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Publishable Executive Summary

The 3% objective by the European Council in Bancaland the communication “More
Research for Europe towards 3% of GDP” does notragiee the attainment of
sustainable development goals, more specificatipmgding the environmental dimension.
For this reason, an Action Plan for Environmentatfinologies has been requested by the
Barcelona Council in 2002. Environmental Technadsgare defined broadly (reflecting
Commission views) to include integrated technolsdieat prevent pollution as well as
materials, energy and resource efficient produgtimtesses, new organisation of work,
etc... In order to develop the Action Plan, the Cossion decided to focus on four
environmental issues: climate change, soil pratectisustainable production and
consumption, water.

The Commission communication argued that “enviromale technologies could

contribute to Sustainable Development by protecting environment and at the same
time enhance economic growth”. But the trust irs iécoupling between environmental
pressure and economic growth or “win-win” strategyst be mitigated for several
reasons and then it was very important:

- to achieve an analytically sound assessment gbokential impacts of the introduction
of environmental technologies in our economies;

- to assess for generic R.T.D. policies and specidigse linked to EC "7 Funding
Program;

- to seek the most appropriated policies to promutention, innovation and diffusion of
these technologies by carrying out a global assaisisaf such policies.

An analytically sound and quantified assessmeih@fpotential impacts requires the use
of global quantitative methods, i.e. the use ofliggpeconomic models in which
environmental technologies must be explicitly immated. These models must take
macro-economic feedbacks of policies into accaimat, may be important; they must also
be detailed enough in order to represent the irapbrsectoral differences from the
environment view point. Then the works of the FORB&S project consisted in:

- a characterization and quantification of New Emvinent Technologies;

- a new module for R.T.D. decisions, innovation aifflsion of N.E.T. implemented in
modelling;

- a new assessment for European funding programedearch;

- a new assessment for environmental policies, itiqoderr for EU “Climate Action and
Renewable Energy Package”, that was agreed tharz@dy 2008.

Main results may be summed up as follow:

1- the characterization of New Environmental Techni@sgdetermines the technical
characteristics, the potential to economic groveimployment, energy consumption,
improvement of environment and also the market mi@kls and the direction and
strength of relevant drivers to their introductidine collect of data is presented on case
studies but some data are missing on R&D data aeilat two aggregate level and
need the use of proxy variables such as patentsrtheless this lack of data did reduce
the scope of technologies used for modelling;
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2- the modelling progresses of the project are impbitaseveral directions:

- the elaboration of a Module for adoption of envirant technologies based on
stochastic decisions for R&D with behaviour of agegrounded on probability
maximization for exceeding a threshold for returfise other main feature of this
module is its diffusion process that incorporatepérfect substitutions between old
and new technologies;

- the calibration of this adoption module that imglian important work of data
collection for NET, and its introduction in NEEM BMESIS Energy Environment
bottom-up Module);

- the building of a top down econometric module foemgy and environment
covering EU-27 countries (NOMEDE, NEMESIS Optioridbdule for Energy
Demand and Environment);

- a dialogue procedure for all the models used in pheject: NEMESIS,
NOMEDE, NEEM, GEM-E3, PROMETHEUS ...

3- An important result of FORASSET concerns notably #issessment for EU Climate
Action and Renewable Energy Package, with modeis, martial equilibrium model
(NEEM, NEMESIS Energy and Environment Module), gemeral equilibrium (GEM-
E3, General Equilibrium Model for Economy, EnerggdaEnvironment) and one
econometric model (NEMESIS, New Econometric Modw®l Evaluation by Sectoral
Interdependencies and Supply), that have veryréiftemechanisms but show a lot of
convergence, and complementarities of results:

- the implementation of EU Climate Action and RenelwaBnergy Package
should have only a limited cost in terms of GDPE&f-27, or even a negative one,
depending the way auctioning revenues from EU EfeSracycled by Member
States;

- important gains could be obtained for consumereedycling of auctioning
revenue is used to increase households’ disposatdme;

- employment could also be importantly stimulatedhié recycling of revenue,
and the stimulation of households’ final consumptipasses through a reduction of
labor cost and not by an increase in social trarteft could impact negatively on
European firms competitiveness;

- lastly the application of the community solidargyinciple could EU Climate
Action and Renewable 1Energy Package representporiant opportunity for
growth and employment in EU countries with GDP belburopean average like
Romania and Poland, that are also very carbonsiven

FORASSET results complement also usefully previgls ‘Energy and Environment
package’ evaluation by Commission staff , achiewedrebruary 2008 (SEC(2008) 85
Vol. Il), by adding several new scenarios followitige way auctioning revenues from
ETS allowances are recycled by Member States. FCBEASthat focuses on technical
change demonstrates in particular that EU climaléecy could be used for stimulating
importantly technical change in European countrésillustrated by the design of new
policies combining Climate and R&D policies.

Also, the assessment of Ef RTD Framework Program with NEMESIS econometric
model demonstrated the important gains that EUdcgat from a doubling of the size of
its funding to research, as illustrated by prel@ninresults of this work that were part of
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Commission services ‘Proposal for the Council andbBean Parliament decisions on the
7" Framework Programme (EC and Euratom)’ (SEC(2085).4

These are the more original and important res@ilEEORASSET project.
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1. Project Objectives and Major Achievements

The 3% objective defined by the European CouncBancelona and the communication
“More Research for Europe towards 3% of G®es not guarantee the attainment of
sustainable development goals, more specificatigmgding the environmental dimension.

For this reason, an Action Plan on Environmentahfelogies has been requested by the
Barcelona Council in 2002. Environmental Technasgare defined broadly (reflecting
Commission views) to include integrated technolsdteat prevent pollution as well as
materials, energy and resource efficient produgtimtesses, new organisation of work,
etc... In order to develop the Action Plan, the Cosmion decided to focus on four
environmental issues: climate change, soil pratactisustainable production and
consumption, water.

The Commission communication argued that “enviromiale technologies could
contribute to sustainable development by proteaimmgenvironment and at the same time
contributing to economic growth”. But the trust this decoupling of environmental
pressure from economic growth or “win-win” strategwst be mitigated for several
reasons:

1. the development of environmental technologies mdyce a “crowding-out effect”
on other technologies with higher potentials fonamrcing competitiveness and growth;

2. new technologies, for instance regarding energy be less labour intensive, and
their adoption could thus lead to an increase emyrloyment;

3. many obstacles exist that prevent environmentirielogies from realising their full
potential (technical barriers, regulatory barriets).

In view of the above remarks, it was very important
1. to make an analytically sound assessment for ttenpal impacts of the introduction
of environmental technologies in our economies.

2. to assess for generic R.T.D. policies and specihiése linked to the"™Funding
Program;

3. to seek the most appropriate policies to promoterition, innovation and diffusion
of these technologies by carrying out a global sssent of such policies.

An analytically sound and quantified assessmenthfepotential impacts requires the use
of global quantitative methods, i.e. the use of liaggpeconomic models in which
environmental technologies must be explicitly ipmrated. These models must take
macro-economic feedbacks of policies into accaimat, may be important; they must also
be detailed enough in order to represent the irapbrsectoral differences from the
environment view point. There exist two types aftsmodels that can provide a detailed
analysis incorporating macro-economic feedbackglidg General Equilibrium Models
and Econometric Models. These models can giveyfaibust results on the impact of
policies on competitiveness, growth, employmergeatoral level. These two instruments
provide complementary insights: the econometric efmdare more oriented on the
medium term consequences of policies while the mgregjuilibrium approach is best
suited for longer term analysis. In general exgstinodels in their current state are not
suited to describe the complexity of environmetgahnological change; they are either
too aggregated or incorporate only partial mectmasidescribing technology dynamics.
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Therefore the FORASSET project set the followingkspackages:

WP1.: Identification and characterization of enwirgental technologies;
WP2: Decision module for environmental technolegie
WP3: Baseline scenarios;

WP4: Assessment of R.T.D. policies;

o~ w D PRE

WP5: New assessment for environmental policies.

1.1 WP1. — Identification and Characterization of Eatvironmental
Technologies

The objectives of the WPL1 are the identificatiomaracterization and implementation in
the modeling of New Environmental Technologies (METhe NET selected are:
membrane-based chlorine-alkali electrolysis, shement kiln with five-stage preheating
and precalcination, biopolymers, energy-efficiel@ctric motors, cd free rechargeable
batteries, recycling of shredder-light-fraction,miane based waste water treatment and
selective catalytic NOx reduction (SCR).

The collect of data is presented in deliverabl®g,some data are missing and prevent
the integration of several NET in the economic ned&he main problems come from
the R&D expenses which were available from stattoffices sources only on a too
high level of aggregation. Then a patent analysis wsed to establish R&D expenses.
The second step, Market potentials for environmetgahnologies, underlines the
specific base conditioned of diffusion, study ofrigs and drivers under more qualitative
factors such as regulation and public interventemmnomic risk, market structure, social
Pressure and technological opportunities.

The last step of work is the introduction of Enwineental Technologies in the modelling.
The main criterion for the selection was the congrless of the technical economic
characterisation of the technologies. Five Envirental technologies are introduced in
NEMESIS Environmental module: the membrane-baséariok-alkali electrolysis, the
post shredder technology, the selective catalyti@xNeduction (SRC), the energy-
efficient electric motors and the membrane basedtavavater treatment that are the
technologies that addressed a health problem.

1.2 WP2. — Decision Module for Environmental Technlogies and other
Modelling Issues

The objective of this work-package was to produesvradvanced modeling of ET
decision mechanisms, with particular emphasis orDR&he approach is essentially
microeconomic. Practically, two main elements coseptihe model: A stochastic decision
module and a diffusion of technologies module. Tiheorporation of imperfect
knowledge and risk is an essential element inlarfaind more realistic representation of
investment decisions and especially R&D decisiohgkvare by nature speculative. The
option adopted here to characterize the behavi@agehts is to maximize probability of
exceeding a threshold (of earnings or return of R&e advantage of this specification
is that it requires no specification of probabiligvels (since they are maximized) while
the thresholds are intuitively acceptable (interestes, discount rates, average rate of
return...). The diffusion module recognizes threenégeepresenting the equipment
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manufacturers sectors of the EU, North America dapln. For the demand side three
majors markets are represented: Europe, rest @EED and Developing Countries. The
nations with the competitive advantage (enhancedRBY¥D) absorb net additions to
demand.

The new technologies compete with the old ones,elvewthe news do not sweep the
market. To sum-up the mechanism of the module:

- the diffusion module based on a functioning of retsk(of imperfect substitution
between old and new technologies) allows calcuatiith the help of Prometheus model
the expected return on R&D;

- the stochastic decision module describes the decafi R&D with behaviour of agents
grounded on a maximization of probability of exdegda threshold on return of R&D.

Other modelling issues as construction of NOMEDHE aommunication protocols
between the different modelling tools are discus&ether in deliverable D15 and in
section 6.2.3 of this report.

1.3 WP3. — Baseline Scenario

The objective of this Work-Package was to providesdhne scenarios until 2030 for
NEMESIS and GEM-E3 models. The set of exogenousias are the same for the two
baselines; they integrate in models the latestia@vei data about economic trends based
on expert assumptions. The main set of drivers teermine the baselines is the
following: demography, price of raw materials, mianergy, world demand and R&D
efforts

These drivers show for EU-27 that:

- demography in Europe is declining over the longaae Nevertheless, in the last few
years one can observe a rise in the overall groatthdue to migrations. If the growth of
population is about 1.8% over 2005-2030 periodeingly the total active population is
declining 4.4%;

- world growth outside Europe (divided into ten zenis fairly high, more than 3.5% per
year, during the whole period, with a peak at 3i8%he 2016-2020 years;

- oil price derived from PROMETHEUS model projectiadage into account the world
demand for oil (based on world growth), reserves thie investment in research (of new
fields or substitutes). Baseline evolutions for gag prices were actualized in mid-2008,
to take into account for the most recent trend® amtergy prices The high oil prices
observed on the past two years are supposed tistdeus with a slow decrease from 107
€ in 2008 to 68 € 2015, and then progressive rengagation with 76 € in 2020 and over
95 €in 2030;

- for R&D expenditures that determine the innovatioand then the long term
productivity, the assumption for the baseline sdenia based on a simple extrapolation
EU trends.

Besides these exogenous assumptions, the resulMEMESIS and GEM-E3 baselines
show that European growth, at the beginning ofdiheulation run, is supported by the
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finalisation of the transition and integration betnew member states. Nevertheless, for
the period 2005-2010, evolutions include also tlgh hprices context for imported
energies (oil and gas) and the economic slowdowanhishexpected to persist until end on
2010.

- For 2010-2015, the better context that progresgitates place, as a consequence of
decreasing energy prices and re-start of househaldk firms expenditures and world
growth, will allow EU-27 GDP growth rate to acceltr over 2.5% on average on the
period. After 2015, population trends, with incredsgeing, are expected to weight more
on growth; hence households’ consumption growtihdly decreases from 2015 to 2030.
Also, the strength of world growth is foreseen tmtinue after 2015 but with a slight
slowdown. These trends for after-2015 period vhiirt imply a slow-down of European
growth, even in eastern countries, but EU-27 ecingrowth will stay dynamic with
GDP annual growth rate n over 2%. European growilth v notably sustained by
production sectors as chemical industries and pah®quipments, and the development
of services as transports and communications.

1.4 WP4. — Assessments of European RTD policiesetiCase of # FP for
R&D

Various European RTD policies have been assessdNEEMESIS model endogenous
technical change version, from different sub-oploscenarios, that differ from the rate
of growth of FP funding under and after FP7 (motiergrowth vs. continued rapid

growth), the allocation criteria for FP funding Wween countries and sectors (grand
fathering vs. performance), the crowding effectsEafopean funding and the network
effects (best practice transfers).

Compared to its modest share of European public R&fding, the FP can be assumed
to achieve large impacts, especially in the lomgiteand no matter what economic
variable is considered. That is due to two contiityufactors unique to the FP. The first
one is that it can be assumed that the so-calading-in effect of FP funding is higher
than that of national research funding. So FP fumdjenerates more additional business
R&D expenditure than national research funding. Thason is the higher relative
attractiveness to companies all over Europe ofigigating in high-quality cross-border
research projects such as those funded under thAriePit takes several years between
the beginning and the end of the innovation cy€arrying out research, generating
useful research results, transforming them intodpcd and process innovations, and
valorising them through higher turnover takes timidiat means that the maximum
incremental effect of doubling the FP will take ¢éino be observed. Clear positive effects
will start from the years 2010-2015 onwards, howeve

Through its impact on product and process innowataod economic valorisation, FP
funded research boosts Europe’s economic growthso&inarios assuming that FP7 will
be twice the size of FP6 generate substantial edoaomic growth over and above the
business-as-usual scenario of moderate FP growthb@&st results are achieved when FP
funding continues to grow rapidly after FP7: up0t82 percent extra GDP by the year
2030. Attractive results are also achieved whem-BpB3 growth is more moderate. In that
case, however, a performance-based funding altotatiechanism appears to work best.
An hypothetical discontinuation of the FP would atlg have a negative effect on
Europe’s economic growth performance. Comparedh¢obiusiness-as usual scenario of
moderate FP growth, Europe’s GDP would be reduged.&4 percent by the year 2030.
Correcting GDP for quality — i.e. taking accounttioé fact that as a result of technical



FORASSET Scientific report

progress the quality and variety of products inseeaignificantly - highlights the
differences between the different scenarios. Atiaindoubling of the FP followed by
rapid FP growth thereafter now increases Europ&® ®y up to 1.62 percent by the year
2030 over and above the business-as-usual sce@erithe other hand, discontinuing the
FP reduces European GDP by no less than 1.31 pdrgehe year 2030 compared to the
baseline scenario of moderdE growth.

The direct and indirect employment creation effemftgthe FP are substantial. If FP7
increases to twice the size of FP6, then at 1ea8t000 extra (over and above the
business-as-usual scenario of moderate FP growll)will be created by the year 2030,
regardless of the post-FP7 funding growth path.u@hthe FP continue to grow rapidly
after FP7 too, however, then the number of extpa eated could reach 904 000. On the
other hand, a supposed complete discontinuatiorthef FP without any form of
compensation by the EU member states would res@88 000 jobs lost compared to the
baseline scenario. A substantial part of the FPamhmn employment is direct, i.e.
research-related. At least 33 000 and up to 213 €&88arch-related jobs are created under
the scenarios that assume a doubling of fundinguR&7. An entire discontinuation of
the FP would lead to a loss of 87 000 researchejabs in Europe by the year 2030.

The FP will improve Europe’s competitive positioninternational markets. This is first
of all reflected by the fact that, assuming a dimgbbf funding under FP7 and moderate
growth thereafter, exports will increase by an &Xr64 percent by the year 2030 over
and above the business-as-usual scenario of medéPagrowth throughout. Assuming
moreover a rapid growth in FP funding after FP¥ piercentage could increase to 1.56
percent. On the other hand, a hypothetical completeontinuation of the FP without
national compensation would lead to a loss of p&2ent of export growth compared to
the baseline scenario. The improvement in Europg&rnational competitive position
would also be reflected in a reduction of impoAH.scenarios assuming a doubling of
funding under FP7 reduce imports by at least 02¢gmt. In the case of continued rapid
growth of FP funding after FP7, this reduction cbgtow to 0.88 percent. An assumed
full discontinuation of the FP would have the coetely reverse effect. Imports would
increase by no less than 1.43 percent comparduketbdseline scenario of moderate FP
growth.

Doubling the size of the FP under FP7 would raigeoge’s R&D intensity by at least
0.06 percent. That is remarkable given the relbtigenall share of FP funding in total
European public R&D financing. In the case of cetesit rapid growth of FP funding also
after FP7, Europe’s R&D intensity could grow byto.2 percent (note that, assuming a
baseline R&D intensity of 2%, this would representl0% increase). A presumed
discontinuation of the FP, on the other hand, wahldve off .09 percent of Europe’s
R&D intensity. FP funding is at least as effecta® national research funding. This is
clear from comparing the results for the ‘doublinghd ‘marginal nationalisation’
scenarios. The former assumes that FP funding ubldd under FP7, while the latter
assumes that, rather than FP funding doubling ukd®f, national research funding
increases by an equivalent amount. In other wadsymparison of these two scenarios
serves to illustrate the relative efficiency of ¥® national disbursement of research
funding. It is clear that the disbursement of extegsearch funding through the FP
consistently outperforms the disbursement of exatéonal research funding.

At last, several scenarios show that allocatioteid for European funding based on
performance (publication, patents) display the besults on EU competitiveness and
employment.
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1.5 WP5. — Foresight and Assessments of European\iionmental Policies

At the demand of FORASSET Scientific Officer, adpkemphasis was put in this work
package onto the assessment for European CommiSBamkage of Implementation
measures for the EU’s objectives on climate chaamgkrenewable energy for 202@hat
was agreed the 23 January 2008.

The policy assessment achieved in this work-packags three different modeling tools:

- First, NEMESIS economic macro-econometric modelr favhich additional
developments were needed to be able to implemeitti\stthe directive proposals
includes in EU ‘Energy and Environment’ packagenéw module for energy demand
and environment was notably developed by ERASMEh Wie help of NTUA that was
included in NEMESIS as an optional module (NOMEDERs module, extends from
EU-15 to EU-27 NEMESIS set of energy and environmedicators, with also an
extension for biomass (including biofuels) andrefiewable categories;

- NEEM, NEMESIS Energy Environment Module (that ird#s the new developments
for NET) that is run by NTUA team but is limited EdJ-15 countries.

- GEM-E3 that was run by KUL.

The three modeling tools used close baseline assumsgor economic and demographic
variables. For energy and environmental indicattifSEM and GEM-E3 use similar
assumptions while NEMESIS baseline was recalibraded PRIMES model latest
projections (2007) that were used to re-assesBUoEnergy and Environment package’
by Commission staff in February 2008 (SEC(2008)/8% II), and that take into account
for ‘the high energy import price environment ofeat years, sustained economic growth
and new policies and measures implemented in thmlde States’. This harmonization
thus rendered possible the comparison of theseigugvassessments achieved by
Commission services, with NEMESIS results for FORES, obtained from different
modeling tools (PRIMES/GAINS/GEM-E3 on the one halBEMESIS/NOMEDE on the
other) but that share identical assumptions. Thauations made with NEMESIS also
complement usefully these previous studies, byrapdeveral new scenarios following
the way auctioning revenues from ETS allowanceseangcled by Member States.

The policy scenarios that were examined in thiskwaaackage 5 are the following:

- NEEM, limited to EU-15 countries, examines diffearenases of efficient
implementation of EU ‘Energy and Environment pa&kadhat calculate the carbon
balance price for ETS sectors and one unique cgpboa for non EU ETS sectors. The
results of NEEM were notably used to calibrate somehanisms of NOMEDE;

- GEM-E3 was similarly used to study efficient impkmtation of EU ‘Energy and
Environment package’ for EU-27, with two types afcBoning revenue recycling: an
increase in households’ social benefits, and a @matibn of R&D subsidy, up to 25%
and increase in social benefits. Other policy seesawvere studied with GEM-E3 as
R&D subsidy policies, and local pollutants abatetrolicies. All policies studied with
GEM-E3 compare also the case were R&D is endogeaodswhen it is considered
exogenous, and use consequently two differentaesf the model,

- with NEMESIS/NOMEDE, the focus was put on the ecoimconsequences in
2020 of the joint implementation of the ‘EU ETS imw', ‘non ETS effort-sharing’ and
‘renewables’ directive and decision proposals. @#ht scenarios were explored
depending on the way auctioning revenues are redyay States, and compared on the

10
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basis of economic and environmental efficiencyecid defined by the Commission. In
Scenario S1, auctioning revenue is kept by statddsaused for decreasing national debt.
There is no recycling through public investmentrevenue redistribution to private
agents. In scenario S2, the revenue of auctiomniga EU ETS sector is recycled through
an equivalent reduction, in terms of revenue, oplegers’ social contribution rate. In
scenario S3, auctioning revenue is recycled inwags: A reduction, as in scenario S2,
of employers’ social contributions rate, and a gehesubsidy to private R&D
expenditures up to 30%. The R&D subsidy in caladafirst, and only the difference
between auctioning revenue and R&D subsidies igl usereduce employers’ social
contribution rate.

The main important results of work-package 5 cama@nsequently the assessment
for EU Climate Action and Renewable Energy Packageith models, one partial
equilibrium model, one general equilibrium and eecenometric model, that have very
different mechanisms but show a lot of convergeand,complementarities of results:

- the implementation of EWClimate Action and Renewable 1Energy Packsigeuld
have only a limited cost in terms of GDP for EU-87 gven a negative one, depending
the way auctioning revenues are recycled by MerSkates;

- important gains could be obtained for consumersafcling of auctioning revenue
is used to increase households’ disposable income;

- employment could also be importantly stimulateth# recycling of revenue, and the
stimulation of households’ final consumption, pasg®ough a reduction of labor cost
and not by an increase in social transfers thatdcmopact negatively on European
firms competitiveness;

- lastly the application of the community solidanitginciple could EUCIimate Action
and Renewable 1Energy Packagpresent an important opportunity for growth and
employment in EU countries with GDP below Europeaerage like Romania and
Poland, that are also very carbon intensive.

Other important results concern finally technicdlacge, GEM-E3 and NEMESIS
demonstrating that EU climate policy could be ukedstimulating importantly technical
change in European countries, as it is illustrdigdhe study of new policy combining
Climate and R&D policies. Both models show thatyoiog part of EU ETS auctioning
revenue with subsidies to R&D could lead to impatrtenacro-economic gains (GDP,
final consumption and employment), and that cartsdtion stimulates technological
innovation and for this reason lowers the costwirenmental policies, this even without
specific actions for stimulating firms R&D and inragions decisions. These are the more
original results of FORASSET project.

11
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2. ldentification and Characterization of Environmental
Technologies

2.1 Objectives

The objectives are the identification, charactéioga and implementation of
environmental technologies into the models NEEMMIESIS and GEM-ES3.

The identification of a suitable set of environnantechnologies, representing the
Environmental Technology Action Plan and coveringjgmificant proportion of the total
economic activity in this field were evaluated terms of environmental (including
human health) performance and cost. Their integmaitn the modelling tools required
then detailed data on:

- total investment cost;

technical lifetime;

available capacities and their load;

variable costs;

cost digression and floor cost;

R&D expenditure;

environmental effect(s).

The collected those data allowed determining teldyies that can potentially impact on
economic growth, employment and improve environmectnditions. In this respect, the
guantification of the market potential and the dil@n and strength of relevant drivers
and barriers were other important aspects of thd&wbincluded a break down of market
figures for different countries and regions.

The translation and implementation of data in miaagltools required the translation of

the technico-economic characterisation of the teldgies into new model variables and
new equations. Furthermore, in order to be ablexamine R&D policy scenarios,

estimation of two factor (R&D and Investment) ldaghcurves was necessary. For this
purpose, an extensive analysis was performed ierom identify the most suitable

environmental technologies in terms of estimating factor learning curves and model
implementation (Additionally, data found to be lagk in the latter reports for the

purposes described are identified and a new séart¢he missing information is started).

Then the main objective was to implement thesen@lclgies into the model. For the rest
of the technologies, for which problems were idédi the objective was to pinpoint

these problems, search for possible solutions skdoa additional information.

2.2. Results

In the selection of environmental technologies aeefl the trade-off between:

1.covering a wide array of different technologies ethcould be grouped in sectors, but,
due to the resulting heterogeneity within each ageotvould not allow us to draw
reasonable conclusions concerning their technimdlezzonomic consequences and;
2.characterizing only a limited number of technolsgieeding the resulting data into the
model and, subsequently, extrapolate the modelubupterms of growth, employment
and environmental effects to the economies as dwho

12
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Choosing the second approach, it was especiallpiitapt that technologies are selected
carefully, making sure that they represent at ld@stmost important aspects of relevant
environmental technologies in terms of costs, eosoa@roductivity and environmental
effects (e.g. emissions). A first hint to the useklection of environmental technologies
was given by ETAP which specifies energy consumptionservation and use, transport,
resources use in industrial production, waste mamegt and information and
communication technologies as the most relevanhn@ogy fields. Eventually,
technologies were selected on the basis of theiir@mmental and economic relevance
and, last but not least, the availability of readua data. Beside process innovations we
also looked for sustainable products and servidesiever, especially services were hard

to specify sufficiently well either with regard tioeir function or their effects.

Technologies selected according to the above iexitegre the following:
1.membrane-based chlorine-alkali electrolysis;

2.short cement kiln with five-stage preheating anetplcination;
3.biopolymers;

4 energy-efficient electric motors;

5.cd-free rechargeable batteries;

6.recycling of shredder-light-fraction;

7.membrane-based waste water treatment;

8.selective catalytic NOx reduction (SCR).

Table 1: Preliminary characterization of the techndogies selected for investigation
in this report

Environmenta Relevant Type of Process/ State of Environmental Economic
| technology economic technology product technical relevance relevance
sectors developme
nt
Membrane- Chemical Integrated  Process Early Of the total chlorine  Conversion of these
based industry: diffusion production capacity 80% from actual
chlorine- chlorine in Europe only 20% to membrane
alkali productio actually use the technology is
electrolysis n membrane techno-  equivalent to total
logy. Use of 100%  investment in the
would avoid order of EUR 6bn.

emission of 18 t/a
Hg and consumption
of 8bn kWh/yr

Short cement
kiln with five-
stage
preheating
and
precalcinatio
n

electricity.
Cement Integrated  Process Early The short dry kiln Nearly 50 % of
industry diffusion with 5-stage pre- total cement
heating and production costs is
precalcination is not caused by energy
a really new consumption.

technology, butits  Application of the
global diffusion is technology needs a

still poor. This basic
technology cuts modernization of
burning energy most of the over
consumption by 200 cement kiln
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more than 15 %,
amounting to an

energy conservation

potential of 2bn
kWh/a and a
corresponding CO
reduction potential
just within the EU.

installation in the
EU. The
investment volume
for this is huge,
and has to be
quantified by
future work.

Biopolymers Chemical Integrated  Product Demon- By 2010 (2020) Relevance of
(polylactic industry stration biopolymers could  substitution in
acid) plants substitute 1m t/yr (up monetary terms is

to 3m t/yr) fossil EUR 1-2bn by
resource-based 2010 and up to
polymers, save the EUR 3-6bn by
corresponding 2020
resources and avoid

CO, emissions of 1.7

(5) million t/yr.

Biodegradeability

Energy- Many Integrated  Product& Early Electric motors Within the EU this
efficient industria process diffusion consume about 65% avoids electricity
electric motor | sectors of electricity used in costs of about

(Cross- industry. About 5% EUR 1.5bn
sectora) of this (= 30bn kWh) annually.
could be saved in theAdditionalIy this
EU-15 by using may increase com-
energy-efficient petitiveness on the
devices. electric motor
market worth EUR
1bn/yr in the EU.

Cd-free House- Integrated  Product Early Avoidance of about Market potential
rechargeable  holds diffusion 1500 t/yr (i.e. about for NiCd recharge-
batteries 75% of total) Cd able battery
(NiMH or Li- discharge into the substitutes is in the
ion) environment. order of EUR

1.5bn per year
worldwide.

Recycling of Auto- Recycling  Process Demon- 2 Mio t/yr shredder  Need for 20
shredder- mobile stration residues in Europe treatments plants
light-fraction industry, from post-consumer in Europe with a

manufact waste, mainly cars  capacity of

urers of and large household 100.000 t/a each.
white appliances. Almost  This amounts to a
goods all is disposed in total investment of

landfills, in scare
cases incineration is
applied.

400 Mio €. Total
gate fees for SLF
treatment amounts
to 200 Mio €/a.

14
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Membrane- Sewage End-of- Process Demonstra Purification of waste By 2010, the
based waste  treatmen pipe tion (large  water by means of  economic potential
water t plants) / membrane of membrane-
treatment early diffu- technology is the based technology

sion (small only way to ensure is about EUR
plants) compliance with the 200m for
strong (health) municipal waste
requirements for water treatment
water discharge into and industrial
sensitive water process water
bodies recycling in
Europe.

Selective Many End-of- Process Early SCR brings NQin SCR technology is
catalytic NOx industria pipe diffusion the exhaust down to state of the art for
reduction | sectors 100-200 mg/ry for large power plants,
(SCR) (Cross- glass furnaces from but not for

sectoral) up to 5.000 and for  industrial
cement kilns from installation
above 1.000 mg/ installations with
Also, SCR is a BAT heavy NQ
for many other emissions. To
industrial equip these
installations. installations in
NO, emissions matter Europe and world
in particular as a wide with this
precursor for the technique offers a
formation of ground ~huge economic
level ozone in the ~ Potential. Alone
vicinity of retrofitting
installations. Europe’s glass
furnaces and
cement kilns with
SCR bears an
investment volume
of over 2 billion €.

(Water- Many Integrated  Product& Early Varnish application  The potential for
soluble industria process diffusion causes about 340000 substitution of
varnishes)* | sectors t/yr (Germany) VOC water-based for

& emissions of which  VOC-based

househo 50% can be avoided. varnishes is above

Ids EUR 1bnin
Germany and in the
order of EUR 5bn
in the EU. Europe's
car manufacturers
are global leaders
the application of
highest quality
water based
varnishes.

Note: * In the case of water-soluble varnishesmagle use of the option not to investigate one

of the technologies, if difficulties in data colien become insurmountable.
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Most of the selected technologies are integrated;ig recycling and two are end-of-pipe
technologies. This reflects fairly well the pridggation of the former owing to the
assumption that they are most likely to enablerenmental and economic benefits at the
same time. One half of the technologies are rete@aross sectors. The other half refers
to applications in the chemical industry (2 casé®s}, cement industry (1 case) and the
automobile industry (1 case). Energy and relatedrdgen technologies were not
characterized in this project because data weeadyravailable.

For the environmental technologies, all data regqoants for integrating the effect of the
environmental technologies into the economic mode&lse met to a higher or sometimes
lower degree:

1. investment costcould always be specified. In some cases, datae wer
available only for one given year, although thinéd out to be a shortcoming only in
those cases where a cost digression was thoughtsto

2. the technical lifetimavas also specified in all cases even though vathes
uncertainty especially in the case of very new tetdgies (e.g. biopolymers) or when
technical lifetime of some components became vang (more than 50 years in the case
of chloralkali electrolysis;

3. existing capacitiesould be assessed in all cases but with diffategtees of

detail. At one extreme, it was possible to identsyecific installations (chloralkali,
cement, membrane-based municipal waste treatm@nthe opposite side only data for
Europe and the whole world were available. In betwdata were found for all EU
countries, for only the most important countriegasrgroups of countries;

4. the data for thenarket potentialre usually less detailed than those for the
actual capacities. The target years of the progneased between 2010 and 2020 and the
results often depended very much on the strictnés¢ke regulation that is assumed to
exist at the end of the period of prospect;

5. all relevant variable costscould be assessed, although in the case of
cadmium-free batteries they turned out to be @i For most technologies cost
digression could be specified; an exception wag-gltuedder technologies where this
was not possible. In the cases of chloralkali ebdgsis and cement production the
development already has come to an end such tHatther digression is expected,

6. environmental effectsould be specified and quantified well except thoe
case of membrane-based wastewater treatment wieedfect very much depends on the
wastewater that is fed into the plant an on therotiomponents employed for wastewater
treatment;

7. most problematic were the R&D expenses which werailable from
statistical offices or other official sources oy a much too high level of aggregation.
Then a patent analysis was used to reconstrucR&® expenses on the basis of the
assumption that R&D effort and results (i.e. théepts) show a proportional relation or
take the patents as a direct (relative) measurR&® effort in various country.
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Figure 1: Overview of the main fields of patent apfications for SCR-equipment
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In order to specify the basic conditions, that thee (exogenous) restrictions under which
technology adoption takes place, it was assessedl finst step which research and
development (R&D) activities are conducted in Ewrgnd what the potential market
capacity for environmental technologies is likee3$& data are collected for each of the

environmental technologies and, where possibldergiftiated for major countries or
regions within Europe. The latter differentiation ¢rucial as it is well known that

environmental technologies are not equally wellaligwed in all European countries. The
same is true for the examination of barriers arideds undertaken in a second step to
identify more qualitative factors that may hampersopport the development, adoption

and further diffusion of the latter technologies.

Such factors are:

1. regulation and publidntervention ranging from command and control aduntary
programs and market-based instruments;

2. economic risk and uncertaintglated to the central question whether the bemefit
potentially arising from the adoption of innovatividean technologies are able to offset
the uncertainty about the profitability of the nesa&y investments. This has direct

consequences with regard to the access to finacegiéal;

3. marketsare relevant on thdemandside where consumers with high environmental
awareness and a corresponding willingness to pagemerally a driving force and on the
supply side where thmarket structureand the organization of companies influence their

readiness to engage in new technologies;

4. social pressurearises from a community willing to disengage irviemnmentally
harmful technologies as well as from stakeholdegperting clean technologies within

and outside the firm or industry. In both cases,dhucial role of public image and social

legitimacy has to be acknowledged;

5.technological opportunitiesften arise from the capability of a company taldeith a
new technology, which depends on the technologgadly in place or on forms of

organization or infrastructure that are closelyated to this, but not to the new
technology. Together with the sunk costs of theveational technology this represents a

substantial lock-out for the new technology.

Although it was known beforehand that environmenéahnologies generally show a
substantial market potential, it turned out in toairse of the analysis that, despite the
limited number of case studies that could be exadjitheir market potential was indeed
quite high — in one case even much higher than @ede More "classical" cases of

environmental technologies were the retrofit ofgéarcombustion plants (LCP) with

selective catalytic NOx reduction (SCR) and theegn&ted approaches of converting
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mercury to membrane-based chlor-alkali electrolgsis equipping short cement kilns
with five-stage preheating and precalcination.

As the total capacity of existing plants is not ested to increase substantially, these
environmental technologies will essentially replaoésting capacities in all cases. To
which extent this will happen in the future dependsthe strength of the corresponding
drivers and barriers (e.g. a ban on mercury) antherextent to which substitution has
taken place already. Another case of process ingpnewt is membrane-based wastewater
treatment which substitutes for conventional sewglgats. However it differs from the
preceding technologies in having additional funwidies like the removal of virus. This
basically provides this technology with a marketeptial that goes clearly beyond the
mere substitution.

Two environmental technologies, energy-efficienecaic motors and cadmium-free
rechargeable batteries were product rather thanepsotechnologies. Adopting these
technologies involves an investment calculus insa$athere is a trade-off between better
performance (during operation) and a higher pricghe beginning. Although in both
cases, this calculus is very much in favour of éngironmentally better alternative, it
depends a lot on personal and social attitudesh&hée technology is adopted or not. In
the case of energy-efficient motors, a lack of kisglge and significant transaction costs
limit the market potential. By contrast, due to tteeevolution between high-capacity,
cadmium-free batteries and electronic appliancesd tlse these batteries the market
potential of cadmium-free rechargeable batteriesamost ten times higher.

The two remaining environmental technologies agskss this report are related to new
products. One, recycling of shredder-light-fractima process technology that is useful
only since the recycling of a certain fraction afdeof-life vehicles (ELV) became
mandatory to some extent by the actual legislatim,. there is no other capacity that
needs to be replaced and the investment calcubsri®s rather easy.

The production of biopolymers on the other hand/esy young. To some extent, it
replaces existing fossil-based polymers, but ib @lscupies new niches that sometimes
had not been occupied before by polymers. Evidetitly R&D effort going into the
environmental technologies differs very much. Tha&mreason for this is, on the one
hand, the maturity of the technologies.

Membrane-based chlor-alkali, for instance, has loes®loped in Japan in the 1970s and
1980s. There are still some R&D investments, battain part of the development work

is done. So, it is little surprising that the toR&D expenditures for a time period of 16

years are as low as € 36 million.
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Table 2: Chlor-alkali capacities (in 1000 t) accorahg to process type in the relevant
EU-27 countries (June 2000)

C ountry mMercury] Diaphragm| Membrane Dither Total
Austria 1] I] a5 0 a5
Belgium BEZ I 120 a0 832
Finland 40 ] 78 0 115
France 874 a60 232 20 1686
Germarny 1762 1446 244 230 4282
Greece a7 i i 0 a7
Ireland 1] 1] 5] I ]
ltaly 812 I] 170 0 982
Netherlands 70 140 414 1] G24
Nonwuay I 130 a0 0 180
Portugal 43 I] 46 0 g4
Spain TB2 I 40 0 802
Sweden 220 i an 0 10
Swatzerland 104 1] 0 0 104
UK 856 220 105 I 1181
Subiotal 6242 2496 M7 300 11285
Share %) 553 221 1949 27 100
Czech Rep.' 135 0 0 0 i
Hungary' 137 0 ] 0 0
Poland' 207 257 0 0 ]
Slovak Rep. ' TH i 0 0 0
Slovenia' 0 0 15 0 15
Total 697 2753 2762 300 7262

Note:' Data for the new EU member states are from 2005
Source: EuroChlor (2006)

By contrast, biopolymers representing a very yoigetinology show more than ten times
this R&D effort although the total market potentisilhardly half as big as in the chlor-
alkali case. On the other hand, the willingnessashpanies to invest into R&D depends
on the revenue they expect to make with their iations. Although the complexity of

the technologies might differ considerably, the R&Rpenditures will usually be in a

corridor of between 2 and 10 percent of the acteaénues, mostly closely correlated
with the profit that is made.

About one half of the environmental technologieseased in this report are advantageous
not only from the environmental or health perspectbut also from the economic
perspective. In most applications energy-efficielgctric motors show payback times
shorter than two years, sometimes even shorter lladfha year. Lithium and NiMH
batteries show so much better performance thamfmst applications, NiCd batteries are
even economically worse. With the exception of sonmor applications (e.g. production
of KOH), membrane-based chlor-alkali plants areselmofor their environmental and
economic superiority whenever a new plant is biifid even recycling of the shredder-
light-fraction turned out to be economical oncetiahi technical barriers had been
overcome by means of regulation. So, this techryot@mn be assumed to persist even if
the existing recycling quotas were given up.

It turned out that the eight technologies undersaeration give rise to a combined
market potential of € 87.5 billion by 2020, whicints to the relevance of the study
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undertaken. It turned out that in many cases, viadable collection of data did not fully
meet the requirements of model builders (NTUA). &ta collection was re-entered. In
some cases, new data sources could be explorethdncases, an extended use of known
sources was made by making stronger assumptioreeigong the relationship between
unknown dependent and known independent varialidbe end, we were able to make
substantial improvements concerning data avaitgbilihe introduction of Environmental
Technologies in the new Environmental module of NENS: by performing an
extensive analysis of the deliverables D3 and D#e,fout of the eight total
environmental technologies considered in D3, wenplemented into the model. The
main criterion for the selection was the complessnef the technical-economic
characterisation of the technologies.

The first technology implemented in the model, wlas membrane-based chlor-alkali
electrolysis, which is used for the production dfocine and caustic soda. The main
driver of chlorine demand is the production of ptas since more than 50% of the
chlorine produced in Europe is used in this sedtor.this purpose, the chemicals sector
of the model was divided in plastic and non-plashemicals. The main competitors of
this technology are the mercury and diaphragm @ses However, since no new
capacity is expected to be added in Europe forricldoproduction in the forthcoming
years, the decision process modelled concernerkttditting of existing installations of
mercury and diaphragm processes to membrane-baseespes. The second technology
implemented in the model is the post-shredder @olgy, used to manage the light-
fraction of the shredder residues resulting fromttieatment of end-of-life vehicles. First,
the model determines the quantity of the shreddsidues from the number of the
deregistered vehicles per year. The available pptto manage these quantities are the
post-shredder technologies, the disposal in ldaddihd the waste incineration. The EC
directive 2000/53/EC on end-of-life vehicles, whidts recovery and recycling targets, is
also implemented as a constraint in the model. thivd technology implemented in the
model is the selective NOx catalytic reduction ($@Red for reducing the emission of
NOx from combustion sources. In the model, thistebtogy was introduced in the power
generation sector (coal, gas and oil fired powend). The installations of SCR
technologies, is driven by the capacity of the ifefged power plants. Not only new
plants, but also the existing plants can be equippi¢h this technology to reduce their
NOx emissions, in order to be in compliance with HU directive 2001/80/EC.

Table 3: Selective Catalytic Reduction Market: Reveue Forecasts for Western
Europe, 2002-2012 (Source: Frost and Sullivan 2006¢

O Revenues (€ Million)
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This directive has been introduced as a constiaithe model. The SCR technology
increases the production cost of fossil fuels fipeaver plants, affecting in this way the
decisions on new investments and plant dispatchihgwever, this technology is

currently the only available option for reducing M@missions, since in the deliverable
D3 no alternative technology is characterised.

The fourth technology introduced in the model ie #fficient electric motors. In the
model, a typical configuration of electric motorks @ medium factory was used. The
requirements of electric motors are determined gedously in the model, and the
decision to meet these requirements is taken arttghree classes of electric motors
EFF1, EFF2 and EFF3. Also premature replacementtHerless efficient, currently
existing, electric motors has been introduced & tfodel. Finally, the fifth technology
introduced is Membrane-based waste water treatmwhbith is the only technology that
addresses a health problem.

As it was evident above, a temporary regulation begufficient in the case of integrated
environmental technologies where a threshold hdstovercome before the technology
becomes profitable. Sometimes, it is the objeaiveuch a regulatory act to allow for the
realisation of learning effects, that is, the temlbgy is protected from conventional
competitors until it has become competitive itskelfother cases, the regulation may focus
the industrial actors' attention on facts they nékieugh about before. So, the acquisition
of economically relevant knowledge becomes an itamorside-effect. Eventually, a
regulation may sometimes just bring about a chadebits that prevented the adoption
of a superior technology.

Examples for all these cases are found in Tablehich at the same time summarises the
results of this report.
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Table 4: R&D effort, market potentials and drivers and barriers of environmental technologies

Environmental R&D R&D by Share of ET from total ~ Total capacity increase oi Drivers* Barriers*
technology effort origin capacity in Europe (in ET until 2020
(million €) %)
Atpresent  In2020 (1000 t/a) (Million €)
Membrane-based 36 DE (55%), 11.6 (in 80 6090 ~3700 Social pressure towards High risk perception for
chlorine-alkali (for the IT and UK 1997) to (435)** phase-out of mercury-basethajor parts of chlorine
electrolysis period 1980 (22% each) 30.2 (in chlorine production (+),  capacity=> short payback
to 1995) 2004) IPPC (+), voluntary time for any further
agreement (++) investment (-)
Short cement kiln 17 n/a 29 (in 2001), 50-70 55 000- 11 000— IPPC (+), High investment pays only
with five-stage (annual increasing by 100 000 20 000 high energy price (+), in combination with major
preheating and  average 2.1% per (2900- (550-1000) certificate trading scheme maintenance work (- -)
precalcination 1995 to year 5000)** (+)
2003)
Biopolymers 450 us 0 (in 2002), ~5 500-1000; 1100-2200; Good image due to bio-  Very young technology>
(polylactic acid)  (for the (>90%), <1% (in 2002, 1650-3050 3500-6500 degradability (+), high risk (- -),
period 1989 DE (3%),  worldwide) worldwide worldwide strong potential cost lack of integration in waste
to 2003) Fl and CH digression (+) management scheme (=)
(2% each)
Energy-efficient ~150 (in DE (28%), 2 (in 1998) to ~25 Does not 4200%*** Investment highly Unwillingness to change
electric motor 2003, only aFR (16%), (in 2005) for apply (increasing profitable: short payback  a working system (=),
share of thisES (11%), EFF1 from 160 in times (++) lack of information (=),
for energy AT (10%) 2007 to 500 in accounting: neglect of

efficiency) 2020) operating costs (-)
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Cd-free ~60 (in Mostly 80 100 Does not 39500 Very good performance  Low budget cordless
rechargeable 2004) Japan apply (in 2011, (++), co-evolution with power tools (-)
batteries (NiMH or increasing portable electronic
Li-ion) from 3570 in appliances (+), reputation of
2004 to 6300 Cd-free batteries (+)
in 2011)
Recycling of 20 (in 2004) AT, BE, Does not  Does not 3300 420 ELV and WEEE directives Drain-off of end-of-life
shredder-light- FI, NL and apply as apply  (until 2015), (until 2015), raise the need for this ET vehicles to Eastern
fraction DE demand didn't 11000 1400 (++), Europe and Africa (-)
prominent exist before (until 2015,  (until 2015, meanwhile ET became
in EU, CA W0r|dWide) W0r|dWide) more economical than
and AUS incineration or deposition in
outside EU landfills (+)
Membrane-based Specific DE, ES, <0.2 ~1 Does not 7200 Various directives (EU)  Lack of experience with
wastewater assignment UK, FR; (municipal in (municipal apply (until 2012, strongly regulate the ET (- -), operation and
treatment toET not CAandJP 2005) in 2012) including  wastewater discharge (+), maintenance more
possible very industrial)  specific favorable expensive (-)
important (from 1000 in conditions (+)
on global 2007 to 1400
scale in 2012)
Selective catalytic 45 (in 2005) FR, IT, DE 34 (2005, 100 (LCP) 150 000 ~12000 LCP directive specific for End-of-pipe> higher
NOXx reduction LCP) MWel LCP LCPs (++), other NOx costs (-), retro-fitting an
(SCR) capacity emitters only regulated by LCP is somewhat risky (—

IPPC or CAFE (+) ), frequent changes in

regulation> risk (=)

Note:

* ++ and — — indicate strong,

+ and — weak drivers or barriers, respectively.

** Values in parentheses are annual increases.
*** |n addition to the cost of conventional tecHagy
Source: Own compilation
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3. Decision Modules for Environmental Technologies

3.1. Objectives

The objectives have involved three main steps:

- the First step was to design the theoretical fraonkvirom which empirical specifications
for New Environmental Technologies R&D and investimdecisions were derived,;

- the Second step consisted in the estimation obradibn of the R&D and investment
decision equations for New Environmental TechnasgiThe Energy/Environment module of
Nemesis, with the integration of these new equatiomas re-tested running analytical
simulations;

- the Third step was to realize an interface betwbemew Energy/Environment module and
the core economic model of NEMESIS, and then tatnerusual analytical testing simulations.

3.2. Results

For the First step: Theoretical Framework for theciBion Module For Environmental
Technologieswork within this Work Package has concentrated lmn ¢haracterization of a
number of technologies and their incorporation thisNEMESIS environmental module.

In the first phase work has concentrated on tecigie$ for which extensive data has already
been collected (primarily clean road transport tetbgies and carbon capture and sequestration
technologies). Table 5 gives in detail the techgiels that have been incorporated on a country-
by-country basis in the module:

Table 5: New Technologies incorporated in the NEMEIS Environmental Module

CARBON CAPTURE AND SEQUESTRATION ROAD TRANSPORT
C0; Sequestration Eledric Passenger Car
Fost-Combustion CO; capture Batteries for Electic Car
{Super itical Pulverised Coal) Hybrid Passenger Car
Pre-Combustion CO; capiure Hydrogen Fuel Cell Passenner Car
iIntegrated Gasification Combined Cycle) Hydrogen Intemal Combustion Engine Passenger Car
Fost-Combustion CO- capture Eledric Passenger Car On-Board Siorage
(Gas Turbine Combined Cycleh Hvhrid Passenger Car On-Board Storage
Pre-Corbustion CO; capture (G a5 Stearn Reforming)  |On board reformers (hatural gas fuel cells passenger cars)
Pre-Combustion COp capture ({Coal Partial Oxidation)  |Hydrogen Storage (Hydrogen Fower Passenger Cars)

Modelling has proceeded covering the detail andgéeeral logic that already exists in the
power generation sector of the environmental modek means that the total cost of using the
technology (acquisition, fixed operating and mamnatece, fuel cost modulated by fuel
efficiency, and other non fuel variable operatirgpts) has been used as a driver for new
technology selection in a context where the newrtelogies are competing with conventional
ones. Apart from cost, the penetration of cleahrnetogies also depends on the degree of their
maturity, which is either exogenous or endogenaiisragressive and constitutes a measure of
possible barriers to their introduction.

The second phase consists in the introduction difnlogies for which no information was
available within ICCS-NTUA and thus depended onitiffermation gathered and analysed by
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Fraunhofer I1SI within WP1. ICCS initially producedh extensive list of possible candidates
covering cement, waste incineration, refineriesioigés and non-ferrous metals, and paper and
pulp sectors. The final list of the technologiealgsed was established by Fraunhofer ISI on the
grounds of their environmental importance and thesibility of obtaining suitable data.

Within the FORASSET project considerable effort haen devoted to model elements from the
evolutionary paradigm of modern economics. The ipress version of the NEMESIS
environmental module basically assume a singlecypagent for each sector who has simple
and clear objectives like profit or utility maxinaizon, cost minimization etc. These agents act
in isolation from each other, except in highly reed models when oligopolistic competition is
examined as a variant. They also have full knowdealigthe parameters of their decision model
(occasionally incorporating risk by adding a fixpcemium). In the evolutionary paradigm
agents consider the actions of each other throogperation, competition and social networks.
They generally operate under uncertainty and thisedainty is explicitly reflected in their
decisions. On the other hand they do tend to Iémm experience. The incorporation of
imperfect knowledge and risk is an essential elénmea fuller and more realistic representation
of investment decisions and especially R&D decisiwhich are by nature speculative.

Two basic options for the incorporation of risk generally considered. The first involves the
maximization of expectation subject to a risk cowigt and conforms closer to more traditional
risk analysis practice. The second involves theimization of the probability of exceeding a
particular threshold. The first approach still egisdly places the emphasis on expectations. At
the same time, it presents a number of intuitiVicdities in setting the constraints, i.e. it istn

a priori evident what probabilities and what thi@ds could be used for the constraints. On the
other hand, the second approach (maximizing prébabi exceeding a threshold) places the
emphasis on risk minimization which is in generaderestimated as a force in economic
behavior. It requires no specification of probapilevels (since they are maximized) while the
thresholds are intuitively acceptable (intereseésatdiscount rates, average rate of return etc.).
For the above reasons this method has been adopted.

The approach adopted represents a departure freroldissical deterministic model which is
equivalent to expectation maximization. This dep@tmay on the other hand be less important
than it is often assumed because along the effigpiap-off curve between risk and expectation
there are regions of perfect synergy: a decisian iticreases expectation also tends to increase
the probability of exceeding a given threshold.t®a other hand, the area that presents specific
interest in decisions is precisely where risk migation will involve some sacrifice in terms of
expectation. The relative synergies or conflictsriesk and expectation notwithstanding, the
approach definitely introduces an additional dimemsto the model specification with the
introduction of joint probability distributions &ey elements in decision behavior.

In view of the above ICCS-NTUA has developed antbiporated within the Environmental
module of NEMESIS anulti-agent model for R&D decision§he main elements of this model
are:a stochastic decision modufieveloped according to the principles introdudedva and a
diffusion module and its stochastic version intégglanto the PROMETHEUS stochastic model,
which is used to provide the essential input to dteehastic decision module and at first the
stochastic rate of return on R&D. The decision nteds specified as a Nash equilibrium
situation. The main players (the equipment manufacs in different regions) are differentiated
by existing R&D commitments, market shares foratight technologies in different parts of the
world and potentially different risk tolerance. Bgalayer operates under risk and knows how
other players behave faced with their risks. Thabability distributions of R&D impact of a
given player are affected by the R&D actions ofeothlayers. The specification allows for both
competition and cooperation. Typically, the problproduces a sub-optimal situation for every
player, a deviation from which results in a detexiimn given the reaction of the other players.
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In order to ensure that analytical solutions carobgined it is assumed that the impacts of
R&D actions are distributed normally. This assuimptis made while recognizing that many of
the impacts as they emerge from the stochastidoverd the diffusion module are skewed.
However, the distribution of linear combinationr@in normal variates is generally unknown,
though it can be approximated numerically, but sagproximations will result in non analytic
and often non convex set of characteristic equation

Figure 2: The micro endogenous R&D model: Overvievef construction and use
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The construction of the decision module involves shmulation of R&D shocks for each player
on each technology category using the integratedhastic model in order to obtain the
expectations, standard deviations and correlatanthe returns to R&D. This raw data is
statistically analyzed in order to obtain lineaansformations linking the expectations and
variance co-variances of each player given theomstiof the others, which constitute the
parameters in the constraints of the decision neodul

The diffusion module recognizes three agents reptagy the equipment manufacturers’ sectors
of the EU, the United States and Japan. Each sectorated as a single firm. A given region
constitutes a captive market for its own equipmergnufacturing sector. The enhanced
competitive advantage produced by R&D actions asdlated into increased market share in
third countries. The actor with the competitive ahage absorbs net additions to demand to the
extent that this player retains this advantage. iéw&, improved version of this technology is
assumed to compete with the old version. Howebhernew version does not sweep the market
especially if the advantage is small. Technologspallover occurs at a constant rate, starting as
soon as the improvement takes place. This impliespal erosion of advantage in early years
but also the maintenance of some advantage inotiget term. The way the module has been
formulated, it does not consider cases where gattheo gain is invested back on R&D: this
would necessitate more assumptions thus sacrificiagsparency. On the other hand, the
omission of this feedback results in a possiblesoestimation of the long term benefits of R&D
to the companies undertaking.

In order to integrate this diffusion module intoetiPROMETHEUS stochastic model, a
stochastic version is estimated including stochasttimates for the rates of spillover, market
penetration parameters and error terms. The estimatall the above have been obtained by
using econometric methods. The integration of tleehastic version of the diffusion module
into PROMETHEUS allows for the consideration siraniously of other technological,
economic, energy and environmental risks.
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The Second step, estimation, calibration and test tesilthe Technology Dynamics Model,
consisted of providing technology dynamics mechagi$or the NET described in WP1. This
consisted in building Two Factor Learning Curveatieins (learning by research and learning by
doing) for all their techniques and economic chimastics. The specification follows the
general framework developed in ICCS-NTUA for povwgameration technologies in earlier
projects. Since many of the technologies coveredcampletely or virtually new, it has not been
possible to establish learning by doing mechanifonghem econometrically using historical
series. However, it was deemed necessary to indude mechanisms since it is expected that
some of these technologies will benefit considgrdibbm learning by experience. It was
therefore necessary to revert to the use of pammebtained from pooled samples concerning
other technologies that have reached a degree tfritgawithin the historical period. Such
parameters have been modified in the light of mmtpe analysis concerning the new
technologies combined with testing using provisiorersions of the technology market sub
model within the environment module of NEMESIS. § hybrid method ensures at the same
time some grounding on econometric analysis, regpeconstraints and possibilities identified
in technology perspective analysis and a smoothamawior once the model is fully
implemented.

For each environmental technology an extensiveyaisalvas done in order to identify problems

related to the integration of the technology in thedel and to examine the potential of the

technology in the context of the sustainable dgwekent. The latter is necessary for the design
of meaningful policy scenarios.

The analysis of thenembrane-based chlor-alkali electrolysisowed that the retrofitting of all
existing installations of mercury and diaphragmcgesses for chlorine production could save
around 0.3% of electricity consumption and abo®%«.of Hg releases per year. However,
current EU-wide polices, have already locked-in thenetration of this technology in the
market, so the main question is when the retro§tf the existing mercury processes will take
place. On the other hand, the estimation of twdofalearning curves for this technology was
not possible since according to its characterisatibe retrofitting costs were increased over
time as result of the increased retrofitting eBort

In the cement productignthe analysis showed that if all existing techgas turned into the

more efficient short-cement kiln technologies tladaout 0.6% of the annual CO2 emissions in
EU could be saved. However, the retrofitting iseayvexpensive process which can be justified
only in conditions of high carbon values. Thus,nsgc@®s of strong climate policies can be
examined in order to assess the penetration obfftien. On the other hand, in the deliverable
D3 there was not sufficient information to introduihis technology in the model and estimate
two factor learning curves, since there were nddilakle: a) the installations per cement
production technology in Europe, b) a complete nézi-economic analysis and ¢) R&D data.

In biopolymers productignand especially PLA production, the analysis stibttmt PLA is a
costly alternative to PE (about two times highemntlPE). The potential environmental impact is
about 0.1% annual reduction in CO2 emissions, tiegulfrom the adoption of what is
essentially a high cost option. This technology @aias not introduced in the model, because the
key element for its successful penetration is ttoelypction cost of lactic acid.

Energy efficient electric motoese already implemented in the model.

The same holds for theadmium free rechargeable batterietere about 83% of the sales are
today batteries of this type. In addition, direetR006/66/EC requires the phase out of cadmium
batteries until 2010, making further policies praimg cadmium free batteries, superfluous.
Post-shredder technologiese new technologies for which further policies its penetration

can be examined despite the directive 2000/53/EGchwhaids the promotion of these
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technologies. However, their potential environmemtgact is small (around 2% of the total
municipal waste can be recycled through this teldyy). The post-shredder option is already
integrated in the model but the lack of R&D and Hiesence of a perspective analysis in
deliverable D3 prevented the estimation of twodatgarning curves for this technology.

Membrane waste water treatmesthe only technology that addresses a healthlgmma It is an
expensive option (to turn all current installatioofs municipal waste water into membrane
would cost 0.2% of the EU GDP). Moreover, the emvinental impact of this technology is
unrelated to the remainder of the model. Finahg, lack of R&D for this technology made the
estimation of a two factor learning curve impossilsl the current reporting period. However,
these data have been provided after request arestingation.

Theselective catalytic NOx reductias an expensive option (adding SCR to all foasél based
power plants would require the 0.2% of the Europ&®¥) but it can save about 80% of the
NOx emissions annually. SCR is a new function ftthat not exist before and currently its
diffusion depends on relevant legislation. Howevalternative methods to reduce NOXx
emissions do exist such as reburn (or fuel stagamg) overfire air, which in case of data
availability could be introduced in the model aerfpetitors” of SCR.

Work performed by E3MIab of the ICCS/NTUA in thecead period from concentrated on the
numerical implementation of the decision modulepratotype of which together with the
diffusion module were tested at the mid-term of fiveject. And, in order to ensure that
analytical solutions can be obtained it is assurtifet the impacts of R&D actions are
distributed normally. This assumption is made whéeognizing that many of the impacts as
they emerge from the stochastic version of theusliffn module are skewed. However, the
distribution of linear combination of non normalriedies is generally unknown, though it can
be approximated numerically, but such approximatitil result in non analytic and often non
convex set of characteristic equations. The motiale been constructed incorporating linear
cross-impacts and formulated as a mixed complemignpeoblem and implemented in GAMS
using the PATH solver. Work on the use of the denisnodule is continuing in particular in
terms of refinements of the correlations and thegteof simulations involving policy measures
that reduce variability of returns to R&D investrten

For the Third Step, there is a realisation of @erface between the New Energy/Environment
Module and the core economic model of NEMESIS. ®hgectives are now to improve the
coherency between the New Energy/Environment Mo¢NEEM) and NEMESIS model. The
following Environmental Technologies were impleneshin NEEM (as described above the
problems with identification and characterizatidrEovironmental Technologies are taken into
account for their integration in NEEM).

The results are the following:

1. membrane based chlorine-alkali electrolygisound 20% of the current Chlorine plants are
using the membrane-based technology. Conversigdmeaemainder of the existing plants would
require 0.06% of the EU GDP, while the benefitsesttmated to be 0.3% savings on electricity
consumed and 7.5% savings on Hg releases. Thid ematonmental impact is considered to
be already locked in by current policies. Furthemmadiaphragm-based processes already
appear to be converted to membrane-based procdsses) the lower energy costs;

2. short cement kilnAround 30% of the currently installed cement prctiibn capacity has
incorporated this technology, as it is considere8Ad technique. The benefits from the
conversion of the existing plants are estimatetied.1% of electricity savings and 0.6% of
CO2 emissions reduction. However, retrofitting éywexpensive and it becomes cost effective
only at high carbon values (150€/tn of CO2). Consedjy, the benefits appear to be small
compared to the high costs involved;
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3. biopolymers-PLA productionThere are currently only demonstration plants fois
environmental technology. The benefits from thelangentation of this technology are trivial,
since it results to 3-6 million tn/yr or 0.1% of @@missions reduction and the PLA is not
biodegradable in landfills. It is estimated thas tthange over to PLA production would double
the PE production cost, as lactic acid product®m key element. Consequently, the benefits
appear to be doubtful compared to the high costved:;

4. energy efficient electric motartn order to introduce the energy efficient electnotors in
the NEMESIS Energy/Environment Model, a typical foguration of electric motors of a
medium size factory was used: The characterisfitiSi® typical installation are as follows: The
total power capacity is 510 kW, operating 4500 Bopra. and consisting of three types of
motors, in terms of electrical output: 1.5kW, 15kddd 75kW. Specifically, there are 40 x
1.5kW motors, 10 x 15kW and 4 x 75kW, i.e. a taBb10kW. The number of these typical
installations in each industrial sector was estadaising information on the structure of the
sector and its electricity consumption. This wdng installations of the electric motors can be
determined for the base year. The model also gsfbe number of typical installations and
determines the requirements in electric motors atheyear. The model also includes
competition between EFF1, EFF2 and EFF3 motorspradanature replacement of EFF2 and
EFF3 motors. EFF2 and EFF1 currently represent 828e sales, with EFF1 accounting only
for 7% of the sales. The difference in annual chstween EFF2 and EFF1 are 6-7% for the
smallest motors (1.5kW), dropping to only 1-2% ttee higher output motors (75kW), while the
benefit of a change from EFF2 to EFF1 for highetpou motors is about 1% of electricity
savings. Nevertheless, electric motors are an itapbrelectricity market and there is
considerable potential for efficiency improvemeuitiser than introduction of EFF1;

5. cadmium free rechargeable batteriés conclusion, this Environmental Technology has
been incorporated in the model for a number ofaessFirstly, the impact on the environment
from future production of small cell NiCd batterissdeemed to be small, taking into account
the fact that there is small potential for new saleNiCd batteries. The issue that needs to be
addressed should focus more on the recycling ofctiveently sold batteries, but cannot be
incorporated in the NEMESIS-EEM, without specifidd@ional information on the technical
and economic aspects of recycling. Secondly, tlhenaan free rechargeable batteries currently
hold 83% of total sales in the small cell sect@nde indicating that the transition is virtually
affected and the outcome of additional policies Mdae insignificant;

6. post shredder technologieshe impact on the environment seems relativelyalkm

considering that post-shredder waste represenys28alof total municipal waste. Nonetheless,
recycling of shredder residues makes a contributiothe improvement of overall resource
efficiency of the EU economy, which is a prioritpligy according to the EU Environment
strategy. In addition, post shredder technologippear to compete directly with other
alternatives in terms of cost;

7. membrane based wastewater treatmdititere is a main cost disadvantage of membrane-
based wastewater treatment amounting to € 0.9ty®c meter, representing 0.2% of the EU
GDP, if all plants were to be converted to membr@aebnologies. So, substantial subsidization
(up to 50 percent of the investment cost) is tlessoa why membrane-based plants have been
built until now. In the future, the cost gap candssumed to close for several reasons, the most
important of which is technical progress. This tembgy is the main one addressing health
problems and therefore the positive environmemglaicts are unrelated to remainder of model.
It is worth mentioning that the additional energysts, the high investment cost and the small
area required for the installation may render tachnique applicable only in big cities, where
wastewater purification is more challenging. Thembeane-based plants currently represent
less than 1% of the total waste water treated aadhyhsubsidization is the economic reason for
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their existence. Nevertheless, a strict policy @tewquality could make this technology a more
attractive option;

8. selective catalytic NOx reductiomhe selective catalytic NOx is a new option andently

its diffusion depends on relevant legislation. B@R is an expensive option. Specifically, SCR
installation to all fossil fuel based power plaat&l assuming 54€/kW would require 0.2% of the
European GDP. However the environmental impactgsifecant, as it can save about 80% of
the NOx emissions annually. The only current driteerSCR installation is the 2001/80 EC

directive to reduce emitted NOx to 200mg/m3 of wagds from 2016. A forecast for the future
of SCR technology shows a decrease of revenueshéolyears 2008/2009 followed by an

increase in the following years due to new plantsew member states and retrofits of existing
plants. New projects, both coal and gas will maketigbutions from 2009 onwards and there
will also be some retrofit projects in certain metek If stringent limits were introduced in the

short or medium term, the impact would simply bestimmulate growth of SCR earlier, rather

than create a new market.
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4. Baseline Scenario for NEMESIS and GEM-E3

4.1. Objectives

The objectives were composed of two separate steps:

1.provide a baseline scenario until 2030 for NEME&bE economic model and
Energy/Environment Module;
2.provide a baseline scenario until 2030 for GEM-E&ied.

The baseline scenarios aim integrating in NEMESi8l &EM-E3 the most Up-to-date
information about major economic trends (sectoraldpction, population Growth, Technical
Progress, R&D Investment, rate of technical pragjragerest rates) for the national economies
and world regions they represent, and for theifed#ht production sectors. From these
exogenous trends, NEMESIS and GEM-E3 project #&ivent economic variables to the 2030
horizon: sectoral employment, energy and matersa, unvestment and R&D expenditures;
public receipts and expenditures; households’ neeenand consumption (aggregate and by
product); exports and imports price and volumeproguct.

The baseline scenarios incorporate independentttxaassumptions concerning technological
trends.Inter alia they provide reference projections on key variglgé interest in the project
such as the "Business as Usual” effort of Natiomebnomies in the area of Research and
Development, the development of environmental teldgies and eco-industries, the
consequences in terms of energy consumption, goeseh gas emissions and other
environmental damage indicators, sectoral employraad skills. These baseline assumptions
and results play a crucial role for policy casealysis, as, actually, the need for co-ordinated
European policies will depend on how far “businasausual” evolution differs from European
Actions Plans in the areas of RTD, Environmentakhf®logies and, more generally,
Sustainable Development.

4.2. Results

4.2.1. The BAU drivers

The main drivers of the two models are the follayvidemography, world demand growth, oil
prices, research and development expenditures.

» Demography

The projections used are the latest published gdtat DG ECFIN (by age group, covering the
current EU-27). The reference scenario correspomdle ‘Medium projection’ computed by
Eurostat where fertility remains below the leveliter-generational replacement in the long
term, but a small upturn in some countries is etggec The combined result of these
assumptions is that, in the reference scenariog@e’s total population remains more or less
constant up to 2025, thanks to net migration flcave] decreases slowly afterwards.
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Table 6: Major Demographic trends for EU-27

Growth rate
EU25 2005/2000) % in 2005 % in 2030
pop =15 -11.9% 16.2% 14.0%
15y < pop< 25¥ -16.6% 12.7% 10.4%
25 < pop < 65y -4 4% a4.5% a1.1%
pop =65 50.2% 16.5% 24 4%
Total 1.8% 100% 100%

Source: Eurostat

The difference between the total population of Euetoday and in 2030 is quite small: around
1.8% or nearly 8.5 million persons in absolute rfegu (out of a total of about 500 million
people). The most important figure of the futurerdpean demography is the strong
modification in the population’s structure: comphr® the present situation, the number of
children, young people and in the working age gr(ifp65) will decline in 2030 while in the
same time the number of aged people (more thawiiShcrease rapidly: the pyramid becomes
increasingly top-heavy.

* World demand

The growth of the rest of the wondll partially determineexternal trade igoods and services
between European countries represented in NEME&ISZ&EM-E3, and with countries outside
Europe. In GEM-E3 the Rest of the World is aggredanto one region while in NEMESIS it is
split into 8 regions, but the same projectionsua®d for both models. Assumptions used for the
baselines are based on OECD projections and tedrapelations.

Table 7: Annual growth projection for world zones

2001-2005 | 20062010 | 20112015 | 2016-2020 | 20212025 | 20262030 | 2001-2030
NAFTA 22 26 26 25 2.5 2.4 25
Japan 1.2 2.4 23 25 2.4 22 2.2
Rest of OECD 3.3 3.8 36 3.3 3.0 27 3.3
Former USSR .2 59 59 55 5.1 4.3 5.5
China 8.7 8.7 8.6 8.8 7.9 7.0 8.3
OPEC 3.8 4.8 4.0 3.2 3.2 3.2 3.7
NICs 4.4 4.6 55 B.3 5.4 46 51
Row 22 2.5 26 27 2.6 25 25
Total 28 3.4 36 38 3.7 3.4 3.5

The projections underline the prevalence of Chiméclv keeps a high rhythm of GDP growth

(but lower than in the past). From more than 992005, its growth rate would be reduced to
6% in 2030. On the opposite side, we find Japanchwvill be characterized by a growing old

population, weighing on its potential growth (tfs@anese GDP growth would only attain 1.5%
in 2030). We can see in Table 7 that the annualtfroate between 2000 and 2030 for the
world including EU 27 will be 3.5% in the OECD pecjions, the best performance being
obtained during the period 2016-2020, with 3.8%average.

» Energy prices on the world market

In NEMESISwe have taken into account the oil price projeimade with PROMETHEUS, a
stochastic model of the world energy system dewslgg the NTUA (Uyterlindet al. 2004:20,
82, 87). This model provides different scenarioghanprice of oil, associated to the probability
of being confronted to a price of the barrel higtien the profile of price given. The trend of
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the oil price integrated in NEMESIS correspondth®situation where there is 50% chance that
the barrel becomes more expensive. Baseline egnhifior and gas prices were actualized in
mid-2008, to take into account for the most redesmnds onto energy prices (see figure 18,
section 6.2.3). The high oil prices observed onghst two years are supposed to persist but
with a slow decrease from 107 € in 2008 to 68 €52@hd then progressive re-augmentation
with 76 € in 2020 and over 95 € in 2030.

* Research and Development

In NEMESIS, sectoral R&D intensities (as % of vaaddled) and public R&D expenditures as
% of GDP remain constant over time. EU-27 GDP R&f2msity increases nevertheless slightly
over 2005-2030 period, from 1.9 to 2%, due to therdgasing importance taken by R&D

intensive sectors such as equipment goods and chkimilustries. Technological development
is in GEM-ES reflected by an exogenous technicaljprss factor associated with production
factors and by R&D expenditures. These elementscareial in determining the economic

growth. For the reference scenario, the past trelmage been prolonged without real

breakthrough: labour and capital efficiency is imypng gradually around 1% a year. For the
new member states these improvement were assuméed slightly higher, at least at the

beginning of the horizon. There is a certain demslisation of the production; the service

content of the goods is relatively increasing comagao the good content. It is important to

mention that in a CGE model such as GEM-E3, thesgenous factors reflect the relative

position of the EU compared to the Rest of the Warld not an absolute position as the model
only generates relative price evolution. No cousfgcific assumptions have been made.

Figure 3: GDP R&D intensity over 2005-2030 periodEU-27
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Source: Nemesis model
* Public expenditures, exchange rates and interest @

In NEMESISpolicies are kept constant for the baseline scesaBy ‘constant’, we mean that
policies, which are already implemented, are inetlich the baseline. To the extent that national
policies are relevant, no change in them is assutmdthppen. This assumption implies that
exchange rates and interest rate are supposedyt@atstant over all the period (base year is
2002); it is the same for the long term interet,revhich establish to 5% for the Euro zone until
2030. The public expenditures rates in the Euromeaa are supposed to stay constant as a
percentage of GDP, despite the ageing of populaiod its consequence, in particular on
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retirement and health. In this context, health exigeres will grow faster than education
expenditures and other general expenditures asbefe

In GEM-E3, the public sector consumption and investment aceraponent of GDP and are
exogenous in the model. They are assumed to grolw @DP. Other policy variables such as
taxation or redistribution were kept at their bgear level. No climate policy was assumed in
the reference, though there are already some eternmea place at country or EU level. This is
to allow getting a clearer picture of the cost oligies when running policy scenarios.

4.2.2. NEMESIS

European growth, in the beginning of the simulation, is supported by two main pillars, the
first one is the finalisation of the transition antegration of the new member states, and second
one follows the labour force scarcity that arisesmf European population ageing and as a
consequence, in the long run, the decline of ifsufation.

For the period 2005-2010, evolutions include alsohigh prices context for imported energies
(oil and gas) and the economic slowdown that iseetqdl to persist until end on 2010. The
period that will follow 2005-2010 will then showrecovery and re-enforced economic growth.

* Macro-economic results for EU-27

At the beginning of the 2005-2020 period demogrefuarcity is less important and eastern
countries growth and world demand potential areoitgmt, but they are hampered by the high
prices for oil and gas, together with the economsiowdown resulting from excessive
investments and consumptions patterns over the-2002 period. European GDP growth is
then expected to stay limited to 1.86% in averager the 2005-2010 period. For 2010-2015,
the better context that progressively takes plasea consequence of decreasing energy prices
and re-start of housholds’ and firms expendituned world growth, will allow EU-27 GDP
growth rate to accelerate to 2.66% on average @péhiod. After 2015, population trends, with
increased ageing, are expected to weight more owthrand these trends are foreseen to
continue after 2020 implying a net decrease ofudaliorce at the end of the period. This labour
force scarcity will increases wage pressure, bugenmcrease is not important enough for
sustaining private consumption that slows down msgjvely due to population decrease, hence
households’ consumption growth slightly decreasesf2015 to 2025. In the same time wage
pressure increases inflation, even if prices irsgaa partially limited by the labour productivity
growth. Also, the strength of world growth is foges to continue after 2015 but with a slight
slowdown. These trends for after-2015 period vidrt imply a slow-down of European growth,
even in eastern countries, but economic growth widly dynamic with for EU-27 GDP
respectively 2.49% and 2.32% annual growth in aeraver 2015-2020 and 2020-2025
periods.

Table 8: Macroeconomics Results: EU27 (growth ratgs

2005/2010 2010/2015 2015/2020 2020/2025 | 2005/2025
GDP 1.86% 2.66% 2.49% 2.32% 2.33%
Households' Final Cons. 1.60% 2.41% 2.36% 2.09% 2.12%
Public expenditures 1.88% 2.71% 2.57% 2.39% 2.39%
Firms' investment 1.61% 2.58% 2.52% 2.34% 2.26%
Exports 3.29% 3.79% 3.34% 3.22% 3.41%
Imports 2.26% 3.06% 3.15% 2.78% 2.81%
Employment 0.09% 0.38% 0.30% 0.07% 0.21%
Labour Productivity 1.71% 1.99% 2.12% 2.18% 2.00%
Total Population 0.22% 0.12% 0.06% 0.01% 0.10%
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Source: NEMESIS Model, baseline projection

Figure 4: Macroeconomics Results in Baseline (yean year growth rate)
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The productivity gains will limit the increase ofgaluction costs and thus will prevent a deep
loss of competitiveness on external trade whichuhbe the traditional effect of wage pressure.
Hence, European exports will be sustained, on tiegehand by the strong world demand (mainly
during the first part of the projection) and on tiker hand by the maintained competitiveness.
European imports, on the other hand, which largipend on the evolution of European
internal demand, that will also be limited by thaintained European competitiveness. Finally,
net European exports (exports less imports) shdwidg a positive contribution to the
development of European GDP during the whole ptige@eriod.

Note that sustained exports after 2020 will suppavestment and the progressive slowing
down of imports in the same period testify of oapacity to be competitive on the foreign
market because of our labour productivity gainsagino

» Sectoral results for EU-27

For industrial sectors, the most dynamic sectorsthef European economy are transport
equipment and chemicals with an average growth ghi@ound 3% (table 5). These sectors
reflect a dynamic growth, especially in the middfeperiod and benefit above all from the
European and world demand. The increase in labmatugtivity enables firms hold down their
production costs and to maintain their market shari¢h respect to their trade partners, while
their market position on non Europe trade, compéaoetthe other sectors, was not initially the
best. Moreover the activity of the transport equeptnsector benefits from the strong growth of
transport demand. At the opposite side, sectorgic@jure and industrial machines’, and
‘Other Manufacturing’, with a really weak EU 27 dand, display a low growth of 1.8%,. This
performance is explained by the weakness of intesleenand and by their disadvantageous
positions on the foreign market dominated by maooenmetitive countries. In this case the
sectors just benefit of labour productivity. The pdoyment growth rate is 0.6% for
“Agriculture” and “industrial machines” and 0.7%rfodging and catering’ in spite of the
weakness of sector growth.

Some sectors suffer a lot of international comjmetjtthis is the case ‘textile and clothes’ of
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which production growth stays around 1.9% and food drink and tobacco’ with the lowest
production growth over all the period (inferiorl®o), after agriculture sector.

Regarding the service sectors, communications r@amdport are among the most dynamic EU-
27 sectors, with growth rates of respectively 2a18d 2.6%. The services know an acceleration
of their activity until 2015; afterwards, serviceg'owth would be stabilized at a favourable
level (more sustained than globally for industrsactors). Services will benefit from the
maintenance of the households’ expenses and aiythemism of the rest of the world growth.
They are not limited by the oil price rise contrémythe majority of the industrial sectors.

The communications display a quite constant agtigiowth rate of about 2.4% on average,
answering to an increasing final consumption, adl we world demand due to R&D
productivity gains. It is one of the best exportsggtors. However, this sector knocks against
labour force availability in a context of labourascity and of marked wage inflation.
Confronted to large wage increases, this sectarceslits labour force by 0.4% per year. At the
opposite side, in some sectors activities arelyotipending on foreign trade, like the energetic
sector. The gas and electricity sectors developmmayt be due to the important increase of the
crude olil price.

Table 9: Some Sectoral Results (Average Productigdrowth Rates)

2005/2010 2010/2015 2015/2020 2025/2020 2025/2005

Agriculture -0.12% 0.26% 0.47% 0.27% 0.22%
Coal and Coke 0.00% 0.00% 0.00% 0.00% 0.00%
Oil and Gas Extraction -0.73% 2.26% 1.78% 1.46% 1.19%
Gas Distribution 0.76% 2.64% 3.12% 1.84% 2.09%
Refined Oil -0.91% 1.77% 2.09% 1.17% 1.02%
Electricity 0.80% 1.66% 2.06% 1.76% 1.57%
Water supply 1.18% 1.67% 2.01% 1.81% 1.67%
Ferr & Non Ferrous Metals 1.34% 1.81% 2.18% 1.74% 1.77%
Non Metallic Min. Prod. 1.55% 1.97% 2.48% 2.03% 2.01%
Chemicals 2.50% 3.15% 3.25% 2.87% 2.94%
Metal Products 1.50% 1.95% 2.39% 1.96% 1.95%
Agri & Industr. Mach. 1.23% 1.73% 2.00% 1.65% 1.65%
Office Machines 2.23% 2.73% 2.98% 2.65% 2.64%
Electrical Goods 2.49% 2.83% 2.96% 2.68% 2.74%
Transport Equipment 2.58% 3.06% 3.30% 2.91% 2.96%
Food, Drink & Tobacco 0.80% 0.86% 0.99% 0.85% 0.88%
Tex., Cloth & Footw. 1.37% 1.87% 2.19% 1.74% 1.79%
Paper & Printing Prod. 1.74% 2.11% 2.48% 2.07% 2.10%
Rubber and Plastic 1.69% 2.07% 2.42% 2.04% 2.05%
Other manufactures 1.49% 1.88% 2.10% 1.69% 1.79%
Construction 1.66% 2.27% 2.72% 2.30% 2.24%
Distribution 1.58% 2.02% 2.32% 2.04% 1.99%
Lodging and Catering 1.27% 1.88% 2.35% 1.91% 1.85%
Inland Transports 1.80% 2.35% 2.72% 2.33% 2.30%
Sea and Air Transport 2.64% 3.22% 3.21% 3.10% 3.04%
Other Transport 2.00% 2.47% 2.79% 2.50% 2.44%
Communication 2.01% 2.48% 2.80% 2.44% 2.43%
Bank, Finance and Insurance 1.56% 2.08% 2.53% 2.11% 2.07%
Other Market Services 1.47% 2.13% 2.55% 2.14% 2.07%
Non market Services 1.61% 2.36% 2.53% 2.22% 2.18%

Source: NEMESIS model. baseline projection
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* Results for EU-27 Member States

Table 10 gives the GDP growth by country. New memndtates observe a higher growth,
contributing to a certain convergence within the t&tlevels of GDP per capita. This can be
mainly explained by higher efficiency improvemeintshose countries with their integration in
the EU market

Table 10: GDP growth rate by countries (mean growthate

2005/2010 2010/2015 2015/2020 2020/2025 2005/2025
Austria 1.56% 2.04% 2.05% 1.84% 1.87%
Belgium 1.12% 2.28% 2.26% 2.07% 1.93%
Czech republic 3.99% 3.36% 3.69% 2.98% 3.50%
Denmark 0.94% 3.30% 0.84% 2.76% 1.96%
Estonia 7.98% 6.65% 5.40% 4.64% 6.16%
Finland 2.77% 2.90% 2.78% 2.50% 2.74%
France 1.45% 2.29% 2.42% 2.04% 2.05%
Germany 1.07% 1.91% 1.90% 1.71% 1.64%
Greece 2.38% 3.30% 3.02% 2.93% 2.91%
Hungary 1.75% 3.32% 3.23% 2.91% 2.80%
Ireland 3.64% 3.60% 3.42% 3.03% 3.42%
Italy 0.38% 2.03% 1.97% 1.73% 1.52%
Latvia 6.85% 5.65% 4.86% 4.55% 5.47%
Lithuania 5.23% 4.76% 4.20% 3.56% 4.44%
Luxembourg 3.84% 3.28% 3.50% 3.49% 3.53%
Malta 2.15% 2.79% 3.31% 3.39% 2.91%
Netherlands 2.00% 2.68% 2.45% 2.36% 2.37%
Poland 3.35% 3.55% 3.70% 3.75% 3.59%
Portugal 0.15% 2.19% 2.65% 2.32% 1.82%
Romania 3.49% 4.73% 3.96% 2.72% 3.72%
Slovakia 4.46% 3.84% 4.12% 3.50% 3.98%
Slovenia 3.82% 3.69% 3.65% 3.02% 3.54%
Spain 2.16% 3.10% 2.86% 2.00% 2.53%
Sweden 2.73% 3.32% 3.06% 2.84% 2.99%
United Kingdom 2.15% 2.61% 2.36% 2.46% 2.39%

Source: NEMESIS model. baseline projection. Inuahgrowth rate

4.2.3. GEM-ES3 Europe

* The EU results

The endogenous variables of the GEM-E3 model irl{id volume for each sector and each

country) the supply (production and imports) anthded (use in production, private and public

consumption, investments and exports) of goodssamdces, the sources and uses of material,
energy, labour and capital inputs. The model atsoputes, for each sector and each country,
the changes in relative prices of domestic produagtexports, imports and changes in primary
factor incomes (average wage rate and return atatap

In Table 11 the macroeconomic growth for the Elhaghole is given. The projected average
growth rate is around 2.3%. It is associated witlingreased labour productivity induced by the
increased wage rate due to the declining labouplgufhe increased wage rate has positive
impact on private consumption which follows the GB®wth. Investment and foreign trade
remain important contributors to the growth espbcet the beginning of the horizon. There is
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a decoupling of the GDP growth and the energy denwer the entire projection horizon and
thus a moderate growth in CO2 emissions.

Table 11: EU Macroeconomic growth

2005/2010| 2010/2015 | 2015/2020 | 2020/2025 | 2025/2030 | 2005/2030

Macroeconomic Aggregates
Gross Domestic Product 2.4% 2.5% 2.3% 2.2% 2.1% 2.3%
Employment 0.4% 0.3% 0.2% 0.1% 0.0% 0.2%
Private Consumption 2.0% 2.7% 1.5% 2.0% 2.0% 2.1%
Investment 3.3% 3.4% 2.6% 2.6% 2.6% 2.9%
Final Energy Consumption 1.6% 1.8% 1.3% 1.5% 1.6% 1.6%

Share Coal* -0.19 0.2% -0.1% 0.1% 0.0%

Share Oil* 0.0% 0.0% -0.4% 0.2% -0.2%

Share Gas* -0.39 -0.49% -0.2% -0.4% 0.2%

Share Electricity* 0.4% 0.1% 0.7% 0.1% 0.0%
Exports to RW 4.9% 2.8% 4.7% 3.4% 3.0% 3.8%
Imports from RW 3.0% 3.5% 2.0% 3.0% 3.2% 2.9%
Real Wage Rate 1.7% 2.7% 1.6% 2.3% 2.4% 2.1%
Terms of Trade -0.99 0.5% -1.0% 0.0% 0.3% -0.2%
Current Account (% of GDP)* 2.0% 0.1% 2.3% 1.0% 0.8%
Total Atmospheric Emissions
CO2 Emissions 1.1% 1.4% 0.8% 1.3% 1.4% 1.2%
NOX Emissions -2.09 -2.2% -2.2% 1.6% 1.6% -0.6%
SO2 Emissions -3.89 -0.9% -0.2% 1.8% 1.6% -0.3%
VOC Emissions -2.09 0.0% -0.2% 1.8% 1.8% 0.3%
PM Emissions -0.99 0.5% 0.3% 1.9% 1.9% 0.7%
NH3 Emissions 1.5% 1.9% 2.4% 2.2% 2.1% 2.0%

Source: GEM-E3 model. baseline projection. In anrgrawth rate except for * where difference

Table 12: EU sectoral evolution

Domestic Production in Volume 2005/2010 2010/2015 2015/2020 | 2020/2025 2025/2030 2005/2030
Agriculture 2.0% 1.9% 2.4% 2.1% 2.0% 2.1%
Energy Production 1.3% 1.6% 1.3% 1.6% 1.6% 1.5%
Ferrous and non ferrous metals 2.7% 2.2% 2.6% 2.3% 2.0% 2.4%
Chemical Products 2.6% 1.9% 2.8% 2.2% 2.0% 2.3%
Other energy intensive 2.5% 2.2% 2.7% 2.3% 2.2% 2.4%
Electric Goods 3.2% 2.3% 2.9% 2.4% 2.1% 2.6%
Transport equipment 3.3% 3.0% 1.6% 2.7% 2.0% 2.5%
Other Equipment Goods 3.0% 2.4% 2.8% 2.3% 2.0% 2.5%
Consumer Goods Industries 2.2% 2.0% 2.3% 2.0% 1.9% 2.1%
Construction 3.0% 3.1% 2.6% 2.6% 2.5% 2.8%
Telecommunication Services 2.7% 3.0% 2.8% 2.8% 2.7% 2.8%
Transport 2.4% 2.1% 2.4% 2.2% 2.0% 2.2%
Services of credit and insurances 2.8% 3.0% 2.8% 2.7% 2.7% 2.8%
Other Market Services 2.6% 2.9% 2.6% 2.6% 2.6% 2.6%
Non Market Services 1.4% 1.8% 1.7% 1.7% 1.7% 1.7%
Investments in Volume

Agriculture 2.9% 2.6% 2.6% 2.3% 2.2% 2.5%
Ferrous and non ferrous metals 3.3% 2.6% 3.0% 2.6% 2.3% 2.7%
Chemical Products 2.6% 2.0% 3.1% 2.4% 2.2% 2.4%
Other energy intensive 3.1% 2.7% 3.1% 2.7% 2.5% 2.8%
Electric Goods 3.0% 2.4% 3.3% 2.7% 2.4% 2.8%
Transport equipment 1.9% 2.3% 1.9% 3.0% 2.3% 2.3%
Other Equipment Goods 3.3% 2.7% 3.1% 2.6% 2.3% 2.8%
Consumer Goods Industries 2.9% 2.5% 2.6% 2.2% 2.1% 2.5%
Construction 4.1% 4.0% 2.9% 2.9% 2.9% 3.4%
Telecommunication Services 3.8% 3.7% 3.1% 3.0% 3.0% 3.3%
Transport 2.1% 2.0% 2.7% 2.4% 2.2% 2.3%
Services of credit and insurances 4.1% 4.0% 3.2% 3.1% 3.1% 3.5%
Other Market Services 4.0% 3.8% 2.7% 2.7% 2.7% 3.2%
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| Non Market Services | 1.5% | 3.0% | 1.9% | 1.9% | 2.0% | 21% |
Source: GEM-E3 model. baseline projection. In admyrawth rate

The sectoral evolutions for the domestic productoa given in Table 12. They imply a slow

shift towards a more service oriented economy thatdl limited. It is rather more pronounced

in the exports in the period 2005/2010. This shdtvards less energy intensive sectors
contributes to the slower growth of @é@missions.

» Country Results
Table 13 gives the GDP growth by country. New memnsigtes observe a higher growth at least till

2020, contributing to a certain convergence withim EU. This can be mainly explained by higher
efficiency improvements in those countries withitl@egration in the EU market.

Table 13: GDP annual growth rates per country

2005/2010( 2010/2015| 2015/2020( 2020/2025| 2025/2030 2005/2030
Austria 2.3% 2.5%) 2.4%) 2.3%) 2.1%) 2.3%,
Belgium 2.3% 2.6%) 2.4% 2.3% 2.2%| 2 4%
Germany 1.9%) 2.0% 1.9%) 1.7% 1.6% 1.8%
Denmark 2.1% 2.3% 2.1% 2.1% 2.0% 2.1%
Finland 2.7% 2.8%) 2.6%) 2.4%) 2.2%) 2.5%
France 2.6% 2.7% 2.6% 2.4% 2.3% 2 5%
Greece 2.9% 2.9% 2.8% 2.7% 2.6% 2 8%
Ireland 3.4% 3.2% 3.1%) 3.0% 2.9% 3.1%
Italy 2.1% 2.3% 2.0% 1.9%) 1.8%) 2.0%
The Nethe rlands 2.5% 2.7% 2.5% 2.4% 2.3% 2 5%
Portugal 2.4% 2.5%) 2.1%) 2.0%) 1.9% 2.204
Spain 3.2% 3.0%) 2.6%) 2.4%) 2.3%) 2 7%
Sweden 2.4% 2.6%) 2.5% 2.4% 2.3%| 2 4%
UK 2.2%) 2.4%) 2.2%) 2.1%) 2.0%) 2.204
Hungary 4.4% 3.5%) 3.1%) 2.9%) 2.7%)| 3.3%
Poland 3.99 3.59 3.3% 3.29% 3.0% 3.49%)
Slovenia 2.4% 2.4%) 2.2%) 2.2%) 2.1%) 2.3%
Czech Republic 4.4% 3.8% 3.4%) 3.2% 2.9% 3.6%
Slovakia 4.7% 4.1% 3.6% 3.4% 3.1% 3.8%
Estonia 4.5% 3.3%) 2.9%) 2.6%) 2.4%) 3.1%
Lithuania 4.2% 3.5% 3.0%) 2.9% 2.7% 3.20
Latvia 4.5% 3.4% 2.8% 2.5% 2.1% 3.1%
Bulgaria 4.3% 3.6% 2.6% 1.6%) 0.5% 2.5%
Romania 4.2%) 3.2%) 2.5% 2.2% 2.1% 2.8%
EU 2.4% 2.5% 2.3% 2.2% 2.1% 2.3%

Source: GEM-E3 model. baseline projection. In wadrgrowth rate

Labour productivity increases sharply in all coigdrinduced by the higher real wage rate and
this compensates the decrease in population gramdhallows maintaining the competitiveness
of the EU economy. Exports are still a main comntigb to growth in the EU, as can be seen in
Table 14. The exports growth rate in the new merstaes until 2010 reflects their integration

in the EU market.
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Table 14: Country exports

2005/2010 | 2010/2015 | 2015/2020 | 2020/2025 | 2025/2030 | 2005/2030
Austria 2.7% 2.2% 3.4% 2.8% 2.3% 2.7%
Belgium 2.7% 2.5% 2.9% 2.7% 2.4% 2.6%
Germany 2.6% 1.3% 3.4% 2.2% 1.8% 2.3%
Denmark 2.9% 2.3% 2.9% 2.6% 2.4% 2.6%
Finland 3.7% 2.9% 3.6% 2.9% 2.5% 3.1%
France 4.3% 2.7% 4.8% 3.5% 3.0% 3.7%
Greece 4.8% 3.1% 4.5% 3.5% 3.1% 3.8%
Ireland 3.9% 3.3% 3.4% 3.2% 3.0% 3.4%
Italy 2.8% 1.8% 4.0% 2.8% 2.4% 2.8%
The Netherlands 3.1% 2.5% 3.3% 2.8% 2.5% 2.8%
Portugal 2.8% 1.3% 2.8% 2.0% 1.4% 2.0%
Spain 4.8% 2.8% 3.4% 2.6% 2.1% 3.1%
Sweden 3.3% 2.9% 3.4% 3.1% 2.7% 3.1%
UK 3.2% 2.4% 3.3% 2.6% 2.3% 2.8%
Hungary 5.8% 2.8% 3.4% 2.8% 2.3% 3.4%
Poland 8.2% 3.0% 5.2% 3.7% 3.1% 4.6%
Slovenia 2.9% 2.6% 2.5% 2.4% 2.2% 2.5%
Czech Republic 5.3% 3.0% 3.3% 2.7% 2.0% 3.3%
Slovakia 5.7% 3.7% 3.6% 3.1% 2.5% 3.7%
Estonia 5.1% 2.9% 2.6% 2.2% 1.8% 2.9%
Lithuania 7.4% 2.9% 3.6% 2.8% 2.3% 3.8%
Latvia 6.6% 2.9% 2.5% 1.8% 1.1% 3.0%
Bulgaria 6.3% 3.0% 1.5% -0.8% -3.0% 1.3%
Romania 7.3% 3.9% 2.9% 2.1% 1.9% 3.6%
EU 4.9% 2.8% 4.7% 3.4% 3.0% 3.8%

Source: GEM-E3 model. baseline projection. In admrawth rate

The higher wage rate has a positive impact on fiacome and thus sustains the private
consumption which evolves rather close to the Gilafugion.

Table 15: Country Private Consumption

2005/2010 | 2010/2015 | 2015/2020 | 2020/2025 | 2025/2030 | 2005/2030
Austria 1.9% 2.6% 1.5% 2.0% 2.0% 2.0%
Belgium 2.0% 2.7% 1.5% 2.1% 2.1% 2.1%
Germany 1.7% 2.4% 1.0% 1.6% 1.6% 1.7%
Denmark 1.5% 2.2% 1.4% 1.8% 1.9% 1.8%
Finland 1.9% 2.7% 1.7% 2.1% 2.1% 2.1%
France 1.9% 2.8% 1.3% 2.0% 2.0% 2.0%
Greece 2.3% 2.9% 1.8% 2.4% 2.4% 2.4%
Ireland 2.8% 3.3% 2.2% 2.7% 2.7% 2.7%
Italy 1.8% 2.4% 1.1% 1.6% 1.6% 1.7%
The Netherlands 2.2% 2.8% 1.7% 2.2% 2.3% 2.2%
Portugal 2.3% 3.1% 1.7% 2.2% 2.2% 2.3%
Spain 2.6% 3.2% 1.9% 2.4% 2.4% 2.5%
Sweden 2.0% 2.5% 1.8% 2.2% 2.2% 2.2%
UK 2.2% 2.7% 1.9% 2.3% 2.2% 2.3%
Hungary 2.1% 4.0% 2.1% 2.9% 2.7% 2.8%
Poland 2.1% 3.6% 2.3% 2.9% 2.9% 2.8%
Slovenia 2.3% 2.1% 2.1% 2.0% 2.0% 2.1%
Czech Republic 3.0% 4.0% 3.1% 3.4% 3.4% 3.4%
Slovakia 3.1% 3.9% 3.0% 3.3% 3.4% 3.3%
Estonia 3.3% 4.0% 3.1% 3.3% 3.1% 3.4%
Lithuania 2.0% 4.3% 2.0% 3.1% 3.0% 2.9%
Latvia 3.1% 3.7% 2.8% 3.0% 2.7% 3.1%
Bulgaria 2.6% 3.5% 2.9% 3.0% 2.7% 2.9%
Romania 2.1% 2.7% 1.8% 2.1% 2.1% 2.2%
EU 2.0% 2.7% 1.5% 2.0% 2.0% 2.1%

Source: GEM-E3 model. baseline projection. In arrgrawth rate
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Overall the sectoral composition of the activitieshe different countries remains rather stable
over the entire horizon, though there is a slidfitt Sowards more service in some countries.
The country sectoral evolutions are given in annex.

4.2.4. GEM-E3 World

The world growth as derived with GEM-E3 World stebble compatible with the world growth
assumptions made for the European model for thieypelvaluation in FORASSET. This is
however an extremely difficult step as the evohlitio the GEM-E3 world model is nearly
entirely endogenous. Furthermore, as the main ydi@luation will be done with the EU
model and as already said GEM-E3 is not a projedtol, it has been judged sufficient to get
the same overall picture without trying to matchfeetly the growth rates in both models. A
certain convergence between developed and lessogederegions as result, but at a very slow
pace especially considering the still higher groimtpopulation in the less developed world.

Table 16: Region GDP

2005/2010( 2010/2015| 2015/2020| 2020/2025| 2025/2030| 2005/203(
Canada 3.2% 2.8% 2.6% 2.5% 2.0% 2.6%
USA 3.6% 3.3% 3.1% 3.0% 2.2% 3.0%
Australia & New Zealand 2.6% 2.5% 2.7% 3.1% 2.7% 2.7%
Japan 1.7% 1.8% 2.1% 2.8% 2.2% 2.1%
EU27 2.5% 2.5% 2.4% 2.4% 1.6% 2.3%
Other European countries 2.4% 2.5% 2.9% 3.1% 2.6% 2.7%
South & East Mediterranean 4.6% 3.7% 3.5% 3.1% 3.9% 3.8%
Countries
Former Soviet Union 6.3% 4.69 3.5% 3.8% 2.9% 4.2%
Middle East 3.7% 3.3% 3.1% 2.2% 5.8% 3.6%
Middle Africa 3.6% 3.7% 4.0% 4.7% 5.1% 4.2%
South Africa 3.6% 3.9% 4.0% 4.7% 4.5% 4.2%
India 5.1% 4.6% 4.7% 4.6% 5.0% 4.8%
China 5.5% 4.7% 4.4% 4.1% 3.9% 4.5%
East South East Asia 4.1% 3.7% 3.4% 3.2% 3.1% 3.5%
Rest of Asia 4.1% 3.7% 3.2% 3.1% 3.4% 3.5%
Mexico & Venezuela 3.5% 3.5% 4.1% 4.6% 5.0% 4.1%
Brazil 3.2% 3.2% 3.3% 3.8% 4.2% 3.5%
Rest of Latin America 3.2% 3.5% 3.7% 4.1% 4.4% 3.8%
World 3.3% 3.1% 3.0% 3.0% 2.6% 3.0%

Source: GEM-E3 model. baseline projection. In arrgrawth rate

The sectoral composition of the activities in tlikedent reflects the same evolution as in the EU
model, remaining rather stable over the entirezZoori To conclude, a reference scenario with a
CGE model such as GEM-ES3 is not a projection. lifgctive is to generate a consistent long term
path for the economies under business as usuaigmlit is the benchmark for the evaluation of
policies and it must be interpreted as such.
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5. Assessments of European RTD policies: the castétbe 7" FP on
R&D

5.1. Objectives

The NEMESIS model was adapted to assess for EumoReRD. policies and mainly thé"7
R&D framework programme, and then to give an assesst for the economic impacts of
European Framework Programmes at the horizon 208@. implementation of the new
developments on RTD based endogenous technicafjehato NEMESIS provides a version of
the model in which technical change is endogeniaadR&D and where R&D itself is
endogenously determined by economic variablesegyitaxes and subsidies, production and
demand, etc. The NEMESIS model is a useful toalsses the economic impacts (Employment,
growth, competitiveness...) of a doubling of Europ&&nfor research, from thd' programme
and onward. For this, the new mechanisms implerdeate used together with the available
literature onto crowding-in/crowding-out effect (oplementarity/ substitutability between
European subsidies for research and Member stdtBseRort into private and public sectors).

Different scenarios are considered. First, the aafsa doubling of funding during the™7
program followed after by a more voluntary poli&u¢opean funding for R&D are allowed to
reach until about 0.3 point GDP in 2030, again®5Qpoint today) is presented. Then, the
analysis is deepened with an assessment for'tfimework program grounded on a different
allocation mode of funding based on performance mmidon Grandfathering as previously.
Funding for private R&D into Member States and piitbn sectors depends on the number of
patent applications; for public sector funding degseon the number of scientific publications.
The analysis consists also into an assessmenhdopdtential impact of an abandonment of
European research programs. Two specific assungption alternatively made: Member States
partially or fully (‘re-nationalization’) compensathe abandonment of European funding by
National subsidies, or they do not. Finally, anralleassessment for the potential impacts of
European research policy is proposed by comparim ltypothetical situations: There is no
European funding for RTD versus there is a volastdEuropean policy for RTD. The main
emphasis is put on competitiveness, growth, empdoymresearch related employment,
differentiation of impacts by production sector,. et

5.2 Results

We present in this section the main results okdé#it scenarios realized to assess for European
FP funding for R&D. A detailed report (deliveralidd3 and D14) is available, including also a
description of the implementation of technical aamto NEMESIS

5.2.1. Assessment for the direct effects on privalRTD expenditures of European
7" FP subsidies

The assessment for the impacts BPTCRD is realized in reference to a scenario irctvttie 7
PCRD would simply prolong the"@CRD (Business as Usual Scenario). In this Busifes
Usual Scenario (B.A.U.), whereas th8 BCRD dedicates 17500 millions of euros to the
financing of research between 2003 and 2006, THeGRD will have an increase of 3.87% per
year of these funds between 2007 and 2010, alrebsigrved for the previous FP. After 2010,
the size of the FP continues to grow 3.87% per.yEar all the scenarios, we make the
assumption that 60% of the European subsidies dmahe applied research and the 40%
remaining finance the fundamental research.
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Table 17: Reference Scenarios Assumptions

FP FP Allocation Allocation National
funding funding Allocation of FP funding research
real real of FP funding to crowding- funding
growth growth funding to | basic and infout crowding-
rate 2007- | rate 2011- EU MS applied factor infout
2010 2030 research factor
Share of
each MS
and sector 60 for
Refere_nce 3.87 3.87 i applied, 40 11 1
scenario percent | percent .
European | for basic
R&D
expenditure

Among the characteristics of public subsidies, rii@st important in that they may provoke a
“crowding-in effect” that encourage the increasguvate R&D effort and so help reaching an
optimal level for R&D effort. Indeed, the R&D is wwe of positive externalities that are not
taken into account by the enterprises at the tifritaair R&D decisions. This characteristic of
public good explains the weakness of R&D privateunres in relation to its public one.
However, public R&D subsidies can have a less fealgle effect on private research because
they can substitute private expenditures: thikés‘trowding-out effect”.

Recent econometric works like David, Hall and To(€00), David and alii (2000), Guellec
and Van Pottelsberghe (2003) tried to study thecefdf public subsidies onto private R&D. In
the study by Guellec and Van Pottelsberghe (2008B)sixteen OECD countries, the main
findings is that one euro of public funding genesaa supplementary growth of private R&D of
about 0.70 euro (crowding-in effect), and rise tittal expense by 1.70 euro. Guellec and Van
Pottelsberghe establish four groups of countrieoraing to their average rate of subsidy to
R&D. The largest crowding-in effects are found émuntries belonging to the two ‘medium’
groups (with subsidy rates about 11-19% (mediunmhand about 4-11% (medium-low)) and
inside this interval the efficiency of the subsidgreases with its rate until 13%. For these two
groups of countries, the marginal impact of RTDssdies onto RTD effort of private sector
established respectively to 0.47 to 1.01 eurogvery euro subsidy (crowding-in effect). On the
contrary, countries with the highest and the lowasating rates have non-significant impact
onto private RTD effort. The heterogeneity of tloeimtries is also very strong: whereas Finland,
Ireland and Netherlands subsidize less 4% of theater R&D, Italy, United Kingdom, Norway
and France subsidize more than 10%.

For the scenarios studies based on an allocatioRTdd fundings among Member States
following the “Grandfathering” principle” (The albation is proportional to the share of each
Member State into European RTD expenditure), we anad assumption that one euro of
European subsidy generates a additional investmd®&D of 1.10 euros by the enterprise. The
elasticity of private R&D effort to public fundingary actually accordingly to the source of
financing. An European complementary network hama@e important externality than a
national based consortium. For this reason we squpthat for one euro European subsidy the
enterprise will spend only one additional euro whba subsidy is national, (The average
crowding-in effect found in the econometric litena), against 1.10 euros when it is European.
Where the allocation of European RTD funding iseohef performance criteria of firms and
public laboratories, we made this time the asswngtat one additional European euro funding
gives an additional RTD effort of 1.4 euros in pti& sector.
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The scenarios study the impact of a doubling ofofean RTD funding from the"7PCRD,
with different assumptions onto the repartition fohding between Member States and the
importance of the crowding-in effect, as alreadied above, the other differences between the
scenarios depending on the assumption made onigréheh of FP after the"7program: it is
3.87%, as in the reference (B.A.U.) scenario, rethpaly “grandfathering” and “Performance”
scenarios, and 11.61% in “Volontarist” scenarid thakes the assumption of a continuous re-
enforcement of European funding aftérP. Other assumptions concern mainly the rejuartit

of European funding between applied and basic rels¢hat was established to 60% for applied
research and 40% to basic research in all scenaibthese assumptions are summarized in
Table 18.

Table 18: Assumption for Doubling FP funding

FP FP Allocation Allocation National
funding funding Allocation of FP . research
: funding .
real real of FP funding to . funding
. . crowding- .
growth growth funding to basic and in/out crowding-
rate 2007- | rate 2011- EU MS applied factor infout
2010 2030 research factor
Share of
each MS
Grandfathering . 3.87 and sector 60 et
Doubling : : applied, 40 1.1 1
percent | in European e
R&D
expenditure
Share of
Voluntarist each MS
. 60 for
with . 11.61 and sector X
. Doubling : applied, 40 11 1
Grandfathering percent | in European :
for basic
R&D
expenditure
Publication 60 for
PEMETENEE Doubling EHEly and patent | applied, 40 1.4 1
percent :
performance | for basic

5.2.2. ‘Grandfathering” Scenario

In this Grandfathering scenario, the European fupdo R&D is doubled compared to its
B.A.U. level. In 2010, the GDP increases by 0.08¥d(0,15% if the GDP measure is corrected
to account for the improvement in product qualignd European R&D intensity (as a
percentage of GDP) rises of 0,036. Total factodpotivity is increased by 0.05%.

The rise of GDP induces the creation of 115,008 fame third being created directly into R&D
sector) and a rise the households’ real incomectstl by 0.11% additional final consumption.
The rise in final consumption is stringer than tise in GDP as, in this first period GDP growth
follows mostly the rise in real wage induced dikedty the increased RTD effort, RTD being
very intensive in employment. On the opposite dioe; the rise in real wages increase
production prices that lower competitiveness ofdpean economy: Imports grow 0.08% while
exports are stable. The investment increases I,0ahd domestic demand constitutes the
motor of growth during this first period, where guativity gains are un-sufficient (due to the
maturation delays of R&D expenditures: The time déapenditures to transform into product
and process innovations, 3 years in average foraf@i R&D, 5 years for public one) to
compensate the price increase induced by the risdemand for final consumption and
investment goods.
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Table 19: “Grandfathering” Scenario - MacroeconomicResults For Europe

2010 2015 2020 2025 2030
GDF 0,0& 0,16 0,25 035 045
GDF Corrected for quality 0,15 0,32 0,41 0,5& 0,69
Extra Furopean Exports 1] 0,1% 0,31 047 0,64
Extra European Imp orts 0,08 -0,02 -0.11 -0,21 -0,27
Total Irrrestrmernt 0,1 0,13 0,17 0,22 0,29
Final Consumption 0,11 0,2 0,3 041 052
Total Factor Productivity 0,05 0,0% 0,1 0,1 0,15
F.&D Intensity® 0,036 0,04 0,046 0,052 0,059
Cuality o fproducts 0,1 nz2 0.2 0.3 0.3
Research Ernployment™® * 30,694 3Tl 43 728 50438 58 .5AE
Total Employrment®™* 115,003 154 359 219 A31 304,793 448,232

In 2030, with a growth rate of R&D European subesddf 3.87% after 2010, the R&D intensity

increases by 0.06%. The twenty years that sep#ratend of the 7 PCRD to the end of the

simulation exercise allow the R&D to produce alpiositive effects on factors productivity and
products quality. At this horizon, the positive gapGDP, 0.45%, is stimulated by the increase
in demand due to the decrease of production costpeces. European competitiveness is re-
unforced, with a rise of exports of 0.64%, whileponts decrease about 0.27%. Employment
gains are also very important, with 428,282 newsjob 2030, 58,568 created directly in the

research sector.

For Member States, the impact of the doubling afolgean RTD funding from the"program

will be of course contrasted, depending principaltythe extent to which they will beneficiate

from the increase of European funding, that isayp, $ollowing the Grandfathering principle

used here to allocate subsidies, to the initiaklleof their RTD effort. We decided for that
reason, and for illustration, to select three repnéative countries: Germany who is one of the
major actors in Europe in term of R&D effort andalthe major beneficiary of European
subsidies, Sweden with the higher level of RTDnstgy, close to 4% GDP, that will benefit
fully of the increase of R&D funding and Greecettlsathe EU-15 country having the lowest

level of RTD intensity: 0.36% GDP in 2000 versus@®% for the EU-15 average.

For Germany, the increase of European fundingnaile Germany’s GDP R&D intensity from

0.05% in 2010 to 0.07% in 2030. The GDP increasesriegular way from 2006 to 2030, with
maximum increase of 0.06% in 2030 (deviation fragference scenario). Thanks to its high
level of R&D intensity (2.1% in 2005), the absogpti capacity of new innovations and

externalities are very important in Germany
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Figure 5: “Grandfathering” Scenario - Macro-Economic Results for Germany
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The doubling of European R&D funding from th8 @rogram allow Germany to improve its
competitiveness, inside and outside Europe, astatidy the regular rise of its total exports that
reach until 0.8% in 2030. In spite of the importese of its interior demand, Germany imports
decrease from 2010, and final consumption increagesgly, thanks to the important rise of
Total Factor Productivity and of products qualias also observed for Europe as a whole.
Productivity gains limit the rise in investment tliacreases only 0.3%, against 0.8% for GDP.
Productivity gains also limit jobs creation, butetl®.8% additional GDP growth allows
nevertheless the creation of 147,000 additionas jimb2030, 17,000 being linked directly to
R&D activities.

Figure 6: “Grandfathering” Scenario - Macro-Economic Results for Greece
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For Greece, the rise in GDP is among the weakeSundpe: Only 0.1% increase in 2010 and a
maximum of 0.4% in 2030. More than the rise ofR&D effort, Greece beneficiates from the
innovations realized in other European countriespdrt prices decrease and this induces a
reduction of final consumption (and investmentcesi that stimulates final consumption. For
this reason, the increase in final consumption%0i@ 2030) is very important compared to the
GDP increase in Greece (only 0.4% in 2030) whetad tmports grow at the same rate that final
consumption: 0.8% in 2030, while, on the contraoyal imports tend to decrease in the most
R&D intensive countries as Germany and Sweden.

For the same reasons, jobs creation stays vertelinm Greece, with only 3 thousands.

For Sweden that has the higher level of R&D intigrisi Europe, the rise of economic activity is
the more important. GDP gains increase regularlg esach until close 1% in 2030. The
important rise of total factor productivity and dwxt quality allow Sweden improving
importantly its competitiveness, with exports timarease also 1% in 2030, while its imports are
reduced of 0.3% (due essentially to the decreabe68b of the its intra-European imports).

The relative competitiveness of Sweden, on the [@ap scene, is thus strengthened, and in
Sweden, more than in others European countrigs, éiternal trade that boosts GDP. Final
consumption increase only 0.8% (against 1% for GIDP3030, while it increase faster than
GDP in most others European countries. Finallyp@0,new jobs are created in Sweden in
2030, with 10% in the domain of research.

Figure 7: “Grandfathering” Scenario: Macro-Economic Results for Sweden
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5.2.3. Voluntarist” Scenario

In this "voluntarist” scenario, we keep the hypsteeadopted in the "grandfathering" scenario
according to which the European subsidies areatalin function of the part of national R&D
expenses in the European R&D expenditure. Therdifiee with the previous stays into the
assumption made onto the growth of the European R&ling after the 7 FP: 11.61% per
year from 2010 instead of 3.87% previously. Thedgaan R&D intensity rises consequently
more importantly in this scenario, with an increa6€.23 GDP point in 2030, versus only 0.06
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in the Grandfathering scenario. This scenario ban be seen as ‘Voluntarist’ in that sense that,
if one consider the European budget will stay camtstand close from 1% European Gross
National Income until 2030, the share of the regeéwnding in that budget will reach about one
guarter to one third of this budget in 2030, agaordy 4 to 5% now, a evolution that could
illustrate the modifications needed in the way thelget is spent to conform to the Lisbon
objective.

The economic mechanisms that play in this scersiaip the same as before, and it is thus only
the size of the economic impacts that differ. Thige, the GDP increases 0.92% in 2030, that is
to say about two times the increase reached inQGhandfathering scenario: 0.45%. For
employment, the results show similarly a doublifigrnopacts: 904,878 new jobs are created
against 428,282 previously. It is thus interestingpbserve that the economic impacts of the
European funding to R&D are not linked linearly twihe importance of its rise, but follow a
square root relationship: The European funding &DRncrease four times more in this
scenario and the impacts on economic performané&uaipe are multiplied only by two. This
can be explained in two ways: The decreasing ofymal returns to R&D, and the maturation
delays of R&D: the sharp rise of the funding atirgg this scenario do not permit to assess for
all the positive impacts on economic activity a timited horizon 2030, at the difference with
the Grandfathering scenario where the rise in R&Bdfng is made principally at the beginning
of the simulation, during thé"#P.

Table 20: “Voluntarist” Scenario - Macroeconomic Results For Europe

2010 2015 2020 2025 2030
GOP 008 019 034 058 nez
GOP Corrected for guality 016 034 055 1.04 1,62
Extra European Exports 1] 016 o4z 0487 1,56
Extra European lmports 0,03 -0Mm -014 -0.44 -0.84
Total Investment 01 017 026 04 0 f
Final Consumption 011 022 0,33 0 A1 naz
Total Factor Productivity 005 0 05 015 02 035
RE&D Intensity™ 004 0067 0104 01a7 0223
Glality of products 0.1 nz 04 0.6 039
Fesearch Employment™ 33,737 A9 B39 495 451 144 678 213694
Total Employment™ 114984 202 Fad 335841 54599 4904 878

Source: NEMESIS model. % deviation from referegeaario and ** thousands

5.2.4. ‘Performance’ Scenario

In this scenario, the allocation of additional Eagan funding in made accordingly to the
Research performance (Number of publications iergific journals and number of patent
applications) of member states, at the differeridded Grandfathering scenario where it is done
proportionally to the initial involvement of Memb8tates into research activities, measured by
there respective share in overall European R&D edijperes. This new allocation mode of
European funding for R&D as the consequence to exunate the subsidies in countries and
sectors with an initial competitive advantage iiR&D activities, that is to say an higher
productivity of these activities. Looking at thepagtition of patent deposits at European Patent
Office, one can state actually that three quaiétke patents deposited by European enterprises
are made by German, French, English and Italiansfiwith 42% for Germany only. These four
countries are also at the origin of the three quartf the scientific publications, and they will
thus receive the four quarters of the additionabpean R&D funding in this scenario.

This modification of the allocation method of Fmdiing for the scenario, coupled with a slight
increase in the FP funding Crowding-in effect (thewding-in is 1.4 instead of 1.1 in the two
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previous scenarios) allow increasing significaritig positive economic impacts of European
R&D subsidies at the horizon 2030. Compared ta@hendfathering scenario where the size on
European R&D funding is identical, the rise in GBfaches 0.58% against only 0.45% in this
previous scenario, that is to say about one quantee. But the strongest difference with the
Grandfathering scenario stays into to re-enforcdéroéfcuropean competitiveness in this new
scenario. The concentration of subsidies in thetrafficient countries and production sectors
allow in this way to multiply by 5 the impacts onimtal Factor Productivity that increase

0.75% against only 0.15% in the other scenarid) wgually a doubled impact onto the rise in
product quality. This improved competitivenesslsaeflected by external trade figures, with

also nearly doubled impacts compared to the Gréamelfimg scenario. But this re-enforcement
of competitiveness through increased Total factaydBctivity has also a negative aspect:
Employment do not grow more than into the Grandfadtly scenario, and is even slightly

reduced compared to this scenario, the higherimigeoductivity leading also to additional jobs

destruction, not fully compensated by the additiois® in GDP and aggregated production.

Table 21: “Performance” Scenario - Macroeconomic Reults For Europe

2010 2015 2020 2055 2030
GOF 0,08 01g 028 043 naa
GOP Corrected for quality 0,16 033 052 n.r4 0496
Extra European Exports 0,03 023 046 076 1.07
Extra European Impors no7 -0.05 -0,18 -0,34 -0,5
Total Investment 01 013 014 026 035
Final Consumption 0,11 0z 0,31 0,45 0458
Total Factor Productiv ity 016 0.1 045 N3] 075
RED [ ntensity™ 0044 0,054 0065 0.0s 0,097
zuality of products 01 0z n3 04 n4a
Research Employmernt™ 44 208 ar 534 73,161 91,325 113,285
Total Employment™ 113,025 138,247 199114 03,477 4787

5.2.5. An assessment of the impact of an abandonnief European research
programs

The objectives were finally to assess for the immdcEuropean R&D fundinger se What
should be in the absence of European supports tOR&nd what is the economic impact of
these supports?. It considers in this way abandothare of European research programmes in
two situations: Member States do or do not comgensatally or partially, the abolishment of
European subsidies by National subsidies.

The effects of the abolishment of European fundordR&D depends actually on the one hand,
of the importance of national compensation, bub,ats the other hand, of the reversibility of
FP funding crowding-in effect onto European firm$Reffort. If the compensation of the
European subsidies by the states is total, theosaonomic impact of the “re-nationalisation”
of the R&D funding will be very weak, coming mairfipm the difference, ‘in nature’, between
national and European subsidies. We considerethi®oreason, as displayed in Table 22, only
the cases of no compensation by menrgiates of European supports with reversibly of the
crowding-in effect of European subsidies onto firRiED effort of partial compensation (50%)
by Member States of European funding, with thisetialso reversibility of the crowding-in
effect of European subsidies. We consider findily ¢ase more favourable that case 5.1, of no
compensation but irreversibility of the crowdingeifiect.
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Table 22: Assumptions for Scenarios of Abandonmertdf European Research Programs

FP funding | FP funding | Allo cation of | Allocation |Allocation | Mational
real growth | real growth | FP funding of FP funding research
rate 2007- | rate 2011- to EU MS funding to | crowding- | funding
2010 2030 hasic and infout crowiding-
applied factor infout
research factor
Share of each
. . MS and
Relmtlonallsm_lon. 387 387 seEia i ED for
no compensation, i i Euronean applied, 40 -1 1
reversibility HErcen HErcen RSFSD far basic
expenditure
Share of each
Renationalis ation, MS and B0 for
partial 387 3.87 sectorin X
. applied, 40 =11 1
compensation, percent percent European for basic
reversibility R&D
expenditure
Share of each
. L MS and
E:I::?)tlll‘:::glllﬁ:ttilg::: 387 t 387 t sector in apgﬁe?,rdﬂ -2 1
irreversibility perten perten Euqungpjgan far basic
expenditure

For the realism of the exercise, the results offilsohulations are then compared with the results
of ‘Grandfathering’scenario that considers a doubling of European Rirdling from the ¥

FP, as this increased into the size of FP wasdfradopted (The actual rise of FP size is about
80% for the ¥ programme).

5.2.6. Renationalisation, no compensation, reversliy

We suppose in this scenario that European statestaim constant the level of national
subsidies to R&D without compensation for FP fuigdebandonment, and that FP funding
crowding-in effect onto private R&D expendituresréversible (for one euro fall of European
subsidies, enterprises spend 2,10 euros less R&D).

One can see that, in this scenario, GDP (valottisethe quality) decreases about 1,3% in 2030
(0,8% if we do not take into account the changés jpnoduct quality) and Europe loses about
838,000 jobs at this 2030 horizon. This case issthy construction symmetric to
‘Grandfathering’scenario, with impacts about two times more impurtand in the inverse
direction.

Table 23: Macroeconomic Results for Europe

2010 2015 2020 2075 2030
GDF -017 -0.34 -0,51 -0,63 -084
GDF Corrected for quality -0.32 -0.57 -0.82 -1.07 -1.31
Extra European Exports -0.21 -0.76 -1.18 -1.58 -1.82
Extra European lmpphorts 01y 052 IR=Fi 1.18 1.43
Total Investment -012 -0, 16 -022 -0.3 -0.4
Final Consumption -0,13 -0, 26 -0,348 -0,53 -[.66
Total Factor Productivity -0,05 -0,145 -02 -0,25 -0,3
R ED | rtensity™ -0 062 -0 066 -0,073 0,03 -0.089
Quality of products -0.2 -0.3 -0.4 -0.5 -0.6
Research Employ e ™ -52 416 -89 07T -BT T2 -i7228 -85 932
Total Emplayment™ -143.235 -292 102 -446 413 -627 103 -838,592

Source: NEMESIS modék deviation from reference scenario and ** thousand
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5.2.7. Renationalisation, partial compensation, rearsibility

This additional scenario consisted in analysing éfffects of a partial compensation of the
abandonment of FP funding by Member States, with desumption of reversibility of FP
funding crowding-in effect (for 1 euro subsidiesrallocated by the FP, enterprises decreases
their R&D expenses of 2.10 euro, but a nationakglybof 0.50 euro allow them to increase
their R&D expenses by 1 euro). The-anteeffect of the European subsidies abandonment will
then be 1.10 euro fall of R&D effort for 1 euro @itR&D subsidies.

Table 24: Renationalisation, no compensation, revsibility scenario

European Union | Germany Greece Sweden
GDOFP -0.249 -0,34 -0.27 -063
GOP corrected for gquality -0.483 -0.48 -0, 43 -0.94
Fesear:h Employment™ -38,548 -11.,109 -0,1491 -2 2
Total Employment™ -216,4804 -h5 248 -3, 166A -15648

Source: NEMESIS modék deviation from reference scenario and ** thousand

One can see that this partial compensation of Eaofunding abandonment by Member States
limits the negative impacts on GDP that decreasdgs @29% in 2030, against 0.84% in the
preceding scenario without compensation, but tlyative impacts on employment remains not
negligible (-216,504 jobs for the whole Europe).

5.2.8. Renationalisation, no compensation, irreveitslity

In this scenario, there is no compensation of Flihg by the European countries and there is
irreversibility of FP funding crowding-in effect (@ euro European subsidies in less implies a
decrease of private R&D expenditures by one euftie ex-anteimpact onto European
countries RTD effort, 1 euro fall for 1 euro cutldiropean R&D subsidies, is very close from
the situation in case 5.2 of partial compensatibava, and, for this reason, the economic
impacts are also similar but stronger, as stateBalnle 25. The fall in GDP is 0.35% against
0.29% previously, and the fall in jobs creationctess 343,631 against only 216,504 before

Table 25: Renationalisation, no compensation, irrezrsibility scenario:

European
LInion Germany Greece Sweden
GDF -0,35 -0.4 0.3 07
GDP corrected for quality -0,59 -0,63 -0.46 -1
F.esearch Employment* * 35,74 -10,206 0,175 -2.,039
Total Employrent™* -343,831 -02,649 <4644 -20,6381

Source: NEMESIS modék deviation from reference scenario and ** thousand

Finally, we assess the potential economic impatcEBuosopean funding for R&D over the next
20-25 years. We considered for that the case ofvithentarist scenario, that fixes an high
objective for European research budget at 2030ztwor{about 0.25 European GNI point),
compared with the hypothetical situation of inexiste of FP, that corresponds to the case of
abandonment of FP funding with reversibility andcompensation. The difference between the
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results of these two variants provide thus well godential economic impact of future FP
programmes, in the context of the realization afbloin objective in the area of Research and

FORASSET Scientific report

knowledge formation. The macroeconomic resultdisf comparison are provided in Table 26.

Table 26: Assessment for Potential Impacts of FP fading

2010 2015 2020 2055 2030
GOF 0 25% 052% 0,85% 1, 26% 1,76%
GOP Corrected for quality 0, 43% 0.91% 1.47% 211% 2 03%
Extra European Exports 0.31% 0,92% 1.60% 2.45% 3. 49%
Extra European Impports -0, 09% -0.53% -1.02% -1,62% -2 26%
Total Investment 022% 0,33% 0,48% 0, B9% 1,01%
Final Consumption 024% 0,48% 0,78% 1,14% 1,59%
Total Factor Productivity 0 10% 0,20% 0,35% 0 45% 0.65%
FED | ntensity™ 0102 0133 0177 0237 0317
Cuality of products 0,.30% 0,50% 0.80% 1, 09% 1.49%
Fesearch Ermployment™ 26,153 118716 162 623 221,906 00 576
Total Employment™ 263,065 494 756 7R2 354 1177049 174347

Source: NEMESIS modék deviation from reference scenario and ** thousand

As one can state at the lecture of the figures, Eheopean funding for Research could
potentially impact very importantly, and positivedyowth and competitiveness of European
countries at the horizon 2030. The potential gion&DP establish to the level of about 1.76%,
and 2.93% if one take into account the improvemanthe quality of good and services
produced by European firms. The impact on R&D istignis about 0.32 GDP point increase in
2030, that is to say an additional annual GDP dnowft about 0.15% in long term, as we
assessed for by expanding the simulation horiztwe. Jains for European employments could
also be very important, with about 1.7 million joins2030, that could not be created in the

absence of European framework Programmes for rdsear
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6. Foresight and assessments for environmental poies

6.1. Objectives

The objectives were to provide useful tool to asdes European energy and environmental
policies with the NEEM, NEMESIS and GEM-E3 modeBurthermore, it assesses the different
options for implementing R&D policies, renewableesgy and GHG objectives taking into
account the new propositidiio achieve 20% reduction greenhouse gases by 2002pared to
1990 for EU-27 (which should be increased to 30% in case of apcehensive international
climate change agreemerit)p establish a bonding target of 20% for the rerxevanergy share
of EU final energy consumptiérand the 10% biofuels share in transports gasalntk diesel
sub-target .

The policy scenarios that were examined in thiskwaaackage 5 are the following:

- NEEM, limited to EU-15 countries, examines diffeareases of efficient implementation of
EU ‘Energy and Environment package’, that calculde carbon balance price for ETS
sectors and one unique carbon price for non EU &i®ors. The results of NEEM were
notably used to calibrate some mechanisms of NOMEDE

- GEM-E3 was similarly used to study efficient implemation of EU ‘Energy and
Environment package’ for EU-27, with two types afctoning revenue recycling: an
increase in households’ social benefits, and a gwatibn of R&D subsidy, up to 25% and
increase in social benefits. Other policy scenaviese studied with GEM-E3 as R&D
subsidy policies, and local pollutants abatemetities. All policies studied with GEM-E3
compare also the case were R&D is endogenous ard Wwlis considered exogenous, and
use consequently two different versions of the hode

- with NEMESIS/NOMEDE, the focus was put on the ecaimoconsequences in 2020 of the
joint implementation of the ‘EU ETS review’, ‘nonTES effort-sharing’ and ‘renewables’
directive and decision proposals. Different scarsarivere explored depending on the way
auctioning revenues are recycled by States, angaa@d on the basis of economic and
environmental efficiency criteria defined by then@uaission.

6.2. Results

6.2.1. Cost Effectiveness Scenarios for EU ‘Energnd Environment package’ with
NEEM (EU-15)

In order to address the twin sustainability chals of: a) leading the way towards a stronger
post-Kyoto climate mitigation policy and b) prommagienergy security through the development of
indigenous energy resources, the European Couasidecided in the spring of 2007 to propose
the following targets for the EU: a) reduce GHGeaist by 20% in 2020 compared to 1990 levels;
b) supply 20% of final energy needs by 2020 withergable energy sources (RES), including the
use of biofuels at 10% of liquid fuels in road spart; c) give priority to energy efficiency in all
energy domains.

In response to the Council proposal the Europeanrfiission has, in January 2008, proposed a
full policy package of implementation measures &etrthe EU's objectives on climate change and

! In accordance with the Commission, the objectivBthe WP5 have been updated to take into accdunt t
Climate Action and Renewable Energy Packd&prkage (January 2008) instead of the assessrfants
environmental technology policies. Moreover, pdrthe results presented in the deliverable D7 sulsed
here.
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renewable energy for 2020.The package consisegiflative proposals including three actions: a)
Amendment of Directive 2003/87/EC so as to imprand extend the EU greenhouse gas emission
allowance trading system; b) Decision on the eftdrMember States to reduce their greenhouse
gas emissions to meet the Community’s greenhousesgassion reduction commitments up to
2020; c) Directive on the promotion of use of reable energy sources.

The analysis of the implications on the energy eawstvith particular emphasis on technology
deployment for the scenario of the implementatibEwopean Commission proposal was carried
out using the NEMESIS Energy-Environment Module iINESIS-EEM). The main quantitative
characteristics of the scenario as implemented WEMESIS-EEM is summarised in the Table
27. It covers only fourteen member states in a@uwrd of present regional classifications within
the module.

Table 27: Scenario objectives

A . i e
GHG emissions compared to 1990 -AF% -25%
Renewables in final demand At least 200

Biofue ks share in raoad transport At least 1004

* The baseline scenario

It is assumed that the Baseline scenario does adtess Kyoto and post-Kyoto objectives.
However, for this scenario it is assumed that teent ETS system continues to operate and that
it balances at low prices of emission permits. Tiaflects absence of further climate policy
measures in the European Union. It is assumedhbaETS system induces a carbon permit price
of 20€/tCO2, which is increasing to 23€/tCO2 by 20Phis is applied as an opportunity cost on
all uses of fossil fuels in proportion to their esidbn of CO2.

Regarding the electricity generation from nucleagergy the current decisions concerning it are
assumed to persist also in the longer term. Thi@s that the announced nuclear phase-out is
implemented and that member states which do not ladready installed nuclear plants do not
invest in the long term.

The baseline scenario assumes that high pricedysesved in the past two years, will persist in the
future as result of resource constraints, contisugrowth of global energy demand and increasing
dependence on non conventional oil, which is aasediwith high extraction costs. Natural gas
prices are projected to continue to be tightly didkvith oil prices and Natural gas is potentially a
substitute to oil, the demand for gas is expeabetise worldwide and its cost-supply relationship
reflects highly increasing marginal costs. Coatgsiare projected to rise at much lower rates than
oil and gas because of high coal resources and favoerrable geopolitics. This implies that the
competitiveness of gas vis-a-vis coal steadily il@tates. The relationships between world energy
demand, fossil fuel resources and world energyepritave been analysed by using the Prometheus
stochastic world energy model, which ensures ctersty of world energy developments and the
trajectory of energy prices.

The results of the baseline scenario show thapidethe evidence of relative saturation for certai
energy uses in the EU-14, energy demand is lilelgontinue to grow, albeit at rates significantly
lower than those experienced in the recent pas. aMerage annual growth rate in the regions’
gross inland consumption over the 2000-2025 pesqguiojected to be 0.5%, which is half the rate
observed over the 1990-2000 period. This slowdoesults from improvements in energy
efficiency, the continuing de-materialisation oflirstrial production and the restructure of the
European economies away from the primary and secgragctors towards services.
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The projection to 2025 for the baseline scenarmasha slight acceleration of the decoupling of
energy consumption from GDP growth, as compargahsh trends, a trend which is also attributed
to the assumption that oil and gas prices arewatig an increasing pace throughout the projection
horizon. Renewable energy forms are projectednwane the fastest growing energy forms in the
EU-14 energy system, as was the case over thdelasyears and Renewable energy forms are
projected to grow at a rate of 2.5% per year omaggebetween 2005-2025 (the growth rate for the
decade 2000-2010 is expected to be 3.5% per y€hn.trend is partly due to the supportive

policies for renewables but is also an outcomecohemic considerations given that power from

renewables, particularly wind power, displays iasiag economic competitiveness over time.
Biomass is also likely to develop as a result dfcs imposing a certain share of bio-fuels in

automotive fuel supply and the increasing use oimaiss and waste in certain niche market
applications, particularly in CHP.

Despite high oil prices, the baseline scenario shdwat total energy demand for petroleum

products is likely to remain at a high level andbeéomore or less stable in volume throughout the
period until 2025. Oil products tend to be used aglimexclusively in specific energy uses

(transport and petrochemical). Solid fuels are ggpeing a decline in their market share during

the forecasting horizon from 14% in 2005 to 12.502025. However, the trajectory of solid fuels

use is in some ways reciprocal to gas use trajesioce their annual growth rate is -1.2% pa for
the period 2005-2015 and +0.6%pa for the periodbZI25. Especially in the last five years of

the projection, the growth rate of solids in prisn@nergy needs is +1.3% pa. This is due to the
fact that, besides certain specific uses of coadustry which remain rather stable in time, coal

and lignite compete mainly against gas in poweregation. In the long term and especially

beyond 2015, the increasing competitiveness of repocoal drives power expansion through

new coal plants. In addition, decommissioning oflear plants and phase-out in some countries
drives further growth of the use of solid fuels.

Figure 8: Primary energy needs in the baseline scario in EU-14 in Mtoe
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By 2025 the level of indigenous production of fogsels will be 70% lower than in 2005 for oil
and 37% for natural gas. Increasing primary endegypand for oil and gas together with declining
primary production leads to a considerable incredsiependence of the EU-14 energy system on
imports. The overall import dependence indicataynf 55% in 2005, rises to 68% in 2025. The
dependence on imports is more pronounced for fdagas than for oil. The share of energy
intensive industry in total final energy consumptidisplays a small decrease throughout the
projection period, going from 18% in 2005 down @A in 2025. Energy consumed in the trade
and services sector, agriculture and householdeadses at an average annual growth rate of 0.5%
p.a from 2005 to 2025. The share of this sectdinal energy consumption also displays a small
decrease from 41% in 2005 to 40% in 2025 as atredulhe saturation in energy uses and

55



FORASSET Scientific report

efficiency gains. Energy demand for transport groassiderably in the short and medium term.
Energy used in transport increases its share @ diemand from 32% in 2005 to 34% in 2025.

Figure 9: Final demand by sector in Mtoe (EU-14)
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Final demand for the more polluting fuels (see &gmre 12), such as solids and residual fuel oil,
is declining. Conversely, the demand for lightek mioducts, mainly diesel oil and gasoline,
reserved primarily for transport and secondarily dbemicals remains stable. Final demand for
natural gas increases throughout the projectiorogexibeit at rates that are slowing down over
time. The expanding use of electricity in all sestis projected to continue in the baseline
scenario, as also exhibited in past trends. Acogrth baseline results, electricity demand grows at
an average annual rate of 1.3% in the period 2Q@%2nd reaches a market share of 23% by
2025 steadily growing from a share of 18% in 19%Ais is due to the clear advantages of
electricity use such as easy controllability angaoliness at the point of use as well as to the
technological progress, comfort and competitiverafsthe numerous processes, appliances and
applications that can use energy only in the fofrelectricity. The use of renewable energy in
thermal uses of final energy demand sectors adgaager time, particularly in the long term
driven by the increasing use of bio-fuels in auttweotransportation. For the baseline scenario it
is projected that bio-fuels penetrate up to 10%fal use of oil products in cars.

Figure 10: Final demand by fuel in EU-14 (Mtoe)
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The demand of electricity, which is driven by thqp@&nsion of specific electricity uses, results in
considerable investment in power generation sentéhe baseline scenario. In the short term
power generation investment is dominated by conmbicyecle gas as a result of construction
commitments taken in the past. Coal-based powenlss favoured by the diminishing
contribution of nuclear in base load, since nuclkeaergy gradually decreases as a result of
nuclear policy assumed in the baseline. Coal-bpsecr, which represented 24% of total power
generation in 2005, decreases in the short ter20% in 2015 and then increases to 22% in
2025.

Renewables used for power generation show a reiarkdevelopment. Wind power, in
particular, displays economic competitiveness dirme and as a consequence onshore wind
develops rapidly in the short and medium term: itngtallations of wind onshore turbines
increases from 40GW in 2005 to 116GW in 2025. Bissnhased power generation displays
significant development in the baseline scenartds Hevelopment includes power from waste
energy which is an attractive option in certaincsfie cases but is limited in volume, as well as
co-firing of solid fuels with biomass in conventarpower plants. Finally, the development of
solar energy, mainly photovoltaic technology, is fower. Despite the business-as-usual
character of the baseline scenario, renewableddbasetricity (including large hydro) develops
fast and becomes in 2025 larger than total coatmggion and also larger than nuclear electricity.

Figure 11: Electricity generation by source in thebaseline scenario (EU-14)
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The Baseline scenario shows that business-as-useradls imply increasing carbon dioxide
emissions. The gap between business-as-usual enssand the emissions permitted by Kyoto
and post-Kyoto policies is widening continuouslyeTgap is almost 12% of total energy-related
emissions in 2012 and rises to slightly above 309025 (for a target of -25% from 1990). The
Baseline scenario clearly fails with respect tanelie change mitigation aspirations. The emissions
could be considerably higher if the Baseline saerdid not involve significant decrease of energy
intensity of the economy. For energy efficiencysuling from structural changes in the economy,
technological progress and saturation, are the med@sons for obtaining stabilisation or low
growth of carbon intensity of GDP in the Baselinergrio.
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The carbon intensity of electricity generation draéproughout the projection period at an average
rate of 2% per year. Average emissions from 0.432@er MWh in 2005 decline to 0.3 in 2025.
This is mainly the outcome of using more gas in @owgeneration. Beyond 2020, the carbon
intensity of power generation almost stops to impralespite the rapid growth of renewables used
in power generation. This long term trend is a ltesuusing more coal in power generation and
the decline of nuclear energy. The improvemenhedarbon intensity of the power generation is
due to changes in the mix of fossil fuels in thedmm term, the improvement of thermal
efficiency and the high growth of renewables in litveg term. The growth of renewable energy in
power generation does not counterbalance the deafinuclear energy as regards CO2 emissions.
Carbon-free power, albeit its increase in volumepsea non increasing share in total power
generation. The share of power generation in ®ta&rgy CO2 emissions remains almost stable
during the forecasting horizon at around 30%.

Table 28: Evolution of GHG emissions in the baselascenario compared to their 1990
levels in EU-14 and gap of the baseline scenarimfn Kyoto target

___________ MinofCO2eq. ______Index1990-100

1990 2010 2020 2025
CO02 energy related 3082 103 107 109
Power generation 996 a7 96 100
Energy branch 134 77 59 87
Industry 576 84 89 89
Tertiary & Agriculture 232 87 &8 H6
Residential 412 S8 oo 100
Transport 732 138 148 152
Non energy related 812 100 106 110
Process C0OZ2 g9 S8 oo 59
CH4 434 85 78 76
N20 203 54 54 54
HFC 49 445 594 671
PFC i a9 67 66
SFE 27 g7 102 105
Total GHG 3893 102 107 109
Kyoto/Post Kyoto Targets 92 80 75
Gap from targets 10 27 34

Carbon intensity of industry declines by 0.4% pa, rasult of the improvements in energy
efficiency and the de-materialisation of the sec&milar to the power generation, the share of
industry energy-related CO2 emissions remains dlomsstant in the period 2005-2025 at around
15%. Direct energy CO2 emissions from the residésgctor remains at their 1990 levels, due to
the further electrification of the sector. In temnse, the share of households in total energiedela
CO2 emissions remains stable at around 13%. Tharifition of the tertiary sector, on one
hand, and the further decline of agriculture seotothe other hand, result in a constant share in
total direct emissions also for trade and serviaesors at 6%. The sector which increases its share
in CO2 emissions is the transport sector. In theeate of new and clean technologies for road
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transport in the period up to 2025, the biofuetsoiduction is not sufficient to reduce the emission
of the sector. As a result, the share of trandporeases from 32% in 2005 to 33% in 2025.

The share of energy related CO2 emissions in @HEG emissions remains constant through the
forecasting period at around 80%. As it can be demm Table 28, the energy related CO2
emissions are 9% higher than their 1990 leveli262 while the non-energy GHG are 10%. For
Methane emissions, most of these emissions ardeeimih gas production and transportation
together with venting and flaring of gaseous commasuin oil production. Methane emissions
from these sectors in the EU are projected to dseréoil) or marginally increase (gas) due to the
declining primary production of these sources (fi@#h in 2005 to 7.5% in 2025). HFC emissions
are projected to increase strongly in the medium t&@ heir growth is expected to decelerate in the
longer term due to the phasing out of HCFC-22 petida in 2020. PFCs emissions related to
primary aluminium production are expected to demeeahis is both due to the reduction of
aluminium production and to the actions taken eyaluminium smelting companies to reduce the
frequency and duration of the anode effects thasedhe emissions. As a result the share of HFC
emissions in total GHG emissions is 5.4% in 2005,ii@ 2020 and around 7.5% in 2025. The PFC
share declines from 17% in 2005 to 15.5% in 202ZBONemissions are projected to stagnate at
around 2.6% of total GHG emissions due to the staleimand for nylon and fertilizers and the
Sulphurhexafluoride (SF6) emission is expectedetrebse due to the voluntary agreement on SF6
emission reduction partnership of the magnesiumstrg.

In summary, the Baseline scenario represents am\eMature which is efficient with respect to
cost of energy but is unsustainable with respedbittG emissions. According to the Baseline,
carbon emissions deviate from targets, both wispeet to the Kyoto protocol commitments and to
the post-Kyoto. Also, according to baseline progm, energy import dependence of Europe is
likely to increase dramatically. Concerns partidylaefer to exposure to risk regarding gas
procurement conditions and the adverse effectsupade’s power generation sector.

* The abatement scenario

The scenario implementation has involved introdycépecific targets for the so called ETS
sectors, the rest of the sectors of the economy EI&) and the renewable and biofuels constraint.
The EU-ETS is a policy instrument already in plasslving an EU-wide CO2 emissions cap for
electricity plants and major industrial installaiothat can trade emission permits across member
states. The principle on which permit allocations hdeen made so far is the so called
grandfathering principle endowing agents accordimghistorical emissions, total endowments
being gradually reduced to ensure overall compéaiocthe EU-wide cap. For the period to 2020
the major departure is a marked tightening of 286 lower than emissions in 2005 by 2020 )
for the ETS sectors and the gradual introductioh awctioning of permits (full auctioning is
foreseen for power plants starting in 2013 andaalggl increase towards the full use of auctioning
to allocate allowances to the rest of the ETS sectwith the exception of those installations
exposed to a significant risk of carbon leakage).

Non-ETS sectors, consist of a wide range of secovering mostly small scale emitters, such as
transport (e.g. cars, trucks), residential and isesv buildings, small industrial installations,
agriculture, etc., including all types of greenhmgases. These are sectors where energy represents
a relatively low portion of costs with very limitgubssibilities for substitution away from fossil
fuels. Consequently the implicit carbon values negilito obtain even modest reductions are
relatively high. The competence to implement peBaiegarding the non-ETS sectors is reserved to
individual member states, supplemented by EU mdicFor the purpose of the current scenario
and in order to minimise adverse impact on thestrseor widely differentiated welfare losses it
has been assumed that an optimal allocation is nexdagnte implying a uniform marginal
abatement cost.
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Figure 12: Permit price in ETS and implicit carbonvalue for non-ETS in €05/tn of CO2
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Emission abatement in the scenario is achievedugfraexplicit or implicit carbon values.
Explicit carbon values are the prices of emissiemits as they emerge from supply-demand
equilibrium in the ETS market. In order to achiekie ambitious targets set for the ETS sectors
permit prices start around 55€/tn of Co2 in 20Xi#tne down to under 50€ in the middle of the
decade, increase shortly to 70€/tn of CO2 by 20%Dthereafter remain essentially stable. For
the non-ETS sectors the scenario does not asswadendr and the carbon value indicated
represents the marginal cost (the cost of the mxsénsive ton of emission saved) implicit by
the target set across the EU. This marginal valaeeases almost steadily from around 50€05/tn
of CO2 in 2012 to around 150€05/tn of CO2 in 20Rkis higher marginal cost value emerges
even despite the fact that the target set for @meETS sectors are much more modest than those
set for the ETS sectors and constitute an indisatid the relatively limited potential for
abatement in non-ETS. The third legislative propazamely the Directive on renewables, also
defines differentiated quantitative targets by MemState and assigns to the Member-States the
corresponding responsibility. The proposed Dirextiimproves and extends the Guarantees of
Origin (GO) which may be used by the Member-Statgdde renewable energy and meet their
obligation in a more cost-effective way. The 10%fbels objective is set as an EU-wide
obligation and is included in the renewables target

Energy related CO2 emission reductions dominateetfierts in meeting the overall target
accounting for 73% of total GHG reduction in 2020get and 80% in 2025 target. As regards
other GHGs, PFC emissions experience the shargesttion (about 81% in 2025) followed by
SF6 and HFC at considerably lower rates (62.5% 40% respectively). CH4 and N20
emissions are projected to be the least respotwsitree introduction of the carbon value, as they
decline by around 30% and 25% respectively in 20&h-energy CO?2 is barely affected at all,
as CO2 emissions are an integral part of the psooégroducing Portland cement and there
appears to be no credible alternative to this tfpgement in the horizon.
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Figure 13: Abatement of GHG emissions per pollutanin EU-14 in 2025 (% changes from
baseline)
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By scenario design the ETS sectors are projectet¢bne by 50% compared to 1990 levels by
2025. On the other hand non-ETS sectors achieweaoh?o reduction (21% lower than baseline).
In the following Figure 16 the CO2 emission pereget changes from 1990 levels and from
baseline are presented for each sector.

The abatement effort in industry can be classifiedhree major categories (see Figure 15
above):
. sectors that make more than 50% reduction in eamsscompared to baseline (power
generation, non ferrous metals, engineering);
. sectors with reduction between 40% and 50% (oreaetdon, chemicals, textiles and
leather);
. the other industries that make reductions of al38@b to 20% and include the most of
the non energy ETS sectors.

Figure 14: Percentage of contribution of each indusal sector in the CO2 emissions
reduction in industry (compared to baseline) in 202 (EU-14)
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Looking at industry as a whole, out of the emissieduction of 38% (compared to baseline in
2025) less than 2% can be attributed to lower im@sctivity while just under 13% is due to fuel
switching. This implies that the bulk of the abaésnis done via a reduction in energy intensity.
Some of the latter can be explained by structu@aments within the sector away from energy
intensive activities/products in response to costrdases passed on to intermediate and final
consumers. Reduction is also achieved through imesg in less energy intensive processes but
also as a result of a large number of small actieading to a more rational use of energy and often
involving little investment in equipment but bettgganisation and practices.

Emission reductions are also achieved through awimgthe fuel mix. Looking at the industry as
a whole the main characteristic movement is towatdstrification in view of the wide range of
low and zero carbon options available for poweregation.

Table 29: % fuel shares in industrial final demandin 2025 (EU-14)

. . Steam Biomass & ..
Solids Oil Gas from CHP | Waste Electricity

Baseline 11.2 13.4 32.2 2.7 4.9 35.5
Scenario 7.7 10.9 28.3 3.8 7.1 42.3

The industrial sector also makes a contributionatals the overall renewable target by increased
use of biomass and waste to fire boilers. Stearm fl@HP plants also makes an increased
contribution while the electricity they produce anhes the movement towards electrification,
while oil and solids naturally lose their shareeTiggest reduction occurs for natural gas, which
in the baseline played a major role in meeting &tdal energy requirements. Unlike the industrial
sector, in the trade and services sector fuel kimigcis more important than demand reduction in
explaining emission abatement in the scenario. Ap@m an increase in electrification, the
services sector also response by increasing retewabrgy use, especially in the form of passive
solar energy. Like in the case of industry, thenrlass in share concerns natural gas (see Table
29).

Table 30: % fuel share in trade and services demanith 2025 (EU-14)

Solar &
St f CHP & | Bi
solids | Oil Gas eam from 'OMaS 1 other | Electricity
District Heating | & Waste
Renewables

Baseline 0.2 10.4 31.8 4.6 11 1.3 50.5
Scenario 0.1 8.3 27.4 5.2 1.8 3.6 53.5

The higher electricity prices that characterise #soenario affect specific electricity demand
(lighting and electrical appliances) only modestn the other hand, according to the scenario,
demand for heating, water heating and cooking\abkdae declines by 8% between 2005 and 2025
instead of increasing by 6% in the baseline. Baitural gas and gas oil use are heavily influenced
by the higher costs implied by the carbon value.ti@nother hand, unlike the tendency towards
electrification observed for other sectors, redi@érelectricity does not change its share. The
major shift occurs with regard to solar energyeeggly in the form of passive solar systems, and
increased use of biomass.
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Table 31: % change from baseline in residential deand in EU-14

2015 2020 2025
Total final demand -4.7 -85 -11.4
Specific electricity use -2.5 -3.1 -4.5
Heating, Water Heating, Cooking -5.3 -10.0 -13.4
Solids -20.2 -34.8 -44.8
Ol -20.3 -32.3 -39.4
Gas -14.1 -24.9 -33.1
Heat from CHP & District Heating -3.2 -4.7 -4.9
Biomass 35.0 45.7 54.0
Solar & other Renewables 189.1 242.5 274.8
Electricity -11.2 -13.0 -15.1

The power generating sector of different countreeaffected differentially depending on the
dependence on fossil fuels in the baseline, thétyabif the respective electricity sectors to
switch to less carbon intensive sources of prodactis well as the relative cost of the
generating options adopted in response to the wiraad renewable policies. At the EU-14
level electricity demand stands at 4% below baselialues in 2015, 5% in 2020 and 7% in
2025.

The demand reduction effect is stronger for indalstapplications because of a more
pronounced activity impact of the scenario as alevtamd generally higher long term price
elasticities of demand with respect to price eslgcin the energy intensive sectors. Of course
the reduction in demand goes only a small way plaRring the emission abatement associated
with the power sector ( 41% and 57% below basdlin@020 and 2025 respectively). The
remainder is affected through changes in the géoaranix favouring low or zero emission
options at the expense of carbon intensive ongsir&il7. below summarises the main shifts in
electricity production according to broad options.

Figure 15: Difference in electricity demand and prduction from the baseline scenario in
2025 (in TWh)
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The main vehicle through which the renewable tangéhin the power generating sector is
achieved is through a massive search of biomassAusenall part of the feedstock is obtained
from urban wood waste and mill residues. Thesestee#ls tend to be cost effective but very
limited in terms of potential. The bulk of the ergan occurs through the use of agriculture
residues with a large potential in most membelestaEnergy crops play a more limited role and
are introduced mostly towards the end of the faebarizon. Due to relatively high projected
food crop prices worldwide the crops that are myostilised are those that can be grown on
marginal land. Finally forestry residues play ampartant role mostly in Finland and Sweden. In
these countries this source has a large potentiathe cost is relatively high even for limited
applications.

Table 32: Electricity production from biomass in EU-14 in TWh

Baseline Scenario
2015 2020 2025 2015 2020 2025
Biomass Thermal 124 155 213 251 341 370
Biomass Gasification 6 18 34 31 135 242

6.2.2. Cost Effectiveness Scenarios for EU ‘Energgnd Environment package’,
R&D and local pollutants abatement policies with GBM-E3 (EU-27)

This section examines what is the impact of moaglthe R&D decisions on the assessment of
environmental policies with the computable genemuilibrium model GEM-E3. A climate
policy and a local pollution policy are considerédirther the climate and R&D the R&D
policies are combined. The climate policy considées EU climate/energy package for 2020.
The policy assumptions are taken from one of tleagos run with GEM-E3 for the impact
assessment of the 2020 EU climate target, i.e.lamwide permit system with auctioning for the
ETS sectors and a domestic £3@x for the other sectors.

The allocation between ETS and non ETS sectordJdetzl is based on cost efficiency, while
the allocation between countries for the non ET8oss is based on a combination of cost
efficiency and GDP per head. The local pollutiorersrio is derived from the impact
assessment of the Thematic Strategy on Air Potiutiith the GAINS model and GEM-E3. The
reduction targets imposed in GEM-E3 for the looallygtants are those derived by the GAINS
model for the cost-efficient allocation between Edlintries of the air quality target, assuming
that a climate policy is in place.

The scenarios are implemented in the two GEM-E3eatsdvith and without R&D modelling,
to evaluate the contribution of R&D modelling. B#=s the environmental policy assumptions,

it is also assumed that the country public budget the EU current account have to remain
constant in terms of GDP compared to the reference.

* The climate policy
Macroeconomic impact at EU and country level
The overall impact of climate policy is small, apgmately -0.6% of GDP in 2020 in both

modelling frameworks. In terms of welfare, the elifnces are a bit larger, mainly because the
efficiency improvement through R&D expenditure reelsi the competitiveness loss due to the
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climate policy and allows a slightly higher recydieffect. These results should be re-examined
when better estimation for the substitution eldtitie between quality and factors and a re-
evaluation of the factor substitution elasticityllwie available. It could be that modelling
endogenous technical change allows a better rageggm of the reaction of the firms through
innovation demand above the factor substitutiorvidtitout large macroeconomic effect.

The role of spillovers is certainly essential imsthespect but here also further data are needed
because the data available concern mainly generitgproduct improvement and not so
much process innovation. The R&D expenditures imseof GDP are rather stable: the cost
increase due to the policy induces more innovatiemand partly compensated by the negative
impact of the decrease in activity.

Table 33: Macroeconomic impact of climate policy aEU level with the two
modelling frameworks

GEM-E3 without R&D GEM-E3 with R&D
modelling modelling
Macroeconomic Aggregates 2020 2020
Gross Domestic Product -0.61% -0.56%
Employment -0.39% -0.40%
Private Consumption -0.10% 0.02%
Investment -0.41% -0.40%
Final Energy Consumption -7.59% -7.53%
Share Coal* -2.24% -2.22%
Share Oil* 0.66% 0.65%
Share Gas* -0.60% -0.62%
Share Electricity* 2.18% 2.19%
Exports to RW -1.79% -1.72%
Real Wage Rate -1.31% -1.24%
Relative Consumer Price 1.19% 1.21%
Real Interest Rate 0.21% 0.18%
Terms of Trade 1.80% 1.73%
Current Account (% of GDP)* 0.00% 0.00%
Total Atmospheric Emissions
CO2 Emissions -25.00% -24.99%
NOX Emissions -15.99% -15.91%
SO2 Emissions -20.12% -20.00%
VOC Emissions -6.69% -6.55%
PM Emissions -12.58% -12.37%
NH3 Emissions -0.94% -0.88%
Environmental Policy
Energy Tax (% of GDP)* -0.10% -0.11%
Environmental Tax (% of GDP)* 2.59% 2.58%
Increase of Social Benefits 8.77% 9.10%
CO2 marginal abatement cost
(Euro00/tn CO2) 54.79 55.32
R&D expenditure -0.03%
Welfare
Economic Welfare 0.05% 0.16%
Local pollution benefits (% of GDP)* 0.10% 0.11%

Source: GEM-E3 model. % difference compared toregfee scenario except for * where difference
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The distribution of the cost among the countriesather differentiated mainly because the
differences in the reduction target imposed antha share of energy intensive sectors. The
R&D modelling has only a small impact as alreadyestsed at EU level.

Table 34: Macroeconomic impact of Climate Policy atountry level in 2020

GEM-E3 without R&D modelling

GEM-E3 with R&D modelling

Gross Final Gross Final R&D

Economic [Domestic Energy |Economic|Domestic Energy |exp (%

Welfare | Product | Employ. | Exports [ Consump. | Welfare [ Product | Employ. |Exports| Consump. | GDP)

Austria 0.10% | -0.47% -0.25% | -1.69% -9.38% | 0.20%| -0.42%-0.25%]-1.54% -9.07% [-0.039
Belgium 0.62% | -0.75% -0.43% | -2.18% -9.63% | 0.83%| -0.69%-0.47%]-2.07% -9.79% [-0.059
Bulgaria 4.20% | -1.94% -1.06% | -6.31% -16.39% | 4.28%| -1.81%-1.06%]-6.04% -16.21% | -0.029
Czech Rep. | -0.50% | -1.29% -0.58% | -2.27% -22.33% | -0.38% -1.20% | -0.58%(-2.14%] -22.27% | 0.009
Denmark 1.28% | -0.98% -0.57% | -2.69% -13.26% | 1.52%| -0.94%-0.62%](-2.64%| -13.55% | -0.039
Estonia 1.09% | -1.42% -0.87% | -2.27% -10.98% | 1.13%| -1.27%-0.86%](-2.07%| -10.75% | 0.009
Finland 0.87% | -0.77% -0.38% | -2.55% -10.72%| 1.06%| -0.67%-0.40%]-2.35% -10.51% | -0.069%
France -0.20% | -0.93% -0.43% | -2.69% -8.19% | -0.02% -0.87%]| -0.46%(-2.54%| -8.25% | -0.069
Germany -0.13% | -0.319% -0.17% | -1.18% -7.55% | -0.02% -0.27%]| -0.19%(-1.13%| -7.55% |-0.029
Greece -0.55% | -0.60% -0.19% | -1.57% -14.61% | -0.47% -0.53% ] -0.19%(-1.46%| -14.45% | 0.009
Hungary -0.24% | -0.79% -0.31% | -1.63% -10.20% | -0.15% -0.72% | -0.32%|-1.53%| -10.09% | 0.009
Ireland -1.06% | -0.57% -0.67% | -0.63% -19.60% | -0.89%] -0.43% | -0.67%(-0.49%( -19.08% | -0.029
Italy -0.05% | -0.3699 -0.15% | -1.72% -8.16% | 0.04%| -0.34%-0.16%(-1.67% -7.97% |-0.019
Latvia -0.21% | -0.309% -0.13% | -0.84% -2.78% | -0.12% -0.27%]( -0.13%(-0.82%| -2.69% | 0.009
Lithuania 1.28% | -0.31% -0.33% | -2.05% -3.73% | 1.34%| -0.23%-0.33%]-1.93%| -3.61% |-0.019
-ll\—lr:herlands 0.55% [ -0.61% -0.24% | -1.91% -8.05% | 0.65%| -0.56%-0.25%]-1.81% -7.93% |-0.049
Poland 0.23% | -1.12% -0.59% | -3.48% -17.32% | 0.30%| -1.04%-0.58%|-3.29%] -17.21% | -0.019
Portugal -0.47% | -0.25% -0.12% | -1.11% -5.62% | -0.40% -0.24%|( -0.12%(-1.07%| -5.30% | 0.009
Romania 4.61% | -2.36% -1.29% | -6.72% -26.76% | 4.60%| -1.88%-1.28%)|-6.05%| -26.45% | -0.019
Slovakia 0.89% [ -1.07% -0.51% | -2.94% -9.26% | 0.96%| -1.03%-0.51%]-2.85% -9.11% |-0.029
Slovenia -0.68% | -0.48% -0.25% | -0.75% -7.01% | -0.60% -0.43%| -0.25%(-0.70%| -6.87% | 0.009
Spain 1.01% | -0.93% -0.64% | -3.95% -10.33%| 1.11%| -0.87%-0.64%]-3.83%| -10.19% | -0.019
Sweden 0.31% [ -0.59% -0.34% | -1.63% -5.93% | 0.59%| -0.47%-0.39%]-1.42% -5.71% |-0.119
UK -0.23% | -0.50% -0.25% | -0.81% -9.53% | -0.14% -0.46% | -0.26%(-0.78%| -9.45% |-0.029
EU 0.05% [ -0.61% -0.39% | -1.79% -7.59% | 0.16%| -0.56%-0.40%]-1.72% -7.53% |-0.039

Source: GEM-E3 model. % difference compared taeefe scenario except for * where difference

Sectoral impact of the climate policy

The sectoral impact remains rather similar in butdelling framework, with a slightly

lower impact with R&D modelling, especially in teguipment goods.

Table 35: Sectoral impact of Climate Policy at EUdvel in 2020

GEM-E3 without GEM-E3 with
R&D modelling R&D modelling
Sectoral Aggregates 2020 2020
Domestic Production in Volume
Agriculture -0.95% -0.89%
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Energy Production -8.22% -8.15%
Ferrous and non ferrous metals -2.81% -2.70%
Chemical Products -1.66% -1.51%
Other energy intensive -2.27% -2.16%
Electric Goods -0.99% -0.69%
Transport equipment -1.31% -1.15%
Other Equipment Goods -0.97% -0.91%
Consumer Goods Industries -0.98% -0.93%
Construction -0.45% -0.44%
Telecommunication Services -0.32% -0.26%
Transport -2.44% -2.40%
Services of credit and insurances -0.31% -0.26%
Other Market Services -0.38% -0.38%
Non Market Services -0.04% -0.08%
Exports in Volume

Agriculture -1.82% -1.78%
Energy Exports -6.51% -6.44%
Ferrous and non ferrous metals -5.00% -4.79%
Chemical Products -2.13% -1.95%
Other energy intensive -3.81% -3.63%
Electric Goods -1.19% -0.77%
Transport equipment -1.60% -1.41%
Other Equipment Goods -1.21% -1.13%
Consumer Goods Industries -1.95% -1.92%
Construction -1.12% -1.10%
Telecommunication Services -0.52% -0.51%
Transport -5.24% -5.22%
Services of credit and insurances -0.31% -0.34%
Other Market Services -0.58% -0.60%
Non Market Services 0.00% 0.00%

Source: GEM-E3 model. % difference compared taeefe scenario except for * where difference

Table 36: Sectoral impact of Climate Policy at EUdvel in 2020 on price of exports

GEM-E3 without GEM-E3 with

R&D modelling | R&D modelling
Price of Exports rel. EU average (2020) (2020)
Agriculture 1.39% 1.40%
Ferrous and non ferrous metals 3.07% 2.91%
Chemical Products 1.01% 0.91%
Other energy intensive 2.38% 2.27%
Electric Goods 0.44% 0.23%
Transport equipment 0.65% 0.57%
Other Equipment Goods 0.50% 0.48%
Consumer Goods Industries 1.07% 1.08%
Construction 0.81% 0.79%
Telecommunication Services 0.39% 0.39%
Transport 3.33% 3.35%
Services of credit and insurances 0.19% 0.23%
Other Market Services 0.28% 0.32%
Non Market Services 0.28% 0.33%

Source: GEM-E3 model. % difference compared taeefe scenario except for * where difference
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* The Local pollution policy
Macroeconomic impact at EU level

The impact of a local pollution scenario above thtienate policy is very small for both
modelling frameworks: -0.02% of GDP in 2020 andusa -0.04% of welfare losses. The
emission reduction of local pollutants is a bitHegin the R&D model with higher associated
marginal abatement cost. This is partly due toftloe that the emissions in the reference are a

bit higher in the reference.

Table 37: Macroeconomic impact of the local pollubn policy at EU level

GEM-E3 without R&D GEM-E3 with R&D
modelling modelling
Macroeconomic Aggregates 2020 2020
Gross Domestic Product -0.02% -0.02%
Employment -0.02% -0.02%
Private Consumption -0.04% -0.04%
Investment -0.03% -0.03%
Final Energy Consumption -0.23% -0.25%
Share Coal* -0.26% -0.27%
Share Oil* 0.06% 0.05%
Share Gas* 0.10% 0.11%
Share Electricity* 0.11% 0.11%
Exports to RW 0.01% 0.01%
Imports from RW -0.01% -0.01%
Real Wage Rate -0.05% -0.06%
Relative Consumer Price -0.01% -0.01%
Real Interest Rate -0.04% -0.04%
Terms of Trade -0.08% -0.09%
Current Account (% of GDP)* 0.00% 0.00%

Source: GEM-E3 model. % difference compared taeefe scenario except for * where difference

Table 38: Environmental impacts of the local polluion policy at EU level

GEM-E3 without R&D GEM-E3 with R&D
modelling (2020) modelling (2020)

Total Atmospheric Emissions
CO2 Emissions -0.70% -0.70%
NOX Emissions -9.17% -9.51%
SO2 Emissions -20.60% -20.85%
VOC Emissions -4.22% -4.72%
PM Emissions -19.65% -19.97%
NH3 Emissions -14.19% -14.21%
Environmental Policy
Energy Tax (% of GDP)* 0.00% 0.00%
Environmental Tax (% of GDP)* -0.15% -0.15%
Increase of Social Benefits -0.60% -0.65%
CO2 marginal abatement cost (Euro00/tn CO2) -2.75 -2.99
NOx marginal abatement cost (Euro00/tn NOx) 1012.38 1080.70
SO2 marginal abatement cost (Euro00/tn SO2) 1196.37 1326.05
VOC marginal abatement cost (Euro00/tn VOC) 76.54 133.73
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PM marginal abatement cost (Euro00/tn PM) 13620.29 14709.65
Welfare

Economic Welfare -0.03% -0.04%
Local Environmental Benefits (% of GDP)* 0.11% 0.11%

Source: GEM-E3 model. % difference compare@fierence scenario except for * where difference

Emission reduction in the EU countriesin 2020

As can be seen from TabB&39, the reduction efforts needed to meet the enmiemtal targets
are the higher in the R&D modelling framework, bstalready said, this is mainly due to higher

emissions in the reference scenario.

Table 39: Emission reductions through local pollutat policy in the EU countries in 2020

GEM-E3 without R&D modellin GEM-E3 with R&D modelling
NOX S0O2 VOC PM NH3 CO2 NOX SO2 VOC PM NH3 CO2
Emissions|Emissions[Emissions|Emissions|Emissions|Emissions|EmissionsEmissions|Emissions[Emissions|Emissions|Emissions|
Austria -4.90% | -2.92% | -4.59% | -8.28% | -8.75% | 0.05% | -5.40% | -3.41% | -5.38% | -9.90% | -8.89% [ 0.03%
Belgium -10.38% | -24.27% | -3.37% [ -21.41% | -4.61% | 0.17% |-10.96% |-25.13% | -4.89% |-22.82% | -4.62% | 0.19%
Bulgaria -14.13% | -1.36% | -3.50% [ -41.52% | -4.83% | -1.60% |[-15.54% | -1.35% | -3.51% |-42.33% | -4.85% | -1.59%
gé;ﬂt‘)lic -7.36% | -14.69% | -0.76% | -1.34% |-10.49% | 0.49% | -7.85% |[-15.29% | -1.06% | -2.09% |-10.50% [ 0.40%
Denmark -8.09% | -4.72% | -1.49% | -5.12% | -3.24% | 0.13% | -7.98% | -3.97% | -2.70% | -5.46% | -3.25% | 0.17%
Estonia -20.30% | -7.45% | -2.69% [ -11.40% [ -12.91% | -3.63% | -20.90% | -8.01% | -2.80% |-12.20% | -13.02% | -3.91%
Finland -7.69% | -1.61% | -1.71% |-12.91% | -6.73% | 0.14% | -7.40% | -1.66% | -1.35% [-12.94% | -6.73% | 0.22%
France -7.11% | -14.81% | -1.31% | -12.03% | -16.87% | -0.11% | -7.63% | -15.47% | -2.04% | -12.91% | -16.88% | -0.12%
Germany -10.14% | -5.52% | -0.57% | -8.92% [ -20.44% | -0.15% |[-10.60% | -6.16% | -2.02% | -9.76% [ -20.45% | -0.18%
Greece -3.29% | -1.95% |-11.46% | -19.93% | -13.74% | 0.30% | -3.12% | -2.02% |-11.60% [ -20.07% | -13.75% | 0.36%
Hungary -11.68% | -55.76% | -5.41% [ -14.93% ([ -27.18% | -2.04% | -12.21% | -56.01% | -5.48% |-15.30% | -27.20% | -2.07%
Ireland -6.66% | -18.18% | -2.61% |-12.08% | -8.85% | -0.22% | -6.63% |-17.81% | -2.21% |-11.24% | -8.82% | -0.17%
Italy -8.43% | -23.83% | -6.94% |-22.95% | -14.39% | 0.15% | -9.13% |-24.08% | -6.98% |-24.11% |-14.43% [ 0.17%
Latvia -14.40% | -15.20% | -14.70% | -24.04% | -23.97% | -10.44% | -14.29% | -14.94% | -14.47% | -23.60% | -23.95% | -10.24%
Lithuania -7.27% | -13.63% | -9.30% | -18.37% | -14.20% | -2.92% | -6.89% |-13.61% | -8.81% |-17.24% | -14.15% | -2.68%
Lgfherlands -0.11% | -0.12% | -0.05% | -6.12% | -3.12% | 0.20% | -0.45% | -1.45% | -0.13% | -7.22% | -3.14% | 0.00%
Poland -5.17% | -31.38% | -10.01% | -26.19% | -13.98% | -6.98% | -5.13% |-31.62% | -9.95% | -26.25% | -13.98% | -6.88%
Portugal -10.12% | -23.60% | -12.50% | -40.70% | -12.26% | -1.43% | -10.60% | -23.75% | -12.80% | -41.65% | -12.32% | -1.74%
Romania -7.88% | -30.82% | -7.80% | -34.40% | -19.03% | -3.43% | -6.23% |-29.85% | -7.44% | -32.05% | -19.05% | -2.92%
Slovakia -8.08% | -23.29% | -8.32% | -24.37% | -10.71% | -2.45% | -9.00% | -24.41% | -8.44% | -25.01% | -10.73% | -2.49%
Slovenia -3.86% | -33.40% | -5.17% | -14.23% | -16.56% | -0.52% | -4.32% | -33.99% | -5.25% | -14.59% | -16.58% | -0.54%
Spain -15.61% | -30.48% | -7.71% | -19.61% | -14.35% | -0.29% | -15.57% | -30.71% | -8.58% | -20.02% | -14.37% | -0.28%
Sweden -5.04% | -1.50% | -1.27% | -4.42% | -8.46% | -0.01% | -5.06% | -1.97% | -2.01% | -5.02% | -8.46% | -0.01%
UK -10.86% | -18.74% | -1.65% [ -14.82% [ -10.69% | -0.15% |[-11.57% | -18.30% | -1.76% |-15.02% | -10.72% | -0.15%
EU -9.17% | -20.60% | -4.22% | -19.65% | -14.19% | -0.70% | -9.51% | -20.85% | -4.72% | -19.97% | -14.21% | -0.70%

Source: GEM-E3 model. % difference compared taeef@e scenario

» Climate and R&D policy

In this scenario, the climate policy is associatéith a R&D subsidy policy. The subsidy, as in
the previous scenario, is general and not assdcveith a specific production factor. As can be
seen from Table 40, the R&D subsidy decreasesdfative effect of the climate policy, both in
terms of GDP and welfare through the increase ilDR&penditure. The same is observed in all
countries. It might be interesting to examine wisathe importance of the spillover effect
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compared to the impact of the proper expendituteths difficult at this stage given the quality

of the data.

Table 40: Macroeconomic impact of R&D policy at EUevel

Climate Policy Climate Policy and
(with RD R&D subsidy (with
modelling) RD modelling)
Macroeconomic Aggregates 2020 2020
Gross Domestic Product -0.56% -0.19%
Employment -0.40% -0.47%
Private Consumption 0.02% 0.55%
Investment -0.40% -0.38%
Final Energy Consumption -7.53% -7.40%
Share Coal* -2.22% -2.22%
Share Oil* 0.65% 0.65%
Share Gas* -0.62% -0.62%
Share Electricity* 2.19% 2.19%
Exports to RW -1.72% -1.45%
Imports from RW -0.26% -0.20%
Real Wage Rate -1.24% -0.91%
Relative Consumer Price 1.21% 1.23%
Real Interest Rate 0.18% 0.00%
Terms of Trade 1.73% 1.55%
Current Account (% of GDP)* 0.00% 0.00%
Total Atmospheric Emissions
CO2 Emissions -24.99% -24.98%
NOX Emissions -15.91% -15.83%
SO2 Emissions -20.00% -19.86%
VOC Emissions -6.55% -6.31%
PM Emissions -12.37% -12.17%
NH3 Emissions -0.88% -0.65%
Environmental and R&D Policy
Energy Tax (% of GDP)* -0.11% -0.11%
Environmental Tax (% of GDP)* 2.58% 2.59%
Increase of Social Benefits 9.10% 9.43%
CO2 marginal abatement cost 55.32 55.63
R&D expenditure (% of GDP)* -0.03% 0.03%
Welfare
Economic Welfare 0.16% 0.71%
Local Benefits (% of GDP)* 0.11% 0.11%

Source: GEM-E3 model. % difference compared taeefe scenario

Table 41: Macroeconomic impact of R&D Policy at contry level in 2020

Climate Policy
(with RD modelling)

Climate Policy and R&D subsidy

(with RD modelling)

Gross Final Gross Final
Economic | Domestic Energy | R&D exp | Economic | Domestic Energy | R&D exp
Welfare | Product | Employ. | Exports [Consump.| (% GDP) | Welfare | Product | Employ. | Exports |Consump.{ (% GDP)
Austria 0.20% | -0.42% | -0.25% | -1.54% | -9.07% | -0.03% | 0.48% | -0.25% | -0.28% | -1.38% | -8.98% | 0.04%
Belgium 0.83% | -0.69% [ -0.47% | -2.07% | -9.79% | -0.05% | 1.00% | -0.46% | -0.46% | -1.80% [ -9.69% | 0.05%
Bulgaria 4.28% | -1.81% | -1.06% | -6.04% [-16.21% | -0.02% | 4.71% | -1.50% | -1.09% | -5.70% |-16.05% | 0.01%
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Czecrkl)l -0.38% | -1.20% | -0.58% | -2.14% |-22.27% | 0.00% | 0.12% | -0.80% | -0.63% | -1.71% |-22.05% | 0.05%
Republic

Denmark 1.52% | -0.94% | -0.62% | -2.64% (-13.55% | -0.03% | 1.87% | -0.71% | -0.67% | -2.37% (-13.51% | 0.03%
Estonia 1.13% | -1.27% | -0.86% | -2.07% ([-10.75% | 0.00% | 2.27% | -0.15% | -0.96% | -0.95% |-10.31% | 0.01%
Finland 1.06% | -0.67% | -0.40% | -2.35% (-10.51% | -0.06% | 1.23% | -0.30% | -0.40% | -1.76% (-10.40% | 0.02%
France -0.02% | -0.87% | -0.46% | -2.54% | -8.25% | -0.06% | 0.37% [ -0.53% | -0.51% | -2.14% | -8.17% | 0.03%
Germany -0.02% | -0.27% | -0.19% | -1.13% | -7.55% | -0.02% | 0.54% | 0.07% | -0.26% | -0.91% | -7.45% | 0.03%
Greece -0.47% | -0.53% | -0.19% | -1.46% |-14.45% | 0.00% | 0.21% [ -0.02% | -0.24% | -0.83% |-14.38% | 0.00%
Hungary -0.15% | -0.72% | -0.32% | -1.53% |-10.09% | 0.00% | 0.58% | -0.01% | -0.39% | -0.78% | -9.82% | 0.04%
Ireland -0.89% | -0.43% | -0.67% | -0.49% |-19.08% | -0.02% | -0.35% | 0.16% | -0.79% | 0.04% |-18.90% | 0.05%
Ital 0.04% | -0.34% | -0.16% | -1.67% | -7.97% | -0.01% | 0.52% | -0.11% | -0.20% | -1.58% | -7.84% | 0.01%

y

Latvia -0.12% | -0.27% | -0.13% | -0.82% | -2.69% | 0.00% | 0.86% | 0.54% | -0.20% | 0.09% | -2.36% | 0.02%
Lithuania 1.34% | -0.23% | -0.33% | -1.93% | -3.61% | -0.01% | 2.41% | 0.58% | -0.41% | -1.03% | -3.14% | 0.01%
Theh \and 0.65% | -0.56% | -0.25% | -1.81% | -7.93% | -0.04% | 0.77% | -0.29% | -0.23% | -1.35% | -7.87% | 0.08%
Netherlands

Poland 0.30% | -1.04% | -0.58% | -3.29% |-17.21% | -0.01% | 0.87% | -0.68% | -0.66% | -2.98% |-17.07% | 0.02%
Portugal -0.40% | -0.24% | -0.12% | -1.07% | -5.30% | 0.00% | 0.27% | 0.09% | -0.21% | -0.93% | -5.16% | 0.00%
Romania 4.60% | -1.88% | -1.28% | -6.05% |-26.45% | -0.01% | 5.75% | -0.82% | -1.41% | -4.82% |[-26.01%| 0.01%
Slovakia 0.96% | -1.03% | -0.51% | -2.85% | -9.11% | -0.02% | 1.38% | -0.62% | -0.53% | -2.37% | -8.85% | 0.04%
Slovenia -0.60% | -0.43% | -0.25% | -0.70% | -6.87% | 0.00% | 0.13% | 0.18% | -0.34% | -0.08% | -6.60% | 0.04%
Spain 1.11% | -0.87% | -0.64% | -3.83% [-10.19% | -0.01% | 1.74% | -0.43% | -0.75% | -3.36% |-10.06% [ 0.00%

p

Sweden 0.59% | -0.47% | -0.39% | -1.42% | -5.71% | -0.11% | 0.72% | -0.23% | -0.38% | -1.18% | -5.66% | 0.06%
UK -0.14% | -0.46% | -0.26% | -0.78% | -9.45% | -0.02% | 0.72% | 0.04% | -0.40% | -0.72% | -9.29% | 0.02%
EU 0.16% | -0.56% | -0.40% | -1.72% | -7.53% | -0.03% | 0.71% | -0.19% | -0.47% | -1.45% | -7.40% | 0.03%

Source: GEM-E3 model. % difference compared taeefse scenario.

The explicit modelling of R&D decisions allows attee evaluation of the role of endogenous
technical change and the simulation of policy dlyeaiming at promoting sustainable
development in the EU27 countries. As shown ingbkcy scenario evaluation, they can have
significant positive effect on growth and on enamaental policies.

6.2.3. NEMESIS/NOMEDE Assessment for the Climate Action and Renewable
Energy Package” (EU-27)

This section provides an assessment with NEMESISlem@ew Econometric Model for
Evaluation by Sectoral Interdependencies and Syppfy the EU ‘Climate Action and
Renewable Energy Package’. The focus is put orettmmomic consequences in 2020 of the
joint implementation of the ‘EU ETS review’, ‘nonTE effort-sharing’ and ‘renewables’
directive and decision proposals. Different scesarare explored depending on the way
auctioning revenues are recycled by States, andoaad on the basis of economic and
environmental efficiency criteria defined by then@uission. A special emphasis is also put on
the influence of technological change on economda environmental indicators in the different
scenarios studied with NEMESIS. NEMESIS includeseadogenous R&D decisions module,
and this feature of the model is actually importemtassess for climate and energy policies,
which induce substitution and revenue effects,domte also modify R&D investment decisions
of agents and the rate and direction of technicahge.

* The methodology used

NEMESIS model is composed of two main components:
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- a large scale economic macro-econometric model,cibre’ of NEMESIS, designed for
EU-27 countries (with the exception of Cyprus andgaria for which data are missing)
plus Norway, to which a set of optional or satellibodules can be added for Agriculture,
Land-Use and NUTS-2 regions, which account altagetibout 200.000 equations and
calculated variables;

- a detailed technico-economic model for EU-15 caasfr NEEM (NEMESIS Energy
Environment Module) of about 100.000 equations,civhs a partial equilibrium model for
energy demand and supply, and GHG emissions catmuladeveloped by National
technical University of ATHENS (NTUA).

NEMESIS core economic model can be linked to NEEMugh an interface that exogenizes in
NEMESIS the energy/environment variables calculddtgdNEEM. During a policy simulation
exercise, NEMESIS and NEEM exchange, as describedigure 16, variables that are
endogenous in one model (energy/environment in NEE&dnomic in NEMESIS) and
exogenous in the other, with iterations that stopeathe value of the variables exchanged in the
interface do not modify any more between th@onvergence attained) anell iterations, or
change with a percentage inferior to a predefir@o/ergence criteria.

Figure 16: Functioning of Interface between NEMESISand NEEM
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/ NEMESIS \ / NEEM \
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The linkage between NEMESIS and NEEM was in thig weed in deliverable D7 to assess for
different efficient scenarios on carbon taxatiotigies for EU ETS and non EU ETS sectors.
But NEEM was developed for EU-15 countries onlyd dne assessment for the EU ‘Climate
Action and Renewable Energy Package’ presented heszled to be realized at EU-27 level.
Furthermore, it was not foreseen in FORASSET desori of work, to extend NEEM to new
EU member states, and no budget was allocatedhifotask. For these reasons, it was decided
by the ERASME team to develop, with the help of MY l& new energy/environment module
(NOMEDE, Nemesis Optional Module for Energy Demand Environment), limited to energy
demands and substitutions system, and GHG emis@ids CH4, N20, SF6, HFC and PFC),
that was included directly in NEMESIS core economiadel, as a new optional module (see
deliverable 15 for more details on NOMEDE).

The key characteristics of this NEMESIS Optional ddle for Energy Demand and
Environment (NOMEDE) allow accounting for the maibjectives, targets and sub-targets of
the EU ‘Climate Action and Renewable Energy Packdgealculates notably, for each EU-27
country (except Cyprus and Bulgaria), the renewabbae in final energy consumption and the

2 see NEMESIS web site: www.erasme.ecp.fr/nemesis.
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share of biofuels in gasoline and diesel used dysports sector. It can also compute the share
of renewable in power generation sector.

NOMEDE was based on EUROSTAT data for energy prisd§€oal, Gas, Petrol, and
Electricity), biomass (Biofuels, Biogas, Wood anddid Wastes) and Urban Wastes, and on
European Environmental Agency for GHG emissiong.diatis more detailed that NEEM, that
do not includes biomass, for energy demand categdout is less detailed in the area of energy
demand and supply technologies.

For energy demand, NOMEDE takes the global quastitalculated by NEMESIS core
economic model from the 30 production function®N&MESIS sectors and households energy
consumption categories (Coal, Gas, Petrol, andtiiiditg), and calculates energy demand by
product, including biomass categories, and enemjge® that are sent back to NEMESIS.
Energy supply in then determined by NEMESIS productunctions for energy sectors, on the
basis of energy demand by product calculated by EOHK, and energy import and export
functions included in NEMESIS. For the power sectesponse functions, derived from NEEM
simulation exercises (see figure 17), allow calingathe shares of solar and wind, while
geothermal, hydraulic and nuclear production caacivere considered exogenous, and were
based on PRIMES latest projectidfer EU DG-Trend.

NOMEDE includes finally a tradable permits modutegt cans implement endogenous carbon
taxes and simulate different tradable permit systdifree allocation, full auctioning and
combination of the two, as in the EU ‘Climate Actiand Renewable Energy Package’), and
different taxes and auctioning revenue recyclingeste.

Figure 17: NOMEDE calibration procedure

(1)
NEMESIS
NOMEDE
@
Reference Key elasticities
Scenario for and response
Economy functions for solar
and win
NEEM

(3)

Analytical shocks on oil,
gas, and coal prices
&

EU ETS and non EU ETS
application of EU
‘Climate Action and
Renewable Energy
Package’

(see D7)

% “European Energy and Transport: Trends to 203@ddtke 2007”, European Commission/ Directorate-Gainer
for Energy and Transport.
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For policy experimentations, NOMEDE baseline waglp&alibrated onto PRIMES results. It

was the case for renewable share evolution in pgereration sector and electricity production
from Geothermal, Hydraulic and Nuclear sources;biofuels share in gasoline and diesel; for
fuel inputs in power generation sector and fuetitiency factors in power generation and in
transport sector (passengers and freight).

Consequently, NOMEDE allows calculating in baselieeergy consumptions and GHG
emissions close from PRIMES model, that was alragd to assess for EU ‘Climate Action
and Renewable Energy Package’ together with GAIBIEM-E3, PACE and POLES models.
This presents the advantage that the differencessults between the assessments presented
here, and the previous assessments that were mpeddor the commission, can be attributed to
these discrepancies in model mechanisms and ioypatisumptions, not to baseline evolutions.

» Baseline evolutions for energy and environment indators

For the baseline scenario, it is assumed that puligies already in place in 2007 are active and
that current ETS system continues to operate, witow price for carbon that rises from 20
constant € 2005 /ton G@quivalent in 2008 up to 23 constant € 2005 eur@920.

Baseline evolutions were actualized in mid-200&atee into account for the most recent trends
onto energy prices (see figure 18). The high oitgw observed on the past two years are
supposed to persist but with a slow decrease fro € in 2008 to 68 € 2015, and then
progressive re-augmentation until 76 € in 2020. @ite is derived from PROMETHEUS
projections (NTUA). It accounts for continuous nesge constraint, rapid growth of world oil
demand and high extraction costs. Gas prices wekexed on oil price while coal price was
supposed to grow at lower rates in reason of hagth i@sources level.

These high oil and energy prices have a negatiy@mdémnon GDP growth rate in EU-27, that
establish to 2.34% in annual average growth ratéhfoperiod 2005-2020 (table 42).

GDP growth stays higher for new Member States, waithincrease of 78% on the period 2005-
2020 against only 37% for EU-15 countries, and 30f&U-27.

Figure 18: Evolution of oil price in constant € 206
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Table 42: Evolution of GDP in EU-27 countries betwen 2005 and 2020, baseline scenario

Table 1: GDP growth in reference scenario

2005 2010 2015 2020 2005-10  2010-15 2015-20  2005-20
Annual % Change
Austria 100 108 122 134 1.64 2.30 2.05 2.00
Belgium 100 105 119 133 0.93 2.55 2.26 191
Denmark 100 106 125 130 1.19 3.34 0.84 1.78
Germany 100 105 116 128 0.91 2.16 1.90 1.65
Finland 100 115 136 156 2.87 3.32 2.78 2.99
France 100 107 121 137 1.34 2.58 2.42 211
Greece 100 112 136 158 2.38 3.85 3.02 3.08
Irland 100 121 149 176 3.85 4.27 3.42 3.85
Italy 100 101 112 124 0.22 2.13 1.97 144
Luxembourg 100 121 147 174 3.88 3.94 3.50 3.78
Netherlands 100 110 127 144 1.85 3.07 2.45 2.45
Portugal 100 101 113 128 0.17 221 2.65 1.67
Spain 100 113 134 154 2.46 3.46 2.86 2.93
Sweeden 100 114 138 160 2.71 3.84 3.06 3.20
United Kingdom 100 111 128 144 2.03 3.04 2.36 2.47
Czech Republic 100 124 151 181 437 4.04 3.69 4.03
Estonia 100 150 223 290 8.50 8.17 5.40 7.35
Latvia 100 141 197 250 7.15 6.93 4.86 6.31
Lithuania 100 130 172 211 5.40 5.72 4.20 5.11
Hungary 100 111 134 157 2.08 3.83 3.23 3.04
Malta 100 111 130 153 2.07 3.29 331 2.89
Poland 100 116 143 172 3.09 4.25 3.70 3.68
Slovenia 100 121 150 179 3.84 4.41 3.65 3.97
Slovakia 100 126 157 193 4.71 4.57 4.12 4.47
Romania 100 117 152 185 3.14 5.48 3.96 4.19
EU-15 100 107 122 137 1.40 2.69 2.28 212
EU-12 100 119 148 178 3.52 4.48 3.77 3.92
EU27 100 108 123 139 1.86 2.66 2.49 2.34

Source: NEMESIS model

At sectoral level, production growth in EU-27 stayong in EU-ETS sectors (Energy intensive
sector including power generation plus air transgarwith an increase of 42% between 2005
and 2020 (table 43), due notably to the dynamisichemical and air transports industries. Non
EU ETS sectors (all other sectors)grow about 35%hersame period.

Table 43: Production growth in EU ETS and non EU ES sectors, baseline scenario

2005 2010 2015 2020 2005-10 2010-15 2015-20 2005-20
Annual % Change
Agriculture 100 99 101 103 -0.12 0.26 0.47 0.20
Industry 100 109 121 137 1.74 217 2.43 211
- energy Intensive industries 100 110 123 140 1.86 2.36 2.66 2.29
- other industries 100 109 120 135 1.67 2.06 2.30 2.01
Construction 100 109 121 139 1.66 2.27 2.72 2.22
Tertiary 100 108 120 136 1.56 2.18 2.51 2.08
Transport 100 111 126 146 2.08 2.66 2.89 2.54
- see & air 100 114 134 156 2.64 3.22 3.21 3.02
- road & rail 100 109 123 140 1.80 2.35 2.72 2.29
EU-ETS sectors 100 110 124 142 1.94 2.45 2.72 2.37
Non EU-ETS sectors 100 108 120 135 1.56 2.12 2.45 2.04

For energy demand, the baseline evolutions show cth@inuation of energy efficiency
improvement already observed in the past périBihal energy consumption increases 20% in
EU-27 over the period 2005-2020 (table 44) agé888t for GDP.

“ For Agriculture, the rise in energy intensity canfim products substitutions inside the sectotalsly the
replacement of pasture by animal feedstocks.
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Table 44: Final energy demand in EU-27, baseline agario

2005 2010 2015 2020 [ 2005-10 2010-15 2015-20 2005-20
in toe Index | Share in Total
Agriculture 100 107 118 129 0.03 0.03 0.03 0.03
Energy branch 100 97 101 106 0.07 0.07 0.07 0.07
Industry 100 101 106 112 0.25 0.24 0.24 0.23
- energy Intensive industries 100 99 103 107 0.18 0.18 0.17 0.16
- other industries 100 105 114 123 0.07 0.07 0.07 0.07
Residential 100 105 116 128 0.16 0.17 0.17 0.17
Tertiary 100 104 113 122 0.11 0.11 0.11 0.11
Transport 100 103 113 124 0.38 0.38 0.39 0.39
- see & air 100 109 128 147 0.04 0.05 0.05 0.05
- road & rail 100 102 111 121 0.34 0.34 0.34 0.34
EU-ETS sectors 100 100 106 113 0.29 0.28 0.28 0.27
Non EU-ETS sectors 100 104 113 123 0.70 0.71 0.71 0.72
Total 100 103 111 120 1.00 1.00 1.00 1.00

Source: NEMESIS model

Gains in energy efficiency come partly from exogeh@assumptions for fuel efficiency in
passengers and freight transport and in thermalriidy production, that were taken from
PRIMES model that was used to assess for the EU ‘Climate Actind Renewable Energy
Package’. Energy efficiency gains result also from the hajhand gas prices that combined
with the carbon value in EU ETS sector lead to régiergy prices, and from continued de-
materialization of industrial production and thezelepment of services in European economies.

Table 45: Primary energy demand by product in EU-27baseline scenario

2005 2010 2015 2020 2005-10 2010-15 2015-20 2005-20
in toe Index Share in Total
Solids 100 96 96 97 0.16 0.15 0.14 0.13
Qil 100 98 106 113 0.35 0.34 0.34 0.34
Gas 100 103 113 122 0.27 0.27 0.28 0.28
Electricity 100 105 115 126 0.17 0.18 0.18 0.18
Other 100 132 152 181 0.04 0.06 0.06 0.07
Total 100 102 110 118 1.00 1.00 1.00 1.00

Source: NEMESIS model

Despite high oil prices, the demand for petroleuadpcts is expected to stay at a high level
during the period 2005-2020, with a rise of 13%otfdemand that concentrates for specific

uses: Transports and petrochemical. The demanda®rises 22% over the period, while the
demand for solids (coal and lignite) reduces 3% @holution for gas is mainly attributable to

the massive substitution of gas to coal and oipdwer generation (see table 46). Electricity
takes an increasing share in primary energy demwitlda demand that increases 26% over the
period, an evolution supported by the developmémeewables in power sector, which gain

economic competitiveness over the period. Otherggnsources, mainly biomass, play also an
increasing role, with a demand growing about 4%yger over 2005-2020.

® “Energy and Transport: Trends to 2030 — Update720Buropean Commission/ Directorate-General for
Energy and Transport.

® The package consists of legislative proposalsiitiol three actions: a) Amendment of Directive 2808 C
so as to improve and extend the EU greenhousengigsien allowance trading system; b) Decision andffort
of Member States to reduce their greenhouse gassEms to meet the Community’s greenhouse gas iemiss
reduction commitments up to 2020; c¢) Directive lo@ promotion of use of renewable energy sources.
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Table 46: Fuels inputs in thermal power generatiorin EU-27, baseline scenario

2005 2010 2015 2020 2005-10 2010-15 2015-20 2005-20
in toe Index Share in Total
Solids 100 97 98 99 0.55 0.53 0.51 0.49
Qil 100 77 71 60 0.09 0.07 0.06 0.05
Natural Gas 100 108 121 135 0.30 0.32 0.35 0.37
Biomass and Waste 100 132 154 185 0.06 0.08 0.09 0.10
Total 100 101 106 112 1.00 1.00 1.00 1.00

Source: NEMESIS model

Table 46 illustrates the rising importance of bigsdor the power sector, which demand
increases 85% on 2005-2020. The use of solidswepsector stabilizes around its 2005 level,
and benefits from the gradual diminution of nucleantribution in base load, resulting from the
assumptions mad in baseline. Assumptions for nuétglw PRIMES projections, as well as
projection for hydro-electricity, that grow 9% (teb47) over 2005-2020 period, and for
geothermal electricity that grow 35%, but with dgmtial that stay limited.

Table 47: Main energy system indicators for EU-27aseline scenario

2005 2010 2015 2020 2005-10 2010-15 2015-20 2005-20
in toe Annual % Change
Gross inl. Consumption/Capita (100 in 2005) 100 101 106 115 0.18 1.06 1.57 0.93
Gross inl. Consumption/GDP (100 in 2005) 100 95 90 87 -1.02 -1.03 -0.82 -0.96
Electricity generation 100 105 114 127 0.94 1.76 2.19 1.63
- Nuclear 100 92 96 104 -1.55 0.74 161 0.26
- Hydro 100 99 102 109 -0.21 0.68 1.24 0.57
- Wind 100 273 556 1023 22.22 15.33 12.95 16.77
- Solar 100 221 428 761 17.21 14.13 12.19 14.49
- Geothermal 100 99 113 135 -0.22 2.77 3.63 2.05
- Thermal 100 106 116 129 1.18 1.84 2.08 1.70

Source: NEMESIS model

Table 47 shows finally the increasing importanceviofd and nuclear for electricity generation,
these energy sources growing respectively 17% &8t ger year over the 2005-2020 period.
The expansion of electric sector in baseline séenaesults then from the development of
specific electricity uses and a demand rising 14686 year in average, and from massive
investments in combined cycle gas, biomass basedrpwind and to a lesser extent solar.

Table 48: GHG emissions by sector in EU-27, basedirscenario

2005 2010 2015 2020 2005-10 2010-15 2015-20 2005-20
in CO, units Index Share in Total
Power Generation 100 92 89 86 0.29 0.27 0.26 0.24
Energy Branch 100 97 103 109 0.06 0.06 0.06 0.06
Agriculture 100 100 103 106 0.13 0.13 0.13 0.13
Industry 100 101 108 115 0.14 0.14 0.15 0.15
- energy Intensive industries 100 100 107 113 0.10 0.11 0.11 0.11
- other industries 100 104 113 121 0.03 0.03 0.04 0.04
Residential 100 102 112 121 0.09 0.09 0.10 0.10
Tertiary 100 103 111 119 0.04 0.05 0.05 0.05
Transport 100 96 101 106 0.26 0.26 0.26 0.27
- see & air 100 108 126 143 0.03 0.04 0.04 0.05
- road & rail 100 94 97 100 0.22 0.22 0.22 0.22
EU-ETS sectors 100 95 97 99 0.47 0.47 0.46 0.45
Non EU-ETS sectors 100 98 103 108 0.51 0.52 0.53 0.53
Total 100 97 100 103 1.00 1.00 1.00 1.00

Source: NEMESIS model

"“Energy and Transport: Trends to 2030 — Update720Buropean Commission/ Directorate-General for
Energy and Transport.
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These energy and economic trends of the baselamago result in a moderate increase of GHG
emissions over the period 2005-2020 in EU-27 caem(see table 48).

From 2005 to 2010, GHG emissions first decreasa, dontext of very high oil and gas prices.
Emissions decrease 8% in the power sector, wherdeabrease results from using more gas and
oil and solids, and more renewable. The stabilimatf emissions in other energy intensive
industries in this first period of low economic @i, allow GHG emissions to reduce 5% in the
EU ETS sector. For non EU ETS sector, emissionace®% in 2010 compared to 2005. In
2010, GHG emissions are 3% lower their 2005 lendtU-27, that is to say 14.3% their 1990
level. This is below the Kyoto objective of 8% esims reduction for 2010-2012 period
compared to 1990.

For the period 2010-2020, the economic growth Wet hampered by the very high oil and gas
price of the first period recovers. Energy prices/ high and favorable to the development of
renewable energy sources, but the important risengrgy demand (16% between 2010 and
2020 against only 2% between 2005 and 2010) doealloav stabilizing the level of CQand

of other GHG emissions. GHG emissions re-augmenb88een 2010 and 2015 and again 3%
between 2015 and 2020, to establish 3% above 2085 level, and 7.7% below their 1990

level. Compared to 2005 level, emissions are $tabilin EU ETS sector, where the 23 € 2005
/ton CQ carbon value allow satisfying EU-27 Kyoto objecti®r non EU ETS

Table 49: Green house gases emissions per EU-27 by, baseline scenario

2010 2015 2020 2010 2015 2020 2010 2015 2020

100 in 2005 CO, Other GHG emissions Total GHG emissions
Austria 97 100 104 103 109 116 98 102 106
Belgium 97 102 108 101 106 114 98 103 108
Denmark 90 91 84 102 112 113 92 94 89
Germany 93 91 89 101 106 111 94 93 92
Finland 93 91 90 105 112 120 94 94 94
France 96 100 104 101 106 112 98 101 106
Greece 96 98 98 105 116 128 98 101 104
Irland 102 105 109 100 101 104 101 104 107
Italy 93 99 106 98 105 113 94 100 107
Luxembourg 103 105 111 110 121 135 103 106 112
Netherlands 99 106 111 105 115 125 100 107 113
Portugal 94 98 105 95 98 103 94 98 104
Spain 94 98 102 103 114 124 96 101 106
Sweeden 98 105 117 103 110 117 99 106 117
United Kingdom 98 98 97 104 111 117 99 100 100
Czech Republic 93 91 91 104 109 116 95 94 95
Estonia 96 97 97 104 109 115 97 99 99
Latvia 114 131 149 111 121 132 113 129 144
Lithuania 111 124 135 113 137 160 112 129 143
Hungary 99 104 112 104 111 121 100 105 114
Malta 98 99 100 109 124 143 99 99 100
Poland 95 95 97 105 111 119 97 98 100
Slovenia 99 102 107 108 119 132 102 107 114
Slovakia 107 118 131 107 117 130 107 117 130
Romania 107 123 141 109 123 139 108 123 141
EU-15 95 97 99 102 108 115 96 99 102
EU-12 98 102 107 106 115 126 100 104 111
EU27 96 98 100 103 110 117 97 100 103

Source: NEMESIS model

GHG emissions show contrasted evolutions at merSkaes level (table 49). For GQonly
energy related emissions are measured) the gltdiailization at EU-27 level over the period
2005-2020 dissimulates a 7% increase in new metate, while emissions are reduced about
1% in EU-15 countries were economic growth raté6%o inferior to the one of new member
States. For other GHG, we have a stabilization B4 @missions form agriculture, but an
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increase notably from waste production, gas pradocand transportation. They increase
globally 9% between 2005 and 2020. The strongesistoms increases are HFC (49%), PFC
(46%) and SF6 (39%). For N20, emissions are prejetd increase 18%. Globally, non CO2
GHG emissions increase 17% over the 2005-2020 ghewith also an higher increase in new
member states, with +26% against +15 % in EU-15t@s.

Table 50: Main environmental indicators for EU-27 ountries, baseline scenario

2005 2010 2015 2020 |2005-10 2010-15 2015-20 2005-20
in toe Annual % Change
CO2 emissions/Capita 100 95 96 98 -0.93 0.03 0.57 -0.12
CO2 emissions to GDP 100 90 81 74 -2.12 -2.03 -1.80 -1.99
Carbon intensity (CO , on gross energy inl. consumption) 100 95 90 85 -1.12 -1.02 -0.99 -1.04
Share of renewables in power generation (%) 0.16 0.18 0.21 0.26 2.89 3.16 3.83 3.29
Share of renewables in final energy consumption (%) 0.10 0.10 0.11 0.13 0.49 2.12 2.25 1.62
Biofuels share in transport gasoline and diesel (%) 0.00 0.03 0.04 0.06 4248  10.15 6.56 18.70

Source: NEMESIS model

The baseline evolutions for GHG emissions over 20080 period reveal moderate increases
despite the relatively high economic growth and mmsenergy demand foreseen in this scenario.
This is shown in table 50 for Gy decreases of 2% of emissions in EU-27 betw@&3 2nd
2020, of 26% of emissions per constant k-euros @B of 15% of energy carbon intensity.
Emissions intensity reduction of GDP in then theuteof both increased decoupling of energy
consumption from GDP growth, and from high energycgs that strengthen energy
substitutions away from fossil fuel and carbon risiege energies. This last phenomena pass
notably through the development of renewable enéogymns, which share increases 10% in
power generation on the period, from 16% in 20086%0 in 2025, and from respectively 9.5%
to 13% in final energy consumption, while the shafrbiofuels in transport gasoline and diesel
increase from about 0.5% in 2005 to nearly 6% Q20

Table 51: Share of renewables in final energy coneption by country, baseline scenario

2005 2010 2015 2020 2005-10 2010-15 2015-20 2005-20
in % (1 = 100%) Annual % Change
Austria 0.24 0.25 0.26 0.26 0.52 0.46 0.04 0.34
Belgium 0.05 0.06 0.07 0.07 1.44 2.47 2.19 2.03
Denmark 0.16 0.19 0.22 0.26 3.05 3.73 3.33 3.37
Germany 0.08 0.10 0.13 0.15 4.38 4.60 4.04 4.34
Finland 0.27 0.28 0.29 0.30 1.25 0.39 0.74 0.79
France 0.11 0.12 0.12 0.12 1.52 0.31 0.89 0.90
Greece 0.07 0.08 0.09 0.10 3.27 2.34 2.65 2.75
Irland 0.03 0.04 0.05 0.07 3.34 6.41 5.87 5.20
Italy 0.08 0.09 0.10 0.11 2.02 2.18 1.94 2.04
Luxembourg 0.02 0.03 0.04 0.05 6.90 8.80 5.11 6.92
Netherlands 0.04 0.04 0.05 0.06 1.54 2.85 3.82 2.73
Portugal 0.19 0.21 0.21 0.21 1.32 0.51 0.13 0.65
Spain 0.09 0.10 0.12 0.13 3.63 2.10 2.79 2.84
Sweeden 0.33 0.34 0.34 0.34 0.27 -0.03 -0.04 0.07
United Kingdom 0.03 0.04 0.05 0.06 4.64 5.51 5.88 5.34
Czech Republic 0.06 0.08 0.09 0.09 4.97 2.25 1.53 2.90
Estonia 0.20 0.20 0.19 0.19 -0.31 -1.53 0.20 -0.55
Latvia 0.37 0.36 0.35 0.34 -0.45 -0.76 -0.12 -0.44
Lithuania 0.16 0.16 0.16 0.18 -0.07 0.98 1.60 0.83
Hungary 0.06 0.06 0.07 0.07 0.78 1.22 0.24 0.74
Malta 0.00 0.01 0.01 0.04 30.34 19.51 25.65 25.09
Poland 0.09 0.09 0.11 0.12 2.02 2.77 2.60 2.46
Slovenia 0.16 0.16 0.16 0.16 0.24 0.31 -0.05 0.17
Slovakia 0.06 0.06 0.06 0.06 -0.49 0.61 1.30 0.47
Romania 0.17 0.18 0.17 0.17 0.30 -0.51 -0.79 -0.33
EU27 0.09 0.10 0.11 0.13 2.24 2.12 2.25 2.20

Source: NEMESIS model
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The increase of renewables in final energy consiamgtable 51) is particularly the fact of big
countries as Germany (from 8% to 15%) , Italy (fr8% to 11%) Spain (from 9% to 13%) and
United Kingdom (from 3% to 6%), where the initillese or renewable is initially low, but there
is increase in every countries with the exceptanigstonia (24% to 19%), Latvia (37% to 34%)
and Slovenia (16%), Slovakia (6%) and Romania (1&¥gre it is stable.

Table 52: Share of renewables in power generatiorstor in EU-27, baseline scenario

2005 2010 2015 2020 | 2005-10 2010-15 2015-20 2005-20
in % (1 = 100%) Annual % Change
Austria 0.71 0.69 0.68 0.68 -0.39 -0.30 -0.09 -0.26
Belgium 0.03 0.03 0.03 0.04 4.46 1.88 4.35 3.56
Denmark 0.25 0.34 0.41 0.53 6.74 3.89 5.01 5.21
Germany 0.11 0.19 0.30 0.45 12.81 9.51 8.16 10.15
Finland 0.35 0.39 0.42 0.45 2.46 1.62 1.25 1.78
France 0.14 0.14 0.14 0.15 -0.25 0.25 1.37 0.45
Greece 0.10 0.12 0.15 0.19 3.72 457 5.60 4.63
Irland 0.05 0.07 0.09 0.14 4.03 6.82 8.78 6.53
Italy 0.19 0.18 0.18 0.18 -0.35 -0.32 -0.11 -0.26
Luxembourg 0.13 0.13 0.13 0.14 0.58 0.40 0.68 0.55
Netherlands 0.07 0.08 0.09 0.10 3.65 1.76 3.40 2.93
Portugal 0.30 0.29 0.30 0.32 -0.17 0.40 1.29 0.50
Spain 0.21 0.26 0.34 0.47 4.35 5.50 6.69 5.51
Sweeden 0.56 0.55 0.53 0.53 -0.34 -0.56 -0.32 -0.41
United Kingdom 0.03 0.05 0.06 0.09 6.59 6.18 8.33 7.03
Czech Republic 0.04 0.05 0.06 0.06 5.08 2.15 1.07 2.75
Estonia 0.00 0.01 0.01 0.01 14.17 5.44 4.22 7.85
Latvia 0.72 0.80 0.85 0.89 2.22 1.22 0.92 1.45
Lithuania 0.07 0.12 0.18 0.26 10.29 8.42 7.42 8.71
Hungary 0.01 0.01 0.02 0.02 3.97 3.53 3.92 3.80
Malta 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Poland 0.02 0.03 0.04 0.07 7.15 8.75 11.28 9.05
Slovenia 0.28 0.27 0.26 0.26 -0.59 -0.65 -0.54 -0.59
Slovakia 0.16 0.15 0.14 0.13 -0.97 -1.54 -1.54 -1.35
Romania 0.28 0.28 0.27 0.28 -0.46 -0.29 0.35 -0.13
EU27 0.16 0.18 0.21 0.26 2.89 3.16 3.83 3.29

Country evolutions are more contrasted for renegsbhare in power generation sector (Table
52) with huge increases in countries as Germangpiaek, Spain and Latvia, and stabilization

or slight decreases in other countries, as Audtrance, Italy, Luxembourg, Sweden in EU-15

and Estonia, Hungary, Malta, Slovenia, Slovakia Bothania in new member States.

Baseline scenario evolutions for biofuels in trawtpgasoline and diesel show on the contrary
quite homogenous evolutions across EU countriége(ta3), from share levels inferiors to 0.5%
in 2005 that increase up to 5 to 9% in 2020 fortrsosintries. This can be explained by the fact
that biofuels penetration is more directly linkeddil price and other market considerations,
than other renewables of which penetration depealily on country specific potentials, and
historic characteristics of energy supply and dedrsystem.
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Table 53: Share of biofuels in transport gasolinerad diesel

2005 2010 2015 2020 2005-10 2010-15 2015-20 2005-20
in % (1 = 100%) Annual % Change

Austria 0.00 0.03 0.04 0.06 42.48 10.15 6.56 18.70
Belgium 0.00 0.01 0.03 0.05 752.61 19.21 9.44 123.22
Denmark 0.00 0.03 0.05 0.07 745.89 13.24 8.40 118.16
Germany 0.02 0.04 0.05 0.06 14.08 5.66 291 7.45
Finland 0.00 0.01 0.03 0.05 613.51 19.77 7.10 109.18
France 0.01 0.03 0.04 0.05 28.62 9.80 4.82 13.97
Greece 0.00 0.02 0.03 0.05 769.54 13.34 6.28 118.80
Irland 0.00 0.02 0.04 0.05 150.34 15.25 8.07 46.09
Italy 0.00 0.03 0.04 0.06 56.79 9.45 7.05 22.47
Luxembourg 0.00 0.02 0.05 0.07 119.06 18.69 8.05 41.10
Netherlands 0.00 0.02 0.05 0.07 880.09 19.12 9.27 133.66
Portugal 0.00 0.02 0.04 0.05 769.95 14.36 7.81 120.53
Spain 0.01 0.04 0.07 0.09 43.46 12.11 3.24 18.42
Sweeden 0.02 0.04 0.05 0.07 11.29 7.91 4.67 7.92
United Kingdom 0.00 0.02 0.04 0.06 67.71 14.56 8.25 27.64
Czech Republic 0.00 0.05 0.07 0.09 147.39 8.70 491 41.30
Estonia 0.00 0.04 0.06 0.07 565.85 8.57 3.81 95.79
Latvia 0.00 0.03 0.05 0.08 64.68 9.97 8.01 25.06
Lithuania 0.00 0.01 0.02 0.06 29.09 26.14 19.02 24.68
Hungary 0.00 0.04 0.06 0.08 760.80 9.25 6.23 115.37
Malta 0.00 0.00 0.01 0.02 0.00 0.00 0.00 0.00
Poland 0.00 0.03 0.06 0.09 44.29 13.84 8.98 21.42
Slovenia 0.00 0.01 0.04 0.05 382.29 19.51 9.04 84.54
Slovakia 0.01 0.03 0.06 0.09 30.18 16.25 9.97 18.50
Romania 0.00 0.01 0.02 0.03 593.54 14.73 5.15 103.01
EU27 0.00 0.03 0.04 0.06 42.48 10.15 6.56 18.70

Source: Modele NEMESIS

* Presentation of scenarios

Three distinct scenarios were assessed for with E&M. The scenarios differ from the use
made by states of the revenue of auctioning in BReETS sector. In the Scenario S1,
auctioning revenue is kept by states and is useddéoreasing national debt. There is no
recycling through public investment or revenue sgdution to private agents. In scenario S2,
the revenue of auctioning in the EU ETS sectoegycled through an equivalent reduction, in
terms of revenue, of employers’ social contributrate. In scenario S3, auctioning revenue is
recycled in two ways: A reduction, as in scenary & employers’ social contributions rate,
and a general subsidy to private R&D expenditupe$ou30%. The R&D subsidy in calculated
first, and only the difference between auctioniagenue and R&D subsidies is used to reduce
employers’ social contribution rate.

The other characteristics of the scenarios aretici@nand follow the lines of EU ‘Climate
Action and Renewable Energy Package’

- for the EU-ETS sectors, tradable permits are intced for CQ, based on 2008-2012
average emission level. GQuotas impose an annual reduction of —1.74% of €@fssions
in EU-ETS sectors from 2013 to 2020, compared @822012 average emission level, that
is to say a reduction of —18.2% ¢é&missions compared to 2005 level. Tradable pernis
allocated by auctioning in the Power Generatiotiaefrom 2013 to 2020, but in other EU-
ETS sectors there is a free allocation for 80%hef quotas in 2013, the remaining being
distributed with auctioning. The share of the gadiaing attributed by auctioning increases
linearly and reaches 100%, as in power generatatos in 2020. The share of quotas
allocated freely decreases consequently lineaniy f80% in 2013 to 0% in 2020;

- for non EU ETS sectors, GHG emissions reductiogetaare fixed according to verified
emissions levels in 2005, with a sharing of emissaduction effort amongst member states
based on the principles of growth, fairness andianty, and assuring to reach the EU's
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20% emission reduction commitments. GHG emissianget goes from -20% in richer
member states as Denmark to +20% in poorest cesras Bulgaria, as set in EU ‘Climate
Action and Renewable Energy Package’. Nationaletargre reached in NEMESIS by
imposing for each country GHG emissions caps tfeatavered linearly from 2013 to 2020.
Emissions caps are imposed by introducing natiendbgenous taxes on non EU-ETS,CO
emissions, identical for all production sectors #&mdhouseholds. This carbon taxation is
integrally redistributed to firms and householdsdnuivalent subsidies to production and
increases in disposable income. In this way, catiaaation induces substitutions effects
(between energy products and energy and other gi®a@dmd production factors) necessary
to reach the target, but no revenue effects.iit this sense fiscally neutral, and this was the
best option in the absence of precise informatioto dhe preferred actions for limiting
GHG emissions in the different countries;

- auctioning revenue in each Member state takesaic¢ount the fact that 10% of auctioning
revenue should be used for the purpose of commusutigarity. Consequently, some
member states, especially in new accessing coantréeeive and redistribute more than
their auctioning quotas;

- the targets on renewable energies share in firelggrconsumption (20% in 2020) and on
biofuels share in transports gasoline and diesebumption are also examined, but no
specific policies, as subsidies to renewable, mreduced to reach these objectives that are
spontaneously reached in the scenarios, or clegglyoached in 2020.

Figure 19 resumes the GHG emissions reductiontefidre achieves in EU-27 in order to reach
the EU post-Kyoto objective of 20% emissions reiunst compared to 1990 level. One can see
on this table that at European scale baseline ookl over 2005-2020 period implies a
reduction of 12.7% of GHG emissions to reach EUt-Bg®to objectives (from index 92.7 to
80), whereas situation of European countries toyasd-Kyoto objective are very contrasted.

In EU-15 countries, emissions level in 2020 shdwddidentical to 1990 level from NEMESIS
baseline projections, with very high increasesroissions levels in southern countries as Spain
(62% increase compared to 1990) and Portugal (4ic¥ease). On the other hand, countries as
Germany, that is 25% below 1990 level in 2020, atmb Denmark and united Kingdom,
respectively 18 and 16% their 1990 level show wényious evolutions.

For new member States, the decline of heavy, enatggsive industries in the 90s, allowed to
lower considerably the level of GHG emissions thias in 2005 35.4% below their 1990 level,
that is to say quite far below EU Kyoto and posbkyobjective. With the economic recover in
recent years, that is expected to continue in &seline scenario with average GDP growth rates
close from 4% in average over 2005-2020 period, @&Hssions in new Member States should
re-increase 11.5% up to 2020, from NEMESIS basdimmdutions, but stay 28 below their 1990
level. The only exceptions are Malta and Slovenibene GHG emissions are in 2020
respectively 55 and 15% above their 1990 level.

It is this ‘Hot Air’ reserve in new Member States)d also the solidarity principle consisted to
do not penalize EU countries with GDP per capitéolweEU average that conducted EU
authorities adopting the burden sharing agreen@nsdctors not covered by EU ETS (Figure
20) where emissions reduction, that represent aBoUt to EU GHG emissions, are costly to
achieve.
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Figure 19: GHG emissions in EU-27 countries compaceto 1990

100 in 1990 Actual (EEA) | Baseline
2005 2020
Austria 118.1 125
Belgium 97.9 106
Denmark 92.2 82
Germany 81.3 75
Finland 97.5 92
France 98.1 104
Greece 125.3 130
Ireland 125.3 134
Italy 112.1 120
Luxembourg 100.0 112
Netherlands 98.8 112
Portugal 140.4 147
Spain 152.2 162
Sweeden 92.7 109
United Kingdom 84.3 84
Czech Republic 74.2 70
Estonia 48.1 48
Latvia 42.1 61
Lithuania 47.0 67
Hungary 65.4 74
Malta 154.5 155
Poland 68.0 68
Slovenia 100.5 115
Slovakia 66.3 87
Romania 54.4 77
EU-15 98.0 100
EU-12 64.6 72
EU-27 89.7 92.7

As one can see on figure 20, this burden sharimgeagent will allow new Member States
increase their GHG emissions in non EU ETS sedtors 3 (Malta) to 20% (Bulgaria), while
in EU-15 countries emissions should be reduced taiduto 20% in northern countries,
objectives being less important for southern coesitr

For CQ emissions only, that represent more than 80% efalvGHG emissions, evolutions
displayed in Figure 21 are of course similar: FO2@ EU-27 countries should globally situate
1.7% below their 1990 level, EU-15 countries insieg 3% their emissions above this 1990
level, and new Member States reducing 20% theisgions compared to it.
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Figure 20: Reduction targets per country for non EUETS sectors for 2020 compared to 2005
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100 in 1990
2005 2020
Austria 130.2 135
Belgium 102.5 110
Denmark 94.0 79
Germany 84.3 75
Finland 99.5 90
France 107.5 112
Greece 135.9 133
Ireland 149.0 163
Italy 114.7 121
Luxembourg 107.8 120
Netherlands 111.5 124
Portugal 156.9 164
Spain 164.5 168
Sweeden 92.6 108
United Kingdom 94.9 92
Czech Republic 78.1 71
Estonia 45.0 44
Latvia 40.5 60
Lithuania 38.6 52
Hungary 85.2 95
Malta 144.2 144
Poland 86.2 83
Slovenia 114.7 122
Slovakia 63.1 82
Romania 60.3 85
EU-15 104.3 103
EU-12 74.9 80
EU-27 97.9 98.3
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* Results of scenario S1: ‘no recycling of auctioningevenue’

In this first scenario, there is no recycling ofctoning revenue. This scenario allows
consequently, when compared to results for scen@iand S3, to assess for the efficiency of
recycling schemes used in these last scenarioshdivs also the direct economic costs of
increasing carbon price in EU ETS sectors and gfosing stronger limitations on GHG
emissions in non EU ETS ones.

The simulation results show a decrease of EU-27 ®GDB.65% in 2020 (see table below)
reflecting the fall in private demand that folloti rise of carbon value in EU ETS sectors that
reaches in 2020 61.17€/ton CO2-equivalent 23 @eénbiaseline scenario. This permits price is
the balance associated to the emission commitme@miduced in theClimate Action and
Renewable Energy Packagkhis rise in carbon value represents an auctiprémenue of about
102.21 billions Euros for European states, takenEbh ETS firms that are constrained to
increase their production price. This increaseslfioonsumptions prices by 1.15%, and
households reduce 0.6% their final consumptionh veih equivalent reduction of their real
disposable income.

Table 54: Macroeconomic results for Europe EU-27 2020 (S1)

Main Macroeconomic Results
GDP -0.65
Final consumption -0.60
Firms' investment -2.18
Energy consumption -7.68
Extra-EU Exports -0.86
Extra-EU Imports -1.09
Private R&D 1.33
Employment -0.17

Energy consumption falls 7.68%, as a consequenéegbfEU ETS carbon value, but
also of carbon taxation in non EU ETS sectors. Fiimvestment reduces —2.18%, that
is more than the fall in production and reflecte tomplementarity existing between
energy consumption and investment in capital gooad®EMESIS. Conversely the

evolution of employment, which falls only 0.17%fleets favorable substitutions from

energy and capital intensive production technigtemsore labour intensive ones.

Table 55: Impact on the sectoral industrial producion in 2020

Power Generation 1.2%

Other Energy Branches -10.7%
Agriculture -1.2%
Industry -1.0%
- energy Intensive industries -0.9%
- other industries -1.0%
Construction -1.4%
Tertiary -0.4%
Transport -0.8%
- see & air -1.5%
- road & rail -0.4%
EU-ETS sectors -1.7%
Non EU-ETS sectors -0.7%
Total -0.8%

Source: Modéle NEMESIS
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This higher balance price for carbon in EU ETS #r&introduction of carbon penalties in non

EU ETS impact also negatively on EU-27 foreign cetityeness, with a 0.86% fall of exports

in 2020. The reduction of EU-27 imports, b%.09% in 2020, due to the lower internal

consumption and the fall of energy imports, allovesertheless EU external balance to evolve
favorably. There is an also positive impact ontivgie R&D expenditures that rises 1.33%,

with a much more important impact in EU ETS, endrggnsive sectors, and especially power
sectorwhere productivity improvements offset partiallg ttost of carbon penalty.

EU ETS, energy intensive sectors encounter nevegha sharp fall of production in EU-27 for
2020 (table 55), with -1.7%, and -10.7% for endsggnches excluding Power sector, where the
development of renewable energies production, awdréble substitutions between energy
products, induces a 1.2% increase in electricipdpction. Fall of production in non EU ETS
sectors are less important, and closely relat€eD® evolution.

At country level, table 56 show contrasted impdgotsGDP, that range in 2020 from +0.20% in

Luxembourg, to —0.41% in France, —0.61% in SwedehBelgium, —1.23% in Portugal, and —
1.46% in Spain.

Table 56: Macroeconomic impacts for the EU15 countes in 2020

GDP Final . . Firms Energy Private R&D Employment
consumption investment | consumption
Austria -0.58 -0.94 -2.33 -5.89 1.24 -0.04
Belgium -0.61 -0.25 -3.38 -9.27 1.49 0.47
Denmark -0.02 0.30 -1.95 -6.02 0.36 0.22
Germany -0.30 -0.42 -1.10 -6.21 1.02 -0.09
Finland -0.39 -0.23 -0.67 -7.32 0.89 0.07
France -0.41 -0.26 -2.01 -10.97 1.22 0.30
Greece -1.07 -1.15 -1.74 -5.64 2.15 -0.80
Ireland -0.34 1.20 -4.40 -6.07 0.79 1.10
Italy -1.14 -1.26 -3.25 -8.08 1.87 -0.46
Luxembourg 0.20 0.38 -1.03 -5.15 -0.99 1.20
Netherlands -0.98 0.18 -4.57 -11.98 1.43 0.89
Portugal -1.23 -1.21 -1.60 -3.52 1.91 -0.61
Spain -1.46 -1.71 -2.93 -8.40 2.45 -0.59
Sweeden -0.61 -0.59 -0.49 -5.72 1.37 -0.19
United Kingdom -0.65 -0.24 -2.16 -7.03 191 0.27
EU27 -0.65 -0.60 -2.18 -7.68 1.33 -0.17

deviation w.r.t. baseline (in percentage points)
Source: NEMESIS model

Table 57: Macroeconomic impacts in 2020 for Memberwith a GDP per capita below
EU-27 average

GDP Final . . Firms Energy Private R&D Employment
consumption investment consumption
Czech Republic -0.78 -0.52 -1.70 -2.99 1.40 -0.13
Estonia -0.09 -0.05 -1.64 -3.95 1.50 0.22
Latvia -0.54 -0.68 -1.62 -4.68 1.19 -0.36
Lithuania 0.01 0.17 -0.99 -2.33 -0.57 0.30
Hungary -0.21 -1.09 -2.77 -6.79 2.49 -0.29
Malta -0.20 -0.54 -0.86 -2.05 1.46 -0.12
Poland -0.96 -1.22 -1.81 -3.97 3.47 -0.82
Slovenia -0.96 -0.84 -1.35 -3.28 1.85 -0.44
Slovakia -2.27 -4.39 -6.77 -10.74 7.72 -3.00
Romania -2.20 -1.31 -8.89 -13.47 8.53 -1.85
EU27 -0.65 -0.60 -2.18 -7.68 1.33 -0.17
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There are remarkable facts:

» fall in GDP are mainly driven by private consumptidor example in Austria (-0.98%), in
Portugal (-1.21%) and in Spain (—1.71%), wherectimssumer price index rise importantly;

* Greece and the Netherlands encounter the worseorpemices for investment with
respectively —1.50% and —1.63% in 2020.

» pressure on employment differs across EuropeantoesinThe EU-15 member countries
are less impacted by the drop of employment wittb9% in Spain, —0.46% in Italy, —
0.29% in Hungary and —-0.09% in Germany. There Bnewmcreases of employment in
several EU-15 countries as France (+0.30), Belgftith47%), Netherlands (+0.89%) or
Ireland (+1.30%), as a consequence of the postibstitution effects already quoted above
It contrasts with evolutions in new member Stateene employment decreases everywhere
except Lithuania;

» fall in GDP tends to be similar for States with BRsper capita below EU average than for
EU-15 countries, with —0.09% in Estonia, —0.20%Himgary, and —0.96% in Poland and
Slovenia. But, it is two of these countries, Sldgaknd Romania, that experience the
highest negative impact on GDP with respectively2#% and —2.20% in 2020, due to
importance of coal in their energy system. Thessu@s encounter also the biggest fall in
employment, with respectively—3% and —1.85%, asd ab.82% in Poland.

Scenario shows finally the necessity to recycletianimg revenues for lowering GDP, final
consumption and employment costs of the “Climatéofcand Renewable Energy Package”. It
shows also the necessity to use part of these wesdor the purpose of community solidarity to
lower the policy cost in new member states as Ran&tovakia and Poland, where EU ETS
sectors represent a large part of economic aevitiith also higher energy intensity of these
activities and of GDP, than in EU-15 countries.

Table 58: GHG emissions reductions in EU-27 countes for 2020, S1 scenario

2020
Baseline (100 in 2005) Reductions (in % dev. from ba seline)
EU ETS non EU ETS Total EU ETS non EU ETS Total

Austria 104.5 107.5 106.4 -9.0 -16.2 -13.6
Belgium 110.7 105.6 107.6 -9.7 -16.7 -13.8
Denmark 85.3 97.8 91.7 -11.3 -7.4 -9.3
Germany 83.5 100.8 92.1 -194 -11.4 -14.8
Finland 90.9 100.7 95.1 9.4 -10.8 -10.1
France 108.1 105.1 105.9 -8.9 -12.3 -11.3
Greece 101.8 109.0 104.9 -11.1 -7.9 -9.6
Ireland 96.6 114.2 108.1 2.6 -23.0 -15.1
Italy 112.1 100.1 105.5 -10.4 -11.0 -10.7
Luxembourg 99.4 122.7 112.3 -6.6 -30.7 -21.3
Netherlands 1131 113.0 112.9 -7.3 -22.1 -14.4
Portugal 105.9 102.0 104.0 -12.6 -3.0 -7.9
Spain 95.5 116.7 106.7 -12.8 -15.7 -14.4
Sweeden 136.5 101.5 115.8 -12.2 -10.8 -11.5
United Kingdom 96.5 104.4 100.8 -7.8 -13.9 -10.9
Czech Republic 79.6 123.8 95.5 -10.4 -10.8 -10.1
Estonia 84.4 149.7 101.2 -9.9 -23.2 -14.8
Latvia 141.9 152.5 148.7 -10.3 -19.3 -16.1
Lithuania 149.7 140.7 145.0 -7.1 -14.3 -10.7
Hungary 101.9 124.7 114.4 -13.2 -11.4 -12.0
Malta 99.5 106.1 100.7 -7.5 -0.3 -6.1
Poland 91.5 113.9 99.7 -10.1 -3.4 -6.9
Slovenia 117.7 112.3 114.5 -6.2 -5.9 -6.0
Slovakia 130.2 134.9 131.6 -14.7 -19.6 -16.5
Romania 137.9 147.3 139.7 -19.7 -26.6 -21.8
EU-27 98.8 107.6 103.3 -11.9 -13.0 -12.3

For GHG emissions (table 58), the evolutions imace S1 compared to baseline figures for
2020 show that the EU-27 12.3% reduction effor¥drdeviation from baseline, is quite fairly
shared between EU-15 and new Member States cosinttie former group of countries
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reducing in average more its emissions than theés,ldespite lower growth of GHG emissions
level over the period 2005-2020. Emissions in nbhEF'S sectors, that reduce 13% for EU-27,
are constraint in countries by the burden shargrgement, while emissions for EU ETS, that
reduce 11.9% for EU-27, result in the different mmes mainly from their respective marginal
abatement costs for GGnd from the free trade that occurs inside andvdst European
industries and countries for G@llowances in scenario S1.

Table 59: CO, emissions reductions in EU-27 countries for 202@1 scenario

2020
Baseline Objectives

EU ETS Non EU ETS Total EU ETS Non EU ETS Total
Austria 100.6 106.9 104.3 -9.5 -20.7 -16.3
Belgium 109.3 105.2 106.9 -10.2 -19.7 -15.5
Denmark 82.0 93.7 87.2 -13.0 -12.5 -12.5
Germany 81.4 99.3 89.4 -20.7 -14.2 -17.4
Finland 86.1 99.5 91.0 -10.5 -14.8 -12.2
France 102.1 104.6 103.8 -10.7 -17.9 -15.6
Greece 93.5 108.7 99.2 -13.3 -10.3 -12.0
Irland 90.8 128.3 110.3 2.0 -36.3 -21.3
Italy 110.2 99.1 104.5 -11.1 -13.4 -12.2
Luxembourg 98.8 121.7 111.0 -6.6 -34.1 -22.8
Netherlands 108.8 113.7 110.8 -7.9 -26.2 -16.1
Portugal 105.0 103.4 104.3 -13.1 -3.7 9.1
Spain 91.5 116.1 102.7 -13.8 -21.6 -17.8
Sweeden 135.1 97.7 115.5 -13.1 -15.3 -14.1
United Kingdom 93.6 102.5 98.2 -8.1 -17.6 -12.6
Czech Republic 76.7 127.6 92.1 -11.0 -13.6 -12.1
Estonia 83.2 164.1 99.2 -10.5 -29.5 -16.8
Latvia 136.0 168.2 153.9 -10.7 -26.0 -19.9
Lithuania 124.8 152.6 137.6 -11.8 -21.4 -16.7
Hungary 94.7 129.3 112.3 -16.7 -14.3 -15.2
Malta 98.9 105.2 100.0 -7.6 -0.3 -6.3
Poland 86.9 117.0 95.9 -10.9 -4.2 -8.2
Slovenia 100.4 114.0 107.0 -8.4 -9.2 -8.8
Slovakia 123.8 147.5 132.0 -15.3 -22.8 -18.2
Romania 126.2 179.3 140.4 -22.3 -34.9 -26.6
EU-27 94.6 107.3 100.5 -13.0 -16.9 -14.9

Table 59, that displays the results for {&nissions, shows little higher reductions for,Gfan
for global GHG emissions in 2020, with for EU-27 daviation from baseline, reductions of
13% in EU ETS sectors, 16.9% in non EU ETS sedard 14.9% for global COemissions.
Resultsper country for CQ are comparable to results obtained for global Gidtssions, since
in EU ETS sectors only GQs constrained, and in non EU ETS sectors thesoms constraint
bears on all gases but sole £&nissions were taxed as NEMESIS cannot deal aithst for
other GHG categories than €O

As a result of the absence of specific emissiodaaton policies other than for Gh EU ETS
sector, the post Kyoto target in not exactly reddne2020, the reduction of GHG emissions for
EU-27 being 19.1% compared to 1990 only. An addéicabatement effort, for example 10%
additional reduction of non GHG emissions in EU ESEStors, should thus be imposed through
statutory measures, to reach the 20% post-Kyotectilg.

For the other objectives of the EU ‘Climate Actiand Renewable Energy Package’, one can
state equally that the targets are also closelsfit in this scenario S1.

For the share on renewables in final energy consomiitable 60), one reaches in 2020 18%
for EU-27 countries, against 8.5% in 2005 and 1892020 in the baseline scenario. The high
oil and gas prices in the baseline scenario, ifjurmtion to the high prices for carbon in EU
ETS and non EU ETS sectors in scenario S1, crlatevery strong incentives for renewable
energies development, even without introductioradditional specific policies for renewable
energy sources, as foreseen in the EU renewablegiesedirective proposal. The 20%
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renewable share could be reached from 2022 if alhgouvsue the scenario horizon until 2025,
with this time a 25% reduction objective for GHGissions in 2025 compared to 1990, as it
was studied with NEMESFS

Table 60: Share of renewables in EU-27 countriesgsnario S1

1=100% Baseline S1
2005 2020
Austria 0.24 0.26 0.34
Belgium 0.05 0.07 0.15
Denmark 0.16 0.26 0.20
Germany 0.08 0.15 0.14
Finland 0.27 0.30 0.35
France 0.11 0.12 0.21
Greece 0.07 0.10 0.12
Irland 0.03 0.07 0.21
Italy 0.08 0.11 0.15
Luxembourg 0.02 0.05 0.23
Netherlands 0.04 0.06 0.13
Portugal 0.19 0.21 0.23
Spain 0.09 0.13 0.20
Sweeden 0.33 0.34 0.38
United Kingdc 0.03 0.06 0.11
Czech Repub 0.06 0.09 0.15
Estonia 0.20 0.19 0.38
Latvia 0.37 0.34 0.48
Lithuania 0.16 0.18 0.26
Hungary 0.06 0.07 0.11
Malta 0.00 0.04 0.05
Poland 0.09 0.12 0.13
Slovenia 0.16 0.16 0.20
Slovakia 0.06 0.06 0.10
Romania 0.17 0.17 0.40
EU27 0.09 0.13 0.18

Source: NEMESIS model

Nevertheless, the development of renewable is widmpiween countries. Most of EU countries
reach their renewable energies potential as defiayeHuropean Commission (COM(2008) 30
final, available also in deliverable D15) for 2026y, approach it by less than 3%. Apart
Slovakia, where 4% renewable share could be rea@920, the other exception is Denmark,
where there exists for 2020 an additional 10% g@teocompared to scenario S1 results.

For 10% biofuels in transports gasoline and diesglsumption objective for 2020, the high
price of petroleum products, allow also reaching tfbjective in scenario S1, with a share of
12% for EU-27. Eight European countries stay be&% share in 2020 (Belgium, Finland,
Greece, Ireland, Portugal, Malta, Slovenia and Rua)a for which additional policies for
biofuels could be envisaged.

8 Results for 2025, are available on request forS®land S3 scenarios.
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Table 61: Biofuels share in transport gasoline andiesel, scenario S1

1=100% Baseline S1
2005 2020
Austria 0.00 0.06 0.12
Belgium 0.00 0.05 0.05
Denmark 0.00 0.07 0.08
Germany 0.02 0.06 0.08
Finland 0.00 0.05 0.05
France 0.01 0.05 0.09
Greece 0.00 0.05 0.05
Irland 0.00 0.05 0.07
Italy 0.00 0.06 0.10
Luxembourg 0.00 0.07 0.09
Netherlands 0.00 0.07 0.09
Portugal 0.00 0.05 0.06
Spain 0.01 0.09 0.17
Sweeden 0.02 0.07 0.09
United Kingdc 0.00 0.06 0.11
Czech Repub 0.00 0.09 0.14
Estonia 0.00 0.07 0.09
Latvia 0.00 0.08 0.15
Lithuania 0.00 0.06 0.14
Hungary 0.00 0.08 0.09
Malta 0.00 0.02 0.02
Poland 0.00 0.09 0.10
Slovenia 0.00 0.05 0.06
Slovakia 0.01 0.09 0.19
Romania 0.00 0.03 0.04
EU27 0.00 0.06 0.12

* Results of scenario S2: Recycling of auctioning renue by a cut in employers’
social contributions rate

This scenario S2 deepers the analysis by a regyolirauctioning revenues generated by the
implementation of th€limate Action and Renewable Energy Packdde recycling takes into
account the community solidarity principle. 90%aoictioning rights are distributed accordingly
to Member States share in 2005 emissions in theEH$, and the remaining 10% are
redistributed to low income countries, taking iatxount their GDP per capita and their overall
growth expectations, with the repartition displapedfigure 22.

This distribution of auctioning rights results iigrsficant reduction of overall direct costs
experienced by member states with a low GDP pdtagapith limited direct costs increases for
richer countries. Revenues generated by auctioaregactually substantial. They reach 0.8%
European GDP in 2020, for a carbon price of 74184€C0O2-equivalent, and they can exceed
2% GDP in countries as Romania with 2.8%, CzechuBkpwith 3% and Poland with 2.7%
that beneficiate the more from the solidarity pipie

These auctioning revenues are used in scenarid@ver employers’ social contribution
rate. This recycling consisting in transferring tpair labour taxation onto carbon taxation was
actually extensively studied in economic literatiufer the reason that labour is generally
considered too heavy taxed in European countegesljimg to high unemployment rates.

The recycling of auctioning revenues by a reductioemployers’ social contribution rate in
scenario S2, allows in that direction to obtairdauble dividend Environment/Employment’ at
EU-27 level (table 62), with a rise of total empimgnt of 1.43% in 2020, compared to a
decrease of —0.17% in the scenario S1.
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Figure 22: Percentage of increase in allowances
to be auctioned for the purpose of community solidéty
e ™
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Source: European Commission (Proposal Directive to Imprawe
extend the Greenhouse Gas Emission Allowance Tgdsiistem COM (2008))

Table 62: Macroeconomic results for Europe EU27 i”2020

Main Macroeconomic Results
GDP 0.11
Final consumption 0.68
Firms' investment -1.39
Energy consumption -7.15
Extra-EU Exports -0.04
Extra-EU Imports -0.80
Private R&D 0.17
Employment 1.43

deviation w.r.t. baseline (in percentage poi
Source: NEMESIS model
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Figure 23: Macroeconomic trends for Europe EU27
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Source: Nemesis model

This increase in employment level is caused bydihext substitution effect due to the lowering
of labor costs, and by the consecutive rise inl faumsumption (+ 0.68%) due to the fall in
unemployment rate. There is even a slight positiveact on GDP in that scenario, that rises
0.11% in 2020, for the main reason that fossil Suehports are reduced, and replaced by
increased consumption for goods produced pringipatide Europe. Also, reduced labour costs
allow decrease production costs, despite the fedtdarbon price is high and increases But this
high energy (and oil) prices context renders maoditable substitutions from labour to energy,
that result in a decrease of —0.89% of consumpirae index, that come reduce the negative
impacts of the policy on European exports, thatdially 0.04%, against 0.89% in scenario S1.

The results of S2 scenario are, of course, coetlastmongst European countries, as a
consequence of different energy consumption andystion systems, added to different labour
market structure. In EU-15, some countries havé reggative impact on GDP, as Spain (-
0.77%), Netherlands (-0.55%) or France (—0.18%j),atlunave important employment gains,

that reach from 0.08% in Sweden to 1.99% in Luxamypcand 0.59% in France, 0.91% in

Germany and 1.03% in United Kingdom, the biggesbgean economies.
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Table 63: Macroeconomic impacts for the EU-15 counies in 2020

Final Firms' Ener Private
GDP consumption investment consump?t)i/on R&D Employment
Austria -0.15 -0.55 -2.00 -5.74 0.41 0.46
Belgium -0.18 0.26 -3.12 -9.19 0.70 111
Denmark 1.27 3.60 -0.58 -4.48 -0.33 1.45
Germany 0.59 0.63 -0.30 -5.74 -0.37 0.91
Finland 0.38 1.26 0.32 -6.61 -0.26 1.07
France -0.18 -0.02 -1.85 -10.99 0.66 0.59
Greece 0.16 -0.23 -0.81 -4.93 -0.92 1.62
Ireland 0.17 2.14 -3.98 -5.83 0.04 1.71
Italy -0.21 -0.10 -2.48 -7.43 0.52 0.70
Luxembourg 0.80 1.37 -0.61 -4.91 -1.80 1.99
Netherlands -0.55 0.29 -4.31 -11.88 0.18 1.54
Portugal -0.47 -1.21 -1.14 -2.97 -0.28 0.70
Spain -0.77 -0.84 -2.27 -8.16 1.15 0.30
Sweeden -0.37 -0.23 -0.44 -5.70 0.89 0.08
United Kingdom -0.12 0.19 -1.74 -6.83 0.67 1.03
EU27 0.11 0.68 -1.39 -7.15 0.17 1.43

deviation w.r.t. baseline (in percentage points)
Source: NEMESIS model

Table 64: Macroeconomic impacts in 2020 for Memberwith a GDP per capita below EU-
27 average in 2020

Final Firms' Ener Private
GDP consumption investment consumpthilon R&D Employment
Czech Republic 3.82 8.12 2.99 1.22 -5.01 6.27
Estonia 2.03 5.37 1.33 -1.25 -3.50 4.12
Latvia 0.00 0.26 -1.15 -4.42 -0.25 0.35
Lithuania 1.44 2.76 0.19 -1.67 -2.95 2.02
Hungary 1.54 2.37 -1.01 -5.69 -0.54 2.42
Malta 0.58 1.73 0.00 -1.28 -2.14 1.63
Poland 2.61 4.19 1.81 -0.67 -4.04 4.01
Slovenia -0.02 0.90 -0.39 -2.33 0.06 0.91
Slovakia 1.32 -0.13 -4.39 -8.83 3.26 0.59
Romania 4.58 10.27 -2.73 -8.63 -0.89 7.96
EU27 0.11 0.68 -1.39 -7.15 0.17 1.43

Most importantly, new EU Member States, with GDP papita below European average, are
now the countries that know the most positive intpdiom the policy. This contrasts strongly
from the results of scenario S1, and demonstréigsthe implementation of the EClimate
Action and Renewable Energy Packagéth the community solidarity principle that was
retained here, could represent a true opportuaitgfployment and growth in these countries.

For CG and GHG emissions, results for scenario 2 are siemitar than for scenario 1 (and also
scenario 3) for the reason that emissions redudiijectives are identical in all scenarios. These
results will consequently not be presented, theoitamt being that the scenario conform again
the EU post-Kyoto objectives in terms of GHG enuasiand burden sharing agreement for non
EU ETS sector. For renewable objectives also, tfanges are too small to be commented in
this report.
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Results of scenario S3Recycling of auctioning revenue combining a cut in
employers’ social contributions rate and a subsidyo firms’ private R&D

This scenario S3 differs from scenario S2 onlyhie way auctioning revenue is recycled. The
auctioning revenue is recycled in two ways: A regung as in scenario S2, of employers’ social
contributions rate, and a general subsidy to peiv&D expenditures limited to 30%. The rate
of R&D subsidy was limited to 30% in order to stayrders of plausible magnitude.

Table 65: Macroeconomic results for Europe EU27 12020

Main Macroeconomic Results
GDP 1.41
Final consumption 1.25
Firms' investment -1.80
Energy consumption -8.46
Extra-EU Exports 3.34
Extra-EU Imports -3.10
Private R&D 25.90
Employment 1.07

deviation w.r.t. baseline (in percentage poin
Source: NEMESIS model

Figure 24: Macroeconomic trends for Europe EU27
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The results of this last scenario for 2020, presetimt Table 65 above for EU-27, show this time
very positive evolutions for all macro-economicigadors. The European GDP increases about
+1.41% in 2020, compared to a decrease of 0.65%cemario S1 and an increase limited to
+0.11% in S2. The strong stimulation of firms R&Rpenditures in this scenario, that increase
26%, provoke important positive competitivenesse@f, that traduces by a decrease of
consumer (and GDP) price index of 3.5%. The undeglynechanisms are the rise in total factor
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productivity and in the quality of goods producedulting from important process and product
innovations by European firms.

The decreases in consumer and GDP price are recedfoas in scenario S2, by the fall in
labour cost implied by the cut in firms’ social ¢dbutions rate. It results in a rise of 1.25% of
households’ private consumption, to compare to 39%.6n scenario S1 and only +0.68% in
scenario S2.

The results for employment, when compared to thafsecenario 2 are more contrasted. It
increases +1.07%, against 1.43% in scenario Sthéoreason that the subsidy to R&D come
limit the importance of the cut in employers’ séaantribution rate, and that the increase in
productivity come also reduce employment.

This reduced positive impact on employment in SBhgared to scenario S2 is nevertheless
compensated by better evolutions for GDP and fioasumption. The impacts, compare to S2,
are also very positive for external trade, withse 1of exports of 3.34% (against -0.04% for S2)
and a fall of imports 3.1% (against only -0.8% iR).SThis increased competitiveness of
European countries in scenario S3 should then gtaraurable macroeconomic and

employment gains, compared to S2 where part dbéimefices could be only transitory.

Table 66: Macroeconomic impacts for EU-15 countrieg 2020

GDP Final ' . Firms Energy Private Employment
consumption investment consumption R&D
Austria 151 0.59 -2.25 -7.54 18.50 0.50
Belgium 1.73 0.81 -3.49 -9.84 26.71 0.75
Denmark 1.21 1.22 -2.23 -7.77 23.76 0.23
Germany 1.76 1.13 -0.65 -7.27 22.40 0.64
Finland 2.85 1.28 -0.97 -7.70 16.34 0.66
France 0.77 0.33 -2.15 -11.64 12.14 0.33
Greece 1.74 1.49 -0.35 -4.88 66.11 2.00
Ireland 1.62 2.31 -4.89 -7.36 37.19 1.53
Italy 191 1.48 -2.41 -8.81 71.56 0.80
Luxembourg 2.04 1.42 -3.28 -7.99 33.11 0.35
Netherlands 1.19 1.49 -4.14 -12.25 39.09 1.61
Portugal -0.24 -0.90 -2.32 -4.98 71.29 -0.10
Spain 0.43 -0.06 -2.64 -10.01 74.09 -0.10
Sweeden 1.73 -0.18 -0.82 -7.29 4.48 -0.24
United Kingdom 1.30 1.36 -1.72 -7.87 28.80 1.00
EU27 141 1.25 -1.80 -8.46 25.90 1.07

deviation w.r.t. baseline (in percentage points)
Source: NEMESIS model

This scenario S3 aims thus reaching an authenie trdividend ‘growth-environment-
employment’, showing the interest to couple a potlesigned for fighting climate change and
promoting renewable energies use across Europeantrims, with a policy accelerating
technological change. It contributes also achievirgBarcelona R&D target (increasing R&D
to 3% European GDP) included in the Lisbon Agenfdald-27.

Furthermore, scenario S3 allow reaching @lanate Action and Renewable Energy Package
objectives for GHG emissions reduction at a lowecepfor carbon, with 57.12 €/ton CO2-
equivalent in 2020, against respectively 61.17€ @®B4€ in scenarios S1 and S2. This is
caused by the increased productivity of productimrors in this last scenario.
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Table 67: Macroeconomic impacts in 2020 for Memberwith a GDP per capita below EU-

27 average
GDP Final . . Firms Energy Private Employment
consumption investment consumption R&D
Czech Republic 4.15 5.99 0.75 -2.11 66.34 4.05
Estonia 3.71 3.76 -0.43 -3.81 69.10 2.51
Latvia 0.91 -0.54 -2.74 -6.21 73.05 -0.46
Lithuania 1.63 2.66 -0.62 -2.75 66.72 1.79
Hungary 4.12 2.61 -1.63 -6.55 70.17 2.11
Malta 1.75 1.83 -0.39 -2.97 69.72 1.28
Poland 2.70 3.07 0.07 -2.93 67.56 2.85
Slovenia 1.31 1.21 -1.12 -4.61 70.92 0.70
Slovakia 0.53 -0.82 -6.11 -10.74 78.89 -0.50
Romania 5.93 8.61 -3.68 -10.23 71.13 6.48
EU27 1.41 1.25 -1.80 -8.46 25.90 1.07

deviation w.r.t. baseline (in percentage points)
Source: NEMESIS model

Scenario S3 shows also, as scenario S2, that teefmumrable macro-economic impacts occur
in new Member States (see tables 66 and 67). Tpadts on GDP and final consumption are
positive in every countries and generally superibas in scenario S2. As in scenario S2, in S3
the new member states beneficiate of the highdstisiemployers’ social contribution rate, but
also, in S3, of the highest increases in R&D expares and productivity. R&D expenditures,
which level is initially very low in the baselineenario, increase about 70% in average in new
member states, against 26% only for EU-27 aver8genario S3 demonstrates again that the
implementation of the ElClimate Action and Renewable Energy Packagd its community
solidarity principle, could represent a true oppoity for employment and growth in countries
with GDP per capita below European average.

» Comparison of NEMESIS results with Commission assement for EU Climate
Action and Renewable Energy Package of 27 Februag008 (SEC(2008) 85
Vol. I)

The ‘Package of implementation measures for thesEtbjectives on climate change and
renewable energies for 2020’ issued by European nilssion the 23 January 2008, was
accompanied with an impact assessment by Commisgtadh (SEC(2008) 85/3), that was

updated the 27 February 2008 (SEC(2008) 85 Volollaccount for ‘the high energy import

price environment of recent years, sustained ecangnowth and new policies and measures
implemented in the Member States.

For purpose of comparison, the assessment forChitdate Action and Renewable Energy
Packagepresented here was based on common assumptidn@ ivkebruary 2008 assessment,
concerning notably:

- GDP growth in line with DG ECFIN expectations (2.2#baverage up to 2030);

- Inflation rate;

- renewables shares;

- policy measures up to 2006 that were includedénbéseline scenario;

- directive of the nuclear phase-out;

- continuation of the EU ETS over the projection pénvithout extension to new sectors,
with a balance carbon price of 20€ (2005)/t,@®22€ (2005)/t CQin 2020.
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Commission staff assessment was realized notally by GAINS and PRIMES model for
energy, GHG emissions, and renewables indicatadshgt GEM-E3 general equilibrium model
for the calculation of economic impacts of the so@s that were studied.

For policy experimentations, NEMESIS baseline watably calibrated on PRIMES results for
key indicators:

- renewable share evolution in power generation semtal electricity production from
Geothermal, Hydraulic and Nuclear sources;

— biofuels share in gasoline and diesel;

— fuel inputs in power generation sector and fudigiehcy factors in power generation and
in transport sector (passengers and freight).

Slight differences exist as NEMESIS used slightlyhker oil (and gas prices) to account for the
most recent context (up to third quarter 2008XHerprice of imported energies.

Table 68: Prices for oil in $ / boe in money of 20005

2005 2010 2015 2020
PRIMES/GAINS/GEM-E3 54.5 54.5 57.9 61.1
NEMESIS 54.5 92.2 67.8 76

The purpose of this section is then to compareekelts of evaluations made by the different
models. The comparison will bear only on economdidators as the scenarios studied with the

different model follow the same policy objectives GHG reduction and renewables.

Table 69: Comparison of assessments, ‘no Communigolidarity Principle Case’

PRIMES/GAINS/GEM-E3 NEMESIS S1
Change Change
private Change private Change
Change GDP Consumption | Employment | Change GDP Consumption Employment
2020 2020 2020 2020 2020 2020

EU-27 -0.35% 0.19% -0.04% -0.65% -0.60% -0.17%
AT 0.00% 0.30% 0.40% -0.58% -0.94% -0.04%
BE -0.40% 0.20% 0.00% -0.61% -0.25% 0.47%
CZ -1.70% 0.20% -0.70% -0.78% -0.52% -0.13%
DK -0.10% -0.10% 0.40% -0.02% 0.30% 0.22%
EE -2.30% -0.40% -1.10% -0.09% -0.05% 0.22%
Fl -0.60% 0.40% -0.30% -0.39% -0.23% 0.07%
FR -0.30% 0.10% 0.00% -0.41% -0.26% 0.30%
DE -0.30% 0.10% -0.10% -0.30% -0.42% -0.09%
EL -0.80% -0.20% -0.30% -1.07% -1.15% -0.80%
HU -1.50% -0.80% -0.40% -0.21% -1.09% -0.29%
IE 0.20% -0.10% 1.30% -0.34% 1.20% 1.10%
IT -0.10% 0.50% 0.30% -1.14% -1.26% -0.46%
LV -0.90% -0.80% -0.20% -0.54% -0.68% -0.36%
LT -0.60% 0.90% -0.50% 0.01% 0.17% 0.30%
NL -0.40% 0.50% 0.10% -0.98% 0.18% 0.89%
PL -1.50% -0.80% -0.70% -0.96% -1.22% -0.82%
PT -0.30% 0.40% -0.10% -1.23% -1.21% -0.61%
RO -2.40% 1.60% -0.80% -2.20% -1.31% -1.85%
SK -1.70% 1.30% -0.80% -2.27% -4.39% -3.00%
Sl -0.60% -0.40% -0.50% -0.96% -0.84% -0.44%
ES -0.10% 0.70% 0.80% -1.46% -1.71% -0.59%
SE -0.20% 0.10% -0.10% -0.61% -0.59% -0.19%
UK -0.30% -0.10% -0.10% -0.65% -0.24% 0.27%
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In table 69, NEMESIS scenario S1, where the Elinate Action and Renewable & Energy
Packageis introduced without recycling of auctioning rewe by States, is compared with
PRIMES/GAINS/GEM-ES scenario ‘Cost efficiency cagigh auctioning in all EU ETS and no
revenue generation in the non ETS), that diffemffdEMESIS scenario S1 mainly by the fact
that there is auctioning revenue recycling througiieases in households’ disposable income
(increase in social transfers).

The GDP cost with NEMESIS for 2020 is close fromicevthe cost measured by GEM-E3 (-
0.65% against -0.35%) for the reason that theraoisrecycling of auctioning revenues in
NEMESIS. In GEM-E3, there is a 0.19% rise in Houdes' final consumption, resulting from
the increase in real disposable income resultioghfthe rise in social transfers, while final
consumption fall 0.6% in NEMESIS, and follows GDilition. For employment changes are
respectively -0.04% for GEM-E3 and -0.17% for NEM&SFall in employment is less
important that the fall in GDP in both models, floe reason that in both models favorable factor
substitutions take place for employment impliedtie rise in energy prices. For both models,
results by country are much contrasted, and siitidarcan be found for relative GDP and
employment changes. The most important differeace®f course found for final consumption,
boosted in GEM-E3 by revenue recycling on housetotehl disposable income.

Table 70 compares NEMESIS results for scenario B@ravthis time auctioning revenues are
recycled with an equivalent fall in employers’ sdatontributions. Furthermore, following the
solidarity principle, the distribution of auctiomjnrights takes into account GDP/capita
discrepancies between Member States. The compasisnade with PRIMES/GAINS/GEM-E3
scenario ‘Cost efficiency case with auctioning InEJ ETS and distribution auctioning rights
taking into account GDP/capita and no revenue gaioer in the non ETS'. It is the same
scenario that the preceding, but with also apptioadf the solidarity principle for distribution
of auctioning revenue among Member States.

Table 70: Comparison of assessments, ‘Community Saarity Principle Case’

PRIMES/GAINS/GEM-E3 NEMESIS S2
Change Change
private Change private Change
Change GDP Consumption | Employment | Change GDP Consumption Employment
2020 2020 2020 2020 2020 2020

EU-27 -0.34% 0.21% -0.09% 0.11% 0.68% 1.43%
AT 0.00% 0.10% 0.05% -0.15% -0.55% 0.46%
BE -0.40% 0.10% 0.00% -0.18% 0.26% 1.11%
CZ -2.00% 6.20% -1.60% 3.82% 8.12% 6.27%
DK -0.10% -0.10% 0.40% 1.27% 3.60% 1.45%
EE -3.10% 8.20% -2.40% 2.03% 5.37% 4.12%
Fl -0.60% 0.40% -0.30% 0.38% 1.26% 1.07%
FR -0.30% 0.00% 0.00% -0.18% -0.02% 0.59%
DE -0.30% 0.00% -0.10% 0.59% 0.63% 0.91%
EL -0.80% 0.90% -0.40% 0.16% -0.23% 1.62%
HU -1.50% -0.40% -0.50% 1.54% 2.37% 2.42%
IE 0.20% -0.10% 1.30% 0.17% 2.14% 1.71%
IT -0.10% 0.30% 0.30% -0.21% -0.10% 0.70%
LV -0.90% -0.60% -0.30% 0.00% 0.26% 0.35%
LT -0.60% 0.50% -0.50% 1.44% 2.72% 2.42%
NL -0.40% 0.20% 0.10% -0.55% 0.29% 1.54%
PL -1.50% 1.60% -0.90% 2.61% 4.19% 4.01%
PT -0.30% 0.50% -0.10% -0.47% -1.21% 0.70%
RO -2.40% 7.90% -1.40% 4.58% 10.27% 7.96%
SK -1.80% 2.50% -1.00% 1.32% -0.13% 0.59%
Sl -0.70% 0.40% -0.70% -0.02% 0.90% 0.91%
ES 0.00% 0.40% 0.90% -0.77% -0.84% 0.30%
SE -0.20% 0.00% -0.10% -0.37% -0.23% 0.08%
UK -0.30% -0.20% -0.10% -0.12% 0.19% 1.03%
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For GEM-E3, at EU-27 level, there is very littleatiye in GDP and employment compared
to the former scenario, for the reason that the alifference between scenarios stays is
repartition of auctioning revenue among Membere&StaEor NEMESIS on the contrary, we
find this time a positive evolution for GDP, wittD41% (against -0.65% previously) and
+1.43% for employment (against -0.17%). NEMESISusiiates the double dividend
Environment/Employment that most studies aimingepdaying fiscal charges from
employment toward environment put in evidence. Bytast, the recycling of auctioning
revenue with increased social transfers to housdshiol GEM-E3 does not allow reaching
such double dividend. The reason is that increasecial transfer first increases household
final consumption, and then GDP and employment,ibubnger term, higher production
costs resulting from the introduction of carbon gldes bear on European competitiveness.
In NEMESIS, the reduction in employers’ social cdnitions rate allow increasing
employment and consequently final consumption af? QRithout deterioration of European
firms competitiveness. There is even a net gaterims of GDP, that traduce the reduction of
energy imports that are replace by the consumpmifayoods produced with a lesser content
in imports than energy products.

At country level, the results of the two models destrate the important economic gains that
European countries below European average for B8P per capita could get from the
implementation of the EWClimate Action and Renewable 1Energy Packagethe solidarity
principle between European countries is appliedc Romania, final consumption gains
establish in 2020 7.9% for GEM-E3, and 10.27% f&MNESIS. These gains reach respectively
6.2 and 8.12% in Czech Republic, 8.2 and 5.37%storita and 1.6 and 4.19% in Poland. For
these last countries, that figure among the coemthat beneficiate the more from the increase
in CO, allowances to be auctioned in ETS for the purpafseommunity solidarity, one can
finally state that the increase of revenues fromatianing, while rising the level of final
consumption, do not change results for GDP, or wlightly, and have limited and mitigated
impacts on employment. It results from the generplilibrium properties of this model that
imply very inelastic labor supply and strong ewatiof internal demand stimulation by prices
and external trade. NEMESIS were unemployment fisevan labor market will certainly
deliver different results, but this GEM-E3 scenanas not studied with NEMESIS and no
comparisons are possible here.

This comparison of PRIMES/GAINS/GEM-E3 and NEMESISsessments for EOClimate

Action and Renewable 1Energy Packagéth two models, one general equilibrium and one
econometric, that have very different mechanisntsshare same principal assumptions for
baseline evolutions, have shown a lot of conv

ergence, and complementarities in results:

- the implementation of EClimate Action and Renewable 1Energy Packsigeuld have
only a limited cost in terms of GDP for EU-27, orea a negative one, depending the
way auctioning revenues are recycled by MembeeStat

- important gains could be obtained for consumenraf/cling of auctioning revenue is
used to increase households’ disposable income;

- employment could also be importantly stimulatedhié recycling of revenue, and the
stimulation of households’ final consumption, pas#&ough a reduction of labor cost
(NEMESIS S2 scenario) and not by an increase inakd@nsfer that could impact
negatively on European firms competitiveness;

- lastly the application of the community solidangsinciple could EUClimate Action and
Renewable & Energy Packagepresent an important opportunity for growth and
employment in EU countries with GDP below Europeaserage like Romania and
Poland, that are also very carbon intensive.
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