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The Austrian contribu-
tion to the negotiation
process

Three-step procedure for
determining contraction
and convergence

A range of suggested
targets for Austria

1 Executive S ummary

Austria is committed to contributing towards the process that allocates the
EU 2020 Community targets for climate and energy to the Member States.
We propose that any allocation scheme should reflect and take into ac-
count the following:

e The current status and specific circumstances of Member States as
well as their emissions reduction commitments;

° Possible future developments, such as increase in economic activi-
ties and potentials for energy efficiency improvements and GHG re-
ductions;

e That the efforts required by each Member State to achieve Commu-
nity targets be revealed in a transparent and reproducible procedure.

Based on the above, a three-step procedure for determining and sharing
reduction targets in the Member States is suggested:

¢ Development of contraction and convergence criteria that reveal dif-
ferences among Member States in economic growth and technologi-
cal potentials, together with harmonized economic and technological
indicators. This first step results in obtaining relative reduction tar-
gets, a distribution of the Community targets to the Member States.

¢ An evaluation by each Member State of the effective reduction effort
required by comparing the emissions of each relative reduction target
with expected future reference emissions (without additional reduc-
tion efforts). This second step thus reveals the effective reduction
effort needed.

¢ An evaluation of sensitivity of thus determined reduction efforts by
each Member State by taking into account different target-sharing
indicators such as emissions intensities of per capita income or en-
ergy and Kyoto commitments.

Using this three-step procedure, a range of GHG reduction targets for
Austria are obtained that can be summarized as follows:

° Based on a WIFO-WegC reference scenario for 2020, Austria will
need to achieve reductions of more than 40%.

This effective reduction effort is the result of:

e Arelative reduction target in the range of 0% to 5% below 1990
emissions if contraction and convergence criteria are used for allocat-
ing the EU Target of 20% below 1990 levels.

¢ Expected emissions increase by 2020 in the baseline up to more
than 40% over 1990 levels even in a rather cautious reference sce-
nario;

e A share of renewables consistent with a scenario that meets in
2020 a 3% emissions target below 1990 and covers 28% of total en-
ergy supply by providing 445 PJ per year.

e A sensitivity analysis reveals the crucial impact of convergence
both in economic and technology parameters within the EU-27 as
well as the sensitivity as to the choice of single indicators.

Emissions reductions for Austria based on Kyoto commitments of all
EU-27 countries indicates the need for a whopping minus 34% emissions
decline by 2020 with respect to 1990 levels or minus 72% with respect to
the 2020 emissions in the scenario. These constitute exceedingly large
reductions.

WIFO-WegC & EEG



2 EU Target Sharing

Avoiding stranded It is not possible to achieve any of these reduction targets with current
investments and increas-  trends. Immediate policy changes and actions are required to bring about
ing GHG emissions a paradigm shift for deployment of carbon saving measures and policies.

Every investment decision needs to be reevaluated from this perspective.
Otherwise, there is a risk of stranded investments or lock-in into carbon-
intensive structures.

WIFO-WegC & EEG
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newables and energy
efficiency

Target Sharing and re-
structuring energy sys-
tems

Conventional single
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Structural indicators

Contraction and conver-
gence criteria
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2 Background

2.1 The EU 2020 Targets

The 2007 Spring European Council agreed on three far-reaching targets
for EU climate and energy policy:

e By 2020 greenhouse gas emissions need to be reduced by 20%
compared with 1990 levels. The EU is committed to raising these re-
ductions to 30% if countries like the United States, China and India
commit themselves to comparable emission reductions.

e By 2020 the share of renewables needs to be raised to 20% and the
Member States are required to have 10% biofuels in their transport
fuel mix.

e By 2020 energy efficiency needs to be boosted by 20%, thus ena-
bling saving 20% of total primary energy consumption.

Two challenging decisions are required to meet these ambitious targets:
First, their allocation among the Member States, and second, the restruc-
turing of the energy systems of the Member States.

We suggest procedures that support negotiations about 2020 Target
Sharing and indicates which energy flows and energy mix — in particular
renewables — are compatible with a given emissions target.

2.2 Procedures for deciding on Target Sharing

In allocating Community targets to Member States, indicators that differen-
tiate according to emissions per person, per GDP or per energy used are
usually suggested. These single criteria indicators are sometimes
weighted to obtain multi-criteria indicators.

In addition to using single and weighted multiple indicators here we also

use a set of structural indicators based on the demand and supply struc-
ture of the energy system and related emissions. These indicators offer a
number of advantages:

e The indicators refer to the key parameters that determine demand
(such as economic activity and energy intensity) and supply of energy
(such as conversion efficiency and energy mix) and the related emis-
sions.

e These indicators are most suitable for specifying contraction and
convergence targets.

e The conventional single criteria indicators follow from a specified set
of structural indicators.

A major advantage of using a set of structural indicators is the ability to
simulate contraction and convergence strategies. These criteria deserve
special attention because of the obvious need to harmonize economic
activity and technological standards among old and new Member States.

WIFO-WegC & EEG



Austria’s greenhouse gas
emissions are 36%
above the Kyoto target

3 Austria’s energy and carbon profile
compared with EU-27

3.1 Austria’s distance to the Kyoto target

EU Target Sharing

The last reported GHG emissions for Austria were 93.3 mt (million tons) of
CO, equivalent for 2005. Thus, the 2005 emissions are 18% above 1990

emissions of 79.1 mt and 36% above Austria’s Kyoto target of 68.8 mt
(which requires a 13% reduction of 1990 emissions).

Table 1: Kyoto targets for EU-27

Malta

Spain
Cyprus
Portugal
Ireland
Greece
Austria

Italy
Slovenia
Luxembourg
Netherlands
Belgium
France
Finland
Denmark
Sweden

UK

Poland
Hungary
Germany
Czech Rep.
Slovakia
Romania
Bulgaria
Estonia
Lithuania
Latvia

EU-27

EU-15
EU-16:27

Mill Tons
Base year

289.4

60.9
55.8
111.1
791
519.5
20.2
12.7
214.6
146.9
563.9
711
69.3
72.2
779.9
586.9
123.0
1,232.5
196.3
73.4
282.5
132.1
43.0
48.1
259

5,818.5

4,278.9
1,539.6
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Kyoto Target

Base = 100
2008 - 2012 p.a.

Mill Tons

332.8

77.3
63.1
138.9
68.8
485.7
18.6
9.1
201.7
135.9
563.9
711
54.7
75.1
682.4
551.7
115.6
973.7
180.6
67.5
2590.9
121.5
39.6
44.2
23.8

5357.3

3934.3
1423.0

115.0

127.0
113.0
125.0
87.0
93.5
92.0
72.0
94.0
92.5
100.0
100.0
79.0
104.0
87.5
94.0
94.0
79.0
92.0
92.0
92.0
92.0
92.0
92.0
92.0

92.1

91.9
92.4
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Austria’s domestic Kyoto

target

Low overall GHG inten-

sity

The reasons behind Austria’s large distance to the Kyoto target can be
identified by looking at a few indicators.
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Austria and the Kyoto target
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3.2 Austria’s position relative to EU-27

Austria’s GHG intensity — the ratio of GHG to GDP at 2000 Euro purchas-
ing power parity (ppp) is 17% below the corresponding indicator for the
EU-27. However, the rate of improvement of Austrian GHG intensity was

markedly below the EU-27 trends since 1990.

In order to facilitate comparisons, the series in this graph and similar ones
are normalized such that the index value for the EU-27 is always 100 for

the year 2005.
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6 EU Target Sharing

A very high share of With a share of 22% of renewables (including hydro power) in total energy
renewables supply, Austria ranks with this indicator among the top Member States
since for the EU-27 this share is only 6%.

EU-27

EU-27

Extraordinary high in- Emissions from transport — again normalized by GDP — exhibit an extraor-
crease of emissions from  dinary increase since the late 1990s and are now 16% higher than in the
transport EU-27.

|

A very high share of Austria’s emissions from industrial processes such as steel and cement
industries with emissions  production are 46% above the corresponding EU-27 indicator and have
from processes leveled off during the last decade while EU-27 have continued to decline.

WIFO-WegC & EEG



Very high intensity and
dynamics of economic
activity

Average and stagnating
energy intensity
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4 Potentials for energy efficiency and
GHG reductions

This section explores the potentials for improving energy efficiency and
for reducing GHG emissions by looking at the following indicators:

e  Economic activity — real GDP per person
e  Energy intensity — final energy consumption per GDP

e Transformation efficiency — the difference between total energy sup-
ply and final energy consumption

e Share of non-fossil energy in total energy supply
e  Carbon intensity of fossil fuels — GHG per fossil energy supply

4.1  Economic activity, energy services and
energy intensity

With 29% above GDP per person of the EU-27, Austria belongs to the top
Member States in terms of both the intensity and dynamics of economic
activity.

While decoupling energy flows from the energy services of mobility, hous-
ing and production is a highly desirable aim, over the next few years eco-
nomic activity will remain the main driver for energy demand.
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Austria’s energy intensity — the amount of final energy consumption per
unit of real GDP — is about the same as for the EU-27 but stagnating.
While the EU-27 energy intensity improved by almost 25% between 1990
and 2000, there was no noticeable improvement in Austria. This reveals a
substantial potential for increasing the efficiency in final energy.
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8 EU Target Sharing

4.2 Energy transformation and energy supply

Lowering transformation  Although Austria’s 18% losses of total energy supply from transformation

and distribution losses and distribution of energy are much lower than the corresponding 28% for
EU-27, there is still a large potential for lowering these losses by increas-
ing the use of cogeneration technologies in thermal conversion processes.

Share of Transformation Losses
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A further shift from coal  Austria’s carbon intensity of fossils — approximated for this aggregate

to gas analysis by GHG per unit of fossil energy supply — is 4% below the corre-
sponding EU-27 indicator. Lowering the Austrian carbon intensity of fossils
would require in particular a shift from remaining coal to gas.
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Renewable potentials are
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Difference between th-
eoretical and technical
potentials

The technical potential of
renewables is signifi-
cantly smaller than the
theoretical one
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5 The potential for renewables

5.1  Theoretical and technical potentials

Renewable energy accounted for over 15% of world primary energy sup-
ply in 2004, including traditional biomass with between 7% and 8%, large
hydro-electricity with 5.3% (16% of electricity), and other “new” renew-
ables with 2.5% (IPCC, 2007).

In 2005, the share of renewable energy in the EU-27 was 6.7%, including
4.6% bioenergy (all forms of biomass), 0.3% wind and 1.5% hydropower
(IEA, 2006).

In comparison, renewable energy contributions were significantly larger in
Austria in 2005 with a share of 22% in total primary energy, including
8.8% bioenergy (wood, biofuels and wastes), 0.4% wind and 9% hydro-
power.

Future renewable energy potentials are large compared to the current
contributions. This is true at the global level, in the EU-27 and in Austria.
For example, it is estimated that the global technical potential by 2020 for
renewable energy sources could exceed current total primary energy by
three to four times (Energy Primer, 1995; WEA, 2000). The still-to-be-
developed potential is large in absolute terms, corresponding to a third of
all primary energy needs in 2005. The current share of renewables is
about 22%, meaning that in principle it could be increased to 50% (assum-
ing no further growth in energy demand, an unlikely possibility).

Renewable energy sources represent annual flows that are available, in
principle, on an indefinite and sustainable basis. In contrast, fossil energy
reserves and resources, although expanding over time, are fundamentally
finite quantities. In this context, the annual natural flows of solar, wind,
hydro and geothermal energy are potentially available in nature in the
form of biomass, wind, rivers, solar insulation, geothermal sources and so
on. Often, these flows are referred to as theoretical potentials. The theo-
retical potential is usually characterized in the literature as the amount of
renewable energy sources that can be conceivably maximally harnessed
independent of whether the technologies that would be required exist or
not. In contrast, the technical potential includes all of the practical con-
straints that limit the theoretical potential but does not include economic
considerations.

In other words, the distinction between theoretical and technical potentials
reflects the degree of possible use determined by thermodynamic or tech-
nological limitations without consideration of practical feasibility or costs
(WEA, Chapter 5, 2000). The technical potential is the portion of the theo-
retical potential that can be harnessed by accounting for all sorts of recov-
ery, practical and technical considerations (Energy Primer, 1995). Some-
times, the technical potential is limited to deployment of technologies or
practices that have already been demonstrated. Usually, the definition of
technical potential does not include any specific reference to costs, but
only to “practical constraints” although in some cases implicit economic
considerations are taken into account (IPCC, 2007). The economic poten-
tial is the portion of the technical potential that could be used cost-
effectively and is generally significantly smaller. The theoretical potential is
the largest, technical is smaller while the economic potential is the small-
est of all three magnitudes.

WIFO-WegC & EEG
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Practical potentials are
based on eight studies

The estimates of 2020
potentials are quite simi-
lar

Technical potentials
beyond 2020 are signifi-
cantly larger

EU Target Sharing

5.2 Assessing practical potentials by 2020 for Austria

In this assessment, more practical potentials are presented that can be
realized by 2020 with current and near- to medium-term technologies,
limitations and cost structures. The estimated 2020 potentials are based
on eight recent literature sources (some still available only as initial
drafts). The economic potentials can be assumed to be generally smaller
than the practical potential by 2020 presented in this assessment. Table 2
gives an overview of additional renewable potentials by 2020. The ranges
across eight different studies are presented, from the smallest to the larg-
est value for biomass, solar photovoltaic and thermal, wind, hydro, geo-
thermal and other environmental renewable energy sources. These
ranges reflect the degree of uncertainty across different estimates. The
lower values are more likely to be realizable with near-term technologies
and economic conditions, while the higher ones are likely to require more
suitable economic conditions, further improvements of technologies and
institutional arrangements.

Table 3 summarizes the potentials reported in the eight sources used in
this study, while Box 1 summarizes some of the salient characteristics of
the eight studies. The congruence of renewable potentials by 2020 is quite
high given the numerous uncertainties surrounding such estimates. The
largest difference is a factor of 4.5 between the lowest and highest esti-
mates for photovoltaics and the smallest is barely 10% in the case of bio-
energy.

In comparison, the theoretical and technical potentials are large but can-
not be implemented by 2020. The VEO Study (Source 1) presents the
theoretical and technical potentials of all sources of electricity in Austria.
The theoretical potential of hydropower is estimated at 908 PJ and a tech-
nical potential at 216 PJ (equivalent to 2005 Austrian electricity genera-
tion), compared to the much more humble additional practical potential by
2020 of up to some 25 PJ given in Table 3. Wind technical potential is
estimated at 32.4 PJ and practical by 2020 of 16 to 26 PJ (Table 2). Solar
theoretical potential is large with 332 EJ (332 thousand PJ) with technical
photovoltaic potential of 93 EJ and solar thermal technical potential of
between 111 and 222 EJ. The practical potential by 2020 is significantly
smaller with 2 to 9 PJ photovoltaics and 10 to 25 PJ solar thermal. Finally,
the theoretical potential of ambient energy (extracted through heat pumps)
is 11.8 EJ, the technical potential about 122 to 142 PJ (roughly 50% of the
2005 heat and process heat in Austria), while the practical potential by
2020 ranges from 23 to 27 PJ.

WIFO-WegC & EEG
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Table 2: Overview: Range of possible realizable potentials of renewable energies in Austria in 2020

Energy Source Current Range of total realizable potential Assumptions Data Source
status in 2020
in PJ
Minimum Maximum
in PJ in PJ
Photovoltaic 0.05" 3 Upto9 Minimum value: Potential based on electric- ~ Minimum value: Source
ity that could compete with electricity at a 6, energy systems of
residential prices level if PV develops with the future, project
medium learning rates number 819797,
Maximum value: Based on PV road map Maximum value: PV
Road Map
Wind energy 6' 16 26 Additional 550 — 700 wind converters and Minimum value: Source
an increase of average full load hours by 6, energy systems of
10-25% the future, project
number 819797,
Maximum value:
Source 3 and 5
Geothermal energy 0.5° 05 0.5 No literature explores significant additional
potentials in Austria
Solar thermal 242 105 23 Values imply that about 30% of buildings Minimum value: Source
energy have solar thermal water heating and 8
Minimum Value: in addition about 10% of Maximum value:
buildings have solar space heating which Source 6
supplies about 20-25% of the required
energy
Maximum Value: in addition to the 30% of
buildings with solar thermal water heating
about 20% of buildings have solar space
heating which supplies about 50% of the
required energy. This scenario would
require ambitious low temperature heat
storage technologies
N Consensus of most studies. Values mean
;';f,tié’r:‘t'gﬁe/rgy 6 2 2 that about 10-15% of buildings have
installed a heat pump
Hydro power additional 139’ 25 25
energy
Large scale hydro 19 19 Would be realizable by ambitious retrofitting ~ Source 3
of existing power plants without additional
hydro power plants
Small scale hydro 6 6 Realizable by ambitious retrofitting of Source 3
existing power plants, additional potential of
new small scale power plants is higher
Bioenergy 1573 220 262 |1\/Ii;imum value: Source
Maximum value:
Source 4
Total 311 437 513

Data source

1 www.e-control.at, hydro power corrected by long term mean production coefficient
2 Fanninger et al., Erneuerbare Energie in Osterreich, Marktentwicklung 2006.

WKO, Warme und Kalte aus Erneuerbaren in 2030, 2007

3 Statistik Austria, Energy Balance, 2004

WIFO-WegC & EEG



12 EU Target Sharing

Table 3: Reference studies of potentials of renewable energy in Austria in 2020

Study
reference
number

Bioenergy
(primary
energy)

Final energy: Final en-
195 ergy: 186

293
(272 final

262

295 incl.
imports®

(primary rima ener
energy: _ (gnerg;y )
~215.225) 10)

Hydro 14-25 = 14 — 25° = = 24 13 =
power

(additional

potentials to
current
134 PJ)

Large scale - 11-19 - - 10 - -
hydro

Small scale - 4-6 - 4-6 14 - -
hydro

Heat pump, - 25-27 - - 26.5 - 23-27
ambient
energy

Photovoltaic 0.4 - 7.2-10.8° = 8 3 0,2 =

Solar 14 - 26 -28 - - 23.1 12.8 55-105
thermal
energy

Wind 26.3 -
energy

26 —26.5 - 26.3 16.2 9.7 -11.7 -

Geothermal
energy

1 Potentials based on current technologies and costs.

2 These studies only evaluate technologies for electricity production.

3 Values based on PV road map (develops a scenario that results in 20% electricity from PV in 2050).
4 Study includes only heat supply, potential mainly based on diffusion processes.

5 165.4 PJ biomass from forestry incl. imports; 74.5 PJ biomass from agriculture; 55.6 PJ biogenic municipal and industrial waste from industry
and black liquor (Pulp and paper industry).

6 The estimate of 41PJ is quoted from the study by the Biomasseverband, otherwise the upper value is 25PJ for other quoted estimates.

7 An additional final energy potential for biomass of 52 PJ has been estimated, of which 19 PJ are biofuels, additional 12.6 PJ and 11.8 PJ comes
from agriculture and forestry respectively, and 8.5 PJ from biogenic industrial waste and byproducts, and black liquor.

WIFO-WegC & EEG



Box 1

Source 1: VEO

Stand und Perspektiven
regenerativer Energien in
Osterreich — Technische,
okonomische und 6kologi-
sche Einordnung und Analy-
se zukiinftiger Nutzungs-
mdglichkeiten

Source 2: VEO
ﬁiomasseaufkommen in
Osterreich

Source 3: BMLFUW
Erneuerbare Energie - Po-
tentiale in Osterreich

Source 4: WIFO
Volkswirtschaftliche Evaluie-
rung des Biomassepotentials
in Osterreich

Source 5: Energy agency
Okostromgesetz — Evaluie-
rung und Empfehlungen

Source 6: EEG
GreenX Datenbank

Source 7: e-control
Bericht (iber die Okostrom-
Entwicklung und fossile
Kraft-Warme-Kopplung in
Osterreich.

Evaluierung der Okos-
tromentwicklung und Okos-
trompotenziale

Source 8: WKO
Warme und Kalte aus Er-
neuerbaren 2030
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Summary of Sources

The VEO Study has not been completed so far. Based on the draft, the potentials have been
estimated as described in the assessment of all renewable potentials by 2020 given in
Source 3. The draft of the VEO Study presents the theoretical and technical potentials of all
sources of electricity in Austria. The theoretical potential of hydropower is estimated at 908
PJ and a technical potential of some 216 PJ (equivalent to 2005 Austrian electricity genera-
tion), compared to the much more humble additional technical potential by 2020 of some 25
PJ. Wind technical potential is estimated at 32.4 PJ and practical potential by 2020 of 26.3
PJ. Solar theoretical potential is very large with 332 EJ with technical photovoltaic potential
of 93 EJ and solar thermal technical potential of between 111 and 222 EJ (62 is the realiz-
able potential). The theoretical potential of ambient energy (extracted through heat pumps) is
11.8 EJ while the technical potential is estimated at 122 to 142 PJ (roughly 50% of 2005 heat
and process heat in Austria)

One of the study objectives is to evaluate the feasibility of reaching the target of 45% renew-
able energy set by the Austrian government. Priority is given to increasing the share of bio-
fuels in final energy. It is assumed that about 250 thousand hectares of farmland and 100
thousand hectares of grassland and other marginal lands are deployed for biofuel produc-
tion. These assumptions translate into a primary energy potential of abut 210 PJ including 24
PJ of black liquor from the pulp and paper industry. These estimates are in line with other
studies such as the potential of 220 PJ reported by the Institute of Social Ecology, Faculty for
Interdisciplinary Studies, University of Klagenfurt. The total primary energy potential of 210
PJ results in a final energy potential of 40 PJ district heat and electricity, 20 PJ of biofuels
and about 85 PJ of house hold final energy.

The report is based on a comprehensive assessment of renewable energy potentials by
2020 in Austria. The assessment was conducted by four working groups focusing on hydro-
power, biomass from forestry, biomass from agriculture and other renewable energy carriers.
The study estimates the additional hydropower potential for Austria at some 14 to 41 PJ
without including the two possible new power plants along the Danube. They are excluded
because of possible adverse ecological effects. Biomass potential from forestry is estimated
at 137 PJ without municipal and industrial waste and additional imports. Biomass from agri-
culture is estimated at 76.5 PJ final (or about 100 PJ primary) energy, including 40 PJ of
primary converted into 19 PJ motor fuels together with about 17.5 PJ of straw (corresponding
to one quarter of all agricultural straw). Altogether, the study assumes that 400 thousand
hectares of farmland would be devoted to energy production and released from food produc-
tion due to yield increases. Other renewable potentials include up to 27 PJ ambient energy
(to be harnessed by heat pumps), 10.8 PJ of solar photovoltaic and 28 PJ solar thermal, and
up to 28.5 PJ wind energy.

The study analyses the macroeconomic implications of the 45% renewable target in Austria
based on WIFQO's simulation tool PROMETEUS and compares this with the baseline sce-
nario from 2005. Apart from biomass, other renewables are taken from secondary literature
and account to about 151 PJ. The preliminary potential of total biogenic renewables is in the
range of up to 262 PJ.

The study evaluates possible consequences of the Austrian renewable electricity law by
2010. It also considers longer-term renewable potentials. Wind energy potentials are based
on estimates by the Austrian Wind Energy Association and the photovoltaic ones on the PV
Roadmap with a goal of reaching a 20% share in electricity by 2050.

The renewable potentials by 2020 are based on the assessment of many studies and esti-
mates in the literature for the EU 27 countries including Austria. GreenX is a model devel-
oped to simulate renewable energy potentials and deployment in Europe in the context of
alternative policies and measures. GreenX scenarios of future deployment of renewables in
Europe realize to a varying degree the estimated potentials (additional information:
www.green-x.at). It should be noted that estimated potentials for Austria do include imports,
e.g. bioenergy from forestry. This means that the domestic potentials would be smaller.

The study estimates renewable energy potentials for electricity generation. The estimates
are generally based on current costs and technologies. This means that they correspond
more to economic rather than to technical potentials. Therefore, the study can be seen as an
appropriate source for short-term potentials until 2010-2015. It very likely underestimates the
medium to long-term potentials through 2020.

The study estimates the potential of renewable energy carriers for heating and space cooling
applications in Austria until 2030. The building sector is analyzed with a comprehensive
disaggregated buildings model that simulates technological diffusion processes. The esti-
mates of the potentials are thus based to a large degree on technological diffusion potentials.

WIFO-WegC & EEG
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6 Projections for EU 2020 Target Sharing

6.1 Three energy and emissions scenarios for Austria

We present in this section three energy and emissions scenarios for Aus-
tria.

Two are embedded in Target Sharing scenarios for the EU-27 with a 20%
and 30% reduction target for 2020 GHG emissions compared with 1990,
respectively. These scenarios are based on the WIFO-WegC model-
based structural indicators using contraction and convergence criteria.

The third scenario is a reference scenario for Austria based on extrapolat-
ing current trends of structural indicators but limiting the expansion of
emissions from transport, thus giving this scenario a rather cautious bias.

A first look at the Tables 4 to 6 which summarize the scenarios reveals the
following insights:

e  Scenario 1 exhibits a minus 3% reduction target for Austria’'s GHG
emissions in 2020 that is compatible with a Community target of a
minus 20% reduction, both compared to the 1990 levels.

This is the result of assumptions to be discussed later about Com-
munity targets and convergence intensities for population, economic
activity, energy efficiency and energy mix.

Further key indicators of this scenario are a volume of renewables of
445 PJ that corresponds to a share of 28% of total energy supply.

e Scenario 2 increases the Austrian reduction target to minus 20%
compared to 1990. In the EU-27 framework this would be compatible
with a Community reduction target of minus 30% for 2020 compared
with 1990.

Although this scenario further increases application and transforma-
tion efficiencies, the volume of renewables needed to achieve this ex-
traordinary stringent target reaches 559 PJ or 37% of total energy
supply. This is beyond domestic potentials identified in the previous
section.

e Scenario R serves as a reference for evaluating the effective reduc-
tion effort need given a relative reduction target agreed upon in the
2020 Target Sharing negotiations.

Although this reference scenario is extremely cautious as to the fur-
ther expansion of emissions in transport, electricity and industrial
processes, current trends indicate an overall 38% expansion of GHG
by 2020 compared to 1990.

Assuming the same amount of renewables available as used in Sce-
nario 1, despite the doubling of the volume of renewables compared
to 1990 the share in 2020 increases only to 23%.

This reference scenario may be checked against other scenarios as
soon as they become available.

These three scenarios reveal the extraordinary effort that Austria will need
to contribute to the 2020 EU Target Sharing. Compared to 1990, the effec-
tive reduction effort will be composed of the 38% or similar reduction to-
wards a reference scenario plus the additional relative reduction target
negotiated in the Target Sharing agreement.

WIFO-WegC & EEG
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Table 4: Scenario 1 - Minus 20% 2020 Target Sharing
with minus 3% emissions target for Austria compared to 1990

1990 2005 2020

GHG emissions mtoe 791 93.3 77.0
Final energy PJ 839 1,179 1,292
Energy supply PJ 1,050 1,439 1,576
Nuclear PJ 0 0 0
Renewables PJ 216 316 445
Hydro PJ 113 129 159
Other renewables PJ 102 187 286
Fossils PJ 834 1,123 1,131
Share of renewables % 21 22 28

Table 5: Scenario 2 - Minus 30% 2020 Target Sharing
with minus 20% emissions target for Austria compared to 1990

1990 2005 2020

GHG emissions mtoe 791 93.3 63.4
Final energy PJ 839 1,179 1,249
Energy supply PJ 1,050 1,439 1,506
Nuclear PJ 0 0 0
Renewables PJ 216 316 559
Hydro PJ 113 129 180
Other renewables PJ 102 187 379
Fossils PJ 834 1,123 947
Share of renewables % 21 22 37

Table 6: Scenario R — Reference Scenario for 2020
with plus 38% projected emissions for Austria compared to 1990

1990 2005 2020

GHG emissions mtoe 791 93.3 109.4
Final energy PJ 839 1,179 1,606
Energy supply PJ 1,050 1,439 1,959
Nuclear PJ 0 0 0
Renewables PJ 216 316 445
Hydro PJ 113 129 159
Other renewables PJ 102 187 286
Fossils PJ 834 1,123 1,514
Share of renewables % 21 22 23

WIFO-WegC & EEG

Index

Index

Index
Index
Index
Index
Index
Index

Index

Index

Index
Index
Index
Index
Index
Index

Index

Index

Index
Index
Index
Index
Index
Index

1990
100
100
100
100
100

100
100

1990
100
100
100
100
100

100
100

1990
100
100
100
100
100

100
100

2005
118
141
137
146
114

182
135

2005
118
141
137
146
114

182
135

2005
118
141
137
146
114

182
135

15

2020
97
154
150
206
140

280
136

2020
80
149
143
259
159

370
114

2020
138
191
187
206
140

280
182



16

Applying contraction and
convergence criteria to a
set of linked structural
indicators

EU Target Sharing

6.2 Relative reduction targets based on contraction and

convergence criteria

As the core method for determining relative reduction targets that match a
Community target sharing goal we employ a structural energy-emissions
model — the WIFO-WegC GAIN model.

The key parameters of this model describe
e  Population

e  Economic activity

e Energy intensity

¢ Transformation efficiency

¢ Nuclear, hydro, other renewables

e  Carbon intensity of fossils

We use these parameters as a set of linked indicators for applying con-
tracting and convergence criteria. As a result we obtain Scenarios 1 and
2.

The following figures describe the results for an allocation of a 20% GHG
reduction target. The corresponding reduction for Austria would be 3%
below 1990 as a relative reduction target.

Figure 1: Scenario 1 — Target Sharing Scenario for 20% GHG reduction

WIFO-WegC & EEG

CO,e Emissions CO,e Emissions
Scenario 2020 Index 1990 = 100 Mill Tons CO,e
2005 2020 1990 2005 2020
Malta Malta 156 157 22 35 35
Spain Spain 153 141 287.4 440.6 404.5
Cyprus Cyprus 151 159 6.0 9.1 9.6
Pfr’;l‘;ﬂ Portugal 143 135 59.9 85.5 81.1
Greece Ireland 126 11 55.4 69.9 61.7
e Greece 126 112 108.8 137.3 1214
Italy Austria 118 97 79.1 93.3 77.0
Slovenia Italy 112 102 516.9 579.5 527.5
Luxembour Slovenia 110 89 18.5 20.4 16.5
Netherlands Luxembourg 100 77 127 127 9.8
Belgium Netherlands 100 89 213.0 212.1 189.1
Finland Belgium 99 77 145.8 143.8 111.9
Denmark France 98 77 567.8 555.7 4371
Sweden Finland 97 64 711 69.2 45.8
UK Denmark 93 77 70.4 65.5 54.0
Poland Sweden 93 58 722 67.0 421
é‘;""?:g UK 85 76 771.4 657.4 584.4
Czech Rep, Poland 82 77 485.4 399.0 374.6
Slovakia Hungary 82 76 98.1 80.2 743
Romania Germany 82 68 1,227.9 1,001.5 839.4
Bulgaria Czech Rep. 74 58 196.3 145.7 113.5
Estonia Slovakia 66 59 721 47.9 429
Lithuania Romania 62 66 248.7 153.7 164.1
Latvia Bulgaria 60 56 1166 70.0 65.3
EU-27 Estonia 49 36 426 20.9 15.3
Lithuania 47 40 48.1 226 19.3
EU-15 Latvia 41 34 26.4 10.9 91
EU-16:27
o EU-27 92 80 5,620.8 5,175.0 4,494.7
Il RS kD EU-15 98 84 42597  4,1912] 35868
EU-16:27 72 67 1,361.1 983.8 907.9
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6.3 A single indicator approach to Target Sharing

GHG emissions per en- Since target sharing arguments are often conducted by using single or
ergy supply as Target weighted single indicators, we provide results for the three most often
Sharing indicator suggested indicators:

e  GHG per energy supply
e  GHG per GDP
e  GHG per person

6.3.1 Indicator GHG per energy supply

GHG per energy supply Figure 2 depicts the indicator GHG per unit energy supply in 2005 with
convergence of 30% and contraction of minus 20% for EU-27 GHGs.

This indicator suggests for Austria a relative reduction target of 4% below
1990 emissions.

Figure 2: Indicator GHG per Energy Supply

GHG per Energy Supply CO,e Emissions
Index Scenario 2020 based on GHG per Energy Supply
Aus_tria 95 Austria
Belglu!n 89 Belgium
Bulgaria mal) 2005 Bulgaria 59
Cyprus Lt 32020 Cyprus 151
Czech Republic 09 Czech Republic
Dgnmark 112 Denmark 9 W 2005
stonia — Estonia
Finland — Finland = m2020
France E— France
Germany E— Germany
HGreece — Greece 149
ungary Hungary
Ireland — Ireland 153
Italy Italy
Latvia Latvia
Lithuania Lithuania
Luxembourg Luxembourg
Malta Malta 160
Netherlands Netherlands
Poland Poland 5
Portugal Portugal
Romania Romania 68
Slovakia Slovakia
Slovenia Slovenia
Spain Spain
Sweden 45 Sweden
United Kingd — 59 United Ki
EU-27 |E— —— ) EU-27 [—
0 100 200 0 100
Index: EU-27 in 2005 = 100 [EEREEISTL
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6.3.2 Indicator GHG per GDP

Another popular indicator is GHG per GDP. Figure 3 shows this indicator
for 2005 with convergence of 30% and contraction of minus 20% for EU-

27 GHGs.

According to this indicator the Austria reduction target would be 18% be-
low 1990 emissions.

Figure 3: Indicator GHG per GDP
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Finally we check as indicator GHG per person. In Figure 4 this indicator is
shown for 2005 with convergence of 30% and contraction of minus 20%
for EU-27 GHGs.

According to this indicator Austria would be allowed a 7% increase above
1990 emissions.

Figure 4: Indicator GHG per person
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6.4 Sensitivity analysis of Target Sharing scenarios

The results presented about Target Sharing scenarios need to be as-
sessed for robustness and plausibility. We investigate this issue both for
integrated structural and single indicators.

6.4.1 Volatile results for single indicators

The three popular indicators suggest quite different ranges of 2020 rela-
tive reduction targets for Austria compared to 1990 levels:

e  Minus 4% for indicator GHG per energy supply,
e  Minus 18% for indicator GHG per GDP and

e  Plus 7% for indicator GHG per person.

Two caveats follow from these results.

The first is obvious: Single indicators produce Target Sharing schemes
that are extremely sensitive with respect to the choice of indicators. This
deficiency is inherent and cannot be completely overcome by starting
weighting several indicators since weighting adds additional uncertainty to
this approach.

The second is less obvious: Although these indicators may be used be-
cause of their plausibility and transparency for designing a Target Sharing
proposal, the indicators do not necessarily hold after an allocation. For
example the GHG per GDP indicator requires substantial GDP reductions
if applied to 2020 GHG levels. This ex-post inconsistency is an obvious
consequence of neglecting the causal structure of energy and emission
flows. Full integrated assessment models are needed to provide such
perspectives and account for different feedbacks of mitigation measures
on economy and human activities in general.

Table 7: Sensitivity of scenarios

Population

Economic activity
Final energy intensity
Transformation losses
Share of nuclear
Share of hydro

Share of other renewables
Carbon intensity of fossils

Relarice reduction target for Austria
in 2020 compared to 1990

30

o101 OO,

Scenario 1 Scenario 2 Scenario 3
vt Conver- Terasr Conver- vt Conver-
gence gence gence
100 30 100 20 100
130 30 130 20 130
85 30 85 20 85
90 30 90 20 90
100 0 100 0 100
150 30 160 20 150
170 30 220 20 170
81 30 80 20 81
-3% -20% -13%
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6.4.2 Robust results for integrated structural indicators

The integrated structural indicators used in the contraction and conver-
gence approach overcome some the deficiencies of single indicator pro-
cedures. All indicators reflect economic and technology parameters and
are linked in a causal modeling structure.

In addition the conventional single indicators follow as a by-product from
the integrated approach.

Nevertheless we want to investigate the sensitivity of this approach with
respect to variations in the key indicators.

The results of Table 7 highlight, for example, the sensitivity of the reduc-
tion requirement for Austria with respect to the chosen convergence as-
sumptions.

The robust result is that a few, but less than minus 5%, reduction with
respect to 1990 levels is the typical target sharing result that is rather in-
variant with respect to convergence requirements around 30%. Scenario 1
is a representative result of this set of assumptions.

Only a radical reduction of convergence requirements increases the Aus-
trian relative reduction target, in our Scenario minus 3 to minus 13%. This
is due to the fact that the New Member states offer plenty of opportunities
for increasing energy efficiency and lower carbon intensities compared to
the old Member States.

Table 7 also highlights the path from moving from a minus 3% to a minus
20% reduction in Scenario 2. This scenario lowers the convergence as-
sumptions of Scenario 1 but in addition requires additional efforts as to
energy efficiency and use of renewables.

6.5 Considering the Kyoto commitments

Another suggestion for allocating the Community target to the Member
States is to start from the situation where all countries fulfill their Kyoto
target and only the remaining reduction volume for a 20% reduction of EU-
27 is allocated separately.

We analyzed this allocation scheme and obtained a result that might ap-
pear to be puzzling at the first glance. According to this allocation proce-
dure Austria would be required to reduce its emissions by 34% below
1990. This result can be easily explained despite the extremely large
emissions reductions that it implies. The new Member States are in 2005
already considerably below their Kyoto target. This means that most of the
adjustment needs to be borne by the old Member States.

Under the same allocation procedure used in Scenario 1, Austria would
obtain a burden that is exceedingly high implying an emissions decline of
about 72% compared to the baseline levels in 2020.

WIFO-WegC & EEG
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6.6 WIFO-WegC reference scenario and
effective reduction efforts

Scenario R The following table summarizes Scenario R, the reference scenario pro-
duced with the WIFO-WegC GAIN energy-emissions model.

The model extrapolates current trends by taking into account time-varying
parameter structures. The driving forces of the projections are economic
activity in terms of GDP, population and technology parameters. Only the
dynamics of transport were restricted by assuming a decoupling of eco-
nomic activity and transport emissions by 2020.

Table 7: Scenario R — WIFO-WegC reference scenario

In 1,000 toe 1990 2005 2010 2015 2020

1.Energy Industries 13,659 15,834 17,034 18,324 19,712
2. Manufacturing Industries and Construction 13,579 15,538 16,463 17,443 18,482
3. Transport 12,400 24,029 28,638 31,348 32,611
4. Other Sectors 14,713 15,561 16,040 16,534 17,044

Index 1990 = 100 1990 2005 2010 2015 2020

1.Energy Industries 100 116 125 134 144
2. Manufacturing Industries and Construction 100 114 121 128 136
3. Transport 100 194 231 253 263
4. Other Sectors 100 106 109 112 116

WIFO-WegC & EEG
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6.7 Determining Target Sharing efforts: A synthesis

There are different methods in the literature to assess alternative burden-
sharing schemes for EU-27 post-2012 commitments.

Based on the multi-indicator contraction and convergence approach, Aus-
tria needs to reduce GHG emissions by a few up to about minus 5% with
respect to the 1990 levels in a target sharing agreement. These relative
reduction targets translate into an effective reduction effort of minus 40%
and more with respect to 2020 according to the Reference Scenario.

Quite often a range of single target-sharing indicators such as GHG per
energy, per GDP or per capita, as well as the combination of these indica-
tors are proposed. Assuming 30% convergence by 2020 for these indica-
tors we obtain reduction suggestions ranging from minus 18% to plus 7%
compared with 1990.

Consideration of Koto commitments increases the reduction requirements
to some minus 34%.

In all cases, enormous amount of energy efficiency improvements is re-
quired and the contribution of renewables is close to, or above, the identi-
fied potentials across the recent eight studies assessed above.

More stringent reduction requirements for Austria would be limited by up-
per bounds of estimated renewable potentials.

One of the relatively robust policy implications of this assessment of the
renewable potentials by 2020 indicates that they might pose a serious limit
to implementation of more ambitious 2020 emissions reductions in Aus-
tria, namely those that are more stringent compared to emissions reduc-
tion of minus 5% or so below the 1990 levels. Further reductions would
have to rely on other carbon-saving options such as more vigorous ad-
justment of consumer behavior toward more rational energy use, e.g. to-
ward mobility and other carbon-intensive goods and services, and a sig-
nificant deployment of carbon capture and storage.

In all cases, meeting of the 2020 reduction goals even under the contrac-
tion and convergence scheme is going to be a major challenge and would
require full deployment of the estimated renewable energy potentials. This
will require immediate change in energy policies and a paradigm shift
toward achieving the post-carbon society. Otherwise, the risk is very high
of stranded investment and a lock-in into carbon intensive development
paths not consistent with the EU-27 Community reductions goals, whether
they turn out to be more or less stringent than the three scenarios consid-
ered here.

WIFO-WegC & EEG
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8 Appendix: Structural indicators

This appendix provides details of the structural model and the correspond-
ing indicators used for the contraction and convergence analysis that re-
sults in Scenario 1.

The structural model

Demand modul
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Synthesis Report

losses

Share of transformation

Structural indicator 4
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Share of nuclear

Structural indicator 5
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Synthesis Report

Share of hydro

Structural indicator 6
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Share of other renewables

Structural indicator 7
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Synthesis Report

Carbon intensity of fossils

Structural indicator 8
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