energy demand €/MWh 0 56.0 0 36.8
RES value - biofuels €/ MWh 0 56.0 0 36.8
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The effort sharing scheme proposed by the Euro-
pean Commission implies differentiation of car-
bon values between the ETS and the non-ETS sec-
tors. It implies also differentiation of carbon val-
ues between the Member-States for the non-ETS
sectors.

Assuming that RES trading among the Member-
States is possible, the results (see case NSAT in
Table 7) show that the deviation of this effort
sharing scheme from the cost-efficiency case im-
plies that the carbon price of the ETS needs to
increase by 3.5 €/tCO, and the carbon value for
the non-ETS sectors need to decrease by 2 €/tCO;
from their values in the cost-efficiency scenario,
in order to obtain the desired distributional equity
and meet both targets.

If RES trading among the Member-States is not
allowed, the marginal cost of RES deployment
may reach high values in some Member- States
and low ones in other. The resulting distribution
of costs may deviate from the desired distribu-
tional equity. To re-establish such equity (see re-
sults for case RSAT in Table 7) it is necessary to
further increase the carbon price of the ETS by
7.8 €/tCO, from its level in the cost-efficiency
scenario and reduce the carbon value for non-ETS
sectors by 4 €/tCO..

As expected, the absence of RES trading among
the Member-States increases the average EU RES
value, which needs to become more than 5
€/MWh higher than in the case of RES trading.
The absence of RES trading implies difficulties in
reaching the biofuels target at the EU level, which
implies a RES value for biofuels significantly
higher than the RES-value for the sectors other
than transport (roughly 25 €/MWh higher com-
pared to the RES trading case).

As also expected, access to CDM in the ETS and
the non-ETS sectors decrease the carbon values.
In the NSAT-CDM, the RSAT-CDM and the CES-
CDM scenarios is it assumed that carbon values
decrease and are limited to 30 €/tCO2.

Since the RES target remains to be met domesti-
cally, the RES value has to increase because the
effect towards higher RES from GHG emission
reduction domestically is weakened because of
the emission credits from CDM. The new RES
value is found 3.4 €/MWh higher than in the cost-
efficiency case.
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In the scenarios reflecting the effort sharing
scheme proposed by the European Commission,
some Member-States get GHG emission reduction
targets which can be met domestically at carbon
values lower than the marginal cost levels induced
due to access to CDM (i.e. 30 €/tC0Oy). So in sce-
narios reflecting the effort sharing scheme pro-
posed by the European Commission with emis-
sion credits from the CDM, the average EU car-
bon value for the non-ETS sectors become lower
than 30 €/tCO,, whereas the carbon price of the
ETS remains at 30 €/tCO,. The domestic EU
emission reduction relatively to the Baseline in
2020 is, in this case, between 25% and 28% down
from cases performing emission reduction only
domestically in the EU.

Under these circumstances, emission reduction as
driver of RES deployment is weaker than in cases
without CDM. Given also that the RES target has
to be met domestically in the EU, the implied RES
values have to increase compared to cases without
CDM. They are found 5 €/MWh higher than in
the case of reducing emissions fully within the
EU. For the cases involving emission credits from
CDM it is also found that the absence of RES trad-
ing among the Member-States further increases
the difficulty in meeting the RES target and this
adds roughly 3 €/MWh to the RES values. This
situation also involves further difficulties in meet-
ing the biofuels target which requires RES values
much higher than for the rest of RES.

In the high oil and gas prices baseline scenario
(HOG-BL) GHG emissions are lower than in the
moderate prices Baseline scenario (BL) and RES
deployment is higher. This is due to the effects of
high prices but these are not sufficient to reach
the two targets. A cost-effective emission reduc-
tion and RES deployment built on the basis of the
high oil and gas prices baseline requires less effort
to meet the two targets, compared to the moder-
ate prices baseline. So under the assumption of
high oil and gas prices, the carbon value is found
4.7 €/ tCO, lower and the RES value 11 €/MWh
lower.

The table below shows the model-based evalua-
tions of compliance costs, which represent all en-
ergy-related costs incurred by end-users of energy
excluding revenues from auctioning of emission
allowances. The compliance costs for the year
2020 range between 0.45 and 0.71% of EU’s GDP,
depending on the scenario.
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Table 8: Compliance Costs — EU27 - 2020

% change
Compliance | Compliance | from Cost
Cost (*) Cost as % of | Efficiency

Scenarios Name (billion €) GDP (CES)
ECP |

RSAT CProposal 111.2 0.71 225
without RES trading
EC Proposal with

RSAT-CDM |CDM without RES 93.2 0.59 2.7
trading
ECP | with

NSAT roposatwi 94.1 0.60 3.7
RES trading
EC Proposal with

NSAT-CDM|CDM and with RES 70.1 0.45 -22.7
trading

-Effici
CES Cost-Efficiency 90.8 0.58

Scenario

Cost-Efficiency
CES-CDM . . 75.2 0.48 -17.1
Scenario with CDM

pure-GHG |Pure Carbon case 78.9 0.50 -13.0
pure-RES |Pure RES case 29.1 0.19 -67.9
Baseline scenario
HOG-BL  |with high oil & gas 275.5 1.76
prices (**)

Cost Efficiency
HOG-CES |scenario with high 59.8 0.38
prices (*¥**)

(*) Total energy system costs after payments for COM (where
applicable), net of payments to buy emission allowances in auctions

(**) For the HOG-BL cases the costs shown are not compliance costs
but are additional energy systrem costs from Baseline with moderate
prices reflecting the consequences of high prices

(***) For the HOG-CES scenario the costs shown are relative to the
high oil and gas prices baseline scenario (the HOG-BL)

The cost-efficiency scenario ensures the lowest
compliance costs among all scenarios in which
emission reduction takes place entirely within the
EU. The distributional equity criteria included in
the EU proposal for effort sharing, assuming that
RES trading is allowed, induce roughly 3.4 billion
€ additional compliance cost compared to the
cost-efficiency case. This result is obtained for the
NSAT case compared to the CES case.

Reducing emissions through CDM helps to de-
crease the total compliance cost, including pay-
ment for emission credits from CDM. The cost
savings depend on the scenario and range be-
tween 15.6 (in the CES case) and 24 billion € (in
the NSAT case), or between 0.10 and 0.15% of
GDP. In terms of the compliance costs, the CES-
CDM case is not directly comparable with the
RSAT-CDM and the NSAT-CDM cases, as the
CES-CDM assumes that a significantly smaller
part of emission reduction obligation is fulfilled
through the CDM emission credits. This is so be-
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cause the CDM price is fixed at €30/t CO2 from
the outset and not the volume of CDM credits.

The difference in compliance costs between the
case with RES trading (NSAT case) and the case
without RES trading (RSAT case) is calculated as
the difference of the total cost between the RSAT
and the NSAT cases. Thus it includes direct as
well as indirect impacts on compliance costs from
the absence of RES trading.

The direct impacts come from the fact that some
Member-States deploy RES in the case without
RES trade more than what cost-effectiveness
would suggest and thus face high nonlinear costs
which would be avoided if RES trading takes
place. The indirect effects come from the change
in carbon values induced by the non cost-effective
RES production in the case of no RES trade.

Recall that the RES target is a ratio and carbon
values influence both the RES deployment and
the energy demand, so given the simultaneity of
RES and carbon values it is logical that carbon
values also change consequently. Accounting for
their impact on cost is necessary from the per-
spective of energy system analysis.

The direct effects of the absence of RES trading
were estimated by using the PRIMES model: a
cost differential of 9.9 billion € was found for the
EU. This cost corresponds to a scenario in which
all Member-States develop at least a 10% share of
biofuels in road transportation. Of course biofuels
can be traded among the Member-States, in
physical terms. By assuming in the PRIMES
model that biofuels are traded, the cost estima-
tion of the direct effects of the absence of RES
trading among the rest of the sectors (i.e. power
generation, heating, etc.) amount to only 2.6 bil-
lion € in 2020. The analysis about direct costs of
the absence of RES trading was carried out for
separate scenarios that do not involve specific
ETS and non-ETS targets.

The cost difference between the RSAT and the
NSAT scenarios cannot be totally attributed to the
absence of RES trading per se (which is estimated
to be 2.6 billion €, as mentioned above) but is
related to the indirect effects of specific target
assumptions as modelled in the RSAT scenario.
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The cost differential between the RSAT and the
NSAT cases can be also attributed to the following

factors:

1.

The RSAT case has been designed so that
all Member-States meet exactly their in-
dividual RES targets through domestic
actions. Overshooting the targets was not
allowed in model simulation. This implies
that the Member-States that may have a
cost-effective RES potential higher than
the assigned target are not allowed, under
the RSAT assumptions, to develop more
RES in order to meet their GHG targets in
a more cost effective way. This leads to
overall higher compliance cost for meet-
ing both GHG and RES targets (e.g.
Spain, the Baltic countries, Czech Repub-
lic, Denmark and others).

Some Member-States getting ambitious
RES targets that have to be met domesti-
cally are, under the assumptions of the
RSAT scenario, simulated to develop
more biofuels than the 10% share tar-
geted for the EU as a whole, in order to
meet their individual RES targets. As a
result they bear high marginal costs. So,
despite the possibility to trade biofuels, in
physical terms, there is an additional
compliance cost in the RSAT. This is the
case for France, Germany, Italy and the
UK. As a result the share of biofuels at the
EU level attains 11.8% in 2020 under the
assumptions of the RSAT case.

Some Member-States get smaller RES
targets than the cost-effective deployment
of RES over the entire EU would suggest
and would not gain in terms of compli-
ance cost if they developed more RES in
the RSAT case, although they do develop
more RES in the NSAT case. By undertak-
ing a limited RES deployment effort do-
mestically, higher carbon values are
needed so as to comply with the GHG tar-
gets.

Finally, the low RES values in some
Member-States under the assumptions of
the RSAT case (without RES trading) im-
ply lower contribution of RES in power
generation and so the ETS sector at the
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EU level needs higher carbon prices to
comply with the EU ETS target.

The above reasons explain why higher costs are
induced in the RSAT case compared to the NSAT.

An important finding of the model-based analysis
is that the compliance cost for meeting the GHG
emission reduction target but ignoring the RES
target is lower than meeting both targets: 9.1 bil-
lion € or 0.06% of GDP. The compliance cost of
meeting the RES target alone amounts to 29.1
billion € (0.19% of GDP). However, meeting both
targets induces lower compliance cost than the
sum of compliance costs of meeting the two tar-
gets separately. The gain from the synergy be-
tween the two targets amounts to 17.3 billion €
(0.11% of GDP).

The baseline scenario with high oil and gas prices
increases considerably the total cost of energy,
compared to the baseline with moderate prices.
The additional energy-related cost incurred for
end-users of energy amounts to 275.5 billion €
(1.76% of GDP). Meeting the two targets in the
presence of high oil and gas prices implies rela-
tively lower compliance cost compared to the
cost-efficient scenario under moderate prices. The
gain is significant: 31 billion € (0.2% of GDP,
from 0.58 down to 0.38%).

5.2 GHG Effort Sharing

The cost-efficiency scenario, seeking a least-cost
solution for meeting the two targets, ignores dis-
tributional effects, which measured as compliance
costs per unit of GDP are higher for Member-
States with lower GDP per capita. This is shown
in Table 9, which also shows the emission reduc-
tion effort and the RES deployment under the
assumptions of the cost-efficiency case compared
to the Baseline scenario for the year 2020.

Table 10 shows the same information for the
NSAT scenario which involves differentiated tar-
gets for GHG emission reduction and performs
RES development in a cost effective way. In this
scenario, the specified RES targets by Member-
State differing from actual developments in NSAT
provide opportunity for RES trading among the
Member-States.

The Member-States are shown in Table 9 and in
Table 10 in ascending order of GDP per capita, as
in 2005. There is obvious dissimilarity in the re-
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sults of the cost-efficiency scenario (CES case, see
Table 9) between the distribution of GDP among
the Member-States and the distribution of com-
pliance costs.

Table 9: Distributional Effects of Cost Efficiency sce-
nario (CES) in 2020

Cost Efficiency Scenario
GDP/cap | Compliance | % change or % Diff. from Baseline
k€ in Cost in GHG GHG %
2005 2020 (% GHG ETS non- |RES/Gross
GDP) ETS | Demand

Bulgaria 2.8 2.16 -28.4 -354 -16.1 12.7
Romania 3.7 0.95 -21.4 -23.1 -19.7 7.5
Latvia 5.6 1.10 -27.9 -454 -20.0 15.5
Lithuania 6.0 1.02 -28.2 456 -17.9 18.5
Poland 6.4 1.24 -21.1 -27.1 -134 7.6
Slovakia 7.1 1.17 -19.2 -23.7 -135 10.8
Estonia 8.2 1.59 -34.2 -435 -14.38 21.9
Hungary 8.8 1.22 -25.2 -40.0 -16.7 13.9
Czech Rep. 9.8 1.12 -20.4 -27.7 -11.8 8.2
Malta 11.3 0.31 -17.3 -26.3 -9.7 3.1
Slovenia 13.8 0.86 -24.2 -383 -144 8.8
Portugal 14.0 0.87 -26.8 -41.3 -12.2 10.8
Greece 16.3 0.97 -27.2 -385 -15.6 7.9
Cyprus 18.2 0.09 -18.0 -23.2 -12.7 3.7
Spain 21.0 0.70 -19.1 -26.3 -13.1 8.9

EU27 22.4 0.58 -189 -24.7 -13.8 7.5
Italy 24.2 0.49 -14.5 -19.6 -10.7 5.8
Germany 27.2 0.57 -13.9 -14.0 -13.9 5.8
France 28.2 0.39 -18.4 -28.0 -15.0 6.4
Belgium 28.6 0.76 -15.4 -13.3 -17.1 5.1
UK 29.8 0.49 -20.1 -27.8 -12.7 6.9
Austria 299 0.66 -22.7 -353 -14.8 12.9
Finland 30.1 0.47 -285 -385 -164 12.2
Netherlands 31.0 0.28 -19.4 -25.6 -13.7 6.2
Sweden 31.9 0.66 -21.7 -33.5 -13.8 8.1
Denmark 38.5 0.29 -23.0 -36.7 -11.5 12.2
Ireland 39.2 0.47 -21.5 -31.8 -15.2 9.5
Luxembourg| 64.6 0.54 -14.8 -13.7 -15.2 3.0

Figure 7: Distribution of costs for the Cost-Efficiency
scenario —2020
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This is further illustrated in Figure 7 which shows
that the distribution differs substantially from the
equality line and more for Member-States with
lower GDP per capita. This figure shows that the
low GDP-capita Member-States, for example
those that represent the first 30% percentile of
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cumulative GDP bear the first 45% percentile of

cumulative compliance costs.

The effort sharing scheme of the NSAT scenario
leads to a substantial reduction of compliance
costs of low GDP/capita Member-States com-
pared to the cost-efficiency scenario (CET). Table
10 shows that the differentiation of targets, as
assumed in the NSAT case, improves distribu-
tional equity (compare to Table 9).

Table 10: Distributional Effects of the NSAT scheme
with and without RES trading

EC Proposal with RES trading (NSAT)
. % change or % Diff. from Baseline

Complia

nce Cost | Compliance

(% GDP) | Cost (% GHG %

before | GDP) after | GHG (ISE'IH'SG non- |RES/Gross

RES RES trading ETS | Demand

trading
Bulgaria 1.09 0.00 -256 -416 29 14.2
Romania 0.38 0.20 -13.0 -23.0 -33 7.3
Latvia 1.56 0.68 -32.5 -504 -244 17.0
Lithuania 0.52 -0.32 -170 -399 -35 17.1
Poland 0.48 0.21 -13.2 -22.7  -11 7.3
Slovakia 0.77 0.46 -14.7 -253 -14 10.1
Estonia 1.10 0.15 -284 -40.7 -2.7 19.6
Hungary 0.46 -0.04 -17.2 -419 -3.0 133
Czech Rep. 0.49 -0.07 -141 -26.5 0.6 7.7
Malta 0.17 0.36 -13.8 -23.1 -5.9 3.0
Slovenia 1.08 1.15 -26.8 -415 -16.5 9.1
Portugal 0.48 0.42 -140 -256 -2.3 8.6
Greece 0.74 0.72 -243 -38.0 -10.3 7.6
Cyprus 0.07 0.16 -149 -19.4 -105 3.6
Spain 1.20 0.99 -29.0 -41.6 -18.7 10.0

EU27 0.60 0.60 -18.8 -26.6 -12.0 7.6

Italy 0.96 1.05 -23.2 -284 -19.1 6.8
Germany 0.47 0.54 -11.9 -13.6 -10.0 5.6
France 0.39 0.53 -18.1 -28.3 -143 6.3
Belgium 0.86 0.88 -16.6 -14.7 -18.0 5.1
UK 0.36 0.44 -17.6 -283 -7.4 6.4
Austria 0.86 0.61 -27.9 -42.7 -18.6 14.2
Finland 0.53 0.29 -22.2 -32.0 -10.2 10.9
Netherlands 0.34 0.37 -21.2 -27.2 -155 6.4
Sweden 0.70 0.76 -27.9 -35.7 -22.7 8.4
Denmark 0.56 0.43 -29.3 431 -17.9 14.2
Ireland 0.62 0.59 -245 -34.6 -183 10.0
Luxembourg| 0.88 0.95 -243 -179 -26.9 3.4

To change this cost distribution so as to become
inversely proportional to GDP per capita per
Member-State, it is necessary to differentiate the
targets. At the same time, cost efficient policy in-
struments will be needed to ensure total costs for
the whole EU don't increase disproportionate.

The EC proposal corrected the undesirable distri-
butional effects of the cost-efficiency scenario by
introducing a stepwise approach. The proposal
includes differentiated targets to increase the
fairness of distributional effects and instruments
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that ensure that the outcome does not deviate too
much from the cost effective outcome. The step-
wise approach is as follows:

1. ETS and Non-ETS get separate targets.

2. Non ETS targets are distributed among
Member States taking into account a
GDP/capita criterion. No trade in emis-
sion rights is foreseen between member
States for the Non ETS sectors.

3. RES targets distributed among Member
States taking into account a GDP/capita
criterion

4. Member States have the option to partici-
pate in RES trading.

5. Both the ETS and Non-ETS sectors can
continue to use CDM. This lowers the
carbon price in the ETS in all Member
States and in the Non ETS in those Mem-
ber States with targets that lead to higher
carbon values if achieved internally

6. The amount of allowances that can be
auctioned by a Member State is distrib-
uted among Member States taking into
account a GDP/capita criteria

Differentiating the GHG emission reduction tar-
get in the non-ETS sectors by Member-State, dis-
places emission reduction effort in non-ETS sec-
tors from low GDP/capita Member-States to
those with high GDP/capita and as such decreases
the costs for low GDP/capita Member-States and
increases those for high GDP/capita Member
States. This may result into very high marginal
abatement cost in the latter. This is due to the
high nonlinear steepness of the marginal abate-
ment curve in non-ETS sectors, which include
sectors with lower responsiveness to prices, such
as the buildings and transportation. This impact
can be reduced by allowing for access to CDM.

Similarly, differentiating RES targets by Member
States could lead to the displacement of invest-
ments in RES towards Member States where
higher incentives will be required to achieve the
targets shifting costs away from low GDP/capita
Member-States and increasing those for high
GDP/capita Member States.
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Figure 8 illustrates the impacts of a separate ETS
and Non ETS target with differentiated targets
per Member State in the Non ETS and for the RES
target (this corresponds to steps 1, 2 and 3 shown
above). Figure 8 assumes that the targets are met
without access to RES trading, and without access
to CDM (the RSAT case). The distributional im-
pacts decrease for low GDP/capita Member-
States, compared to the CES case, shown in Table
10 but the distribution still differs from the equal-
ity line.

Figure 8: Distribution of costs for the RSAT case —
2020
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Allowing for access to CDM (this corresponds to
step 5 of the EC stepwise approach shown above)
will result into overall lower costs. In order to fur-
ther remove distributional inequalities, the EC
proposal included redistribution of part (10%) of
auctioning!? rights of emission allowances for the
ETS to the low GDP/capita Member-States (this
corresponds to step 6). Figure 9 is similar to Fig-
ure 8 but it includes in addition CDM access and
redistribution of 10% of auctioning rights redis-
tributed among Member States (covering as such
the steps 1, 2, 3, 5and 6).

In Figure 9, the compliance cost per Member-
State includes the energy system costs (corre-
sponding to the differentiated RES and Non ETS
targets across the Member-States taking into ac-
count access to CDM), the net financial flows due
to ETS auctioning (because of the 10% redistribu-
tion) and the payments to purchase CDM emis-
sion credits.

13 In order to calculate the revenue for Member States
from auctioning, it is assumed that all sectors partici-
pate in auctioning. The Primes scenario only repre-
sented auctioning in the power generation sector.

Primes Model - E3MLab/NTUA

Figure 9: Distribution of costs for the RSAT-CDM case,
including effects from auctioning redistribu-
tion — 2020
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The distribution of costs shown in Figure 9 is suf-
ficiently aligned to the equality line. There is a
small undershoot of costs for Member-States with
low GDP per capita and a small overshoot for
Member-States with high GDP per capita.

Finally, Figure 10 illustrates the distributional
effects when also including step 4 which allows
for RES trading among the Member-States (so all
6 steps are included). This effort sharing scheme
removes inequality for high GDP/capita Member-
States and further favours some of the low
GDP/capita Member-States.

Figure 10: Distribution of costs for the NSAT-CDM
case, including effects from auctioning redis-
tribution — 2020
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Table 11 summarises the effects on compliance
costs by Member-State following the stepwise ap-
proach proposed by the European Commission.
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Table 11: Compliance costs of effort sharing schemes

Compliance Cost as % of GDP in 2020
NSAT NSfAT V\{ith Sam_e as NSAT-COM Sam.e as
without auct'lonl rights prevu?us, but auction prevpus,
flows from redlstr!buted bu't .In rights bu't !n
RES trading and W|th9ut addltlo_n redistributed addltlu.n
RES trading | RES trading RES trading
Bulgaria 1.09 -0.35 -1.44 0.14 -1.22
Romania 0.38 0.30 0.12 0.29 0.06
Latvia 1.56 1.47 0.59 1.02 -0.01
Lithuania 0.52 0.36 -0.48 0.43 -0.70
Poland 0.48 0.32 0.05 0.38 0.06
Slovakia 0.77 0.72 0.40 0.60 0.29
Estonia 1.10 0.43 -0.52 0.59 -0.53
Hungary 0.46 0.29 -0.21 0.36 -0.39
Czech Rep. 0.49 0.03 -0.53 0.20 -0.50
Malta 0.17 -0.36 -0.17 -0.21 0.01
Slovenia 1.08 0.92 0.99 0.74 0.81
Portugal 0.48 0.54 0.49 0.57 0.48
Greece 0.74 0.53 0.52 0.60 0.59
Cyprus 0.07 -0.04 0.05 -0.03 0.07
Spain 1.20 1.07 0.86 0.62 0.41
EU27 0.60 0.60 0.60 0.45 0.45
Italy 0.96 1.02 1.11 0.51 0.66
Germany 0.47 0.60 0.67 0.49 0.56
France 0.39 0.37 0.51 0.32 0.47
Belgium 0.86 0.97 0.98 0.69 0.70
UK 0.36 0.36 0.43 0.34 0.42
Austria 0.86 0.82 0.57 0.58 0.34
Finland 0.53 0.56 0.32 0.52 0.19
Netherlands 0.34 0.43 0.46 0.28 0.32
Sweden 0.70 0.72 0.78 0.74 0.81
Denmark 0.56 0.48 0.36 0.22 0.13
Ireland 0.62 0.64 0.61 0.47 0.45
Luxembourg 0.88 0.90 0.97 0.59 0.70
Table 12: GHG Emissions in different scenarios in 2020
RSAT scenario NSAT scenario NSAT-CDM scenario
Al [ers | ™ an | oers [ an | Ers | MO
GHas |(c02)| E™ | Ghes | (coz2) | B |GHes | (coz)| BT
(GHGs (GHGs (GHGs
BG| 56.1 | 30.5| 25.6 | 50.9 25.5 25.4 | 51.7 | 26.4 | 25.4
RO 165.8| 72.7| 93.1 | 165.2| 72.1 93.1 | 169.4| 76.2 | 93.2
Lv | 134 | 4.2 9.2 12.0 2.7 9.2 13.1 2.8 10.2
LT | 21.5| 7.2 | 143 | 195 5.2 143 | 19.3 5.1 14.2
PL | 387.1|202.1| 184.9) 367.2| 184.1 | 183.1| 377.2| 194.6 | 182.6
SK | 51.6 | 25.0| 26.5 | 51.8 25.3 26.6 | 53.9 | 27.3 | 26.6
EE | 17.2 | 104| 6.8 15.6 8.8 6.8 16.5 9.7 6.8
HU| 78.6 | 22.6| 56.0 | 75.2 19.2 56.0 | 74.6 | 18.7 | 55.9
CZ |127.9| 61.8| 66.2 | 122.7| 57.0 65.7 | 125.2| 59.2 | 66.0
MT| 2.4 | 0.9 1.5 2.5 1.0 1.5 2.6 1.2 1.4
SI 16.7 | 5.2 | 114 | 17.0 5.6 11.4 | 183 6.2 12.0
PT | 84.7 | 37.1| 47.6 | 83.7 36.2 475 | 839 | 36.5 | 474
EL | 103.3| 42.6| 60.6 | 103.5| 42.8 60.7 | 106.6| 46.1 | 60.5
CcY | 7.2 3.4 3.8 7.3 3.5 3.8 7.4 3.6 3.8
ES | 366.3|146.5| 219.7 | 349.3| 129.5 | 219.7 || 425.8 | 185.2 | 240.5
EU| 4465 | 1875| 2590 | 4464 | 1876 | 2588 | 4727 | 2049 | 2679
IT | 487.5|192.8| 294.7 495.4| 200.6 | 294.8 | 564.2 | 232.2 | 332.0
DE | 857.0|432.6| 424.4] 880.6 | 456.3 | 424.4|1903.3| 479.9 | 423.4
FR | 445.1| 96.1 | 348.9| 455.3| 106.4 | 348.9] 466.6 | 110.3 | 356.3
BE | 125.5| 55.5| 69.9 | 127.2| 57.3 69.9 | 132.7| 59.6 | 73.1
UK | 542.0/219.7| 322.3] 563.6 | 241.3 | 322.3|| 576.4| 254.8 | 321.7
AT | 79.8 | 27.6| 52.2 | 75.2 23.0 52.2 | 83.3 | 27.3 | 56.0
FI 58.3 | 29.8| 28.5 | 54.9 26.4 285 | 55.2 | 26.7 | 28.5
NL | 188.3| 82.9| 105.4| 190.3| 84.9 | 105.4|200.5| 89.4 | 111.0
SE | 59.6 | 21.2| 38.4 | 59.6 21.2 384 | 675 | 23.4 | 441
DK| 49.8 | 20.4| 29.4 | 46.3 16.9 29.4 | 52.1 | 19.9 | 32.3
IE 61.5 | 20.7| 40.8 | 60.9 20.1 40.8 | 66.5 | 22.8 | 43.7
LU | 116 | 3.6 8.0 11.6 3.6 8.0 136 | 4.0 9.5
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5.3 RES Effort Sharing

As mentioned before, meeting the RES-target in a
cost-effective way (least cost for the EU taken as a
whole) requires equality of RES-values across all
sectors and Member-States. This is reflected onto
scenario CES, which however leads to undesirable
distributional effects.

The EC proposal includes differentiated RES tar-
gets by Member-State and assumes that it is pos-
sible to trade the guarantees of origin (GO)
among the Member-States. This proposal involves
specific RES targets per Member-State that differ
from the distribution reflecting cost-effective RES
effort. The reason for this difference is the aim to
reduce compliance costs, owing to RES, in par-
ticular for Member-States with low GDP/capita.

The calculations shown in Table 13 attempt to
mimic the way the RES targets were revised and
distributed among the Member-States. The calcu-
lations are based on the PRIMES model database
and projections and so in numerical terms they do
not necessarily coincide with the EC proposal.

The RES share, in terms of percentage of gross
final energy consumption in 2005, being 8.6% at
the EU level, needs to increase by 11.4 percentage
points in order to meet the RES target for 2020.
Half of this increase (roughly 5.5 percentage
points) is assumed to be distributed equally to all
Member-State irrespectively of their GDP per
capita. The remaining distance from the RES tar-
get (in terms of toe) is distributed so as to obtain
additional RES deployment effort inversely pro-
portional to GDP per capita of the Member-
States. The resulting RES targets differ from those
obtained by the cost-effectiveness solution, and
are generally higher for high GDP/capita Mem-
ber-States.

Figure 11 show the additional RES deployment
effort in 2020 compared to 2005, as required by
the EC effort sharing proposal. The RES ratio fig-
ures for 2005 correspond to PRIMES data for
2005. The best-fit line showed in this graphic has
an increasing slope in relation to GDP/capita of
the Member-States.

It is not possible to isolate the additional cost im-
plied by the proposed RES effort sharing com-
pared to the cost-efficiency scenario, because of
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the simultaneous effects from GHG emission re-
duction and RES deployment.

As mentioned before, the RES target is expressed
as a percentage of RES over gross final energy
consumption. So the amount of RES deployed in
each scenario depends also on gross final energy
consumption which decreases as the intensity of
GHG emission reduction increases.

Table 13: RES Target, determination of Effort Sharing

Observed RES Burden sharing proposal [Cost Efficienc
Diff %
RES %

RES %| RES after flat add. RES| RES |RES % |RES %| from
in | Mtoe . (toe) per| Mtoe { in in EC

2005 | 2005 | "¢ capita | 2020 | 2020 | 2020 |Propo

5.5%
sal
Bulgaria 11.3 1.2 14.9 0.022 2.0 16 22.7 | 6.6
Romania 19.7 | 5.1 22.0 0.027 8.2 24 264 | 29
Latvia 42.2 1.8 40.4 0.043 2.5 42 509 | 9.0
Lithuania 15.0 | 0.7 20.5 0.044 1.4 23 36.3 | 135
Poland 7.5 4.5 12.7 0.046 | 11.0 15 18.7 | 3.7
Slovakia 6.9 0.8 12.2 0.049 1.8 14 185 | 43
Estonia 183 | 0.6 22.6 0.064 0.9 25 389 | 141
Hungary 4.7 0.9 9.8 0.063 2.6 13 204 | 7.6
Czech Rep. 6.7 1.8 10.5 0.070 3.9 13 198 | 7.1
Malta 0.0 0.0 5.5 0.066 0.1 10 6.1 | -3.8
Slovenia 15.1 0.8 215 0.094 1.6 25 241 | -0.7
Portugal 170 | 3.3 26.0 0.096 6.7 31 34.7 | 3.9
Greece 7.5 1.6 12.4 0.120 4.4 18 18.9 | 0.9
Cyprus 30 | 01 84 | 0104 | 03 | 13 | 112|-1.8
Spain 8.2 8.2 14.2 0.137 | 22.8 20 245 | 49
EU27 8.6 | 104.2 14 0.151 | 255.6| 20 20 0

Italy 53 7.3 10.7 0.169 | 26.3 17 140 | -3.1
Germany 59 | 13.2 11.3 0.188 | 40.0 18 16.7 | -1.8
France 9.5 | 154 15.8 0.186 | 37.7 23 19.3 | -3.7
Belgium 2.4 0.9 7.7 0.193 5.0 13 129 | -0.4
UK 1.6 2.5 6.8 0.198 | 22.6 15 131 | -2.1
Austria 242 | 6.8 28.8 0.200 | 10.3 34 39.0 | 45
Finland 288 | 7.5 34.0 0.202 | 10.1 38 43.8 | 5.7
Netherlands | 3.4 1.8 7.9 0.205 7.7 14 13.1 | -1.1
Sweden 424 | 14.7 44.4 0.212 | 18.4 49 479 | -1.5
Denmark 155 | 2.5 20.9 0.261 4.7 30 331 | 31
Ireland 3.0 0.4 8.6 0.233 2.3 16 17.0 | 0.6
Luxembourg| 1.1 0.0 6.4 0.384 0.5 11 9.1 | -1.5

Figure 11: RES Effort following the EC Proposal
RES as % Gross
Final Demand

% Diff. 2020 - 2005

Proposed Effort Sharing Scheme

6
14%

12%

0% v

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
GDP/cap (kEuro/person)

Primes Model - E3MLab/NTUA

Figure 12: RES deployment by scenario - EU27 — 2020
RES in Primary Energy (Mtoe)
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Figure 12 shows that the total amount of RES is
higher in the pure-RES scenario because energy
consumption is higher as there is no specific tar-
get towards lower GHG emissions. The scenarios
involving CDM develop slightly more RES than
the corresponding scenarios without CDM just
because the former perform lower emission re-
duction domestically in the EU.

5.4 The auction revenues from the power
generation sector

The scenarios involving GHG emission reduction
assume that the power generation sector will be
obliged in 2020 to buy all emission allowances
from the EU-wide ETS. Assuming that both the
auctions and the ETS spot market are perfect and
that arbitraging between possible parallel emis-
sion allowances markets is also perfect, the model
finds a single ETS carbon price at the EU level for
each scenario and calculates auction payments
and revenues at that level of that carbon price. It
is also assumed that the auction revenues are re-
turned as public revenue to the Member-States
according to the emission allowances purchased
per Member-State for emissions from power gen-
eration in their territory.

The model does not assume auctions by Member-
State and so, as far as the modeling exercise is
concerned, there was no need to assume any prior
allocation of emission allowances!4 to the Mem-
ber-States.

14 As mentioned in the previous sub-section, the EC
proposal includes redistribution of part of auctioning
revenues to Member-States with lower GDP per capita.
This redistribution is not taken into account in this sub-
section.
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Table 14: Summary of Auction Revenues — EU27 -2020

CES- | RSAT-| NSAT-| HOG-
CDM | CDM | CDM | CES

Scenarios | CES | RSAT | NSAT

ETS Carbon Price
39.2| 47.0/ 42.7) 30.0/ 30.0/ 30.0f 345

(€/tC0O2)

Auction R

uctionRevenues | 398l 44.6| 403| 32.3| 339 327| 393
(bill. €)

Avoided auction payments relative to Baseline scenario

Total 22.0| 28.2| 25.9| 14.2| 12.6| 13.8| 14.2

- from carbon
intensity

- from lower
electricity demand

16.1| 20.1 19.1] 10.5 9.0/ 103 9.8

59/ 81 69 3.7, 3.6 35| 44

As shown in Table 14 the auction revenues paid by
the power generation sector range between 32
and 45 billion €, which accounts for less than 1%
of public revenues in 2005 of the EU27. The reve-
nues are assumed not to be recycled as subsidies
to energy supply companies or as subsidies to
consumers for energy purposes.

If electricity demand and the carbon intensity of
power generation remained frozen at the level
projected in the Baseline scenario for 2020, the
payments of the sector for purchasing emission
allowances would be 60 to 45 % higher than the
figures shown in Table 14. The carbon intensity
changes as a result of substitutions driven by the
carbon values and the RES values. Electricity
prices increase inducing reduction in electricity
demand. Table 14 shows the effects from these
changes in lowering auctioning payments by pow-
er generation. Allowing access to CDM emission
credits implies lower auction payments by power
generation (17 to 24% compared to cases without
CDM).

5.5 The Effects from CDM

As mentioned before, it is assumed that emission
credits from CDM cost 30 €/tCO, and can be pur-
chased by ETS as well as by non-ETS sectors un-
der the same conditions.

The direct effect of CDM on the ETS market,
which clears at the EU-level, is a reduction in the
carbon price. The effort sharing scheme proposed
by the EC includes differentiated carbon values
for the non-ETS sectors of the Member-States.

Those Member-States that can (according to the
model results) meet their individual non-ETS
emission reduction target domestically at a car-
bon value lower than 30 €/tCO, do not benefit
from CDM, contrasting other Member-States
which need carbon values higher than 30 €/tCO;
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to meet their non-ETS targets domestically (see
Table 15).

Table 15: Effects from CDM — 2020

Difference of NSAT-CDM from the NSAT case ( CDM at 30 €/tCO,)
GHG
Carbon | Carbon | REMEW- C_omp' Emission
ables liance .
value - | value - Reduction
ETS (€/ | non ETS value CSSt 35 | Domesti-
tco,) |(e/tcoy| & % of cally in
MWh) | GDP MtCO, eq.
Bulgaria -13 0 5 -0.53 -1
Romania -13 0 5 -0.10 -4
Latvia -13 -31 5 -0.77 -1
Lithuania -13 0 5 -0.40 0
Poland -13 0 5 -0.17 -10
Slovakia -13 0 5 -0.12 -2
Estonia -13 0 5 -0.41 -1
Hungary -13 0 5 -0.30 1
Czech Rep. -13 0 5 -0.18 -3
Malta -13 0 5 0.07 0
Slovenia -13 -19 5 -0.21 -1
Portugal -13 0 5 0.00 0
Greece -13 0 5 0.02 -3
Cyprus -13 -1 5 0.01 0
Spain -13 -42 5 -0.52 -77
EU27 -13 -15 5 -0.15 -263
Italy -13 -62 5 -0.42 -69
Germany -13 0 5 -0.05 -23
France -13 -7 5 -0.03 -11
Belgium -13 -12 5 -0.23 -5
UK -13 0 5 0.01 -13
Austria -13 -32 5 -0.28 -8
Finland -13 0 5 -0.16 0
Netherlands -13 -17 5 -0.10 -10
Sweden -13 -57 5 0.03 -8
Denmark -13 -50 5 -0.29 -6
Ireland -13 -26 5 -0.16 -6
Luxembourg| -13 -57 5 -0.25 -2

The former category of Member-States (with
lower than €30/tCO2) comprises of mainly those
with low GDP/capita, because the proposed effort
sharing scheme by the EC assigned to them lower
emission reduction targets for non-ETS sector in
order to reduce compliance costs.

Consequently, the Member-States with high
GDP/capita benefit more than others from the
CDM and so they reduce their domestic emission
reduction effort, compared to non CDM cases,
more than the low GDP/capita Member-States.

There are some exceptions according to the model
results: Latvia and Slovenia among the low GDP
Member-States benefit from CDM in their non-
ETS sectors and Germany, UK and Finland
among the high GDP Member-States do not bene-
fit.
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Since the ETS carbon price decreases as a conse-
quence of CDM, all Member-States undertake
lower domestic emission reduction effort com-
pared to the cases not involving CDM. This fur-
ther implies that the RES value needs to increase
in order to meet the RES targets.

Table 16: Comparison of cases with CDM for 2020
Differences from Baseline Cases with CDM

for 2020 NSAT-CDM RSAT-CDM CES-CDM
GHG Emission Reduction 1032 1031 1037
- domestically 769 743 856
-CDM 263 288 180
(% reduction abroad) 26% 28% 17%
- Additional RES
compared to the non 9.6 11.4 5.9

JI/CDM cases (Mtoe)

Total emission credits from CDM (as shown in
Table 17) represent 6% of GHG emissions by the
EU in 2005.

Table 17: CDM emission credits by Member-State

Emission Reduction from 2005 (Mt CO2 eq.)
NSAT case RSAT case

Comparison of
2020 results to| Without With ~ CDM | Without With CDM
2005 emissions| CDM CDM  credits | CDM CDM  credits
Bulgaria 14 13 1 9 6 3
Romania -16 -20 4 -16 -21 5
Latvia 1 -2 1 -2 -4 1
Lithuania 0 0 0 -2 -3 0
Poland 6 -4 10 -14 -22 8
Slovakia -1 3 2 -1 4 3
Estonia 3 2 1 2 0 2
Hungary 4 4 0 0 -1 1
Czech Rep. 23 20 3 17 9 8
Malta 1 1 0 1 1 0
Slovenia 3 2 1 3 2 1
Portugal 4 3 0 3 3 0
Greece 28 25 3 29 25 3
Cyprus 1 1 0 1 1 0
Spain 100 24 77 83 5 78

EU27 747 484 263 746 458 288
Italy 80 12 69 88 27 61
Germany 123 100 23 146 113 33
France 106 94 11 116 112 4
Belgium 14 9 5 16 9 7
UK 140 127 13 162 136 26
Austria 23 15 8 18 8 10
Finland 14 14 0 11 9 1
Netherlands 30 20 10 33 22 11
Sweden 10 3 8 11 3 8
Denmark 20 14 6 16 11 5
Ireland 15 9 6 14 9 5
Luxembourg 2 0 2 2 1 2

The compliance costs!> decreases as a result of
lower carbon values and increases as a result of

15 Excluding auctioning revenues and the flows derived
from redistribution of auction revenues among the
Member-States.
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higher RES values (to meet the RES targets). Asa
result some countries might have slightly higher
compliance costs with CDM (Malta, Greece, Cy-
prus and Sweden e.g.). The model results show
that the effect from the lower carbon values
dominate and so the compliance costs are found
generally lower compared to the cases not involv-
ing CDM (see fourth column in Table 15).

For the EU as a whole, the net benefit in terms of
compliance costs due to CDM amounts to 24 bil-
lion € (0.15% of the EU GDP) for the effort shar-
ing proposal of the EC which involves RES trading
(the NSAT case). The benefits from CDM are
smaller (18 bill. €) in the case of the effort sharing
proposal that does not involve RES trading
(RSAT) because this case generally leads to higher
RES values, hence to more emission reduction
undertaken domestically. The table above sum-
marises the effects of CDM, showing that emis-
sion reduction abroad ranges between 17 and 28%
of total reduction.

5.6 The Effects from RES trading

As mentioned before, the effort sharing RES tar-
gets per Member-State do not coincide with a
cost-effective RES deployment in the EU which
would be based on equality of RES values between
the Member-States and the sectors. The targets
differ in order to reflect a more equitable distribu-
tion of compliance costs in terms of GDP/capita
of the Member-States.

This implies that Member-States with high
GDP/capita and expensive RES potential would
have interest to buy guarantees of origin (GOs)
from Member-States with low GDP/capita and
less expensive RES potential. Allowing RES trad-
ing among the Member-States would provide ad-
ditional revenue to some of the low GDP/capita
Member-States which would further contribute to
a more equitable distribution of compliance costs.

This option is analysed in the NSAT case which
includes the EC proposal for effort sharing both
for GHG emission reduction and the RES and in
addition allows for RES trading among the Mem-
ber-States. The trade is assumed to be perfect;
hence a single RES value clears the GO market
(equal to 44.5 €/MWh as shown in Table 18). The
cost-effective RES deployment (as % of gross final
energy consumption) shown in the third column
of this table corresponds to the assumptions of

» Page 23



Report to DG ENV: Model-based Analysis of the 2008 EU Policy Package on Climate Change and Renewables

the NSAT case about distribution of targets and
not to the CES case (which involves cost-effecti-
veness for both GHG and RES).

The results show that the majority of the new
Member-States benefit from RES trading and be-
come net sellers, whereas several of the high
GDP/capita Member-States are net buyers of
GOs. While for the latter the additional cost is a
small fraction of GDP, for the former the addi-
tional revenues account for up to 1% of GDP for
some Member-States with low GDP/capita. This
is shown by the last column of Table 18.

Table 18: Effects from RES trading — 2020

Clearing Cost- |Purchase (-) Cost () or Gain (+)

i RES . Revenue
Price of GOs Effec-tive| or Sale (+) or Loss (-)

=445 Target RES-% | of GOsin () frc?m as % of
(%) GOs in
€/MWh (NSAT) TWh ) GDP
bill. €
Bulgaria 16 24 121 0.5 1.1
Romania 24 26 7.5 0.3 0.2
Latvia 42 52 6.3 0.3 0.9
Lithuania 23 35 8.5 0.4 0.8
Poland 15 18 28.7 13 0.3
Slovakia 14 18 5.5 0.2 0.3
Estonia 25 37 5.0 0.2 1.0
Hungary 13 20 16.5 0.7 0.5
Czech Rep. 13 19 22.7 1.0 0.6
Malta 10 6 -0.3 0.0 -0.2
Slovenia 25 24 -0.7 0.0 -0.1
Portugal 31 32 2.6 0.1 0.1
Greece 18 19 0.9 0.0 0.0
Cyprus 13 11 -0.5 0.0 -0.1
Spain 20 26 66.0 2.9 0.2
EU27 20 20 0.0 0.0 0.0

Italy 17 15 -37.2 -1.7 -0.1
Germany 18 16 -47.8 -2.1 -0.1
France 23 19 -76.8 -3.4 -0.1
Belgium 13 13 -1.0 0.0 0.0
UK 15 13 -45.8 -2.0 -0.1
Austria 34 40 18.7 0.8 0.2
Finland 38 42 12.0 0.5 0.2
Netherlands 14 13 -5.5 -0.2 0.0
Sweden 49 48 -6.2 -0.3 -0.1
Denmark 30 35 7.7 0.3 0.1
Ireland 16 18 1.9 0.1 0.0
Luxembourg 11 10 -0.8 0.0 -0.1

RES trading implies that physical production by
RES is allocated among the Member-States in a
more cost-effective way. This of course implies
lower overall compliance cost.

The loss in cost-effectiveness, estimated as differ-
ence of the NSAT scenario results from the RSAT
scenario, implies that the ETS clearing carbon
price increases: it is found 4.3 €/tCO, up from the
cost-effective case. The average RES value in-
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creases as well, compared to the cost-effective
RES deployment: 5 €/MWh higher.

5.7 The Effects from high oil and gas
prices

The sensitivity analysis that was carried out by
using the PRIMES model included also scenarios
that assume soaring oil and gas prices, as a result
of world energy market trends (see Table 19).

These assumptions were first used to build an
alternative baseline scenario (HOG-BL case)
which was used as reference to assess the impacts
of the GHG and RES targets in the context of high
oil and gas prices. For analysis purposes it was
also assumed that the targets would be met in a
fully cost-effective way (HOG-CES case). The
analysis draws conclusions by comparing the dif-
ferences of the HOG-CES from the HOG-BL to
the differences of the Baseline scenario (with
moderate prices) from the CES case.

High oil and gas prices imply a general rise of
consumer energy prices. They imply also a signifi-
cant loss of competitiveness of gas vis-a-vis coal
the price of which increases much less than that
of gas. High prices induce more energy efficiency
compared to moderate prices baseline and also
more use of indigenous energy resources, other
than oil and gas.

Renewables and nuclear provide higher contribu-
tion to primary energy compared to the moderate
prices baseline. These effects, lower energy de-
mand and more carbon free resources, act to-
wards lower CO, emissions. However, in power
generation coal (and lignite) is substituting for
gas and emissions increase.

The modeling results show that the net effect is
towards lower emissions and also higher RES.
The resulting figures are far lower than the targets
involved in the EC package.

The high oil and gas prices imply considerable
additional costs for energy consumers in the
Baseline scenarios. Compared to the moderate
prices baseline, the additional total energy system
cost, in the HOG-BL case, amounts to 1.76% of
the EU GDP in 2020, or 275.5 billion € in 2020.
This is three times higher than the cost for com-
plying with the GHG and the RES targets.

Primes Model - E3AMLab/NTUA



Report to DG ENV: Model-based Analysis of the 2008 EU Policy Package on Climate Change and Renewables

Table 19: Assumptions about world energy prices, in
€'2005 per barrel of oil equivalent
1990| 2000/ 2005 2010| 2020| 2030
BL case: Baseline scenario with moderate world prices

oil 28.2| 34.5| 43.6| 45.4| 53.0| 56.7
Gas 18.5| 21.7| 32.1| 36.1| 42.4| 46.7
Coal 13.4| 9.5| 11.9| 11.5| 12.7| 13.4
HOG-BL case: Baseline with high oil and high gas world
prices

QOil 28.2| 34.3| 43.4| 55.7| 82.5| 102.9
Gas 18.5| 21.6| 32.1| 40.3| 62.9/ 82.5
Coal 13.4| 9.5/ 11.8| 13.0{ 18.0| 21.7
% change from Baseline (BL)

Oil 22.5| 55.5| 81.63
Gas 11.5| 48.3| 76.49
Coal 13.5| 41.4| 61.44

The impact of high oil and gas prices on total en-
ergy system costs, hence on consumer prices, is
much larger than the cost for meeting the two
targets. However, the increased prices owing to
world energy prices cannot alone meet the tar-
gets. Carbon prices and RES values need to be
raised.

Since the distance from the targets is partly cov-
ered as a result of high oil and gas prices, the re-
maining distance can be covered at lower total
cost, compared to starting from the moderate
prices baseline. With reference to the CES scena-
rios, starting from the HOG-BL scenario implies
that the ETS clearing carbon price is 5 €/tCO;
lower than starting from the BL scenario.

A similar comparison shows that the RES values
are also lower (by 11.4 €/MWh). The compliance
cost, with reference to the HOG-BL scenario,
amounts to 0.38% of the EU GDP, down from
0.58% in the CES scenario which compares with
the BL scenario (see Table 20).

Further sensitivity analysis has shown that if gas
prices were not linked with oil prices and thus
increase less relative to oil prices, the tendency to
shift power generation towards coal would be
weaker but the effect towards more energy effi-
ciency driven by high prices would also be weaker.

Keeping gas prices low, relative to oil prices,
would be important for consumer prices because
of the role of gas in power generation and in final
energy consumption (other than transportation).
However, this is not a decisive factor from the
point of view of emission reduction and the RES
development.
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Table 20: Effects from high oil and gas prices
 |biff. in ReS| Additional| €O™P!- ,
Diff. in ance cost | Compli-
GHG HOG-| PE"eent | ENer8Y |16 ces | ance cost
age HOG- | cost HOG-
BL vs. BL vs. HOG- | CESvs. BL
(%) BLvs.BL | BLvs.BL BL (% of |(% of GDP)
(%) (% of GDP)
GDP)

Bulgaria 33 0.8 3.84 1.89 2.16
Romania -5.6 2.0 3.40 0.75 0.95
Latvia -8.3 4.2 2.77 0.59 1.10
Lithuania -13.5 4.0 2.98 0.64 1.02
Poland -8.9 3.0 2.90 1.19 1.24
Slovakia -7.8 0.7 3.23 0.64 1.17
Estonia -2.5 3.4 2.28 1.04 1.59
Hungary -5.5 1.6 3.22 0.88 1.22
Czech Rep. -8.1 2.3 3.31 0.68 1.12
Malta -14.9 1.7 2.20 0.34 0.31
Slovenia -2.9 1.7 2.57 0.86 0.86
Portugal -4.9 2.8 2.27 0.63 0.87
Greece -0.8 23 2.00 0.45 0.97
Cyprus -4.4 1.5 2.25 0.02 0.09
Spain -2.6 2.5 1.89 0.34 0.70
EU27 -5.8 2.3 1.76 0.38 0.58
Italy -6.0 1.8 2.13 0.42 0.49
Germany -4.5 1.8 1.81 0.35 0.57
France -11.1 1.9 1.10 0.27 0.39
Belgium -2.8 1.8 2.11 0.54 0.76
UK -5.2 2.9 1.31 0.32 0.49
Austria -8.0 4.3 1.81 0.28 0.66
Finland -7.6 1.2 1.59 0.10 0.47
Netherlands -5.0 1.8 2.17 0.15 0.28
Sweden -6.7 2.7 1.08 0.37 0.66
Denmark -3.2 2.0 1.08 0.13 0.29
Ireland -5.6 35 1.22 0.34 0.47
Luxembourg -8.3 2.1 2.09 0.29 0.54

6 Energy System Implications ‘

6.1 Methodological remarks

6.1.1 Introduction

As mentioned in a previous section, the two tar-
gets (GHG and RES) are conceived as constraints
which are imposed to influence the energy mar-
kets equilibrium. The energy system has to comp-
ly with the constraints, thus all individual deci-
sions of the agents (demanders and suppliers of
energy) are influenced and so are the energy mar-
ket prices. This is simulated with the PRIMES
model.

The changes are driven by the dual variables
(shadow prices) associated with the GHG and the
RES constraints, termed as carbon values and
RES values respectively. They feed into the deci-
sion making modules, increasing the perceived
costs (for GHG) and the revenues (for the RES)
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associated with the use of the different energy
forms. The resulting energy market equilibrium is
compared to the baseline market equilibrium in
order to draw conclusions about impacts.

6.1.2 How the carbon values act

The carbon values increase the perceived cost of
using fossil fuels proportionally to their carbon
intensity. They differ from energy taxation be-
cause they do not imply money transfer from en-
ergy consumers or producers to the government.
Nevertheless, the carbon values change the rela-
tive unit costs of energy forms, thus carbon inten-
sive fuels become more expensive. Consequently,
substitutions take place favouring the less (or
zero) carbon intensive energy forms. Since such
substitutions cannot be perfect, a positive cost
associated with energy use arises. Hence, substi-
tutions in favour of non energy goods and services
are induced, including investment (in buildings
and in new equipment) enabling energy savings.

Also the process of capital replacement changes
with preferences shifting towards less energy con-
suming equipment. Thus, energy efficiency gains
are achieved both in the short and the long term.

Producers of secondary energy, such as electricity
and heat/steam, are affected by carbon values and
tend to undertake substitutions among energy
forms used as inputs in their production. They
decrease the use of carbon intensive fuels. Substi-
tutions being imperfect, positive costs arise which
are passed through to consumer prices. Better
energy efficiency in production is also motivated.

Electricity and heat/steam are used by consumers
as energy carriers and do not emit carbon dioxide
at their end-use. However, their prices reflect the
degree of carbon intensiveness of their produc-
tion. Substitutions between energy carriers and
fuels used directly at the end-user level are possi-
ble and are also driven by relative prices. If emis-
sion reduction is relatively less expensive in the
production of energy carriers, a final consumer
would benefit from increasing demand for these
carriers. He would be obliged to undertake more
emission reduction by himself if emission reduc-
tion in the production of energy carriers is rela-
tively more expensive.

Carbon values act as taxation of emissions from
fossil fuel combustion when the corresponding
amounts of money are actually paid by consumers
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or producers of energy and are not given back to
the energy agents. For example, when power gen-
eration has to acquire the emission allowances
from a public auction (clearing at a single carbon
price) without recycling of public revenue back to
power generation companies, then the purchase
cost of allowances corresponds to an actual direct
cost which adds to indirect costs. The latter incur
as a result of substitutions and energy efficiency
gains. The total additional cost is reflected onto
consumer prices and the relative competitiveness
of electricity deteriorates at the level of the final
consumer.

Generally, the increase in electricity prices under
an auctioning regime reflects true costs of the
power generating companies, whereas under a
grandfathering regime the increase reflects op-
portunity costs, given that part of the allowances
are given for granted. In the latter case, the in-
crease in electricity prices depends on the degree
of passing through of opportunity costs associated
with the free allowances, which depending on
market conditions may be lower than 100%.

The increase in electricity prices due to emission
costs reduces the attractiveness of electricity in
substituting for fossil fuels at the end-user level.
Replacement of fossil fuels at the end-use level by
electricity hinges upon the capability of power
generation to develop substantial emission reduc-
tion at an affordable cost, so as to overcome the
effect of carbon prices on electricity prices. This
might be challenging until 2020, given the long
lead times that the power generation needs to de-
velop carbon free resources such as nuclear, CCS
and large scale RES. Moreover, it would require
considerable investments and would entail sig-
nificant costs arising from stranded investments.

Distributed heat and steam may also have diffi-
culties in delivering affordable and low carbon
intensive services. Cogeneration depends on
power generation and is also subject to carbon
payments through the auctions. It also needs long
lead time to reduce emissions having biomass as
the single carbon-free option. Biomass is also the
only essential possibility for distributed heat in-
dustry to deliver low carbon intensive services.
But development on a large scale of biomass and
waste also needs long lead times and it is difficult
to make large inroads in the short term.
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Under these circumstances, substitution possibili-
ties to induce large emission reduction are rather
limited in the medium term, contrary to the long
term. This is for two reasons: firstly it is not at-
tractive economically to shift final consumption
from direct fossil fuels to energy carriers in the
short/medium term, such as electricity and dis-
tributed heat/steam; secondly, substitutions
among fossil fuels are limited (because natural
gas has already penetrated massively in most of
the final demand sectors of the EU, except trans-
portation). However, renewables will strongly
penetrate encouraged by policy and thereby de-
crease considerably the carbon intensity of power
generation. In addition, final energy consumers
have to improve energy efficiency by undertaking
investment and by purchasing new advanced en-
ergy equipment. They can also increase the direct
uses of renewable energies (e.g. solar thermal).

In the long term however, towards 2030 and be-
yond, the power sector will have more possibili-
ties to develop carbon free options at costs that
would render electricity (and CHP) more attrac-
tive to final consumers, who then may shift their
consumption in favour of electricity.

Energy saving dominates substitution in favour of
electricity in the short and medium term, so elec-
tricity demand decreases. The power sector also
uses more renewables since it has access to a lar-
ger cost-effective potential than other sectors.
Therefore, emission reduction in absolute terms
takes place more in the ETS sector, rather than in
the non ETS.

6.1.3 How energy efficiency progress is mod-
elled

Engineering-oriented analysis points to the exis-
tence of energy saving potentials that may be
achieved without extra cost to the energy system,
or even at negative costs. However, there is evi-
dence from statistics that consumers do not act as
expected by engineering-oriented analysis.

The PRIMES model takes the view that in reality
“hidden” costs explain why consumers do not ex-
ploit this so-called no-cost energy saving poten-
tial. They have to be motivated by some price sig-
nal or by command-and-control policies. Factors
such as lack of information, risk associated with
the adoption of new technologies (such as possi-
ble lack of maintenance or lower technical relia-
bility), market barriers (associated with the effort
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of equipment sellers to keep selling the old ineffi-
cient equipment), disutility (less comfort) and
lack of appropriate standards bring about true
costs for the consumer and explain the observed
behaviour.

Any energy efficiency investment involves higher
expenditure for investment cost (purchase of
more efficient equipments and appliances or
works for insulating buildings and houses) and
lower expenditure for operation because of fuel
savings. The pay-back period depends on the dis-
count rate. Engineering-oriented analyses adopt
rather low discount rates. However, statistical
studies have shown that the discount rates used
by consumers are much higher, reflecting lack of
sufficient wealth (or cash) or high preference for
holding savings in cash form. These high rates are
often called subjective discount rates as opposed
to business discount rates.

The PRIMES model represents the hidden costs
associated with the choice of new equipments as
perceived costs that differ from engineering costs.
In addition, the model uses subjective discount
rates, which vary between 12 and 20% depending
on the size of the consumer, contrasting for ex-
ample 8 — 9% rates that are used for utilities.

The model takes the view that energy efficiency
investments which are included in the Baseline
scenario are driven by market forces. Consequent-
ly, for scenarios that include emission or similar
constraints which drive energy efficiency invest-
ments further, the model evaluates positive (and
not zero or negative) additional costs.

Another explanation of positive costs of energy
efficiency is the so-called rebound effect. A re-
bound effect, i.e. more consumption of energy
than expected by engineering analysis of energy
savings, occurs when energy efficiency improves.
If energy efficiency improvement saves money for
the consumer, he or she may increase consump-
tion, including energy. The net effect cancels part
of the energy savings. The associated additional
cost is sometimes neglected in engineering ana-
lyses. The PRIMES model formulates a structural
microeconomic decision for each consumer-type
(as a detailed budget allocation problem), thus it
simulates the rebound effect.

Within the context of a scenario involving emis-
sion reduction effort, which drives energy effi-
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ciency improvement, it should be expected that
both public policy and the suppliers of equipment
react by removing part of the factors that entail
hidden costs associated with energy efficiency
investment.

For example, public authorities undertake infor-
mation campaigns and adopt standards, while
suppliers promote new, more advanced, equip-
ment and improve the maintenance services.
Consequently, the perceived costs of energy effi-
ciency actions decrease, compared to baseline,
and the related investments become more attrac-
tive.

The PRIMES model formulates non linear cost-
supply curves with increasing slope, in which the
perceived cost are an increasing function of the
energy efficiency potential by end-use type.
Therefore cumulative energy efficiency actions
(e.g. savings, insulation, adoption of more ad-
vanced equipment vintages, etc.) induce propor-
tionally higher unit costs for the consumer. This
relationship is modelled for each of the categories
included at the bottom level of the decision tree
corresponding to each consumer type.

It is assumed that in the context of an emission
reduction scenario the cost-supply curves shift to
the right making the potential of energy efficiency
gains more attractive economically. This shift is
calibrated so as to be proportional to the magni-
tude of the price signal, which in the case of emis-
sion reduction is represented by the carbon value.
The shift represents proactive policies (public and
private) that facilitate energy efficiency improve-
ment. The price signal (carbon value) is used as a
proxy to measure the intensity of these policy ac-
tions.

The assumed shift of perceived cost curves entail
positive costs incurred by public policy and pri-
vate equipment suppliers. It is further assumed
that they pass through to consumers the addi-
tional costs. Thus consumers bear costs owing to
the shift of cost-supply curves of energy efficiency
driven by the carbon values. These costs are in-
cluded in the calculation of compliance cost. Their
magnitude is computed by the model by calculat-
ing the area below the curve of marginal costs of
energy efficiency gains per type of consumer and
type of energy use. They are added to other direct
and indirect costs which result from the emission
reduction effort.
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6.1.4 How the RES values act

Instead of imposing directly an overall target for
renewables, it is assumed that a certain positive
monetary value is associated with any unit of
energy produced by a renewable energy source.
Such a monetary value does not involve payments
but its presence alters the economic optimality of
calculations of the agents (either demanders or
producers of energy). This monetary value could
be interpreted as a “virtual” subsidy and enters in
the model calculations as a negative unit cost (a
benefit), which is called a “RES value”. Being a
virtual subsidy, the renewables value does not
make energy cheaper but just influences the op-
timal fuel mix as considered by each economic
agent.

In power generation, these values impact on in-
vestment and dispatching decisions as they are
virtually subtracted from costs for investment,
thus leading to higher renewables investment and
dispatching. The "RES value" being only a virtual
subsidy, the accounting costs for electricity and
heat production are calculated on the basis of true
capital costs, O&M costs, fuel costs, etc. and these
calculations are used to determine consumer
prices.

However, because the RES value drives deviation
from baseline optimality, the accounting costs for
electricity and heat production increase. Thus,
electricity and heat/steam prices increase and
influence changes of consumption behaviour.

The RES target adopted by the EU is expressed as
a ratio of renewable energy over gross final energy
consumption. So to meet this target it is possible
to act either by increasing the use of RES, or by
decreasing energy consumption or both. The RES
values drive higher RES consumption through
substitution between energy forms. They also in-
duce higher prices and costs of energy, compared
to baseline, and so they drive energy efficiency
progress, which reduces energy consumption. The
carbon values act in a similar way: they drive
substitutions in favour of RES and they drive
more energy efficiency progress. Thus, both terms
of the ratio expressing the RES target change in
opposite directions.

The PRIMES model assumes cost-supply curves
for virtually all energy forms, including the re-
newable sources (e.g. biomass, waste, hydro,
wind, etc.). A cost-supply curve represents the
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unit cost of an energy form (or the unit cost of
investment in capacity producing the energy
form) as an increasing function of the potential
for this energy form (or the potential sites for de-
veloping capacity for this energy form). So, cumu-
lative volume of consumption of the energy form
(or cumulative volume of capacity investment for
this energy form, respectively) induces higher
unit costs. The cost-supply curves have an in-
creasing slope reflecting exhaustion of a fuel re-
source or exhaustion of a RES potential or in-
creasing difficulty of finding new construction
sites and supply contracts (in case of imported
energy forms).

For the renewable energy sources, the cost-supply
curves represent cost increases associated with
developing new sites (applicable to intermittent
and hydro resources), or fuel supply cost curves
(applicable to biomass and waste exhaustible po-
tential).

The fact that the cost-supply curves are upward
sloping implies that in a scenario involving high
RES-values the marginal cost of RES deployment
will be higher than in a baseline scenario.

However, high RES-values will also drive devel-
opment of infrastructure that will further facili-
tate the exploitation of the RES potential. Exam-
ples of infrastructure include the grids in remote
areas to exploit wind power, the facilities for col-
lection and conditioning of biomass and waste at
a large scale, the network systems enabling PV
applications, etc. High RES-values also reflects
better public acceptance of RES deployment,
which contribute towards lower unit development
costs.

These changes are represented in the model by
shifting the cost-supply curves of RES potential to
the right, rendering the exploitation of the RES
potential less expensive. The shifting is assumed
proportional to the magnitude of the driver, i.e.
the RES-value.

It should be stressed that despite using a price
signal, such as the RES-value, the true drivers are
the public (and private) actions which concern the
development of appropriate infrastructure and
other facilitations. All these actions enable the
deployment of higher RES potential at lower mar-
ginal cost.
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The shifts of RES cost-supply curves are assumed
to act in addition to the effects from learning-by-
doing, which concern the unit overnight cost of
capital equipment of RES. The model includes
learning curves for all technologies. To the time
horizon of 2020, however, the effects from learn-
ing-by-doing are rather small, except for few RES
technologies, such as solar photovoltaic, solar
thermal, tidal and offshore wind power.

High development of power generation from in-
termittent renewables entails additional costs for
the reinforcement of power grids (and for new
grid devices) and for backup power with flexible
thermal units. These costs are calculated in detail
by the PRIMES model and are included in the
compliance costs. The additional costs are reflect-
ed also into consumer prices.

6.2 Decomposition of Emission Reduc-
tion

To get more insight about the restructuring of the

energy demand and supply system needed to

meet the targets, the amount of emission reduc-

tion from the Baseline scenario is decomposed by

type of change.

The decomposition is quantified by processing ex-
post the results of the PRIMES model for a scena-
rio expressed as differences from the Baseline
scenario.

A simple accounting model, which calculates an
energy balance, is first quantified on the basis of
model results. In this simple model, energy con-
sumption by sector is related to activity through
an energy intensity ratio. Total energy consump-
tion is split in consumption by fuel by using share
parameters referring to the fuel mix by sector.
Finally, CO2 emissions are derived from fuel use
by applying standard emission factors. The aver-
age carbon intensity of electricity and heat/steam
distributed to final consumers is associated with
the structure of energy production, and is also
decomposed by using energy efficiency ratios, fuel
mix shares and emission factors.

The parameters, i.e. the ratios, shares and emis-
sion factors, are taken from the results of the
model by scenario for the year 2020.

The decomposition method is illustrated by the
following formula:
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COZ e
(Energy) y (Fossil FueIS) ( co, )
Activity Energy Fossil Fuels
X Activity

The ratios in parentheses correspond to energy
intensity, share of fossil fuels (one minus the
share of carbon free sources) and average emis-
sion factor for fossils, respectively.

The above formula is quantified by energy con-
sumption sector. Emissions in production of elec-
tricity and steam are also decomposed by using a
similar formula. If the combined share of a elec-
tricity and steam increases in final demand, emis-
sions in final demand decrease, all other things
being equal, but emissions in the production of
the secondary form may increase. This is explicit-
ly expressed in the accounting model.

To compare two scenarios the accounting model
equations are transformed into linear expression
involving rates of change. To illustrate this proce-
dure, consider the above simple formula which is
first transformed by applying a logarithm in both
sides. Then it is expressed in terms of differences
between a scenario and the Baseline. The “ALog"
are approximately percentage rates of change, so
the final formula is as follows:

A (Energy) <Fossil Fuels)
ACO; = \Activity Energy

co, (Energy) (Fossil Fuels)

Activity Energy
( CO, ) .
+ _\Fossil Fuels) AActivity
( Co, ) Activity
Fossil Fuels

The symbol A indicates differences of a scenario
from the Baseline and the denominator of the
above ratios refer to the Baseline scenario. The
last formula provides the decomposition informa-
tion.

The four components appearing in the above de-
composition formula are interpreted as follows:

a) A reduction of the ratio of energy over ac-
tivity corresponds to energy savings and
to the use of more energy efficient equip-
ments; this is termed “energy efficiency”
effect.
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b) A reduction of the ratio of fossil fuels over
energy corresponds to higher use of car-
bon free energy resources, such as RES,
nuclear or CCS; this is termed “use of
carbon free energy” effect.

¢) A reduction of the rate CO2 over fossil fu-
els corresponds to substitutions within
the mix of fossil fuels, for example natural
gas substituting for coal; this is terms
“fossil fuel mix” effect.

d) A reduction in activity corresponds to
lower room temperatures, lower trans-
portation activity or to lower production
of energy intensive materials; this is
termed “activity” effect.

To decompose emission changes for final energy
demand sectors the formula finally used also in-
cludes the ratio of secondary energy form use (e.g.
electricity and distributed heat/steam) over ener-
gy consumption. The changes of the value of this
ratio between two scenarios may have positive or
negative impacts on CO2 emissions, depending on
the average emission factor of production of the
secondary energy form relative to the average
emission factor of direct consumption of energy
forms by final consumers.

By including emissions from production of the
secondary energy form, the decomposition of
emission changes for a final energy demand sec-
tor refers to system-wide effects.

This is termed “shift to electricity and steam” ef-
fect and expresses the net impact on emissions
from increasing consumption of electricity and
heat/steam to the detriment of direct uses of
energy forms by final consumers.

Table 21 shows the decomposition of energy-
related emission reduction by scenarios relative to
the Baseline.

The table shows the contribution of five emission
reduction means in percentage terms. The figures
refer to the entire energy system of EU27 as pro-
jected by scenario for 2020. The table also in-
cludes the high oil and high gas baseline scenario
which does not include GHG or RES targets.
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Table 21: Decomposition in % of Reduction of CO2
Emissions from energy in the whole system,

EU27 - 2020

Ener e of ossil Shift to

- ,5" Carbon Electri-
Activity Effici- Fuel R SUM

Free . city/
. ency Mix

Scenarios Energy Steam
RSAT 5.9 40.7 45.7 0.4 7.3 100
NSAT 4.7 36.1 49.4 49 5.0 100

RSAT-CDM 3.8 27.0 58.1 6.6 4.4 | 100
NSAT-CDM 3.9 30.9 58.6 1.5 5.1 100

CES 4.7 37.5 50.4 3.8 3.6 | 100
CES-CDM 4.2 34.9 55.5 1.6 3.9 100
Pure-GHG 5.6 47.7 356 10.6 0.6 | 100
Pure-RES 1.6 8.3 82.1 -24 104 | 100
HOG-BL 11.5 47.6 725 -141 -17.5 | 100
HOG-CES 6.6 45.8 58.3 -6.7 -4.0 | 100

The decomposition shows that the use of carbon
free energy resources is the main option for emis-
sion reduction, followed by energy efficiency im-
provement. In 2020 there exist few possibilities
for deploying carbon free resources other than
RES (nuclear, CCS) at a significant scale. So, the
carbon free effect mainly consists in deploying
RES. The “pure-GHG” scenario, which seeks to
meet the GHG target without having a RES target,
is the only scenario in which energy efficiency
effect dominates over the carbon free effect. All
other scenarios involve the RES target and deploy
more RES than the pure-GHG case. So, the RES
target plays an important role on its own within
the proposed policy package in promoting RES
deployment.

The fossil fuel mix effect is small in all scenarios
except in the pure-GHG one. This means that gas
substituting for coal is not among the main means
of the energy system for emission reduction be-
cause of the coexistence of the RES target. The
negative sign of this effect in the scenarios with
high oil and high gas prices signifies that the re-
sulting substitution of gas by coal plays a negative
role within the effort for reducing emissions. Con-
sequently, in these scenarios shifting final de-
mand towards more electricity and steam has
negative impacts on emission reduction. This shift
has a positive but small contribution to emission
reduction in all other scenarios and takes the
highest value in the pure-RES scenario which ig-
nores the GHG target.

Energy efficiency improvement has considerable
contribution to emission reduction, in all scenar-
ios except in the pure-RES scenario. However, it
is the dominant option only in the pure-GHG sce-
nario. The limited possibility to shift final demand
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towards electricity and steam and so to rely more
on power and steam production for emission re-
duction explains why energy efficiency improve-
ment is so important for emission reduction in
2020. Its importance reduces when emission
credits can be taken from CDM. This leads to
lower carbon values and higher RES values, as it
was explained in a previous section. So part of the
contribution from energy efficiency is replaced by
more contribution from carbon free resources.

Table 22 shows decomposition of emission reduc-
tion in final energy demand consumers. The cal-
culation and the percentages shown refer to the
whole energy system, thus taking into account the
indirect emissions corresponding to secondary
energy forms, such as electricity and distributed
heat/steam. The table shows the part of emission
reduction which is attributable to final consum-
ers.

Table 22: Decomposition in % of Reduction of CO2
Emissions from energy due to final energy
consumers, EU27 — 2020

Final Energy Demand Sectors
Use of SUM (% of
Energy Carbon Fossil total
Effici-  Free Fuel emission
Scenarios | Activity ency Energy Mix | reduction)
RSAT 5.9 36.3 12.2 -0.1 54.3
NSAT 4.7 29.9 10.1 0.6 45.2
RSAT-CDM 3.8 20.5 15.1 0.7 40.1
NSAT-CDM 3.9 25.1 16.1 0.0 45.0
CES 4.7 32.0 11.7 0.6 49.0
CES-CDM 4.2 29.6 15.5 0.1 49.5
Pure-GHG 5.6 42.7 2.2 13 51.7
Pure-RES 1.6 0.7 24.7 -1.3 25.7
HOG-BL 11.5 47.4 31.1 -0.5 89.5
HOG-CES 6.6 45.0 19.2 0.1 70.9

Energy efficiency improvement dominates the
response of final consumers to the targets, repre-
senting two thirds of their contribution. It is small
only in the pure-RES case. Energy efficiency gains
are driven by higher consumer prices of energy.
This is confirmed by the HOG-BL scenario for
which energy efficiency improvement is directly
attributable to high oil and gas prices.

The substitution effect in favour of carbon free
resources is also important. The changes in fossil
fuel mix have a very small contribution to emis-
sion reduction. Activity reduction has a positive
but small contribution: roughly 10% of contribu-
tion by final consumers. It is higher in the HOG-
BL case and is attributable to the high prices of
energy.
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Table 23: Decomposition in % of Reduction of CO2
Emissions from energy due to power genera-
tion, EU27 — 2020

Power Generation

Use of SUM (% of

Shiftto Energy Carbon Fossil total
Electri- Effici-  Free Fuel emission

Scenarios city ency Energy Mix | reduction)
RSAT 7.5 3.8 33.1 0.3 44.8
NSAT 5.1 5.4 39.0 4.4 53.8
RSAT-CDM 4.5 5.5 42.7 5.8 58.4
NSAT-CDM 5.1 5.1 42.1 1.6 54.0
CES 33 5.1 38.2 34 49.9
CES-CDM 3.6 4.9 39.4 1.5 49.4
Pure-GHG 0.4 5.0 33.3 9.2 47.9
Pure-RES 10.4 6.3 56.3 -0.9 72.1
HOG-BL -17.3 0.8 406 -13.1 11.0
HOG-CES -3.7 0.6 38.3 -6.6 28.7

Contrasting the final demand sectors, in power
and steam production the substitution effects
dominate the response of these sectors to the tar-
gets. The use of carbon free resources (mainly
RES by 2020) in power generation, replacing fos-
sil fuels, represents roughly 80% of sector’s con-
tribution to emission reduction (see Table 23).

The shift of final consumption towards more elec-
tricity contributes by roughly 10% in emission
reduction attributable to power generation. It is
higher in the pure-RES case, but it has a negative
impact in scenarios with high oil and gas prices,
obviously because coal is favoured in these sce-
narios.

The scenarios results show that shift to electricity
effect is more important in the long term, towards
2030, just because that horizon is long enough to
allow power generation developing carbon free
resources (in addition to RES) that would render
emission reduction in power generation more
beneficial for the system.

Gas substituting for coal in power generation has
a small contribution, except in the pure-GHG
case. This confirm again the importance of the
coexistence of the RES target which helps avoid-
ing increase of gas imports, hence aggravating
security of energy supply concerns, as a response
to GHG targets.

Energy efficiency effects in power sector are at-
tributed to the use of more efficient plants and
represents roughly 10% of emission reduction by
the sector.
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Table 24: Decomposition in % of Reduction of CO2
Emissions from energy due to production of
distributed heat/steam, EU27 — 2020

Steam / Heat Production

SUM (%

Use of More | of total

Shift Energy Carbon Fossil steam|emission

to  Effici- Free  Fuel from | redu-

Scenarios |Steam ency Energy Mix CHP | ction)
RSAT -0.3 0.0 0.4 0.1 0.6 0.9
NSAT -0.1 0.0 0.4 -0.1 0.7 0.9

RSAT-CDM -0.1 0.0 0.4 0.1 1.0 14
NSAT-CDM 0.0 0.0 0.5 -0.1 0.7 1.0

CES 0.2 0.0 0.5 -0.1 04 1.0
CES-CDM 0.3 0.0 0.6 -0.1 03 1.1
Pure-GHG 0.1 0.0 0.2 0.1 -0.1 0.4
Pure-RES 0.0 0.1 11 0.2 1.2 2.3
HOG-BL -0.2 0.0 0.8 -04 -07 -0.5
HOG-CES -0.3 0.0 0.7 -0.2 0.2 0.4

Table 24 shows a similar decomposition for heat
and steam production. The use of carbon free re-
sources (biomass and waste) represents roughly
half of sector’s contribution to overall emission
reduction the other half being attributed to CHP.
Generally the role of this sector in overall emis-
sion reduction is small.

Table 25 summarises the relative contribution of
the sectors to overall emission reduction. Gener-
ally the power sector has a slightly higher contri-
bution than the final demand sectors.

The high RES values in the RSAT case, which im-
ply high consumer prices, explain why in RSAT
consumers contribute more than power genera-
tion. A similar explanation (high consumer
prices) holds for the high oil and gas prices sce-
narios.

Table 25: Decomposition in % of Reduction of CO2
Emissions from energy between demand and
supply sectors, EU27 — 2020

Final Energy

Demand Power Steam / Heat| SUM
Scenarios Sectors Generation  Production
RSAT 54.3 44.8 0.9 100
NSAT 45.2 53.8 0.9 100
RSAT-CDM 40.1 58.4 1.4 100
NSAT-CDM 45.0 54.0 1.0 100
CES 49.0 49.9 1.0 100
CES-CDM 49.5 49.4 11 100
Pure-GHG 51.7 47.9 0.4 100
Pure-RES 25.7 72.1 2.3 100
HOG-BL 89.5 11.0 -0.5 100
HOG-CES 70.9 28.7 0.4 100
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6.3 Assumptions for dynamic scenarios
with PRIMES up to 2030

The PRIMES model simulates dynamic scenarios
of the energy system and involves anticipations in
the decision making by energy consumers and
producers.

The simulations were made for the time period
2005 to 2030 assuming that the results for 2005
are fixed to statistical data.

To quantify a dynamic policy scenario with the
model it is not enough to fix a GHG or RES target
for 2020 but one also needs to assume targets for
the whole projection period, starting from 2010.
Since such targets are not set for years other than
2020, it was instead assumed for the scenario de-
sign certain carbon values and RES values for the
years other than 2020.

The carbon values for the year 2010 were fixed at
20 €/tCO2 for the ETS and zero for the non-ETS,
as it was also assumed in the Baseline scenario.
The RES values for 2010 were assumed equal to
zero. The carbon values and the RES values for
2015 were estimated as a result of interpolation
between values of 2010 and 2020, assuming that
0.79% of the values of 2020 apply for 2015. For
the years beyond 2020, the carbon and RES val-
ues were obtained through extrapolation, assum-
ing 6.8% increase of values in 2025 from 2020
and 13.5% increase in 2030 from 2020. Both in-
terpolations and extrapolations were made specif-
ically for each scenario (see Table 26).

Table 26: Carbon and RES Value assumed for scenar-

ios, EU27

2010 2015 2020 2025 2030

Carbon NSAT 20 33.8 427 456 485
value NSAT-CDM| 20 23.7 300 32.0 34.1
€/tCO2  CES 20 31.0 39.2 419 445
Res value NSAT 0 351 445 47.5 505
&/MWh NSAT-CDM 0 39.1 495 529 56.2
CES 0 354 448 47.8 508

It is clear that the carbon values and the RES val-
ues drive GHG emission reduction and more RES
development beyond the year 2020. The results
obtained do not constitute official EC targets but
have been quantified only for the purpose of
energy system analysis.

6.4 Reduction of Energy Consumption

As mentioned previously, the imposition of the
GHG and the RES targets implies that all energy
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consumers and producers bear a cost for CO2
emissions and enjoy a virtual subsidy for the use
of RES. These induce substitutions but since they
cannot be perfect, energy input cost rises in all
sectors. This induces reduction of energy inputs
per unit of activity, as a result of energy savings
and the increased use of more efficient energy
technologies.

Focusing on the NSAT scenario, which leads to
42.7 €/tCO2 carbon value in ETS, 37.2 €/tCO2
EU average carbon value in non-ETS and 44.5
€/MWh RES value in all sectors, the model re-
sults confirm that significant reduction of energy
inputs per unit of activity takes place.

Total primary energy requirements of the EU
(termed Gross Inland Consumption by EUROS-
TAT) is found lower in NSAT by roughly 10% rela-
tive to the Baseline throughout the period 2020-
2030. Final energy consumption is also lower in
NSAT, compared to the Baseline, in a range be-
tween 8.5 and 10% during the same period.

The energy intensity of GDP, which is projected to
decrease by 1.7% per year on average between
2005 and 2030 in the Baseline scenario, is de-
creasing by 2.1% per year in the NSAT scenario.

The model results (see Table 27) show that reduc-
tion of energy consumption is larger in the ter-
tiary sector (between 16.5 and 19% from Baseline
during 2020-2030), followed by transportation
(between 9 and 12%) and the residential sector
(7.5 —10.5%).

Energy savings are found much lower for indus-
try, ranging between 3.5% and 5,5% relative to the
Baseline. These differences reflect different ener-
gy saving potentials by sector: energy consump-
tion in industry seems to be more optimized al-
ready in the Baseline scenario than in other sec-
tors.

The substitution effects are rather small in final
energy demand sectors. This is inferred from the
shares of energy forms within each sector’s total
energy consumption, which change little when
comparing NSAT with Baseline. The main change
of shares in NSAT corresponds to the increase of
RES, driven directly by the RES target and indi-
rectly by the GHG target. As a result, the shares of
fossil fuels decrease but the mix of fossil fuels
seems largely unchanged from the Baseline.
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Table 27: Energy Consumption in the NSAT, EU27

% Change of % Diff. of
NSAT Scenario Consumptipn shares from
from Baseline Baseline
2020 2030/ 2020 2030
Gross Inland Consumption -9.94 -10.18
Solids -36.60 -37.33] -5.1 -5.1
(o]] -11.12 -14.80 -0.5 -1.8
Natural gas -15.25 -19.92| -15 -2.8
Nuclear -1.30 0.11 1.1 1.2
Renewables 4450 54.16 6.0 8.5
Final Energy Consumption -8.21 -10.58
Energy Intensive Industry -3.18  -4.22 0.9 1.2
Other Industries -4.36 -5.34 0.4 0.6
Residential -7.41 -10.38 0.2 0.1
Tertiary -16.33 -18.95| -1.3 -14
Transport -8.88 -11.83 -0.2 -0.5
Final Energy Consumption -8.21 -10.58
Solids -7.19 -12.83 0.0 -0.1
(o]] -11.58 -16.41| -15 -25
Gas -11.72 -2257| -09 -3.1
Electricity -1290 -2.99, -1.1 2.0
Steam Distrib. -9.16 -9.64 0.0 0.0
Renewables 40.33  35.06 35 3.7

The limited substitutions among the fossil fuels is
due to the fact that they are mostly used in specif-
ic energy uses, as for example oil in transporta-
tion, gas in residential uses and coal in specific
industrial processes. It would be very costly for
example to use gas in coal-using processes as a
means for reducing CO2 emissions.

An important issue is whether or not substitution
towards more electricity within final demand is
used as a means of reducing overall emissions at
lower total cost. Such a substitution would be a
result of energy market equilibrium if the margin-
al abatement cost in electricity remains lower
than that in final demand sectors after shifting
part of final energy demand towards electricity.

The results suggest a negative answer for 2020
but a positive answer for 2030. The share of elec-
tricity in total energy consumption in 2020 de-
creases by 1 percentage point relative to Baseline
but it increases by 2 percentage points in 2030.
This result reflects the fact that 2020 is rather
short for the power sector to develop low cost car-
bon-free generation (in addition to the RES) at a
sufficiently large scale, whereas 2030 is not.

By 2030, nuclear may develop and CCS is ex-
pected to become mature. In fact, since the NSAT
scenario keeps unchanged the rather pessimistic
assumptions about nuclear development even for
2030 (such as the phase out in some Member-
States and the non extension of lifetimes of exist-

» Page 34

ing plants), it is the development of CCS which
explains the attractiveness of electricity close to
2030. The share of nuclear energy in Gross Inland
Consumption in NSAT is 1.1 percentage points
higher than in the Baseline in 2020 (1.2 percen-
tage points in 2030).

Figure 13: Gross Electricity Demand (TWh) in the
NSAT relative to the Baseline - EU27
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NSAT 89510 0.51 1.92
Baseline 98003 1.47 0.78

The role of electricity in emission reduction, as
discussed above, can be further illustrated by con-
sidering the graphic and the table above. NSAT
projects a slower pace of electricity demand
growth than the Baseline in the medium term, but
a faster pace in the long term. However, cumula-
tive electricity production between 2005 and
2030 is lower in NSAT by 8.7% relative to the
Baseline.

Figure 14: Cumulative changes in fossil fuel use in the
NSAT scenario - EU27
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The NSAT scenario involves considerable reduc-
tion of fossil fuel consumption. Compared to the
Baseline, the NSAT reduces cumulative consump-
tion of fossil fuels between 2005 and 2030 by
13.5%. It also increases the use of carbon-free
energy: 15.1% up from Baseline in cumulative
terms over the same time period. Energy efficien-
cy improvement in cumulative terms, measured
at the level of Gross Inland Consumption, ex-
plains 70% of the drop of cumulative consump-
tion of fossil fuels, the rest (30%) being attributed
to the carbon free resources.

The figures below further illustrate the impor-
tance of energy efficiency within the NSAT sce-
nario, which involves meeting the GHG target
domestically in the EU.

As expected, getting part of the emission credits
from abroad, like in the NSAT-CDM scenario,
implies lower energy consumption reduction in
the EU. Regarding energy efficiency, the model
results for the NSAT-CDM scenario show similar
trends as for the NSAT scenario but numerically
the magnitude of changes is generally smaller.

Figure 15: Indicators for scenario NSAT relative to the
Baseline, EU27
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The overall energy intensity of GDP needs, in the
NSAT-CDM, to improve by 2% per year on aver-
age, instead of 2.1% per year.

Compared to the Baseline, total energy consump-
tion in the NSAT-CDM is reduced by roughly 7%
(2020-2030), instead of roughly 10% in the
NSAT. In terms of final energy consumption, en-
ergy savings in the NSAT-CDM in 2020 are 5% on
average, instead of 8.2% in the NSAT.
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The cumulative savings of fossil fuels (2005-
2030) from the Baseline are in the NSAT-CDM
10.9%, instead of 13.5% in the NSAT. Energy effi-
ciency improvement explains 60% of these sav-
ings in the NSAT-CDM (70% in the NSAT).

Figure 16: Gross Inland Consumption in NSAT scenario
relative to the Baseline - Mtoe - EU27
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Table 28: Energy Consumption in the NSAT-CDM,

EU27
% Change of % Diff. of
NSAT-CDM Scenario Consumptipn shares from
from Baseline Baseline

2020 2030/ 2020 2030

Gross Inland Consumption -6.42  -7.31
Solids -24.81 -27.14| -3.4 -3.6
(o]] -8.43 -12.11| -0.8 -1.8
Natural gas -14.84 -20.11 -2.3 -3.6
Nuclear -2.01 -2.83 05 0.5
Renewables 49.36  58.93 6.0 8.5

Final Energy Consumption -5.07  -7.50
Energy Intensive Industry -1.48  -2.49 0.6 0.9
Other Industries -3.16  -4.36 0.2 0.4
Residential -3.94 -7.21 0.3 0.1
Tertiary -11.54 -14.60| -1.0 -1.2
Transport -5.40 -8.04 -0.1 -0.2

Final Energy Consumption -5.07  -7.50
Solids -1.71 -4.66 0.1 0.1
Qil -8.48 -13.07 1.4 24
Gas -10.79 -20.92| -14 -34
Electricity -8.75 0.80f -0.9 2.1
Steam Distrib. -6.20 -7.54 0.0 0.0
Renewables 46.76  36.94 3.6 3.5

As already mentioned, the contribution of RES is
higher in the NSAT-CDM than in the NSAT, in
relative terms.

The NSAT-CDM shows very small substitutions in
the fossil fuel mix, as it was also the case in the
NSAT. As regards the relative energy saving ef-
forts by final demand sector, the results for the
NSAT-CDM confirm that the tertiary sector seems
to have the largest potential, followed by the resi-
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dential sector and transportation. However, un-
der the conditions of the NSAT-CDM, i.e. an aver-
age carbon value for non-ETS of 22.2 €/tCO2, the
results show significantly less savings in 2020
than in 2030.

Figure 17: Cumulative changes in fossil fuel use in the
NSAT-CDM scenario - EU27
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Figure 18: Gross Electricity Demand (TWh) in the
NSAT-CDM relative to the Baseline - EU27
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Electricity demand in the NSAT-CDM s less af-
fected than in the NSAT in the medium term and
is more favoured in the long term. Cumulative
gross electricity generation in the NSAT-CDM
(2005-2030) decreases by 5.7% from the Base-
line, instead for 8.7% in the NSAT. By 2030, elec-
tricity demand in NSAT-CDM becomes higher
than in the Baseline, in absolute terms, highlight-
ing the long term role of electricity in the reduc-
tion of emissions.
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6.5 Development of RES

As expected, the RES target drives considerable
development of renewable energy applications in
all sectors. The coexistence of the GHG target also
drives energy savings and, since the RES target is
expressed as a ratio of RES over energy demand,
total RES developed is lower in absolute terms
than when considering the RES target alone. Nev-
ertheless, in all cases that meet both targets,
energy from RES increases considerably from the
Baseline scenario.

The NSAT scenario assumes that the RES target is
met in a cost-effective way, which means that the
RES potentials of the Member-States are ex-
ploited according to a uniform RES value, which
is determined in the NSAT scenario endogenous-
ly. The RES value in this scenario was found equal
to 44.5 €/MWh. The RES supportive instruments,
such as feed-in tariffs, investment subsidies,
green certificates, etc., are assumed to remain
unchanged from the Baseline scenario. These in-
struments are represented specifically for each
Member-State and their cost is recovered through
the consumer price of energy. The model converts
these instruments into an equivalent investment
incentive for RES; judging from their numerical
values, as calibrated and extrapolated to the fu-
ture under the assumptions of the Baseline scena-
rio, the incentives are rather small in magnitude.
The RES value of 44.5 €/MWh acting on top of
existing incentives is in absolute terms a signifi-
cant push to the RES development.

In fact, the NSAT scenario results show that the
combined targets induce between 45% and 55%
higher RES use in primary energy terms during
2020-2030, than in the Baseline scenario. In par-
ticular the RES target is instrumental for this in-
crease, while the GHG target plays a supportive
role.

In the NSAT scenario, the share of RES in total
primary energy requirements in the EU in 2020
amounts to 16% (up from 10% in the Baseline)
and further grows to 20% in 2030 (11.8% in the
Baseline).

The share of RES in terms of gross final energy
consumption, i.e. the indicator in which the RES
target is expressed reaches 20% in 2020 and
grows to 25% in 2030, more than 10 percentage
points up from the Baseline. Details by sector are
shown in Table 29.
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Referring to Table 29, in the NSAT scenario,
51.5% of the RES in 2020 is used in energy pro-
duction, the rest being consumed in direct uses at
the final consumer level. In 2030, the share of
energy production increases to 58%. The incre-
mental development of RES in the NSAT, com-
pared to the Baseline, in 2020 is 56% for energy
production increasing to 69% in 2030.

RES in power generation is by far the largest part
of RES applications, followed by direct uses of
biomass and waste energy by final energy con-
sumers. The direct uses of biomass increase less
than other types in the NSAT if compared with
the Baseline. However, the use of biomass in
power generation and in the production of
steam/heat increases substantially more than its
direct uses in the NSAT scenario. Solar energy
and geothermal energy used directly by final con-
sumers exhibit high growth in the NSAT but re-
main small in shares.

Table 29: RES measured at Gross Final Energy Con-
sumption, NSAT - EU27

% Change
NSAT (Mtoe) from Baseline
RES in Gross Final Energy 2020 2030 2020 2030
Consumption 257.3 331.2| 46.2 55.3
Electricity Generation 93.2 132.3] 37.3 61.0
Heat/Steam Production 39.3 59.9| 104.1 112.2
Biomass direct use 72.1 774 26.4 26.4
Solar energy direct use 19.0 22.9| 263.8 234.5
Geothermal heat direct use 1.7 1.6] 131.3 133.3
Biofuels in Transport 32.0 37.2] 235 8.9
RES in Primary Energy 284.2 365.8| 44.5 54.2

Table 30: Shares of RES in final energy demand (direct
uses only), NSAT - EU27

% Diff. from
Baseline

Shares in the

NSAT (%
Direct RES in Final Energy (%)

Demand (as in the Energy 2020 2030f 2020 2030

Balances) 10.1 11.1 3.5 3.7
Industry 8.0 10.1 3.2 45
Residential 16.5 16.1 5.0 4.7
Tertiary 7.6 8.6 4.4 5.0
Transport 8.0 9.1 2.1 1.7

The contribution of biofuels, which constitute the
only RES possibility for transportation, is equal to
the biofuels target in 2020 and is projected to in-
crease slowly towards 2030. Their contribution to
total RES use is roughly 12%.

The direct uses of RES by final consumption sec-
tors are shown in Table 30. In the NSAT scena-
rios, the shares range between 8 and 16%, 2 to 5
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percentage points up from the Baseline. The high-
est shares are projected for the residential sector.

The largest deployment of RES is projected to
take place in the power generation sector, accord-
ing to the NST scenario. To put this in a perspec-
tive, the NSAT scenario projects that approxi-
mately one third of kWh produced in the EU will
be generated by using renewable energy sources.
This percentage grows to 38.4% by 2030, 15.6
percentage points up from the Baseline scenario.
The RES power generation industry is thus be-
coming almost twice larger than the nuclear in-
dustry (21% in 2030 in the NSAT).

The largest contribution in incremental terms
relative to the Baseline is provided by bio-
mass/waste and by wind power. These two energy
forms would produce roughly three quarter of
electricity generated by RES in 2030 in the NSAT
scenario. In 2000, the largest power producing
RES was by far the hydroelectric energy source,
which because of lack of additional potential
grows at a slow pace. Solar photovoltaic and other
RES for power generation are projected to grow at
a fast pace and more than triple from the Base-
line, but their share in power generation remain
low in the NSAT scenario.

Table 31: RES in energy production, NSAT - EU27

% Change

NSAT (TWh) from Baseline

Electricity Generation (net) 2020 2030 2020 2030

from RES 1146.7 1643.4| 39.2 63.5
Hydro 346.3 352.2 2.9 0.4
Wind 372.3 5955 37.3 74.0
Solar, tidal etc. 26.5 71.8| 125.2 239.0
Biomass & waste 3929 614.9| 100.0 118.2
Geothermal heat 8.9 8.9 8.5 0.0
Shares in the % Diff. from

NSAT (%) Baseline
2020 2030/ 2020 2030
RES % in Power Generation 32.4 38.4| 12.2 15.6
RES % in Steam Boilers 22.7 26.4 8.6 12.0

The share of biomass in total inputs to steam and
heat boilers is also projected to increase substan-
tially in the NSAT scenario. By 2020, the share of
biomass/waste reaches 22.7%, 8.6 percentage
points up from the Baseline. Total biomass/waste
resources in primary energy terms are projected
in the NSAT to be roughly 30% higher than in the
Baseline during the period 2020-2030. The bio-
mass/waste resources used for energy purposes in
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the NSAT scenario in 2030 are projected to be 2.5
times higher than they were in 2005.

Wind power, including onshore and offshore
wind, is also projected to rise considerably, in-
creasing by 8.5 times between 2005 and 2030 in
the NSAT scenario, 74% up from the Baseline in
2030. Offshore wind is projected to represent
roughly 30% of total wind generation by 2030, up
from less than 20% in 2020.

The NSAT-CDM scenario involves slightly more
RES development than the NSAT scenario. This is
so, because the lower carbon values in the NSAT-
CDM case induce less energy savings than in the
NSAT case and so to meet the RES target the RES
value has to increase (49 .5 €/MWh in the NSAT-
CDM) inducing higher development of RES. The
difference from the NSAT is nevertheless small in
magnitude.

Table 32: RES measured at Gross Final Energy Con-
sumption, NSAT-CDM - EU27

NSAT-CDM % Change
(Mtoe) from Baseline

RES in Gross Final Energy 2020 2030 2020 2030

Consumption 266.1 339.9] 51.1 594
Electricity Generation 94.3 136.2| 39.1 65.7
Heat/Steam Production 41.1 62.8| 113.5 122.6
Biomass direct use 76.2 77.1] 33,5 26.0
Solar energy direct use 19.5 23.5| 272.2 242.4
Geothermal heat direct use 1.7 1.6/ 130.6 136.5
Biofuels in Transport 33.3 38.8] 28.3 13.7

RES in Primary Energy 293.8 377.1| 49.4 58.9

Table 33: RES in the power sector, NSAT-CDM - EU27

NSAT-CDM % Change

(TwWh) from Baseline

Electricity Generation (net) 2020  2030| 2020 2030
from RES 1162.2 1688.7| 41.1 68.0

Hydro 347.4 352.4 3.3 04
Wind 375.5 601.5) 385 75.7
Solar, tidal etc. 24.3 70.0| 106.2 230.3
Biomass & waste 406.1 656.0| 106.8 132.7
Geothermal heat 8.9 8.9 9.3 0.0

Figure 19 compares power generation from RES
to power from other sources in the NSAT and the
NSAT-CDM cases.

As also shown in Table 31 and in Table 33, rough-
ly one third of electricity is produced from rene-
wables in the NSAT and in the NSAT-CDM scena-
rios (similar results are obtained for all scenarios
that meet the two targets).
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Since large hydro has little potential to develop on
top of the Baseline projection, a significant part of
power will be generated by intermittent and de-
centralized power units.

This implies that flexible thermal units ensuring
reserve power and ancillary services will have to
be used much more than in the Baseline. Also, the
power grids will have to be reinforced and ex-
tended to absorb the increasing power from RES
under reliable conditions.

The corresponding investments are simulated by
the power sector sub-model of PRIMES and are
taken into account on cost calculations.

Figure 19: Electricity from RES compared to electricity
from other sources - EU27
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6.6 Power Sector Restructuring

The power generation sector undergoes signifi-
cant changes relative to the Baseline as a result of
the carbon price and the RES values. It is also
affected by the reduction of electricity demand,
especially in 2020, as part of energy efficiency
gains by final consumers.

The carbon prices change to some degree the me-
rit order of unit commitment!®: highly efficient
gas plants displace the less efficient solid fuel
plants in the merit order. The carbon prices also
modify the investment schedules, favouring more
efficient plants, including advanced coal plants in

16 The electricity sub-model of PRIMES includes a very
detailed representation of power plant technologies,
keeps track of power plant vintages and simulates least
cost unit commitment and perfect foresight power ex-
pansion subject to fuel supply cost curves and a DC-
linear operation of the EU interconnecting grid.
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the long term. However, the cost-effective substi-
tutions among the fossil fuel plants are rather li-
mited when imposing also RES targets because
these targets induce high penetration of RES gen-
eration to the detriment of other means for CO2
reduction. The main effect comes from the addi-
tional RES power units which reduce both coal
and gas power generation and investment. Never-
theless gas-fired power is less reduced than coal-
fired, because of the carbon prices but also be-
cause part of the RES power requires extensive
support by flexible reserve power, which is sup-
plied mainly by gas units.

Nuclear energy increases only marginally com-
pared to the Baseline scenario, because all scena-
rios assume that Baseline nuclear policies remain
unchanged despite the presence of the GHG emis-
sion targets. For example, the nuclear phase out
policies in some Member-States, the non consid-
eration of the nuclear option in other Member-
States and the non extension of the lifetime of old
nuclear plants are assumed to hold true in all sce-
narios. In any case the modest expansion of nuc-
lear energy, in the EU as a whole, takes place
beyond 2020 because of long lead times of nuc-
lear development.

Figure 20 shows the structure of gross power gen-
eration by fuel in three scenarios. The shape of
total power generation in the NSAT and the
NSAT-CDM cases changes from the Baseline:
power generation is lower in the medium-term,
but recovers in the long term driven by final de-
mand. The RES produces almost one third of elec-
tricity in the NSAT and the NSAT-CDM cases in
2020 and this percentage goes up to 38% by
2030. The share of gas-fired generation decreases
slightly from the Baseline, contrasting a more sig-
nificant drop of the share of coal-fired!” genera-
tion. The re-emergence of coal generation in the
long term as projected in the Baseline does not
take place under the assumptions of the NSAT or
the NSAT-CDM scenarios. Oil-fired generation
vanishes in the NSAT and the NSAT-CDM cases
and nuclear is rather stable, increasing slightly
above its level in the Baseline by 2030.

Conventional coal plants are used in the NSAT
scenario 20-25% less than in the Baseline scena-
rio. Coal plants with advanced technology, being

17 Coal-fired generation includes power production
from coal, lignite, peat, blast furnace gas and coke-oven
gas.
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more efficient, remain in base-load generation in
the NSAT scenario despite the higher carbon pric-
es. The average yearly operating hours of com-
bined cycle plants do not change from the Base-
line. However, the rate of use of open cycle gas
and oil plants drops considerably in the NSAT
scenario compared to the Baseline.

Figure 20: Gross Power Generation by fuel type - EU27
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Generally, the thermal power plants (except bio-
mass plants) produce less electricity per unit of
installed capacity in the NSAT and the NSAT-
CDM scenarios, compared to the Baseline. Power
generation from fossil fuels accounts for roughly
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43% of total generation in 2020 in the NSAT sce-
nario, which is significantly lower from their
share (59%) in the Baseline scenario. A similar
change is projected for 2030 (41% instead of
57.4%).

Total installed power capacity increases in the
NSAT and the NSAT-CDM scenarios relative to
the Baseline (see Figure 21). The increase is more
significant towards 2030, but it is also true, albeit
small in magnitude, for 2020 despite the signifi-
cant decrease in power demand compared to the
Baseline. The increase is related to the high de-
velopment of RES power units which generally
have a smaller capacity factor than the thermal
power units. A small part of the increase is due to
the replacement of old inefficient thermal plants
with investment in more efficient units.

Figure 21: Net Power Capacity, NSAT scenario - EU27
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Total installed capacity of solid-fired power
plants, which remains rather stable over time in
the Baseline scenario, reduces considerable in the
NSAT scenario: 19% lower than the Baseline in
2020 and 32% lower in 2030.

Gas-fired capacity, which is increasing over time
in the Baseline scenario, reduces by 18% in 2020
in the NSAT scenario, compared to Baseline, but
the reduction is much smaller in 2030 (7%), con-
trasting the high reduction of solid-fired capaci-
ties by the same year.

Nuclear capacity in 2030 in the NSAT scenario is
6 GW up from the Baseline.

Figure 22 shows the average load factor of aggre-
gated plant types in the NSAT versus the Baseline
scenario. It shows clearly that the changes in the
merit order induced in the NSAT scenario, rela-
tive to the Baseline, affects mainly the conven-
tional coal and the open cycle oil and gas plants
which are underutilised in the NSAT scenario.

The gas combined cycle plants are used in the
NSAT almost as much as they are used in the
Baseline scenario, whereas only the advanced coal
plants (primarily advanced supercritical coal
plants and secondarily IGCC plants), among the
solid-fired plants, maintain their position in base
load generation. Biomass plants, which are often
cogeneration plants, are used in the NSAT slightly
more than in the Baseline. The changes in the
merit order of unit commitment are illustrated in
Figure 22.

Figure 22: Avg. Load Factor of Thermal Plants, EU27
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Table 34: Power Generation Investment, EU27

2006 - 2030 in GW (net) NSAT  Baseline Difference
Total Investment 794 666 127
Nuclear 61 56 6
RES 442 214 228
Solids 106 171 -64
Oil 7 23 -16
Gas 177 203 -26
2015-2030, GW (net) NSAT  Baseline Difference
Open cycle oil & gas 25 21 4
GTCC 99 123 -24
Conventional Solids 2 9 -7
Advanced Solids 64 115 -51
Biomass 113 34 79
Other RES 270 136 134
Power Capacity 2010-2020 2020-2030
Expansion GW
(net) NSAT| Baseline NSAT| Baseline
Solids 39.6 72.7 49.6 75.8
Oil 3.3 4.1 1.6 13.4
Gas 35.9 73.8 91.5 69.3
Nuclear 6.7 6.7 54.0 48.4
RES 160.7 80.5 222.8 90.6
Total 246.1 237.8 419.5 297.6

Concerning capacity expansion investment (see
Table 34), the dominant effect is the development
of RES: in the NSAT scenario half of all new MW
to be constructed between 2006 and 2030 are
RES power units (it is less than one third in the
Baseline scenario). Investment in thermal power
plants that use fossil fuels is lower in the NSAT
scenario, compared to the Baseline. Concerning
gas-fired plants the decrease in investment is
lower than for plants using other fossil fuels. Be-
tween 2015 and 2030 investment in open cycle oil
and gas units in the NSAT scenario is higher than
the Baseline, as these units serve as back-up
power to the intermittent RES units. Investment
in solid-fired power plants decreases considerably
in the NSAT scenario, compared to the Baseline.

However, the investment in advanced coal tech-
nologies in the period after 2020 (and close to
2030) in the NSAT scenario focuses on different
technologies than in the Baseline!8, as Carbon
Capture and Storage power plants using coal and
lignite develop. Their capacity reaches 27.4 GW
(net) by 2030 in the NSAT scenario. CCS repre-
sents roughly 20% of total coal power capacity
that is in operation in 2030 in the NSAT scenario.
Almost all new coal plants commissioned between
2020 and 2030 are projected to be equipped with
CCS in the NSAT scenario. However a small part
of the CCS capacity is commissioned around 2020

18 There is no CCS in the Baseline scenario.
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(1.7 GW), the bulk being commissioned close to
2030.

In the NSAT-CDM scenario, in which the ETS
carbon price is 30 €/tCO2, investment in CCS is
much smaller than in the NSAT scenario (carbon
price 42.7 €/tCO2 in 2020): only 8 GW of coal
plants with CCS are constructed and are not
commissioned before 2030.

The NSAT-CDM scenario differs from the NSAT
scenario also regarding the development of nuc-
lear capacity. In the NSAT-CDM the additional
nuclear capacity relative to the Baseline is 2.5
GW, instead of 6 GW in the NSAT scenario.

In the NSAT-CDM scenario investment in RES
units is higher than in the NSAT (10 more GW in
total), because the RES value is higher.

The development of power from RES in the sce-
narios that meet both the GHG and the RES tar-
gets is dominated primarily by wind power and
secondarily by biomass-fired power technologies.

Table 35: Power capacity and investment in RES for
power generation, EU27

Diff. from
Baseline
2005 2015 2020 2030/ 2020 2030

NSAT: Net Power Capacity (GW)

Total RES 168.1 284.7 377.5 557.9| 95.4 226.7
Hydro 109.3 113.1 114.4 1156/ 0.1 0.1
Wind 40.8 117.4 161.4 259.0| 41.0 113.0
- onshore 40.3 103.3 132.1 188.0/ 20.4 59.1
- offshore 0.5 141 29.3 70.9/ 20.7 53.9
Solar 1.8 6.3 149 447, 59 293
Geothermal, etc. 1.0 2.5 5.1 7.3 2.9 3.6
Biomass 15.2 454 81.6 131.4| 454 80.7
Diff. from

NSAT: Net Power Investment (GW) .
Baseline

00-05(*) 11-20 21-30{06-3011-20 21-30

Total RES 36.2 160.7 222.8|441.7| 80.1 132.2
Hydro 20 27 13| 6.0/ 00 0.0
Wind 28.0 84.2 134.2|261.9| 28.8 72.0
- onshore 275 62.4 92.1|1190.9| 11.9 38.8
- offshore 0.5 219 421| 70.9| 16.9 33.2
Solar 1.6 11.1 29.8/ 429| 59 234
Geothermal, etc. 0.2 3.8 2.3 6.4 2.9 0.7
Biomass 4.4 58.8 55.2|124.4| 425 36.2
NSAT-CDM: Net Power Investment (GW) Diff. fr.om
Baseline

11-20 21-30]06-3011-20 21-30

Total RES 163.0 228.5| 450.3| 82.4 138.0
Hydro 27 13| 6.1 00 0.0
Wwind 84.3 136.3| 264.7| 28.8 74.0
- onshore 61.9 94.0{193.2| 11.5 40.6
- offshore 22.3 42.3| 71.6| 17.4 33.4
Solar 9.7 30.1| 418/ 45 236
Geothermal, etc. 38 23| 6.5 29 07
Biomass 62.4 58.6|131.3| 46.2 39.6

(*) Investment up to 2005 corresponds to observed data
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The installed power capacity of wind is projected
to account for 46% of total capacity of power from
RES in the NSAT scenario in 2030, more than 20
percentage points up from 2005. Electricity pro-
duced by biomass is projected to reach 24% of
total power from RES in the NSAT scenario in
2030, up from 9% in 2005. The projections as-
sume that for various reasons there is little possi-
bility for developing hydroelectric power above its
level in the Baseline scenario. Solar energy for
power generation has a considerable potential but
entails high costs. Facilitated by an important
learning by doing potential, solar power develops
in the NSAT scenario and reaches a total installed
capacity of 45 GW in 2030, up from a mere 1.8
GW in 2005. Despite its impressive development,
solar power represents a rather small share in the
electricity balance by 2030. Electricity from geo-
thermal, tidal and wave energy resources also de-
velop in the NSAT scenario, albeit at a slower
pace. Offshore wind develops with some delay,
compared to onshore wind, but attains an in-
stalled capacity of 71 GW in the NSAT scenario in
2030, starting from only pilot applications in
2005. Offshore wind represents 27% of total in-
stalled wind power in the NSAT scenario by 2030.

In terms of total investment in RES MW for pow-
er generation, wind power accounts for roughly
57% and biomass 30%, the rest being mainly solar
power. Total investment in RES electricity be-
tween 2006 and 2030 is projected for the NSAT
scenario to amount to 383.5 GW, 132.2 GW up
from the projection for the Baseline scenario. The
largest part of additional investment in RES for
power generation in the NSAT-CDM scenario,
compared to the NSAT scenario, concerns bio-
mass technologies (7 out of 10 GW additional in-
vestments in RES plants between 2006 and
2030).

The part of electricity generated from cogenera-
tion (CHP) plants increases in the NSAT scenario,
compared to the Baseline scenario, since a coge-
neration plant has total thermal conversion effi-
ciency higher than conversion that produces elec-
tricity and steam from separate plants.

Natural gas CHP plants are usually considered as
more attractive than other technologies because
of their lower capital cost and also because their
implementation is easier in industrial areas,
where the steam can be effectively consumed.
However, imposing the RES target, together with

» Page 42

the GHG target, implies that biomass-fired CHP
plants are more interesting to develop than the
gas-fired CHP.

But the biomass-fired CHP plants are more ex-
pensive to build and access to biomass resources
competes with other energy-related applications
of biomass, which limits potential penetration of
cogeneration applications in the market. As ex-
pected, cogeneration applications that correspond
to coal- or oil-fired plants decrease as a result of
the carbon values.

Another factor limiting cogeneration development
is electricity demand which decreases in the
NSAT scenario by 2020, compared to the Baseline
scenario. Electricity demand is among the main
drivers of cogeneration development, as steam
output is a by-product which alone would not eas-
ily justify investment in cogeneration.

By 2030, both the NSAT and the NSAT-CDM sce-
narios project a level of electricity demand which
is similar to that in the Baseline scenario. So co-
generation develops less than expected in the
NSAT (or the NSAT-CDM) scenario in 2020 but
significantly more than in the Baseline in 2030.

Table 36: Cogeneration development - EU27

Diff. from
Baseline
2005 2020 2030{ 2020 2030

NSAT scenario

Electricity from CHP
(TWh - el.)

- as % of total
electricity

390 735 903 -30 44

126 21.7 222 20 17

heat from CHP
Steam/heat from C 837 1055 1235 5 97

(TWh - th.)
- as % of total
as 7 o1 ot 49.4 564 641 32 95
steam/heat

Shares in CHP electricity
Solids 46.4 244 140, -59 -9.8
Qil 9.0 3.1 1.4| -43.0 -44.8
Gas 41.6 27.1 25.2| 21.6 20.2
Biomass 10.8 45.4 59.4| 27.3 34.4

As shown in Table 36, by 2020, cogeneration pro-
duces less energy in absolute terms in the NSAT
scenario, compared to the Baseline, but has a
higher share in both the electricity and
steam/heat markets. By 2030, cogeneration pro-
duces more energy in the NSAT than in the Base-
line.

The share of CHP electricity from solid-fired and
oil-fired plants decreases considerably in the
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NSAT compared to the Baseline scenario. This
contrasts high development of CHP from bio-
mass-fired plants and secondarily of CHP from
gas-fired plants in the NSAT scenario.

The restructuring of power generation induced by
the carbon and RES values have important impli-
cations on fuel consumption in power generation.

Table 37: Fuel Consumption in Power Generation -

EU27
% change
from
NSAT scenario Baseline

2005 2020 2030| 2020 2030
Inputs to Thermal Power (Mtoe)

Total 464 386 450\ -24.7 -14.2
Coal 155 90 91| -51.7 -51.6
Lignite 78 52 55| -32.2 -25.1
Qil 42 7 6| -62.8 -58.4
Gas and der. Gasses 154 146 156| -21.1 -14.3
Biomass and Waste 36 91 142| 91.8 114

Table 38: Carbon intensity of power generation
(tCO2/MWHh net) - EU27
2005 2020 2025 2030

Baseline 0.465 0.398 0.389 0.365
NSAT 0.278 0.249 0.204
NSAT-CDM 0.307 0.283 0.246
RSAT 0.282 0.252 0.182
RSAT-CDM 0.319 0.297 0.262
CES 0.288 0.253 0.220
CES-CDM 0.305 0.282 0.245
pure-GHG 0.292 0.258 0.195
pure-RES 0.326 0.301 0.269
HOG-BL 0.378 0.351 0.322
HOG-CES 0.323 0.280 0.241

The policies included in the NSAT scenario induce
halving of coal consumption for power genera-
tion, compared to the Baseline, over the period
2020-2030. Consumption of lignite reduces in the
NSAT scenario between 25 and 32% from the
Baseline. Oil consumption for power generation is
limited to specific applications in the NSAT sce-
nario (islands, remote areas).

An important finding is that consumption of gas
for power generation also decreases in the NSAT,
compared to the Baseline (21% in 2020 and 14%
in 2030), despite the advantage of gas vis-a-vis
coal in terms of CO2 emissions. This result is at-
tributed to the presence of the RES target. In fact,
in the pure-GHG scenario, which meets the GHG
target but is not subject to a RES target, gas con-
sumption for power generation is much higher
than in the NSAT scenario and in volume terms it
is similar to the Baseline scenario in 2020 and 6%
higher than the Baseline scenario in 2030. Thus,
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the coexistence of the GHG with the RES targets
does not imply increasing dependence of power
generation on gas. In this case (for example in the
NSAT scenario), biomass and waste consumption
for power generation is twice as high as in the
Baseline during the period 2020-2030.

Figure 23: Indicators for Power Generation, EU27
Carbon intensity (tCO2/MWh)
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From the perspective of energy efficiency and
climate change mitigation, all indicators (see Fig-
ure 23) improve in the NSAT scenario compared
to the Baseline: electricity from RES increases
substantially as already mentioned; the average
conversion efficiency of power and steam/heat
production improves by roughly 2.5 percentage
points in the NSAT scenario between 2020 and
2030, compared to the Baseline; electricity from
CHP is also increasing, as mentioned earlier.
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As a result of the above changes, the average car-
bon intensity of power generation (tCO2/MWh
net) drops impressively in the NSAT scenario,
compared to the Baseline. By 2030, the average
carbon intensity of power generation in the EU
decreases by 44% in the NSAT scenario compared
to the Baseline in 2030 (it decreases by 56% in
the NSAT relative to 2005).

The scenarios involving emission credits from
CDM entail less emission reduction domestically
and thereby the carbon intensity of power genera-
tion is higher than in scenarios without CDM. The
difference in terms of carbon intensity, when
comparing the NSAT with the NSAT-CDM,
reaches 20% in 2030.

The carbon intensity of power and steam/heat
production (aggregating over power plants, CHP,
district heating and industrial boilers) also re-
duces considerably from the Baseline. The reduc-
tion reaches 43% in the NSAT scenario in 2030
from the Baseline (53% down from 2005 in the
NSAT scenario).

6.7 Costs and Prices of Energy

As already mentioned, meeting the two targets
implies additional cost for energy and energy-
related expenses, compared to the Baseline scena-
rio.

The power sector, belonging to the ETS, faces
higher carbon prices than in the Baseline. The
sector is also influenced by the RES values. As
shown in the previous section, the sector per-
forms restructuring consisting in investing in low
carbon intensity power generation and in chang-
ing the fuel mix. As a result, power generation
costs increase, compared to the Baseline. In addi-
tion, electricity prices also increase compared to
the Baseline, since they are assumed to incorpo-
rate the increase in the ETS carbon prices.

Steam and heat production costs also increase
compared to the Baseline, as a result of restruc-
turing towards lower emissions and higher use of
RES. The prices of distributed heat and steam
increase consequently. The refinery costs also in-
crease, as a result of the ETS and other costs asso-
ciated with carbon emission reduction. Biofuels
get a higher share in transport fuels, compared to
the Baseline, and average prices of gasoline, diesel
and other oil fuel blends increase, compared to
the Baseline, because of the increased production
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costs. Unit supply costs, hence the prices, of bio-
mass products and waste energy forms increase,
driven by higher demand for these products given
that their cost-supply curves are assumed to exhi-
bit increasing slopes. Finally, prices and costs as-
sociated with primary production of coal and lig-
nite and with imports of coal, gas and oil are as-
sumed to remain unchanged from the Baseline
scenario. All these changes in the costs and prices
of energy fuel supply imply higher consumer pric-
es of energy in the scenarios that meet the two
targets, compared to the Baseline.

The final consumers (industry, tertiary, residen-
tial, etc.) decrease their energy consumption, rela-
tive to the Baseline, as a result of energy efficiency
progress. The energy purchasing bill, consisting of
payments to buy energy commodities, may de-
crease in some cases, if marginal energy savings
are higher than the energy price differential. Oth-
erwise, the energy purchasing bill increases rela-
tive to the Baseline.

In both cases, however, the energy efficiency
progress entail higher expenses (investment) in
purchasing new energy equipment, new durable
goods, insulating the houses and the buildings,
etc. Energy savings also entail disutility costs, at
least for some energy uses. All these additional
costs, incurred by final energy consumers, are
considered to be related with energy use and are
included in total energy system costs. In annual
terms, the investment cost associated with energy
savings is accounted for as annuity payments.

Figure 24: Impacts on energy prices and costs, EU27
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Purchasing energy commodities by final consum-
ers is projected in the NSAT scenario to cost per
unit of energy in 2020 some 18.4% (23.6% in
2030) more than in the Baseline scenario. For the
NSAT scenario, the average consumer price of
electricity in 2020 is 23.7% (26.6% in 2030) high-
er relative to the Baseline.
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It should be noted that the Baseline scenario as-
sumes an EU ETS system based on a “grandfa-
thering” scheme (emission allowances are allo-
cated for free to installations). The Baseline sce-
nario also assumes that a well functioning market
will reduce the degree of passing through to con-
sumer prices the opportunity costs associated
with the carbon price of the EU ETS. Hence, pow-
er producers will mostly pass through to consum-
ers true emission abatement costs induced by the
scarcity of emission allowances and are less able
to pass through the opportunity cost asso-
ciated with grandfathered emission allowances.
As such, “windfall” profits are limited in the mod-
el results under baseline assumptions. On the
contrary, under the assumptions of policy scena-
rios, such as the NSAT, payments for purchasing
the emission allowances applies for the entire
amount of carbon emissions from power genera-
tion. Thereby power produces face true costs as-
sociated with the emission allowances and pass
through these costs to consumers. The power
producers change the fuel-mix of power genera-
tion and emit less carbon than in the Baseline
scenario; hence, total payment for emission al-
lowances is less than it would had been if the fuel
mix remained unchanged from the Baseline.

Figure 25: Cost structure of power generation, EU25
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The cost structure of power generation becomes
more capital intensive in the NSAT scenario: the
part of generation cost corresponding to fixed cost
increases in the NSAT by roughly 3 percent
points, relative to the Baseline. Variable operating
costs in power generation in the NSAT do not
change in 2020, relative to the Baseline and
slightly increase in 2030. The net effect of the in-
crease in ETS carbon prices on power generation
costs is estimated to be 12 €/MWh (net) in 2020
and 10 €/MWh (net) in 2030.
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Figure 26: Power generation and transmission invest-

ment, EU27
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Total investment expenditure in power generation
and in power transmission between 2006 and
2030 approaches 1250 billion €2005, 26% up
from the Baseline scenario. Despite lower demand
for electricity in the NSAT scenario, investment in
transmission grids increases by roughly 25% in
the NSAT scenario over the projection period,
relative to the Baseline.

At the level of final energy demand consumers, it
is necessary to account for all kind of costs asso-
ciated with the use of energy in order to assess the
impacts of meeting the two targets. The model
results indicate that total energy-related costs
increase in the NSAT scenario, relative to the
Baseline, for all categories of final consumers.
However, the rates of change differ by sector. Cost
increases incurred by the tertiary sectors are low-
er compared to other sectors, because the model-
based analysis has identified for that sector an
important energy saving potential.

A similar conclusion is drawn for the residential
sector, but to a smaller degree: energy-related
expenses per household are estimated to reach
2500 €/year in 2020 in the NSAT scenario, 6.2%
up from the Baseline. They would be 10.7% higher
in 2030 than in the Baseline.

Differential costs incurred by industry are higher
than by other sectors (roughly 13.5% up from the
Baseline), reflecting the rather low possibilities of
the sector for achieving additional energy savings
from the Baseline.

Fuel input costs per unit of activity for transporta-
tion increase in the NSAT scenario between 15
and 16% annually, relative to the Baseline.
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Figure 27: Energy Expenses by Final Consumers, EU27
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Figure 28: Comparison of the NSAT with the NSAT-
CDM scenarios in terms of prices and costs
of energy, EU27
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Meeting part of the GHG target via emission cre-
dits from the CDM, as for example in the NSAT-
CDM scenario, implies a smaller impact on ener-
gy prices and costs, compared to the NSAT scena-
rio. In terms of rate of change from the Baseline
scenario in 2020, the NSAT-CDM implies 4.5 per-
centage points lower increase in electricity prices,
compared to the NSAT scenario, and 6.5 percen-
tage points less increase in the average price of
energy. Consequently, the energy related-
expenses increase less in the NSAT-CDM from the
Baseline, compared to the NSAT case, as shown in
Figure 28.
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6.8 Consequences for Dependence on
Energy Imports

The outlook of primary energy production in the
EU, according to the Baseline scenario, clearly
shows a strong decline of indigenous production
of fossil fuels: oil and gas production in the EU
has already peaked around 2002; imported coal is
expected to outpass domestic coal production be-
fore 2012 and domestic production of lignite, peat
and oil shale will remain rather stable in the fu-
ture. Under the Baseline scenario assumptions,
primary production of RES is projected to in-
crease substantially, relative to the past, but not
sufficiently to compensate for the declining indi-
genous production of fossil fuels.

Consequently, the Baseline scenario projects a
considerable increase of dependency on energy
imports, which in percentage terms reaches 67%
in 2030, as opposed to 52.4% in 2005. Gas import
dependence in the Baseline projection raises con-
cerns, as it increases by 25 percentage points from
2005: the EU will need in 2030 to import 431.4
Mtoe of natural gas, 174.6 Mtoe more than gas
imported in 2005.

The imposition of the GHG and the RES targets
induce energy efficiency gains in all sectors and
thereby energy demand decreases from the Base-
line. The effect on energy demand prevails against
substitution effects among the fossil fuels. The
imposition of the RES target prevents gas demand
from increasing as a substitute for coal in power
and steam generation. Thus, the results for all
scenarios involving both targets show clearly that
both total demand and imports of all fossil fuels,
including natural gas, decrease relative to the
Baseline, throughout the projection period. This
is an important finding of the model-based analy-
sis, which is different from older results that em-
phasised the possible adverse effects of climate
change actions on gas import dependence.

The analysis presented in this report shows that
by meeting the GHG and the RES targets, the EU
will require less gas in all years until 2030 com-
pared to gas needs in 2005. In the same context,
the EU will need less oil until 2030, than in 2005,
and considerably less solid fuels compared to con-
sumption in 2005.
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Figure 29: Changes in total fossil fuel consumption and
in net imports of the EU27
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The results for the NSAT-CDM scenario are not
significantly different than for the NSAT, despite
the decrease of the carbon values in the former
scenario. If no explicit RES target was imposed,
the energy system would use more gas as a substi-
tute to coal and thereby total gas consumption
would increase in 2020 and in 2030 compared to
2005, contrasting the decrease obtained for the
NSAT scenario. Gross inland consumption (total
primary energy requirements, according to Euro-
stat definitions) of the EU in various scenarios are
shown in Table 39. In this table net imports of
electricity are not shown.
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Table 39: Gross Inland Consumption - EU27

Baseline Mtoe % structure % change pa
2020 2030 2020  2030| 05-2020 20-2030
Solids 3419 3356 17.4 16.7| 0.44 -0.18
oil 701.6  708.2 35.7 353| 035 0.09
Natural Gas 5049 516.2 25.7 25.7| 0.85 0.22
Nuclear Energy 2215 206.4 11.3 10.3| -1.00 -0.70
RES 196.7 237.3 10.0 11.8| 3.20 1.89
Total Primary Energy 1967.6 2004.7| 100.0 100.0f 0.55 0.19
NSAT Mtoe % structure % from Baseline
2020 2030 2020 2030, 2020 2030
Solids 216.7 2104 12.2 11.7| -36.6 -37.3
oil 623.5 603.5 35.2 335/ -11.1 -14.8
Natural Gas 4279 4134 24.1 23.0f -15.2 -19.9
Nuclear Energy 218.6  206.6 12.3 11.5 -1.3 0.1
RES 284.2  365.8 16.0 20.3| 445 54.2
Total Primary Energy 1772.0 1800.6/ 100.0 100.0 -9.9 -10.2
NSAT-CDM Mtoe % structure % from Baseline
2020  2030{ 2020 2030 2020 2030
Solids 257.1 2446 14.0 13.2| -24.8 -27.1
oil 642.4  622.5 349 335/ -84 -12.1
Natural Gas 430.0 4124 23.4 222 -148 -20.1
Nuclear Energy 217.0 200.6 11.8 10.8 -2.0 -2.8
RES 293.8 377.1 16.0 203| 494 58.9
Total Primary Energy 1841.3 1858.1 100.0 100.0 -6.4 -7.3
RSAT Mtoe % structure % from Baseline
2020  2030{ 2020 2030 2020 2030
Solids 2153 2184 12.2 121 -37.0 -34.9
oil 617.3  601.5 34.8 33.2| -12.0 -15.1
Natural Gas 438.0 423.0 24.7 23.4f -133 -18.1
Nuclear Energy 218.8 2120 12.3 11.7 -1.2 2.7
RES 2819 355.0 15.9 19.6/ 433 49.6
Total Primary Energy 1772.2 1810.9| 100.0 100.0 -9.9 -9.7
RSAT-CDM Mtoe % structure % from Baseline
2020  2030{ 2020 2030 2020 2030
Solids 267.7 259.5 14.5 13.9| -21.7 -22.7
oil 633.3  619.7 343 332 97 -12.5
Natural Gas 433.3 4216 235 22,6/ -14.2 -18.3
Nuclear Energy 217.0 1949 11.8 10.4 -2.0 -5.6
RES 2933  369.3 15.9 19.8| 49.1 55.6
Total Primary Energy 1845.6 1866.0f 100.0 100.0 -6.2 -6.9
CES Mtoe % structure % from Baseline
2020  2030{ 2020 2030 2020 2030
Solids 2283 2163 12.8 121 -33.2 -35.5
oil 625.4  599.3 35.2 33.5| -10.9 -15.4
Natural Gas 4209 403.0 23.7 22.5| -16.6 -21.9
Nuclear Energy 2189  208.0 12.3 11.6 -1.2 0.8
RES 283.6 363.4 15.9 20.3| 442 53.1
Total Primary Energy 1778.0 1790.9| 100.0 100.0 -9.6 -10.7
CES-CDM Mtoe % structure % from Baseline
2020 2030 2020 2030/ 2020 2030
Solids 253.8 2426 139 13.2| -25.8 -27.7
oil 635.7 613.8 349 334, -94 -13.3
Natural Gas 4227 4049 23.2 22.0, -16.3 -21.6
Nuclear Energy 217.4  202.7 11.9 11.0 -1.8 -1.8
RES 289.5 371.6 15.9 20.2| 472 56.6
Total Primary Energy 1820.1 1836.5| 100.0 100.0 -7.5 -8.4
HOG-BL Mtoe % structure % from Baseline
2020 2030 2020 2030/ 2020 2030
Solids 3404 3285 17.9 17.0 -0.4 -2.1
Qil 648.1  626.7 341 325 -76 -11.5
Natural Gas 4425 416.8 233 21.6| -12.3 -19.3
Nuclear Energy 249.2  280.2 13.1 14.5 125 35.7
RES 2213 2753 11.6 14.3| 125 16.0
Total Primary Energy 1902.5 1928.4| 100.0 100.0 -3.3 -3.8
HOG-CES Mtoe % structure % from HOG-BL
2020 2030 2020 2030/ 2020 2030
Solids 285.1 261.6 16.2 14.7| -16.3 -20.4
Qil 5889 558.7 334 313 91 -10.9
Natural Gas 362.5 3253 20.6 18.3| -18.1 -21.9
Nuclear Energy 246.8 2853 14.0 16.0 -1.0 1.8
RES 276.3 350.4 15.7 19.7| 249 27.3
Total Primary Energy 1760.6 1782.3| 100.0 100.0 -7.5 -7.6
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7 Concluding Remarks

The model-based analysis of the Climate Change
Action and Renewables policy package proposed
by the European Commission on January 23,
2008 was based on a set of energy system scena-
rios quantified by using the PRIMES model. The
GAINS model complemented the analysis by
quantifying the possibilities for reduction of non
CO2 greenhouse gases.

The analysis used the DG TREN Baseline scenario
completed in November 2007 as a reference,
against which the policy scenarios were com-
pared.

All policy scenarios included the GHG emission
reduction target (-20% in 2020 from 1990) and
the RES deployment target (20% of gross final
energy consumption in 2020) as mandatory con-
straints. The scenarios differed from each other
regarding the policy assumptions about the shar-
ing of GHG emission reduction and RES devel-
opment effort among the Member-States and be-
tween ETS and non-ETS sectors. They also dif-
fered regarding the possibility to use emission
reduction credits from the CDM and regarding
the possibility of trading RES guarantees of origin
among the Member-States.

A series of scenario variants were also quantified
for the purpose of sensitivity analysis. Some of
them are included in the present report, as for
example the scenarios that assumed high world
oil and gas prices and the scenarios that ad-
dressed the GHG and the RES targets separately.

It was clear from the model-based analysis that
the Climate Change Action and Renewables policy
package is feasible despite targeting for the year
2020 which leaves less than 12 years from now for
adaptation of the energy system. The model-
based analysis extended simulations up to year
2030, by assuming extrapolation of carbon and
RES related policy drivers, in order to assess long
term implications. The results for 2030 show that
beyond 2020 the adaptation possibility is higher
and more stringent targets can be met.

Meeting the targets in the EU is an ambitious ef-
fort and requires considerable adjustments in
how energy is consumed and produced. Energy
efficiency improvement in all sectors is clearly the
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most cost-effective way for meeting the targets
and must be the main driver of changes. Using
less energy in all sectors per unit of activity is cer-
tainly motivated by price signals, such as higher
energy prices induced by the emission reduction
and the RES development constraints. But price
signals alone are not enough. A multitude of poli-
cies promoting energy efficiency would need to
accompany the imposition of the targets, includ-
ing legislation for insulation of buildings, com-
mand and control policies promoting new equip-
ment in all sectors enabling advanced energy
technology, information campaigns, etc. These
policies reduce the cost of energy efficiency ac-
tions via learning-by-doing and economies of
scale, and also reduce the risk as perceived by
consumers; thereby they facilitate exploiting the
energy efficiency potential at lower price signals.

The coexistence of the RES target is found to play
an important role within the policy package. The
renewable sources are free of carbon emissions
but also are indigenous resources. The RES target
prevents using more gas as substitute for coal, as
a response to the GHG emission reduction target,
and hence it prevents for exposing the EU to an
eventual higher risk in terms of security of energy
supply. The inclusion of an explicit RES target is
also important for enabling learning-by-doing
and economy to scale effects to take place dynam-
ically; this facilitates the deployment of the RES
technologies, reduces the unit cost of RES at high
levels of development and thereby allows for
higher exploitation of the RES potential with a
lower price signal.

The above mentioned accompanying policies,
namely for energy efficiency and for the RES, are
taken into account in the model-based analysis
and influence the compliance costs. In the pres-
ence of the two targets, the EU economy will have
to bear a higher cost, compared to the Baseline, in
order to purchase energy commodities and invest
in energy equipment and in energy savings. The
compliance cost, including all sorts of costs asso-
ciated with the energy use by final consumers, is
estimated to be in a range between 0.4 and 0.7 %
of GDP of the EU in 2020, depending on the sce-
nario. Paying for the compliance cost involves less
money transfer abroad to pay for energy imports,
than in the Baseline, and significantly more ex-
penses in goods and services produced domesti-
cally in the EU to support the restructuring of the
energy system.
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8 Appendix with detailed results by scenario and Member-State
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