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THE EU INDC TARGETS ARE IN LINE WITH GLOBAL OBJECTIVES

The European INDC implies acceleration of current climate policy efforts
especially in the period after 2020. The 40% GHG reduction target by
2030 (as proposed by the EU INDC) is found to be consistent with the
global objective of limiting temperature increase to 20C if comparable
action is also taken around the world. Implementation of the INDC leads
to a cost-efficient pathway to achieve the EU’s long-term objective of at
least 80% reduction in domestic GHG emissions by 2050.

KEY GHG ABATMENT PATHWAYS

Energy efficiency improvements in all sectors of the economy and high
deployment of RES technologies are the key GHG abatement options for
the period 2015-2030. After 2030, important low-carbon options, including
electric vehicles, advanced biofuels and CCS technologies, will have to be
developed at a large scale. Electrification of final energy demand comple-
mented with decarbonized power supply plays a critical role in the transi-
tion to a low-carbon economy by 2050.

IMPORTANT INVESTMENT PATTERNS SHIFTS

A rapid shift in investment patterns in all energy sectors occurs in the
INDC context with reduced energy purchases following implementa-
tion of energy saving measures, while upfront investment expenditures
increase by 10% from Reference levels in 2030. The implementation of
the EU INDC leads to particularly high challenges for the buildings sector,
as investment expenditure have to increase by about 2.5 times by 2050
due to extensive investments for improving thermal integrity and building
retrofits.

IMPACTS OF THE RESTRUCTURING OF THE ENERGY MIX

The restructuring of the EU energy system towards a low-carbon economy
implies significant changes in the energy mix away from current trends,
leads to reduction of EU energy import bill and has impacts on the produc-
tion and employment in all economic sectors. The CGE analysis shows
that the INDC has relatively limited negative impacts on the EU economic
activity with GDP losses amounting to 0.4% in 2030, due to higher produc-
tion costs that compress domestic consumption.
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The current report details the EU-28 contribution to the report
“Beyond the Numbers. Understanding the Transformation Induced
by INDCs” prepared by the MILES project Consortium under con-
tract to DG CLIMA (No. 21.0104/2014/684427/SER/CLIMA.A.4).

This project is funded by the European Union.

This report was written by a group of independent experts who
have not been nominated by their governments. The contents of
this publication are the sole responsibility of E3MLab/ICCS and
can in no way be taken to reflect the views of the European Union
or any government and organisation.

In parallel with the publications of countries’ Intended Nationally
Determined Contributions (INDCs) at 2030 horizon, the “Model-
ling and Informing Low Emission Strategies” (MILES) project is
an international research project bringing together 16 leading
research teams from US, China, Japan, EU, Brazil and India in order
to build capacity and knowledge on low emissions development
strategies  (http://www.iddri.org/Projets/MILES-%28Modelling-
andInforming-Low-Emission-Strategies%29). Under the coordi-
nation of French Institute IDDRI (http://www.iddri.org/), the pro-
ject aims at providing informed and transparent narratives for
low-emission development strategies at national levels. Following
the publication of the MILES report “Beyond the Numbers. Under-
standing the Transformation Induced by INDCs” aggregating all
teams’ contributions in October 2015, the current report written
by EU team E3MLab/ICCS provides the detailed material for the
analysis of the European situation on the eve of the COP21. The
research leading to the results has also been partly funded by
the European Commission DGENER under the framework contract
for “Long-range energy modelling for the period up to 2050” and
DG CLIMA under the “Service contract on development and appli-
cation of EU economy-wide climate change mitigation modelling
capacity (all greenhouse gas emissions and removals)”.
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ABSTRACT

In March 2015 the EU’s Intended Nationally Deter-
mined Contribution (INDC) was submitted at the
UNFCCC in view of the Paris COP21. EU proposed
abinding target of at least 40% domestic reduction
in greenhouse gas emissions by 2030 compared to
1990 levels. This target is in line with the global
objective of limiting temperature increase to 2°C.
This paper aims at: i) providing a summary of the
key elements of the European INDC as submitted
for the Paris COP2r1 and ii) examining the energy,
economic, climate and social implications of the
implementation of the European INDC up to 2030
and the long-term objectives towards a low-carbon
economy by 2050, for which no detailed policies
are yet in place. The analysis is mainly based on
quantitative model-based assessments carried out
by the technology-rich PRIMES energy system
model, which simulates in an exhaustive manner
the evolution of the EU energy system (energy
demand and supply sectors), carbon emissions and
energy costs and prices under alternative climate
and energy policies. The analysis also takes advan-
tage of existing GEM-E3 model-based assessments
with regard to the macro-economic and employ-
ment implications of the EU INDC by 2030 and
low-carbon economy pathways until 2050.

The INDC pathway diverges from current
trends of the EU energy system (as projected in
the Reference energy system scenario of the EC)
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especially in the period after 2020. It has been
found that the restructuring of the EU energy
system towards a low-carbon economy implies
significant changes in the energy mix away from
Reference scenario trends and has impacts on
the production and employment in all economic
sectors.

Four key GHG abatement options are identified
as essential to the effective implementation of the
European INDC: i) energy efficiency improve-
ments in all sectors of the economy ii) increas-
ing penetration of renewables, iii) fuel switching
towards natural gas and iv) technical progress
in process related emissions abatement options.
Deployment of CCS technologies in the energy
system is necessary only in the period after 2030.
The electrification of final energy demand (es-
pecially with regard to transport electrification)
complemented with decarbonised power supply
has a critical role in the successful transition to-
wards a low-carbon economy by 2050.

A shift in investment patterns occurs from the
Reference scenario to the INDC scenario: energy
purchases are reduced following the implemen-
tation of energy saving measures, while energy
related investment expenditures and electricity
prices increase. On the other hand, reduction of
GHG emissions has clear positive implications for
security of energy supply (with the EU fuel im-
port bill reducing by €3,600 bn over 2015-2050),
air quality and human health.

70
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1. INTRODUCTION

Mitigation of climate change is one of the great
global policy challenges of our time. During the last
decades, it is widely recognised [8] that increasing
atmospheric concentrations of GHG emissions
lead to climate change which causes large environ-
mental and economic impacts on human societies,
while effective mitigation of climate change can
only be achieved through global, ambitious and
cooperative action. Climate change is a particu-
larly complex issue, which involves a wide spec-
trum of fields, as it either impacts on or is impacted
by economic development, population growth
and urbanization prospects, poverty and income
inequality, energy system evolution, sustain-
able development, living standards and effective
resource management. It is not surprising, then,
that in order to assess the cost of climate change
(cost of inaction, adaptation and GHG mitigation)
the use of integrated energy-economy modelling
tools and knowledge from a wide range of scien-
tific disciplines is required. Mitigating the effects
of climate change through stabilising atmospheric
GHG concentrations lies on in the heart of the
response to climate change.

The adoption of the Kyoto Protocol in 1997 and
the climate pledges made by major carbon-emitting
economies in Copenhagen-Cancun UNFCCC' con-
ferences are considered the most important mile-
stones for the cooperative and effective mitigation
of climate change. At the UN Climate conference
in Durban [8] in 2011, all parties recognised the ur-
gent need to act collectively with greater ambition
by 2020 and beyond and established the Durban
Platform for Enhanced Action. Participating coun-
tries agreed to negotiate by 2015 a global climate

1. United Nations Framework Convention on Climate
Change
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policy regime applicable to all countries for the
period after 2020 as well as to enhance mitigation
efforts to close the pre-2020 mitigation gap. Gov-
ernments also agreed that GHG emissions need to
be reduced significantly so that global tempera-
ture increases are limited to below 2°C by the end
of the century compared to pre-industrial levels.
In 2014, the Conference of Parties (COP) invited
all Parties to initiate or intensify domestic prepa-
rations for their Intended Nationally Determined
Contributions (INDCs) with specific quantified cli-
mate targets for the period to 2030, in the context
of adopting a protocol, a legal instrument or an
agreed outcome with legal force under the UNF-
CCC negotiations.

In the last 20 years, the EU has been decoupling
GHG emissions from economic growth. This is
mainly due to the high deployment of renewable
energy, to the decreasing energy intensity of the
European economy as well as to decreases in non-
CO, emissions, in particular in the agriculture and
waste sectors. In March 2015, the EU became one
of the first regions/countries to submit its Intend-
ed Nationally Determined Contribution (INDC)
for 2030 to the UNFCCC.

The purpose of the current working paper pre-
pared in the context of the MILES project is to con-
tribute to the assessment of the European GHG
emission reduction targets for 2030 as submitted
for the Paris COP21 and to understand the role of
EU INDC to the transition to a low-emission econo-
my. The analysis includes a qualitative description
of the European INDC. The main focus however of
this study is to evaluate in quantitative terms the
impacts of core elements of the European INDC on
the required transformation of the energy system.
To this end, a comprehensive modelling frame-
work including the PRIMES and GEM-E3 energy-
economy models has been used. The models have
been extensively used for climate-related studies

9l



I A model-based analysis of the European Intended Nationally Determined Contribution

and Impact Assessments of the European Commis-
sion.? The PRIMES? energy system model (E3M-
Lab 2013) provides projections for the evolution of
energy demand and supply, power generation mix
and energy-related costs and prices under alter-
native climate policies; while GEM-E3* (Capros et
al., 2013) closes the loop between energy-climate
and the overall economy and thus is able to quan-
tify the macro-economic, employment and trade
implications of alternative scenarios. The quanti-
tative analysis of the INDC scenario and what it
means for the energy system transformation has
led us to consider further aspects: impacts on elec-
tricity prices, energy imports (security of energy
supply), and levels and types of energy system
investments.

2. DESCRIPTION OF THE
EUROPEAN INDC

2.1. The European INDC
as submitted in UNFCCC
for COP21 in Paris

According to the EU INDC submission to the
UNFCCC: “The EU and its Member States are
committed to a binding target of at least 40%
domestic reduction in greenhouse gas emissions
by 2030 compared to 1990, to be fulfilled jointly,
as set out in the conclusions by the European
Council of October 2014”. The submission builds
on the EU’s existing climate policies, which include
a 20% emission reduction by 2020 compared to
1990 and a long-term objective of 80-95% domestic
GHG reductions® by 2050, in the context of compa-
rable action by other regions. The EU INDC is also
based on the energy and climate policy objectives
adopted by the European Council in October 2014,

2. The European Commission is the civil service of the
European Union. It is responsible for developing policy
proposals, which must be approved by the Parliament
and Council in order to become legally binding.

3. http://www.e3mlab.ntua.gr/ezmlab/PRIMES%20
Manual/The%20PRIMES%20MODEL%202013-2014.
pdf

4. http://www.esmlab.ntua.gr/e3mlab/GEM%20-%20
E3%20Manual/GEM-E3_manual_2015.pdf, www.gem-
e3.net

5. In2o11, the European Union [1] confirmed its long-term
climate objective to transit to a low-carbon economy
and reduce domestic GHG emissions by 80-95% com-
pared to 1990 levels in 2050; the trajectory of such emis-
sions is consistent with keeping the increase of global
average temperatures below 2°C provided that strong
climate change mitigation policies are also adopted
worldwide [2], and especially in major carbon-emitting
economies.

F 1o

under the so called EU 2030 Climate and Energy

Framework. The EU’s INDC is considered by policy

makers to be a credible and effective mid-term

milestone towards the 2050 low-carbon economy
objective.

The INDC’s reduction target refers to economy-
wide reduction from base year emissions (1990)
with coverage of all sectors and all greenhouse
gases, i.e. Carbon Dioxide (CO,), Methane (CH,),
Nitrous Oxide (N»O), Hydrofluorocarbons (HFCs),
Perfluorocarbons (PFCs), Sulphur hexafluoride
(SFe) and Nitrogen trifluoride (NF53). The EU INDC
envisages that the specified target for 2030 will be
implemented domestically with no contribution
from international credits and (non-EU) market
based mechanisms, such as emissions trading with
other regions, Clean Development Mechanism and
Joint Implementation programs.

In the EU, legally-binding legislation is already
in place for 2020 with the 2020 Climate and En-
ergy package. The existing legislation for land use,
land-use change and forestry (LULUCF sector) is
largely based on the accounting rules under the
second commitment period of the Kyoto Protocol
and thus GHG emissions and removals from the
LULUCEF sector are calculated with the activity or
land-based approaches. GHG emissions in the EU
Member States are calculated using the Global
Warming Potential metrics on a 100 year timescale
in accordance with the IPCC’s 4th Assessment Re-
port, while the estimation of emissions is based on
the IPCC Guidelines 2006 and IPCC 2013 KP Sup-
plement. The INDC specifies the main sectors and
sources of GHG emissions:
= fossil fuel combustion in the energy sector:

Energy industries including power generation

plants, manufacturing industries and construc-

tion, transport, households, agriculture, ser-
vices, transport and storage of CO, and other
sectors;

» fugitive emissions from the extraction of fos-
sil fuels (coal, oil, natural gas and lignite) and
other emissions from energy production;

= emissions from industrial processes and prod-
uct uses (including mineral industries, chemical
and metal industries, non-energy products from
fuels and solvent use and other product manu-
facture and uses);

= agriculture, including enteric fermentation ma-
nure management, rice cultivation, agricultural
soils, burning of savannahs, field burning of ag-
ricultural residues and other carbon-containing
fertilizers;

= GHG emissions from waste, including solid
waste disposal, biological treatment of solid
waste, incineration, wastewater treatment and
discharge;

STUDY 07/2016 IDDRI
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Figure 1. EU28 GHG Emissions in 2010

Power Generation

1222

Transportation

925

Indust

761

Residential

Other
307

Energy-related
3684

= land use, land-use change and forestry (LU-
LUCF): afforestation, reforestation, deforesta-
tion, cropland, grazing land and forest manage-
ment and other categories/activities elected by
the EU and its Member States as Parties to the
Kyoto Protocol and its Doha Amendment.

2.2. The 2030 Framework for
energy and climate policies

The suite of policies necessary to achieve the
INDC’s 40% reduction target (as well as other EU
policy objectives) is known as the 2030 Climate
and Energy Policy Framework. The Framework
was endorsed by the European Council in 2014,
with more detailed legislation concerning imple-
mentation is due to be adopted by the European
Parliament and Council by 2016°.

Under the 2020 Climate and Energy package,
the EU and its Member States are on a pathway to
over-achieve their 2020 emissions reduction target,
as they have already reduced their GHG emissions
by around 19% in the period 1990-2012 while GDP
has increased by more than 44% over the same pe-
riod. The overall GHG intensity of economic activ-
ity has been reduced by about 45% over 1990-2012,
in part as a result of the establishment of the ETS
mechanism, the active implementation of the 2020
Climate and Energy policy package (EC,2008a)
and the introduction of ambitious energy and cli-
mate policies in several EU Member States.

6. The European Union has two legislative bodies who
jointly adopt climate and energy policy. These are: the
Parliament, which is a chamber of 751 members from
across the EU; and the Council, composed of represent-
atives from the government of each of the 28 Member
States.

IDDRI STUDY 07/2016
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The 2030 Climate and Energy Policy Frame-
work was adopted by European Council at its
meeting on 23 /24 October 2014. It consists of:
= a binding greenhouse gas reduction target for
2030;
= an EU-wide binding renewable energy target;
= an indicative energy efficiency target at the EU
level;
= a roadmap for legislative development, starting
with the structural reform of EU ETS;

= a set of key indicators to assess progress over
time and to provide a factual base for potential
policy response. These indicators relate to, for
example, energy price differentials with major
trading partners, energy supply diversification
and reliance on indigenous energy sources, as
well as the interconnection capacity between

Member States (especially for natural gas and

electricity);
= anew governance framework based on national

plans for competitive, secure and sustainable
energy.

The overall GHG reduction objective of 40% will
be achieved through a combination of national
reduction targets in each of the 28 Member States
of the EU, and use of the EU-wide Emissions Trad-
ing System (EU ETS). The Council endorsed the
analysis of the Impact Assessment [6] which indi-
cated that the most cost-effective way to achieve
the overall 40% target is for the sectors covered
by the EU emissions trading system (EU ETS) to
reduce their emissions by 43% compared to 2005,
while emissions from non-ETS sectors would need
to be cut by 30% below the 2005 levels.

Thecollectivenon-ETSreductionof3o%willbeal-
locatedamongthe 28 Member States (MS) of the EU.

110
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Though the allocation among MS has not been
finalised, the European Council has agreed that
it should reflect cost-effectiveness in a balanced
manner, while taking also into account consider-
ations of fairness and solidarity as well as socio-
economic and geographical differences between
countries. The European Council also adopted
the target of 27% RES share in gross final energy
demand in 2030, which is binding at the EU-wide
level, and an indicative target for energy efficiency
improvements of at least 27% at the EU level that
will be reviewed by 2020 “having in mind an EU-
wide target of 30%”.

Specific legislative proposals for the implemen-
tation of the 2030 climate and energy framework,
both in the ETS and in the non-ETS sectors will
be submitted by the European Commission to the
Council and the European Parliament by 2016.
These will be based on the general political direc-
tions of the European Council outlined above. The
2030 framework considers the EU ETS to be the
main policy instrument to achieve emission reduc-
tion targets. The effectiveness of the ETS will be
enhanced with reforms and an instrument to stabi-
lise the market in line with the recent Commission
proposal (Market Stability Reserve-MSR?).

The ETS cap and consequently the annual linear
reduction factor needs to be changed from the cur-
rent 1.74% to 2.2% from 2021 following an agree-
ment in the EU institutions on the overall 40%
GHG reduction target for 2030. Free allocation of
ETS allowances to industries will not expire and
existing measures will continue after 2020 in or-
der to minimize the risk of carbon leakage, as long
as no comparable efforts are undertaken in other
major economies, with the objective of providing
support for sectors at risk of losing international
competitiveness. The benchmarks for free alloca-
tions will be periodically reviewed in line with
technological progress in the respective industry
sectors. Special treatment in the form of finan-
cial and innovation support is reserved for Mem-
ber States with relatively low per capita income,
in order to complement free allocation and help
unlock new GHG reduction potentials. Other pri-
ority areas raised in the 2030 framework include
security of energy supply, dependency of transport
sector on fossil fuels, increased interconnections
(power grid and natural gas), establishment of a
fully-functioning internal EU energy market and
potential co-benefits of mitigation.

7. The documentation with regard to the EC proposal for
MSR can be found here: http://ec.europa.eu/clima/
policies/ets/reform/documentation_en.htm

12

Table 1. Overview of EU INDCs targets
[ | Targetfor2030 | Driver/Instruments |

Greenhouse -40% ( from Carbon price for ETS sectors
Gas Emissions  1990) all sectors and policies and measures for

reduction Target -43% (from non — ETS sectors.
2005) ETS Market Stability Reserve.
sectors Auction/Free allocation of
-30% (from allowances

2005) sectors
not covered by

—ETS

Energy efficiency ~ 27% reduction  Regulations and carbon price

target (indicative) from 2007 (i.e. Eco-design measures,
EC Baseline recast of Buildings Directive,

projections Energy Efficiency Directive)
Renewable Target ~ 27% RES share  Regulations, national support

in gross final schemes and carbon price

energy demand

3. MODEL-BASED ANALYSIS
OF THE EUROPEAN INDC

This section provides a quantitative model-based
analysis of the energy and economic implica-
tions of the core elements of the European INDC
by 2030 and its long-term impacts by 2050. The
analysis is based on modelling results developed
with a comprehensive modelling framework, espe-
cially with PRIMES and GEM-E3 models, which
have been extensively used by the European
Commission. The analysis combines results from
ICCS modelling for Commission services (e.g.
PRIMES results from the Impact Assessment of
the 2030 framework on energy and climate poli-
cies [4] and the EU Trends to 2050 [3]) and from
the PROMETHEUS and GEM-E3 models results.
The analysis concerns already published scenarios
for EU climate policies,® while no new scenarios
are developed with regard to the INDC, as the EU
INDC corresponds to the scenarios in the 2030
framework on energy and climate policies.

3.1. Description of
decarbonisation process
and policies

Decarbonisation of the EU’s energy system is
a long-term process which depends on coordi-
nated decisions and implementation of measures
by numerous actors, including individual energy
consumers, energy producers and distributors,
governments, infrastructure investors and regu-
lators, technology developers and providers of

8. Current EU climate policies cover only the period to
2030 and post-2030 modelling results are largely based
on assumptions comparable to the “Roadmap towards a
Low-Carbon Economy” as published by the EC.

STUDY 07/2016 IDDRI
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R&D. Ambitious GHG emission reductions in line
with the EU’S INDC imply structural changes in
all sectors of the economy and depend on good
coordination between energy system actors in
order to implement these changes smoothly and
in a cost-effective way. Public acceptance of struc-
tural changes is crucial for the transition towards
a low-carbon economy, which mainly relates to
options such as underground storage of carbon
dioxide, nuclear power plants, transport electri-
fication, high-voltage transmission lines, wind
mills and PV installation in or close to residen-
tial areas and smart grids. In the absence of such
co-ordination and public acceptance of strategic
elements for bringing about strong emissions
reduction in a process over several decades, other
interlinked elements of the EU decarbonisation
strategy, such as strong RES deployment, may be
significantly delayed leading to increased risks of
carbon lock-in and the economic costs of the low-
carbon transition would be considerably higher.
In this context, positive anticipation of climate
policy commitments is of crucial importance for
all energy system actors in order to make coordi-
nated decisions enabling deep and cost-effective
structural changes.

Typical market coordination issues between dif-
ferent actors arise in the decarbonisation process:
technology providers need to anticipate strong
market development to undertake investment
enabling learning and economies of scale; timely
development of infrastructure is crucial for indi-
vidual consumers in order to massively uptake the
new clean energy technologies; infrastructure de-
velopers need to anticipate the expected massive
technological deployment to make the appropriate
investments in a timely manner. Timing is another
essential factor linked to effective decarbonisation
for which good anticipation and coordination are
essential in order to avoid further carbon lock-
in. Predictability depends on strong public policy
commitments for GHG reductions over a long-
term schedule and the implementation of meas-
ures aiming at facilitating effective GHG emis-
sions reduction. Towards this end, the 2030 policy
framework and the EU INDC are considered as key
facilitators for such a coordination, as explicit tar-
gets underpinned by specific policy instruments
like the ETS give clear carbon price signals, while
specific energy efficiency and renewable policies
provide both direction and key incentives for im-
plementation of energy system restructuring.
In addition, even with ETS reform, tightening of
ETS cap and increased carbon prices/values, it is
highly unlikely that carbon pricing can be a sound
enough basis for investments in the energy sys-
tem towards carbon abatement especially in the
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buildings and transport sector. Therefore, even
though carbon pricing is considered as the prin-
ciple driver for decarbonisation of the EU energy
system, complementary policies are required in or-
der to overcome market and non-market barriers
for cost-effective implementation of the EU INDC
and deployment of low-carbon technologies (elec-
tric cars, CCS, Renewables).

The modelling framework used to examine the
energy, economic, climate and social implications
of the implementation of the European INDC up
to 2030 focus mainly on the adjustment of the en-
ergy sector (as simulated by the PRIMES model)
and on the adjustment of the economic system as
simulated by the GEM-E3 model.

3.2. The EU Reference Scenario

The EU Reference Scenario 2013 explores the
consequences of current trends, including full
implementation of energy and climate policies
adopted by 2012. The Reference scenario has been
developed through a comprehensive modelling
framework that includes PRIMES,® (a detailed
energy system model for the EU and its Member
States), GAINS (that comprehensively calculates
non-CO, GHG emissions), GEM-E3 (a Comput-
able General Equilibrium model that assesses the
macro-economic implications of climate policies),
PROMETHEUS (a global energy system model
used for the projection of international prices for
fossil fuels) and other specialised models® and
has also benefited from the comments of Member
States experts. The Reference scenario incorpo-
rates a comprehensive picture of future trends of
the European economic and energy system for the
period 2015-2050. The construction of the Refer-
ence scenario is a complex process, including
modelling improvements and validation, consulta-
tion with the European Commission and experts
in each Member States and input from stake-
holders. The Reference scenario is not constructed
arbitrarily and can be used as a common frame-
work for different types of analyses in the fields
of energy and climate. The Reference scenario is
used as the benchmark against which alternative
policy scenarios are compared in order to derive
analytical conclusions (for a comprehensive pres-
entation see publication [3]).

The EU Reference scenario includes exogenous
projections for the main socio-economic drivers of

9. http://www.e3mlab.ntua.gr/ezmlab /PRIMES%20
Manual/The_PRIMES_MODEL_2o10.pdf

10. i.e. GLOBIOM a global model (IIASA) to assess compe-
tition for land use between agriculture, bioenergy, and
forestry
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Figure 2. Evolution of important energy-economy variables in the Reference scenario (index, 2010=100)
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the energy system which mirror the latest projec-
tions by DG ECFIN and the Economic Policy Com-
mittee. Recovering from the crisis (reflected by
only 0.9% annual GDP growth in 2005-2010), EU
28 GDP is expected to increase by 1.5% per annum
from 2010 to 2020, 1.6% in 2020-30 and 1.4% p.a.
thereafter through 2050. Fossil fuel import prices
are projected to increase by 50% or more in the pe-
riod 2010-2030," most notably in the period 2010-
2020, largely based on the assumption of failure to
reach a comprehensive and binding global climate
action agreement. Gas prices are projected to rise
strongly in the short term, but decouple from oil
prices after 2030 due to the emergence of uncon-
ventional gas in many parts of the world (and most
notably shale gas in the US and China). This price
pattern reflects the fact that in 2010 international
fossil fuel prices were relatively low due to the eco-
nomic crisis.

The Reference scenario assumes full imple-
mentation of the Climate and Energy package
for 2020." The key EU-28 energy and climate poli-
cies included in the Reference scenario mainly
concern:

a) the EU ETS Directive with the annual reduc-
tion factor of 1.74% continuing also post-2020;

11. The model-based analysis does not take into account
recent developments with regard to the collapse of in-
ternational fossil fuel prices since mid-2014.

12. The modelling is based on IPCC AR2 guidelines for
Global Warming Potential of GHGs and on 2012 GHG
inventories, while LULUCF emissions are not included
in the analysis.

P
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2040
GDP QOil price
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Gas price

b) the Renewable Energy Directive (Directive
2009/28/EC), including national action plans;

c) implementation of the Energy Efficiency Di-
rective (Directive 2001/27);

d) GHG Effort Sharing Decision including the
binding 2020 targets for non-ETS emissions;

e) CO, standards for cars and vans regula-
tions for 2020 which are kept constant in the pe-
riod after 2020 (Regulation No 443/2009 and No
5I0/2011);

f) other relevant directives with regard to fuel
quality, eco-design framework, energy perfor-
mance of buildings, grid expansion, F-gas regula-
tion and a spectrum of relevant national policies.

Since there are several alternative measures and
policies that the EU can use so as to comply with
energy savings target, which are not yet firmly
decided and implemented, the Reference takes a
rather conservative view on energy efficiency im-
provements and thus it leads to overall to energy
savings of -17% in 2020 compared to the relevant
2007 Baseline projections, i.e. the EU would fall
short of the efficiency target of 20% for 2020.

On the other hand, with a 19% reduction in
GHG emissions in 2012 compared to 1990, the EU-
28 as a whole is on track to meet and even exceed
its 2020 GHG binding target of 20% compared to
1990 levels. National and EU-wide climate policies,
high fossil fuel imports prices and reduced energy
demand due to the economic crisis have contrib-
uted significantly to GHG emission reductions.
The Reference scenario lead to particularly high
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Table 2. Evolution of important energy-economy variables and relevant indicators in the Reference scenario

IS S T T N T
517 525 528 526

Population millions 504

GDP bn. € 12,302

Primary energy Mtoe 1,767

C02 emissions Mtn CO2 3,780

GDP/capita €/capita 24,427
Energy intensity of GDP ktoe/€billion 144
Carbon Emissions per capita tn CO2/capita 1.5
Carbon intensity of GDP tn C02/ 000 € 307
Carbon intensity of energy tn CO2/toe 2.1
Primary energy per capita toe/capita B
International Qil price €10/boe 60
Natural gas import price €10/boe 38

improvements in energy intensity of GDP (-48% be-
tween 2010 and 2050) and carbon intensity of GDP
(-65% over 2010-2050). Policies and measures im-
plemented in the Reference scenario are sufficient
to achieve the 20% emission reduction target and
the 20% target for penetration of renewables (as a
percentage of gross final energy demand) in 2020,
while the 2020 cap for the sectors covered by the
EU Emission Trading System (ETS) is also expect-
ed to be met. The trends and resulting projections
of the Reference scenario lead to a 32% decline in
total GHG emissions in 2030 and 44% in 2050 rela-
tive to 1990 levels. Hence to deliver the INDC goal
of at least 40% domestic GHG emission reductions,
the EU needs to implement additional policies and
measures compared to the ones represented in its
Reference scenario. The Reference scenario none-
theless indicates that the current policies lead to a
decoupling of energy consumption from economic
growth and a restructuring of the energy system
towards renewable energy and away from fossil
fuel-based technologies. Furthermore, while the
EU has declared its long-term objective to reduce
GHG emissions by 80-95% by 2050 in the context
of comparable actions by other regions, the Refer-
ence scenario does not include either the above EU
objective or a comprehensive regulatory frame-
work consistent with this pathway that ensures the
cost-efficient transformation towards a competi-
tive, secure and sustainable energy system in the
period post-2020. In the absence of such specific
and ambitious objectives and regulatory frame-
work in the Reference scenario, the energy markets
and investment decisions implemented on a com-
mercial/economic basis are not expected to lead to
the necessary transition to a low-carbon economy
by 2050.
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14,246 16,668 19,151 21,944
1,664 1,612 1,611 1,630
3,261 2,876 2,508 2,362
21,557 31,753 36,257 41,681
117 97 84 74
6.3 5.5 4.7 4.5
229 173 131 108
2.0 18 1.6 14
3.2 3.1 3.1 3.1
89 93 103 110
62 65 65 63

3.3. Assessment of the EU INDC
scenario for 2030 and the low-
carbon pathway for 2050

The EU INDC scenario assumes full implemen-
tation of the Climate and Energy package for
2030. The key EU-28 energy and climate policies
included in the EU INDC scenario are described
in Table 1. The “GHG40” scenario reflecting the
effective implementation of the European INDC
is simulated with the PRIMES model which is also
used in the Impact Assessment for the 2030 frame-
work for energy and climate policies [6]. The
evolution of key variables and energy-economy
indicators of the GHG40 scenario is presented in
Table 3 and Figure 3. The “GHG40”scenario leads
to high improvements in energy intensity of GDP
(-36% over 2010-2030 and -55% over 2010-2050),
while the deployment of low and zero carbon
technologies implies an even deeper reduction in
carbon intensity of the European economy (-49%
by 2030 and -88% in the period 2010-2050).

The scenario assumes the achievement of the
40% GHG emissions reduction target for 2030 as
set out in the European Contribution to COP21
(which is the same as in the 2030 framework) and
the long-term objective of 80-95% reduction in
GHG emissions by 2050 (in the context of neces-
sary reductions by developed countries as a group
and comparable actions from other major carbon-
emitting economies). The main policy instrument
to achieve the above targets in the period post-
2020 is the pricing of carbon dioxide emissions.
It is assumed that sectors covered by the EU ETS
are subject to carbon pricing whereas allowances
are either auctioned (e.g. power sector) or partly
freely allocated depending on the exposure of
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Table 3. Evolution of important energy-economy variables and relevant indicators in the GHG40 scenario

I T O T
517 525 528 526

Population millions 504
GDP bill. € 12,302 14,246 16,668 19,151 21,944
Primary energy Mtoe 1,767 1,656 1,534 1,485 1,404
€07 emissions Mtn CO2 3,780 3,231 2,613 1,504 794
GDP/capita €/capita 24,427 27,557 31,753 36,257 41,681
Energy intensity of GDP ktoe/€billion 144 116 92 78 64
Carbon Emissions per capita tn CO2/capita 1.5 6.2 5.0 2.8 1.5
Carbon intensity of GDP tn C02/ 000 € 307 2217 157 79 36
Carbon intensity of energy tn CO2/toe 2.1 2.0 1.7 1.0 0.6
Primary energy per capita toe/capita B 3.2 2.9 2.8 2.7
International Oil price €10/boe 60 89 93 103 110
Natural gas import price €10/boe 38 62 65 65 63
Figure 3. Evolution of important energy-economy variables in the GHGA0 scenario (index, 2010=100)
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each sector to foreign competition (e.g. energy
intensive industries). For the non-ETS sectors, the
GHG emission reduction will be achieved through
nationally determined policies and measures. In
modelling terms the policies and measures are
represented by a carbon value which does not im-
ply direct payments by the energy consumers (con-
trary to ETS prices) but indirect through output
price increases (the carbon value represents the
shadow cost (marginal cost) of the GHG abating
measures additional to the Reference scenario). In
line with economic efficiency considerations and

P16

cost-optimal allocation of abatement efforts across
sectors and EU Member States, the non-ETS car-
bon value is assumed to have the same value as the
ETS carbon price after 2025. The level of the car-
bon value/price is calculated endogenously in the
model so as to achieve the targeted reductions in
GHG emissions in 2030 and in 2050 and the cumu-
lative carbon budget defined for the period 2010-
2050. In PRIMES, both the macro-economic and
demographic assumptions of the GHG40 scenario
and the evolution of international fossil fuel prices
remain the same as in the Reference scenario
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reflecting no intensification of climate policies af-
ter 2020 beyond the Copenhagen-Cancun pledges
in non-EU regions.

3.3.1. Enabling conditions
The scenario “GHG40” assumes that there is a
strong, credible and early policy commitment of
the EU to achieve its 2050 climate policy goals,
as set out in the Impact Assessments and EU
Roadmaps to 2050. This means, in turn, that the
implementation of the European INDC and the
long-term transition to a decarbonised economy is
fully anticipated by energy and economic actors,
leading to the structural changes in the economy
and society collectively known as “enabling condi-
tions”. While enabling conditions are not neces-
sary for the EU to achieve its 2030 GHG reduc-
tion INDC objective (as the GHG target in 2030
implies a moderate decarbonisation of the energy
system), the early development of these condi-
tions is needed in order to set in place the cost-
efficient transition to a competitive, low-carbon
economy by 2050. The main enabling conditions
include factors such as technology development
(e.g. of electric vehicles, CCS or photovoltaics) and
the behaviour of energy system actors (e.g. infra-
structure providers, technology manufacturers,
individual energy consumers, lawmakers) compat-
ible with the strong emission reduction target,
inducing early adoption and timely development
of clean energy infrastructure and low-carbon
technologies. Furthermore, market failures and
non-market barriers to efficient energy consump-
tion and accelerated RES deployment are assumed
to be gradually removed. Enabling conditions set
the framework so that specific measures in the
areas of energy, industry, transport, agriculture,
environment and climate can work smoothly in
a coordinated way for achieving deep decarboni-
sation in a timely manner and in a cost-effective
context, while ensuring the integration of soci-
etal priorities (energy affordability, employment,
industrial competitiveness and energy security).
The “GHG40” decarbonisation scenario is there-
fore constructed within a policy context which al-
lows for the development of all major low-carbon
technologies: energy efficiency and renewable
energy sources (RES) in all sectors, carbon cap-
ture and storage (CCS) in power generation and
in industrial applications, and electrification of
the road transport sector. The enabling conditions
assume technological progress, in terms of cost
reductions and efficiency improvements, beyond
Reference levels for most of energy technologies,
especially for solar PV, CCS, smart grids and bat-
teries for electric vehicles. The latter are assumed
to improve in terms of cost, energy density, faster
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recharging, weight, longer lifetime, therefore al-

lowing for higher ranges and hence higher deploy-

ment of electric vehicles. The main enabling condi-
tions include:

= development of intelligent grids and smart me-
tering systems;

» infrastructure development and power grid en-
hancement in order to enable massive develop-
ment of decentralized intermittent RES for elec-
tricity production;

= social acceptance of underground storage of
carbon dioxide;

= technical progress for power-to-gas and power-
to-hydrogen processes;

» timely development of battery recharging in-
frastructure as a prerequisite for extensive road
transport electrification;

= overcoming of non-market barriers for energy
efficiency and especially for deep renovation of
the stock of buildings;

= cost-effective development of power and heat
storage;

= uptake of energy efficient appliances and equip-
ment by consumers;

» intensification of RES incentives at the national
level (compared to Reference);

= innovation in second generation biofuels (large-
ly based on lignocellulosic biomass);

» Implementation of Best Available Technology
regulations in industrial sectors.

3.3.2. GHG emissions and environmental
implications

In the Reference scenario, the ETS carbon market is
the most important climate policy in place beyond
2020 and is the main driver for the continued
emission reductions in ETS sectors. Between 2005
and 2030, ETS emissions decrease in the Refer-
ence scenario significantly more than non-ETS
emissions, given that the ETS linear reduction
factor continues post-2020 under the ETS Direc-
tive, while policies impacting non-ETS sectors do
not include such a tightening after 2020. By 2050
GHG emissions from ETS sectors are projected to
be 590% lower compared to 2005 levels. Figure 4
presents the evolution of the carbon price in the
Reference and GHG4o0 scenarios. The Reference
scenario projects ETS carbon price reaching €10
2010/tCO, in 2020, €35/tCO, in 2030 and €100/
tCO, in 2050. The carbon value in the non-ETS
sectors is maintained at zero levels by 2050. The
“GHG40” decarbonisation scenario establishes the
equalization of carbon values in non-ETS sectors
with ETS carbon prices from 2025 onwards, with
the latter increasing significantly above the Refer-
ence levels and reaching €40/tCO, in 2030 and
€264/tCO, in 2050.
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Figure 4. Carbon price of EU ETS sectors (in € 2010/tn C02)
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3.3.3. Impact of EU INDC at a sectorial level

Figure 5 presents the evolution of EU-28 CO,
emissions in the two scenarios considered, with
the emission pathways diverging rapidly espe-
cially in the period after 2030. The implementa-
tion of the European INDC would lead to a reduc-
tion of 30% in non-ETS GHG emissions during
the period 2005-2030, while GHG emissions from
ETS sectors are projected to decline by 43% in the
same period. Setting the ETS cap at the required
emission level for 2030 would require a change/
tightening of the linear annual reduction factor
from -1.74% per annum in the Reference scenario
to -2.2%"™ per annum applied from 2021 onwards
to all sectors included in the ETS in order to be
coherent with a 2030 cap equal to 43% reduc-
tions and compatible with the European INDC.
The resulting surplus in 2030 is estimated to be
equivalent to around 2.3 billion allowances.®

13. Proposal for a directive of the European Parliament
and of the Council amending Directive 2003/87/
EC to enhance cost-effective emission reductions
and low-carbon investments. Available at: http://
ec.europa.eu/clima/policies/ets/revision/docs/
com_2015_337_en.pdf

14. The projected surplus in the year 2030 is a result of
the intertemporal modelling with PRIMES used in the
analysis supporting the INDC, which features a GHG
reduction target of 80% by 2050. In the modelling, ac-
tors base their annual level of abatement on current
and future allowance prices and are risk averse. There-
fore, the surplus in 2030 represents the banking of al-
lowances in order to meet more stringent post-2030
climate targets.

P

2035 2040 2045 2050

The effectiveness of the ETS carbon market will be
enhanced with structural reforms and the estab-
lishment of the Market Stability Reserve.®

All sectors need to contribute to GHG reduc-
tions, with the power sector reducing the most and
the transport and agricultural®® sectors reducing
the least compared to 2005 levels. In the INDC sce-
nario, GHG emissions from the power generating
sector are projected to decrease by 57% from 2005
levels in 2030, while in 2050 the reduction reach-
es 98% pointing to an almost fully decarbonised
power supply sector. In cumulative terms, the im-
plementation of the EU INDC leads to a reduction
of 30.2 Gtn of GHG emissions over 2015-2050 com-
pared to the Reference levels with non-CO, emis-
sions representing 24% of the additional reduc-
tion effort. The sectors contributing most to GHG
emissions reduction (Figure 7) are energy supply-
including power generation- (7.1 Gtn), transport
(6.7 Gtn), industrial sectors—including both en-
ergy and non-energy related emissions- (4.7 Gtn).
In the transport sector, important improvements
in energy intensity are observed by 2030, which
offset significant increases in the demand for
transport services as economic activity, trade and

15. Market Stability Reserve is an instrument to stabilise
the market and the resulting carbon tax trajectory, to
address the current surplus of allowances and improve
the resilience of the system to major shocks by adjusting
the supply of allowance to be auctioned.

16. It must be underlined that the focus of the analysis is the
energy sector and not on non-CO, emissions, which are
not analyzed in the current policy paper.
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standards of living increase: passenger kilometres
per capita are projected to grow by 18% between
2010 and 2030, and tonne kilometres grow by 37%.
Overall, transport emissions are reduced by 11%
between 2010 and 2030 mainly as a result of sig-
nificant improvements in energy efficiency. In the
long-run extensive transport electrification, facili-
tated by provision of the required battery recharg-
ing infrastructure and improvements in technical
and economic characteristics of batteries, has also
a crucial contribution in deep CO, emissions re-
duction (62% decline in 2050 from 2010 levels).

Figure 5. CO2 Emissions by sector
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3.3.4. Key Abatement options for
implementation of INDC target

The most important options to achieve the emis-
sions reductions suggested by the GHG40 scenario
are:

1. Energy efficiency improvements (including
more ambitious standards, regulations for heating
and electrical appliances, stringent implementa-
tion of the Efficiency-related directives, purchase
of more efficient energy equipment and passenger
vehicles by energy consumers). Saving energy di-
rectly leads to reduction of GHG emissions both in
energy demand and in supply sectors due to lower
requirements for investments in power plants,
electricity grids, gas pipelines and petroleum
refineries.

2. Significant penetration of renewable tech-
nologies in power supply (wind turbines, solar
photovoltaics, hydro, biomass) and in demand
sectors (biofuels in transport, biomass and waste
in stationary applications, solar thermal heating in
buildings).
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3. Fuel switching towards natural gas (and away
from coal and oil) and development of CCS tech-
nologies for power generation and industrial ap-
plications (in the period after 2030).

4. Electrification of the road transport sector
with massive penetration of plug-in hybrid and
battery-electric vehicles in the period after 2030
based on effective market coordination between
infrastructure developers, technology manufac-
turers and energy consumers.

5. Technical progress in non-CO, mitigation
options.

Figure 6. Decomposition of changes in CO2 emissions
relative to 2010 (LMDI based)

GDP/ capita
@ Population

Energy intensity @ Fuel switching

@ Renewables ® CO, emissions

Figure 7. Reductions in EU GHG emissions in the INDC
scenario compared to Reference

2020 2025 2030 2035 2040 2045 2050
® Non-CO, @ Industry Transport
CO, (non energy) ® Residential @ Energy supply

3.3.5. Co-benefits of GHG mitigation

The implementation of the European INDC and
the resulting decline in fossil fuel consumption
and combustion lead to a significant reduction of
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Table 4. Evolution of CO7 sectoral emissions and indicators in the period 2010-2050

Reference C02 emissions Mtn CO2 3.780 3.261 2.876 2508  2.362
scefafio % change from 2010 % 0% -U% -38%
Carbon Emissions per capita tn CO2/capita 1.5 6.3 5.5 4.7 45

Carbon intensity of GDP tn C02/ 000 € 307 229 173 131 108

Sectoral emissions

Industry Mtn CO2 520 509 434 433 425

Residential & Services Mtn CO2 707 588 520 485 461

Transport Mtn CO2 1.051 984 956 959 970

Power Generation Mtn CO2 1.295 1.009 765 497 380

Other energy supply Mtn CO2 206 171 151 134 126

INDC- GHG €02 emissions Mtn CO2 3.780 3231 2613 1.504 794
A % change from 2010 5% 31%  60%  -79%
Carbon Emissions per capita tn CO2/capita 1.5 6.2 5.0 2.8 1.5

Carbon intensity of GDP tn CO2/ 000 € 307 227 157 79 36

Sectoral emissions

Industry Mtn CO2 520 503 453 282 193

Residential & Services Mtn CO2 707 587 462 285 135

Transport Mtn CO2 1.051 980 936 630 395

Power Generation Mtn CO2 1.295 990 621 212 28

Other energy supply Mtn CO2 206 171 142 95 43

air pollutants by 2030 (Sulphur oxide, particulate
matter and nitrogen oxides). The reduction in air
pollution has positive impacts on human health,
with the number of life year lost in the EU-28 region
due to lower concentrations of local air pollutants
declining by 4.2 million by 2030 compared to the
Reference scenario. If the reduction in mortality
is also valued in economic/monetary terms, then
the EU INDC leads to a reduction of €4.8-11 bn./
year by 2030 in health damage due to air pollution
(derived from the Impact Assessment of the 2030
Framework of Energy and Climate policies, Euro-
pean Commission [2014]).

3.4. Energy system
transformation

The INDC policies and the long-term low-carbon
strategy applied after 2030 imply a significant
restructuring of the energy system towards an effi-
cient and less carbon intensive structure by 2050
(Figure 8).

3.4.I1. The role of energy efficiency

Primary energy consumption declines in the
GHG4o scenario compared to the Reference, while
energy savings come primarily from the uptake

F 20

of more efficient energy technologies, fuel and
equipment substitution, technological improve-
ments both on the demand and on the supply side
and increased fuel purchase costs (due to higher
carbon price) coupled with changes in consumer
behaviour and dedicated insulation investments
to improve thermal integrity of the European
building stock. In the INDC context, the EU’s
energy intensity improves by 33% between 2010
and 2030, or 2.1% per year compared to 1.5% over
the last 10 years implying a significant acceleration
of energy efficiency improvements. Energy inten-
sity of GDP improves significantly already in the
Reference scenario, while in the GHG40 context
energy efficiency improvements are accelerated
leading to a 5% further improvement from Refer-
ence levels in 2030 and 14% in 2050.

The GHG4o0 policy scenario demonstrates sig-
nificant differences in terms of the consumption
of various primary energy sources, while the most
important trend concerns the substitution of fossil
fuels with renewable energy sources. In particular,
oil demand decreases in both scenarios, but much
faster in GHG40 with enabling policies reflecting
the facilitation of extensive transport electrifica-
tion; in this scenario the share of oil in primary
energy demand registers a particularly sharp
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Figure 8. The pillars of energy system transformation towards decarbonisation
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reduction from 35% in 2010 to only 13.5% in 2050,
while in the Reference setting the penetration of
both electric and plug-in hybrid vehicles is relative-
ly modest (due to limited technological improve-
ments and lack of infrastructure). The consump-
tion of natural gas also declines in both scenarios
but in general less sharply relative to oil demand.
In the period after 2030, the GHG40 scenario
projects a stronger decline of gas demand mainly
driven by gas displacement by renewables in the
power generation sector which is not fully compen-
sated by the increased need for gas as backup gen-
eration to complement the deployment of variable
renewables; as a result the share of natural gas in
primary energy declines from 25% in 2010 to 18.4%
in 2050. As regards solid fuels (notably coal), their
consumption in absolute terms declines substan-
tially in both scenarios examined; the share of sol-
id fuels in primary energy demand declines from
16% in 2010 to around 10%-11% in 2030. The situ-
ation changes after 2030, as the GHG40 scenario
leads to increases in demand for coal as a result
of an advanced development of CCS technologies
counterbalancing the associated CO, emissions.

3.4.2. Deployment of Renewable Energy
Sources

In the Reference scenario, the ETS carbon prices
and RES supporting schemes lead to significant
growth of carbon-free energy sources that replace
fossil fuel-based generation; the share of RES in
electricity production reaches more than 50% in
2050. The deployment of renewable sources grows
alongside the ambition on GHG reductions; In the
GHG4o context higher ETS carbon prices and more
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ambitious climate policies would not only trigger
RES investment, but also lead to fuel switching
and energy efficiency investments. Therefore
the share of RES in gross final energy demand™”
increases significantly from 12.4% in 2010 to 26.5%
in 2030. The overall RES share in 2030 translates
into high RES-Electricity share (47%), while RES-
Heating & Cooling develops in parallel with the
overall RES share. Increasing RES share in power
supply entails a compound annual growth rate of
wind of 9.1% and 12% for solar in the period 2010
to 2030. On the other hand, RES share in transport
remains relatively low (12.8% in 2030) and there-
fore carbon intensity improvements of energy in
the transport sector is slight, and even slows down
in the decade 2020-30, compared to 2010-20. This
is a result of slower penetration of biofuels due to
concerns with regard to their life-cycle emissions,
their competition with food production, as well as
the lack of an explicit target for biofuels deploy-
ment after 2020. At the same time, transport elec-
trification (deployment of plug-in hybrids and
electric vehicles) and modal shifts are limited and
cannot compensate the significant slow-down in
the penetration of biofuels.

In 2050, overall RES share in gross final energy
demand increases significantly to 51.4%, main-
ly driven by large-scale penetration of electric

17. Gross final energy demand (as defined by EUROSTAT)
comprises final energy consumption of all sectors, fuel
input to power plants plus network losses and own use
of heat and electricity at electricity and heating plants
(as defined in Article (2) (f) of Directive 2009/28/EC).
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Figure 9. Evolution of primary and final energy demand by fuel in the GHG40 scenario
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Tahle 5. Energy System implications of the INDC scenario

T e T e

2010 2030 2050 2030 2050
Primary Energy Demand (Mtoe) 1,767 1,612 1,630 1,534 1,404
Energy Intensity (index, 2010=100) 100 67.3 51.7 64.1 44.5
Shares in Primary demand
Solids 15.9% 10.8% 1.6% 10.1% 9.5%
0il 35.1% 32.3% 30.5% 32.8% 13.5%
Natural gas 25.1% 24.7% 24.4% 22.5% 18.4%
Nuclear 13.4% 12.5% 13.3% 13.1% 18.1%
Renewable energy 10.5% 19.8% 24.3% 21.5% 40.5%
Final Energy Demand (Mtoe) 1,158 1,126 1,151 1,073 887
Electricity in final energy demand 21.2% 24.5% 28.1% 24.8% 36.9%
Shares in Final energy demand
Industry 25.1% 21.3% 26.9% 21.5% 28.4%
Residential 26.9% 26.4% 26.4% 25.9% 25.4%
Tertiary 16.2% 14.9% 15.0% 14.2% 13.4%
Transport 31.7% 31.4% 31.8% 32.4% 32.8%
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vehicles and biofuels (68% RES-Transport share™)
combined with adequate provision of decarbon-
ised power generation. Another prominent feature
of the INDC pathway is related to the electrifica-
tion of final energy demand with the share of elec-
tricity increasing from 21.1% in 2010 to 25% in 2030
and 37% in 2050 (Figure 8), as the substitution of
fossil fuels with electricity in final demand sectors
such as industry, households and services (which
are rather inflexible in reducing energy demand
and associated carbon dioxide emissions) com-
bined with the decarbonisation of power genera-
tion is considered a cost-effective GHG mitigation
strategy in the INDC context.

Figure 10. RES contribution to the implementation of INDC
and beyond

70 68%
2010 @ 2030 2050
60
53%
51% 49%
0.
50 4%
40
30 9
2% 2%
20%
20
15%
12% 13%
10
5%
0 RES share RES share RES share RES share
in gross final  in transport  in electricity in heating
energy & cooking
demand

3.4.3. Decarbonisation of power generation

In the Reference scenario, gross power genera-
tion is projected to increase constantly by 0.67%
per annum in the period 2010-2050. In the GHG40
scenario, overall electricity production remains 4%
lower compared to Reference in 2030 mainly due
to ambitious energy efficiency policies that reduce
final energy demand in industry and households,
while the penetration of electricity as a transport

18. RES shares are calculated based on EUROSTAT rules. The
particularly high RES-T share in the GHG40 scenario is
mainly a result of accelerated deployment of biofuels and
electricity (produced primarily from RES sources) that in-
creasingly substitute oil products. However, we must un-
derline the fact that extensive transport electrification is
subject to a series of specific modelling assumptions used
in the GHG40 scenario (e.g. large reduction in battery
costs, improvement in range of electric vehicles, timely
development of battery recharging infrastructure and up-
take of electric cars by individual consumers).
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fuel remains modest. However, after 2030 the
extensive deployment of electric and plug-in
hybrid vehicles leads to significant increases in
overall electricity demand and generation (+16%
compared to Reference scenario in 2050). In the
INDC context, the growing role of renewables
combined with the penetration of CCS technolo-
gies after 2030 drive a significant reduction in
carbon intensity of power generation, as in 2050
carbon emissions per MWh of electricity produced
are projected to decline by98.6% below 2010
levels. The growing role of renewables is reflected
in annual electricity grid cost (grid maintenance
and investment), which is already significant in
the Reference scenario. As intermittent renewable
energies require more sophisticated infrastructure
(electricity lines, smart grids, storage facilities,
etc.), investments in power grids are higher in the
GHG4o scenario by 15% in 2030 (and 34% in 2050)
in comparison to the Reference scenario.

Table 6. Scenario impacts on EU-28 power generation
structure

I L

Gross electricity 3,328 3,667 4,342 3,534 5,046
generation (TWh)
Shares of energy forms in %
Nuclear 21.5 21.8 213 226 216
Solids (Coal and 24.9 12.9 84 115 102
Lignite)

Petroleum products 2.6 0.6 05 05 0.1
Natural Gas 23.9 20.2 182 160 13.1
Renewables 21.0 44.5 51.6 494 549

Hydro 11.3 10.8 98 112 86

Wind 45 21.0 249 239 265
Solar, tidal etc. 0.7 5.8 84 64 9.5
Biomass & waste 4.4 6.7 78 1.6 8.6
Other 0.2 0.2 0.7 03 1.8

CCS indicator 0.0 0.5 69 08 148

In both scenarios natural gas becomes the most
important fossil fuel after 2020, as a result of its
lower carbon intensity (compared to coal and lig-
nite) and its high importance for balancing and
complementing the high deployment of variable/
intermittent renewable sources, as in the INDC
context the share of intermittent RES (wind and
solar) in power generation reaches 30% in 2030
and 36% in 2050. On the other hand, the devel-
opment of CCS technologies remains minimal in
both scenarios until 2030, though in the GHG40
scenario the enabling conditions (transport and
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CO, storage infrastructure, public acceptability,
reduction of capital costs through faster learn-
ing) prepare the conditions for large-scale adop-
tion after 2030. Post 2030, higher ETS prices lead
to increased deployment of CCS technologies and
thus the share of CCS in overall power generation
reaches about 15% in 2050. In the GHG4o0 scenario
with carbon pricing as the main driver for deep
emissions reduction, solids coupled with CCS be-
come a cost effective option to mitigate CO, emis-
sions after 2030, mainly due to the higher ETS
prices. This is also reflected in the higher share
of coal in the fuel mix under INDC conditions in
2050. The long-term EU decarbonisation objective
is found to be feasible (but with higher total en-
ergy system costs) even in cases with limited pen-
etration of CCS (due to lack of social acceptance or
technical uncertainties) as explored in the Impact
Assessment for the 2030 framework [6] and in En-
ergy Roadmap 2050 [7].

3.4.4. Major policy challenges for
implementation of EU’s INDC

The analysis suggests that the European INDC
represents a significant acceleration of the decar-
bonisation of the EU economy, notably in the
power generation, transport and buildings sectors.
The model-based assessment with PRIMES high-
lights the major policy challenges faced by the EU
in the context of implementation of its INDC for
2030 and low-carbon pathway by 2050.

Extensive investment should be directed to ret-
rofits and energy efficiency improvements with a
particular focus on deep renovation of buildings.
An adequate EU Policy framework should be estab-
lished in order to influence the behaviour of energy
consumers and effectively address market and non-
market barriers to energy savings. Furthermore,
ambitious retrofit programs of the building stock
will need to be developed and financed.

Electrification of road mobility after 2030 requires
successful market coordination between technol-
ogy providers (including potential technology pro-
gress of batteries), developers of smart recharging
infrastructure and consumers as purchasers of elec-
tric cars. Vehicle performance standards, currently
in place to 2020, will need to be extended to the
freight transport sector and tightened for the period
after 2020. Lastly, structural shifts in the transport
sector (modal shifts, behavioural changes in mobil-
ity patterns) are also particularly important.

Interplay between highly distributed and vari-
able renewables and electricity grids, as a key is-
sue to enable ambitious development of RES in the
power sector. Barriers impeding uptake at highly
distributed level are mainly related to system in-
tegration aspects, which call upon smart systems,
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power balance and distributed storage (batteries,
indirect storage systems).

Incentivizing transformation in industrial sec-
tors covered by anti-leakage provisions, especially
with regard to high energy-intensive and trade-
exposed industries (metals, chemicals, cement,
paper and pulp).

The European energy sector faces the challenge
of transformation required in the light of ageing in-
frastructure (power and gas grids, decommission-
ing of old power plants, low energy efficiency in
buildings), security of energy supply and the focus
on new industrial and services sectors (away from
energy intensive industries). This transformation
is to a large extent independent from climate poli-
cies and the implementation of 2020 Climate Policy
package and the 2030 framework for Energy and
Climate policies. The implementation of EU INDC
leads to further restructuring of the European en-
ergy system towards decarbonisation with timely
and large scale deployment of low and zero car-
bon technologies (RES, CCS, biofuels, electric cars,
energy efficient equipment and appliances) and
related infrastructure in order to avoid further car-
bon lock-in and stranded assets (e.g. in coal power
plants). Thus, the EU INDC submitted for COP21 in
Paris implies a significant amount of transforma-
tion for the EU energy sector and therefore it can
contribute to low-carbon dynamics which cannot
be achieved in the Reference scenario.

3.5. Economic impacts in
the energy system

3.5.1. Modelling approach

Energy system costs from the end user perspective
as calculated in the modelling framework comprise
mainly three elements:

1. annuities for capital expenditure on energy us-
ing equipment;

2. energy purchase costs (fuel and electricity costs,
including the capital expenditure for the production
and distribution of electricity), as well as;

3. the so-called direct energy efficiency invest-
ment costs (e.g. expenditure for insulation in build-
ings, control systems, energy management etc.).

The PRIMES modelling simulates the decision-
making process of various agents of the energy sys-
tem. Such decisions involve investment choices for
instance in power generation, passenger cars, in-
dustrial equipment and households appliances. The
inter-temporal dimension of investment decisions is
modelled based on weighted average costs of capi-
tal (WACC) for power generation and on differen-
tiated discount rates for energy users depending
on the energy sectors. In simulating the economic
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decision-making, lower discount rates can be ap-
plied for example in cases where lack of information
and adequate finance is addressed by Energy Service
Companies (ESCOs) that provide energy services in
a professional way on the basis of highly energy ef-
ficient equipment installed at the consumer prem-
ises. This thereby facilitates economically rational
choices of individual energy consumers, with both
energy consumers and ESCOs benefiting from the
significant savings in energy system costs available.

3.5.2. Assessment of energy system costs

The EU Reference scenario, that projects the conse-
quences of already adopted policies as well as devel-
opments largely unrelated to European climate poli-
cies, shows until 2020 an increasing ratio of total
energy system cost as a percentage of GDP, from 12.8
% in 2010 to 14.8 % in 2020, and then decreasing
to 14% in 2030 and 12.3% in 2050. This short-term
development reflects rising energy import prices®
(for oil, natural gas and coal), the need to replace
ageing energy infrastructure and the extension and
enhancement of network infrastructures and other
investment costs in the framework of already agreed
policies as part of the 2020 Framework; while the
benefits of these investments in terms of reduced
fuel spending are more tangible in the longer term.
The INDC scenario shows higher energy system
costs up to 2030 and beyond. Compared to the Refer-
ence Scenario, energy system costs as a percentage
of GDP in GHG4o are 0.3 percentage points higher
in the year 2030 (i.e. they increase from 14% to
14.3% of GDP). In 2050, the INDC scenario shows
significantly higher total energy system costs as
a percentage of GDP compared to the Reference
scenario (+1.8 percentage point).

The GHG 40 scenario leads to substantial devia-
tions in the components of energy system costs rela-
tive to the Reference scenario. Energy Purchases
(including fuel, steam and electricity costs) are sig-
nificantly reduced as a result of accelerated energy
savings and higher RES penetration; while invest-
ment expenditures increase,* especially in the pe-
riod after 2030.

19. As already mentioned before, the Reference scenario
does not take into account the recent collapse of inter-
national fossil fuel prices.

20. The section presents the cost impacts of the implemen-
tation of EU INDC from the energy system perspec-
tive, and thus it distinguishes between OPEX (cost for
energy purchases) and CAPEX (related to investments
and based on discounted, weighted costs of capital). On
the other hand, it is recognised that energy-related in-
vestments can have multiplier effects in other economic
sectors, like industrial manufacturing and market ser-
vices (especially in case they use domestic resources
and products) and thus they do not represent net costs
in the perspective of the overall economy.
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3.5.3. Transformation of investment patterns
in the INDC Scenario

Total investment expenditure obviously differ
between various sectors of the economy, with the
most pronounced additional needs (in comparison
to the Reference scenario) registered in the resi-
dential sector (€20 billion of average additional
annual spending in 2011-30) but also in industry.
Post 2030, investment expenditures in the trans-
port sector increase significantly, in large part
relating to electrification. Additional invest-
ment expenditure for industry (annual average)
compared to the Reference Scenario are estimated
at €14.4 billion 2010, while in residential /commer-
cial sector additional investments reach €47.6 bn
annually over 2011-2050. Annual investments in
power grid have to be increased by €8.5 bn by 2050
(i.e. a 22% increase from the Reference levels) as
the high deployment of decentralized and inter-
mittent renewable energy sources requires more
sophisticated infrastructure (electricity lines,
smart grids, storage facilities, etc.).

Table 7. Investment patterns in Reference and GHG40
scenarios

I B

Energy Purchasesin 1,199 1453 1585 1437 1400
bn €10
Investment 638 793 935 821 1,129
Expenditures in bn
€10
Industry 8 18 29 21 55
Residential/ 26 49 38 68 113
commercial
Transport 538 641 772 642 825
Power grid 25 35 41 38 55
Generation and 42 50 56 52 81
boilers

3.5.4. Electricity prices

Electricity price projections are based on the
assumption of a perfectly functioning internal
energy market and therefore prices reflect all
actual costs plus a required rate of return for
generation, transmission and distribution and
other electricity system costs such as power grids
and electricity storage. Average electricity prices
for end users increase strongly under the Refer-
ence scenario, by 31% in real terms in the period
2010-2020, reflecting a set of different factors:
increase in fossil fuel import prices compared to
the relatively low levels of 2010; increased power
generation investment costs; old capital stock is
being replaced with more efficient and less carbon
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intensive power plants; RES targets are achieved
implying lower load factors and the need for addi-
tional back-up capacity, while grid investments
increase significantly to support greater market
integration and RES penetration. ETS allow-
ance expenditures contribute only a marginal
part, given that carbon prices are very low until
2020 with the projected carbon prices becoming
important for electricity prices only in the longer
run. After 2020 electricity prices are relatively
flat-actually even marginally decreasing, reaping
thereby the benefits from fuel input savings and
stable gas import prices.

In the GHG40 context, changes in electricity
prices for final consumers compared to the EU Ref-
erence Scenario are estimated to be small by 2020
(+0.6%) and further increase after 2020 (+1.8%
in 2030 and +4.8% in 2050) mainly as a result of
higher RES penetration and additional investment
for enabling massive integration of variable RES in
the power grid. Contrary to electricity prices, dif-
ferences between scenarios are very pronounced
with regard to the ETS carbon price although pro-
jections in this regard are associated with signifi-
cant degrees of uncertainty as past evidence has
shown (especially in the period after 2009). Un-
der Reference conditions, the ETS carbon price is
expected to reach €35/tCO- in 2030, while in the
GHG4o0 scenario it increases moderately to €40/
tCO; in 2030. In the 2050 perspective, ETS prices
and non-ETS carbon values increase considerably
above Reference levels and reach €264/tCO, in
2050. However, in case that the GHG reduction
target is accompanied with explicit and ambitious
RES and energy efficiency policies (beyond the
ones triggered by high carbon values), ETS carbon
prices would be significantly lower compared to
the GHG4o0 scenario with pure carbon pricing re-
flecting the positive contribution of both renewa-
bles and energy efficiency to emission reductions
in the ETS sectors, in particular in the power sector
(both directly and indirectly through lower elec-
tricity consumption). Higher levels of renewables
and energy efficiency would therefore have a mod-
erating impact on the ETS price, but at the same
time they significantly reduce ETS incentives for a
switch in power generation to less carbon intensive
fuels and for the introduction of new technologies
such as CCS. It is also worth noting that a Market
Stability Reserve will be added to the ETS sectors
from 2019 onwards. This will have the effect of sta-
bilizing the quantity of allowances in the market
and the resulting ETS price, and should therefore
provide a more positive and stable environment
for investment in low and zero carbon technolo-
gies and related infrastructure (smart grids, pow-
er storage, battery recharging infrastructure for
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transport electrification, grid enhancement to fa-
cilitate deployment of variable RES).

4. IMPLICATIONS FOR THE
ECONOMY AND SOCIETY

The implementation of the EU INDC leading to
accelerated GHG reduction efforts and signifi-
cant energy system restructuring compared to
Reference levels has implications for the Euro-
pean economy and society. In this perspective, we
present an assessment of the EU energy import
dependence in the horizon of 2030 and 2050 and
explore the impacts for the energy affordability for
households. The macro-economic implications are
assessed in a General Equilibrium framework with
emphasis on GDP, employment and the produc-
tion of energy intensive industries, which have a
higher risk for carbon leakage.

4.1. The EU’s medium and long-
term security of energy supplies

Closely linked with energy consumption and
energy mix is the issue of import dependence of
the European economy. Apart from climate and
energy policies, an increasingly important issue for
European policymakers is the security of energy
supply, as the European Union imported 53% of
the energy it consumed during the period 20r10-
2013. The ratio of energy import dependence is
higher for crude oil and oil products (about 90%)
and natural gas (almost 65%) relative to solid
fuels (41%). In 2013, the EU-28 energy import bill
accounted for about €400 billion and represented
more than 20% of total European imports.

The Reference scenario shows a relative stabili-
zation of net energy imports over 2010-2050 with
increasing imports of natural gas (due to constantly
declining indigenous production) that are counter-
balanced by lower imports of oil and coal. The an-
nual average fossil fuel import bill increases above
current levels by 2050. In the GHG40 scenario, net
energy imports decrease (in comparison to the
Reference) already in 2030 but the trend is more
pronounced in 2050. The import dependence ra-
tio declines by about 20 percentage points in 2050
(from 57% in Reference to 37% in GHG4o0 scenario)
leading to an improved European energy trade bal-
ance. The INDC scenario implies a relatively low re-
duction of net energy imports by 7% in 2030 (com-
pared to the Reference scenario) as energy import
dependence in the short term is much less affected
by alternative climate policy choices. In 2050, how-
ever, the GHG4o0 scenario leads to 44% lower net
energy imports compared to the Reference scenario
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Table 8. Implications of the GHG40 scenario on cost indicators of the EU energy system

Reference

Average electricity price (€/MWh) 134.3 175.8
ETS carbon price 11 10
Implicit carbon price in non-ETS 0 0
Average Renewables value (€/MWh) 0 50
Average energy efficiency value (€ toe) 0 261
Share of energy costs in energy 38.2 42.0

intensive industries

due to the higher use of renewables and the lower
use of, mainly imported, fossil fuels.

Table 9. Implications of the GHG40 scenario on net energy
imports of the EU

I ) N

Net energy Imports 957 921 963 544
(in Mtoe)
Net Imports of gas 276 291 336 250 211

Net Imports of 0il 564 522 543 505 235

Net Imports of 111 85 55 75 47
solids

Net Imports of 5 25 31 26 53
RES

Import dependence  52.7% 55.1% 56.6%  53.7%  37.1%

Fossil Fuel Net 461 548 452 375
Imports in bn
€'10 (average
annual 2011-30 /
2031-50)

As regards the net imports for specific fuels, im-
ports of oil, natural gas and solids decline in the
GHG4o scenario throughout the projection period.
On the other hand, RES imports (mainly biomass
and biofuels) grow throughout the projection pe-
riod due to higher RES development, but they are
more than counterbalanced by reduced imports of
fossil fuels. On this basis, it is clear that RES de-
ployment has a positive impact on the energy im-
port dependence of the European Union. Lower
than the Reference energy imports translate into
savings, which in the GHG40 context amount to
€190 billion over 2010-2030 and €3,404 billion over
2030-2050 (calculated as a cumulative value over
a 20-year period relative to the Reference scenar-
io). These savings indicate that rather than paying
for energy imports, the EU economy can use these
resources either for technology development, new
assets and education, all of which can contribute
to job creation and inclusive economic growth.

175.6 174.7 176.8 178.7 183.1
35 100 12 40 264
0 0 0 40 264
34 16 49 34 15
181 95 261 184 604

418 41.0 423 42.1 54.2

While the EU possesses significant reserves of
certain fossil fuels, in particular coal, reduced fuel
costs in the INDC context would positively impact
the EU’s trade balance and keep funds in the Eu-
ropean economy. Moreover, while expensive in-
vestment projects increase total energy system
costs, most of these investment costs would be
made within the EU i.e. in industrial sectors and
companies providing low-carbon technologies,
clean energy infrastructure and solutions for the
reduction of emissions, the improvement of ener-
gy efficiency, the deployment of renewables, etc.
Despite the increasingly open world economy and
the trade exposure of several production sectors,
such investments have greater potential for driv-
ing jobs and economic growth in the EU relative
to fossil fuel imports; this is due to the local nature
of a large part of energy efficiency investment and
renewables installation.

4.2. Macro-economic implications

4.2.1. Modelling methodology and
assumptions used in GEM-E3

To assess the complex interactions in the “energy-
economy-climate” nexus and between sectors at
the macro-economic level, the current analysis
uses the GEM-E3 model, which is a multi-sectoral
multi-regional Computable General Equilibrium
used in the Impact Assessment of the 2030 Policy
Framework [6]. The model assesses the macro-
economic, employment and trade/ competi-
tiveness implications of a 40% domestic GHG
reduction in the EU based on the equalization
of marginal abatement costs through the use of
“carbon values” in non-ETS sectors and compares
it with the Reference scenario (which is consistent
with the PRIMES EU Reference Scenario). Though
GEM-E3 does not represent the energy system to
the same level of detail as PRIMES, the design of
the Reference and GHG4o0 scenarios ensures a
broadly consistent description of the energy sector
and associated GHG emissions between the two
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models. The model is able to capture economy-
wide impacts induced by emission reduction poli-
cies that are usually driven by carbon prices. In
the modelling-setup the GHG emissions reduc-
tions are driven by a uniform carbon price applied
in all sectors* and EU Member States, reflecting
the least-cost allocation of the overall GHG abate-
ment effort. The revenues from carbon pricing are
used to lower labour costs (through a reduction of
employers’ social security contributions) which is
beneficial for employment in the EU region.

The imposition of carbon prices that reflect the
INDC’s GHG emission reduction target in the EU-
28 induces changes in the economy driven by lower
energy consumption per unit of GDP and substitu-
tions away from imported fossil fuels and towards
low and zero carbon emitting energy technologies.
These changes are costly and energy services be-
come more expensive in all sectors of the EU econ-
omy leading to lower purchasing power of private
income and thus lower demand and higher prices
in the supply of goods and services that further re-
duce demand in the EU. Moreover, the transition
to a low-carbon economy implies a substitution be-
tween imported fossil fuels with capital intensive
goods and services that are domestically produced.
From the entire economy perspective, financing of
expenditures related to the transition to the low-
carbon economy constrains the funds available for
other investments and consumption. As a general
equilibrium model, GEM-E3 imposes strict closure
between savings and investment in all time peri-
ods, which implies that reorienting or increasing
expenditures or investment leads to lower funds
available for other purposes. Hence the additional
investment for clean energy technologies come at
the expense of investment or other expenditure
that would otherwise have been occurred.

4.2.2. Macro-economic impacts of the EU
INDC scenario

The INDC scenario and the modelling framework
used don’t allow considering all macro-economic
impacts of action to mitigate GHG emissions and
the cost of inaction. The model-based analysis
shows that the net effect of the implementation
of INDC on overall EU economic activity is nega-
tive with GDP losses amounting to 0.4% in 2030
and 1% in 2050 of EU GDP compared to the Refer-
ence scenario. The macro-economic impacts of the
GHG4o scenario are relatively limited especially in

21. Carbon price is applied uniformly to all sectors only af-
ter 2030; in the period before 2030, the model assumes
achievement of differentiated ETS and non-ETS targets
that lead to different levels of ETS carbon price relative
to carbon values (applied in non-ETS sectors).
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the period up to 2030 mainly due to the selected
carbon pricing mechanism, the revenue recycling
scheme and higher amount of investments. The
analysis confirms that even if the EU undertakes
domestically a large part of the required invest-
ments for the restructuring of its energy system
(total investments increase by 0.5% in 2030 and
1.6% in 2050), the corresponding activity is not
sufficiently high to offset the activity depressing
effects stemming from higher production costs
(which lead to reduction of consumption of 0.9%
in 2030 and 2.4% in 2050). The model-based anal-
ysis confirms the limited impact of INDC imple-
mentation on EU GDP annual growth rate, which
marginally declines from 1.51% p.a. in Reference to
1.49% in the GHG40 scenario. Even in the longer
term (period 2030-2050), the low-carbon pathway
has particularly limited impacts on EU GDP growth
rate, which decelerates from 1.32% p.a. in Refer-
ence to 1.29% in the GHG4o0 scenario.

Tahble 10. Annual growth rates of macro-economic
variables

- 2010-2030 2030-2050

e [ | w0 |

Gross 1.51 1.49 1.32 1.29
Domestic
Product
Investment 1.35 1.38 1.19 1.25
Private 1.67 1.62 1.46 1.38
Consumption

Table 11. Macro-economic implications of the INDC
Scenario (% changes compared to the Reference case)

Reference

Gross Domestic Product 0.0% -0.4% -1.0%
Investment 0.8% 0.5% 1.6%
Private Consumption -0.2% -0.9% -2.4%
Employment -0.0% 0.03% 0.15%

With the assumption that the ETS carbon rev-
enues are used to lower labour costs (e.g. through
lower employer’s social charges), overall employ-
ment effects can be positive compared to Refer-
ence (Table 11), adding in total 75,000 jobs in 2030
and 314,000 in 2050. Sectors typically gaining are
those of manufacturing RES and transport equip-
ment and construction, while sectors being nega-
tively affected are the (ferrous and non-ferrous)
metals sectors and other energy intensive manu-
facturing (in which energy costs represent a large
fraction of their overall production cost) and ex-
traction of fossil fuels.
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The modelling with GEM-E3 confirms what
economic literature typically indicates, i.e. that
increases in the tax level on the use of resources
combined with reductions on labour taxes could
have a beneficial impact on employment, making
labour relatively cheaper than capital and thus
increasing total employment, even if the overall
impact on GDP remains negative. Therefore, a tax
shift from labour towards carbon taxation may
reduce the cost of the climate policy compared to
cases where this shift is not applied.

4.3. Affordability of
energy for households

What matters for affordability of energy for indi-
vidual consumers is both capital and operational
expenditure related to energy use, with the latter
depending on both energy prices and consump-
tion volumes, which in turn are impacted by the
efficiency of energy use. Energy system costs
represent a wide metric capturing all costs related
to fuel costs for the production, distribution and
consumption of energy (including costs for energy
imports), investments for energy using equip-
ment and direct energy efficiency investment. In
the Reference context, total energy system costs
increase by 49% in the period 2010-2030, reaching
€2,334 billion in 2030. This increase is primarily
a result of the need to replace ageing infrastruc-
ture and equipment to meet energy demand,?
increased investments both on the demand side
(e.g. building insulation, replacing equipment
with more efficient appliances) and on the supply
side (new investments in power generation and
transmission grids) and increasing prices of inter-
nationally traded fossil fuels (as the EU is a net
energy importer). Due to energy and climate poli-
cies implemented in the Reference scenario as
well as increasing fossil fuel prices, energy invest-
ments are increasingly directed towards energy
efficient or low and zero carbon technologies,
which increase upfront investment costs in an
early stage but reduce fuel costs in the long-run.
Energy system expenditures need to be seen in
relation to available household income. Energy
prices are of particular relevance for the con-
sumer groups with very low incomes or for those
that cannot benefit from cost-saving energy effi-
ciency investments. At the same time, such invest-
ments often increase energy related capital costs.
In the INDC context, changes in electricity prices

22. It must be noted that the increase in energy system
costs is to a large extent independent from any climate
related policies and implementation of the 2020 climate
policy package and the 2030 framework.
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are relatively limited compared to Reference lev-
els in 2030 (lower than 2% increase) and even by
2050, as additional costs for RES integration in
the power grid are to a large extent counterbal-
anced by cost reductions for low and zero carbon
technologies due to accelerated technological
improvements (learning-by-doing and additional
R&D investment). Though limited compared to
the Reference scenario, these price increases can
put some additional pressure on the affordability
of electricity supply in particular for household
consumers who cannot afford to take energy ef-
ficiency measures, unless adequate policies or
measures are in place to effectively address the is-
sue. On the other hand, the exposure of consum-
ers to the variability of fossil fuel import prices
will be significantly reduced.

The affordability of energy for households heav-
ily depends on the overall energy cost compared
to the available household income. Energy cost is
driven by energy prices, by the amount and struc-
ture of energy consumption and by the investment
costs incurred to save energy. The share of energy
related costs in household expenditures increases
in the Reference scenario from 12.4% in 2010 to
14.6% in 2030 and decreases afterwards back to
today’s level by 2050. In the GHG4o0 scenario, ad-
ditional increases are limited in the period until
2030 (+0.2 percentage points), as additional in-
vestment expenditures are largely counterbal-
anced by energy savings generated by these invest-
ments. In 2050 energy costs for households stand
1.5% percentage points of overall households ex-
penditures higher compared to Reference levels.

The results for 2030 do not indicate an afford-
ability problem for EU households caused by the
implementation of the European INDC. Energy ef-
ficiency measures are critical in addressing afford-
ability concerns, as they reduce energy consump-
tion therefore mitigating the impacts of increasing
energy prices, while ambitious efficiency policies
may reduce the pressure for additional invest-
ments in the power generation and transmission
sector, thus lowering electricity prices for final
consumers. The quantitative analysis on energy
costs for households and rising energy prices il-
lustrates the fundamental importance of using a
cost-efficient approach for the design and imple-
mentation of energy and climate policies both for
the medium and the long-term. For natural gas
and electricity markets, supply diversification (for
example LNG development and Caspian gas as a
substitute for high EU reliance on Russian gas),
enhanced competition and effective establish-
ment of tariffs and taxation are also considered
as important aspects that contribute to secure
and affordable energy supply to the EU and its
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Member States. EU and national policies already
address these issues, but a strengthening is re-
quired for the period up to 2030 including social
and employment policies to mitigate adverse ef-
fects and distributional implications for the most
vulnerable energy consumers.

Table 12. Indicators for energy affordability in households
as projected by the PRIMES energy system model

o0 [ w0 [

Energy system 12.8 14.0 12.3 143 14.6
costs (% of GDP)
Energy related cost ~ 12.4 14.6 12.6 14.8 14.1
(in % of household
expenditure)
-Excluding 7.5 9.3 8.0 9.4 8.7
transport

Avg. electricity 0.0 30.7 30.1 33.1 36.4
price increase from
2010 (%)

Avg. electricity 1.8 48
price increase from
Ref (%)

4.4. The importance of the
international context

The international context of climate policies

can be particularly important for the cost-effi-

cient transition of the EU towards a low-carbon

economy. International cooperation in climate

policies is required for the deep decarbonisation

of the energy and economic system and the cost-

effective implementation of the European INDC,

as it delivers:

= innovation through R&D, learning by doing and
economies of scale that reduce costs of clean en-
ergy technologies and can increase the feasibil-
ity and the attractiveness of the transition to a
low-carbon economy;

= collective global action is essential for limiting
climate change and its negative impacts on envi-
ronment and human societies;

= coordinated effort among major carbon-emit-
ting economies is required so as to avoid the
possibility of free riders and competitiveness
concerns, especially with regard to industrial en-
ergy intensive and trade-exposed sectors (met-
als, chemicals, cement).

Figure 11 presents the implications of coordinat-
ed global climate effort on the evolution of capi-
tal costs of key low and zero carbon technologies.
The Reference scenario shows high improvements
in all technologies, especially in solar photovolta-
ics and batteries (for electric vehicles), the capital
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costs of which decline by about 60% in the period
2010-2050. The global climate action scenario®
results suggest even more pronounced cost im-
provements as a result of accelerated deployment
of clean energy technologies (leading to acceler-
ated learning-by-doing and economies of scale)
and additional R&D investments directed towards
low-carbon options. The impact of the scenario is
found to be more important for technologies that
have not reached commercial maturity yet (CCS,
electric batteries) and/or have high potential for
cost reductions (solar PV).

Results showing the effect of the EU INDC in the
context of implementation of INDCs of other major
carbon-emitting economies are not currently avail-
able. However, analysis of even greater EU mitiga-
tion action (in the context of similar international
action) was included in the Impact Assessment of
the 2030 Climate & Energy Policy Framework.

The European INDC was adopted in the context
of a multilateral UNFCCC process to negotiate a
new global agreement containing emissions re-
duction contributions by major carbon-emitting
economies. Until now, a large number of major
emitters have come forward with their contribu-
tions (which will also be analysed in the context of
the MILES project). As the analysis of the Europe-
an INDC was conducted before official INDC con-
tributions by other economies were announced,
hypotheses adopted in the analytic framework as-
sume the continuation of current trends in major
emitters apart from the EU-28 region. This is un-
likely to be the case, given the new strengthened
INDCs which are proposed in the current interna-
tional climate negotiations. The assessment of the
EU INDC shows that:

i) Economic and social impacts arising from EU
climate policies in the context of fragmented glob-
al action can be managed through careful policy
design and are shown to be relatively limited. In
addition, it is possible that early EU climate ac-
tion in line with the INDC can reduce uncertainty
about the mitigation costs and, at the same time,
build credibility, which is an important element in
international coordination problems.

ii) Ambitious EU climate action in the context
of strengthening international action can bring
about significant benefits: restructured, sustain-
able and more competitive EU energy sector, in-
creased investment and employment, reduced

23. This scenario is developed with the GEME3-RD model
(Karkatsoulis et al 2014), which features a detailed rep-
resentation of the energy system and endogenous tech-
nology improvements through R&D and learning by
doing. The analysis has been developed independently
from the Impact Assessment of the 2030 Energy and Cli-
mate policy framework.

STUDY 07/2016 IDDRI



A model-based analysis of the European Intended Nationally Determined Contribution I

Figure 11. Capital cost improvements of clean energy technologies in GEME3-RD scenarios
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energy import dependence and fossil fuel import
bill, faster learning for clean energy technologies
and lower risk for carbon leakage.

The macro-economic implications of the EU be-
ing a first mover in climate policies depend on the
reaction of other nations to its early GHG mitiga-
tion action (Karkatsoulis et al 2016). The analysis
with the GEM-E3* model showed that in the case
where non-EU regions join European efforts post-
2030, the EU economy enjoys clear macro-eco-
nomic benefits arising both from the prolonged
period for the restructuring of the energy system
and mainly from the competitive advantage and
increased exports of clean energy technologies,
mainly electric vehicles, CCS and RES. The in-
ternational cooperative action against climate
change will also lead to reduction of global fossil
fuel consumption and thus to a decline in fuel im-
port prices for the EU, which is found to be ben-
eficial for EU energy system costs, trade balance
and the overall economic activity. Furthermore,
the risk of carbon leakage and industrial reloca-
tion of energy intensive manufacturing away from
EU Member States will be significantly reduced, as
the European exporting countries would not face
additional carbon costs (relative to their non-EU
competitors) that see their competitiveness dete-
riorate in international markets.

24. GEM-E3 analysis (scenarios and results) have been de-
veloped independently and are not included in the Im-
pact Assessment of the 2030 policy framework.
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3. CONCLUSIONS

The European INDC submitted for COP21 in Paris
proposed a target of reducing GHG emissions by
40% in 2030 compared to the 1990 levels, which is
in line with the global objective of limiting temper-
ature increase to 2°C if comparable action is also
taken in other developed and major emerging
economies. The EU INDC target is in line with the
objective included in the recently adopted 2030
framework for EU energy and climate policies and
leads to a cost-efficient pathway to at least 80%
domestic reductions by 2050. This paper offers
both a qualitative and quantitative analysis of the
implementation of the EU INDC and its impacts on
energy system transformation and related costs
by 2030. The analysis also goes beyond 2030 and
presents the long-term energy and economic impli-
cations of the low-carbon pathway that represents
a plausible continuation of the INDC but for which
there are no specific policies in place.

The EU INDC Scenario induces a shift in invest-
ment towards energy efficiency, electrification of
transport and high deployment of RES. This shift
in investment has a clear positive impact on the EU
fossil fuel trade balance, with the European energy
import bill declining by €180 billion in cumulative
terms by 2030 and reduced energy purchase cost
for final consumers (the positive impact is getting
stronger by 2050 as decarbonisation is intensified
resulting in a cumulative gain of €3.6 trillion).
On the other hand, extensive investment should
be directed to retrofits and energy efficiency
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improvements with a particular focus on deep
renovation of buildings. The most pronounced
additional needs (in comparison to the Reference
scenario) are registered in the residential sector
(€20 billion of average additional annual spend-
ing in 2011-30) but also in industry.

In the INDC scenario the share of RES in gross
final energy demand increases significantly from
12.4% in 2010 to 26.5% in 2030. The overall RES
share in 2030 translates into high RES-Electricity
share (47%), while RES-Heating & Cooling devel-
ops in parallel with the overall RES share and RES-
Transport reaches 12.8%.

Natural gas becomes the most important fossil
fuel in power generation after 2020, as a result of
its lower carbon intensity (compared to coal and
lignite) and its high importance for balancing and
complementing the high deployment of variables/
intermittent renewable sources, as in the INDC
context the share of intermittent RES (wind and
solar) increases.

Another prominent feature of the INDC path-
way is related to the electrification of final energy
demand with the share of electricity increasing
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from 21.1% in 2010 to 25% in 2030 and 37% in
2050, as the substitution of fossil fuels with elec-
tricity in final demand sectors (which are rather
inflexible in reducing energy demand and carbon
emissions) combined with the decarbonisation of
power generation is considered a cost-effective
GHG mitigation strategy in the INDC context.

The model-based analysis shows that the de-
carbonisation of the EU energy system with ac-
celerated energy efficiency improvements in all
final demand sectors and higher deployment of
clean energy technologies (including among oth-
ers RES, electric vehicles and CCS) is technically
feasible at relatively limited additional (from the
Reference) energy system costs. The costs of the
transformation of the energy system along the
INDC Scenario should be measured also against
the benefits in terms of energy security, air qual-
ity, human health and energy savings. Technology
development is necessary for the long-term cost
efficiency of the low-carbon pathway and needs
specific R&D support at the right scale; these de-
velopments can have significant impacts on reduc-
ing technology costs. I
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APPENDIX: OVERVIEW OF
PRIMES AND GEM-E3 MODELS

PRIMES Energy System Model

The PRIMES energy model simulates the Euro-
pean energy system and markets on a country-by-
country basis and provides detailed projections of
energy demand by sector, energy supply (including
power sector, gas supply, hydrocarbon, etc.),
market prices of energy commodities, CO, emis-
sions, investment in all energy sectors (including
for energy efficiency, purchasing of equipment,
transport sector, investment in networks, capacity
expansion of power generation, primary extrac-
tion, refineries, biofuels, etc.), energy technology
penetration (by sector covering a large spectrum
of technologies), and energy system costs over the
period from 2015 to 2050 in 5-years intervals; the
model is fully calibrated to Eurostat statistics for
the years 2000-2013. The PRIMES model covers
all EU28 Member States and all non-EU European
countries.

PRIMES is a modelling system that simulates
a market equilibrium solution in the European
Union and its Member States involving economic
decision making of various stylised actors. The
PRIMES model simulates the response of energy
consumers and producers to different assumptions
regarding economic development, exogenous
emission constraints and other drivers, including
technology deployment, learning and energy or
transport infrastructure.

PRIMES determines the equilibrium by finding
the prices of each energy form such that the quan-
tity producers find best to supply match the quan-
tity consumers wish to use. The equilibrium is for-
ward looking and includes dynamic relationships
for capital accumulation and technology vintages.
The model is behavioural, formulating agents’ de-
cisions according to microeconomic theory, at the
same time representing, in an explicit and detailed
way, the available energy demand and supply
technologies as well as pollution abatement and
low-carbon technologies. The system reflects sim-
ulation of market competition economics, indus-
try structure, energy /environmental policies and
regulation. These are conceived so as to influence
market behaviour of energy system agents.

PRIMES establishes a complete linkage between
supply and demand for energy with endogenous
price formation. Bottom-up and engineering ori-
ented information about alternative policy options
is also included at a considerable level of detail.
The model is designed to handle renewable, effi-
ciency and climate change mitigation targets, with
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representation of various possible policy instru-
ments. The representation of sectors, countries
and technologies is comprehensive and suitable
to assess alternative target schemes which can
be specified at different levels: at the overall EU
level or at the level of each member state (with
differentiation) and/or at the level of specific sec-
tors of activity. PRIMES is organised in sectorial
sub-models, among which the power generation
and steam/heat sub-model is the most detailed.
The demand sectors are also represented by sub-
models. The output of PRIMES is a complete pro-
jection of energy balances, details of energy supply
and demand by sector, costs, investments and CO,
emissions. PRIMES is particularly rich in repre-
senting energy and climate policy instruments, in-
cluding in detail all European Directives on energy
and environment and detailed simulation of the

EU ETS market.

The model can support policy analysis in the fol-
lowing fields:

= standard energy policy issues: security of sup-
ply, strategy, costs, etc.;

= environmental issues including climate change
mitigation instruments, such as ETS, effort shar-
ing in non-ETS, RES targets, Energy efficiency
targets and obligations, etc.;

= energy pricing policy, taxation, standards on
technologies and equipment;

= policies supporting new technologies and re-
newable sources;

= energy efficiency directives, best available tech-
niques and eco-design in the demand sectors;

= promotion and standards for alternative fuels;

= power generation decentralisation, smart grid
development, electricity/gas market liberalisa-
tion, system integration of variable renewables
at large scale;

= CO, and energy efficiency standards for trans-
port vehicles;

» transport infrastructure and transformation
towards alternative fuels and powertrain tech-
nologies, including electrification, biofuels and
the role of recharging/refuelling infrastructure;

= development of biomass and waste sector, agri-
cultural and forestry policies for bio-energy pro-
duction and conversion of feedstock;

= policy issues regarding electricity markets, gas
supply, CCS and new energy forms including
hydrogen.

Short description of
the GEM-E3 model

GEM-E3 is an applied general equilibrium model
which provides details on the macro-economy
and its interaction with the environment and the
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energy system. In brief, the model can be charac-

terized as follows:

= Multi-country model, treating separately each
region and linking them through endogenous
trade of goods and services (the world version
of the model covers many countries/regions
including the individual EU28 members, Rest
of Europe, North America, Japan, Korea, Oce-
ania, Russian Federation, China, India, Brazil,
Rest of emerging economies, other energy pro-
ducers and the Rest of the World (ROW).

= Includes all production branches (aggregated
to 31 sectors) and institutional sectors, allow-
ing the consistent evaluation of distributional
effects of policies.

» Dynamic multi-period model, covering the
period up to 2050 with a five year time step.
The dynamic properties of the model include
stock/flow relationships for capital, durable
goods and financing, technical progress, and
agents’ adaptive or rational expectations driv-
ing investment by sector.

» The formulation of labour markets (skilled and
unskilled) based on the efficiency wages ap-
proach and allows for the existence of involun-
tary unemployment at equilibrium.

= Through its flexible formulation, it enables the
representation of hybrid or regulated situa-
tions, as well as perfect and imperfect competi-
tion market regimes.

= Technical progress in GEM-E3 can be either
exogenous or endogenous depending on user
choice.

= The model database is based on GTAP vg com-
plemented by data of Eurostat, IMF, IEA and
OECD.

= PRIMES energy system model and GEM-E3 can
operate in inter-linked form closing the loop
between economy, energy and environment.

= The energy supply sectors in GEM-E3 are mod-
elled in a way that certain particular features
such as the finite nature of the fossil fuel re-
source base are taken into account. In addi-
tion a bottom-up approach is applied for the
representation of the electricity sector (i.e. the
model identifies ten discrete power producing
technologies) and for the transport sectors cov-
ering technology transformation.

= The model covers the major aspects of public
finance including all substantial taxes, social
policy subsidies, public expenditures and defi-
cit financing, as well as policy instruments spe-
cific for the environment/energy system.

= The model determines the optimum balance of
energy demand and supply, atmospheric emis-
sions and pollutant abatement, simultaneously
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with the optimizing behaviour of agents and
the fulfilment of the overall equilibrium
conditions.

The results of GEM-E3 include projections of
full input-output tables by country, national ac-
counts, employment and capital flows, balance of
payments, public finance and revenues, household
consumption, energy use and supply, and atmos-
pheric emissions. The computation of equilibrium
is simultaneous for all domestic markets of all re-
gions and foreign trade links.

A major aim of GEM-E3 in supporting policy
analysis is the consistent evaluation of distribu-
tional effects, across countries, economic sectors
and agents. The burden sharing aspects of energy
supply and environmental protection are fully an-
alysed, while ensuring that the economy remains
at a general equilibrium condition. The model puts
emphasis on:
= The analysis of market instruments for energy-

related environmental policy, such as taxes, sub-

sidies, regulations, pollution/GHG permits etc.,
at a degree of detail that is sufficient for nation-
al, sectorial and world-wide policy evaluation.

= The assessment of distributional consequences
of programmes and policies, including social eq-
uity, employment impacts and cohesion for less
developed regions.

The GEM-E3 model generally covers the area of
sustainable economic growth, endogenous growth
driven by technology development, and supports
assessment of related policies. GEM-E3 has been
used in specific studies of evaluation of RTD pro-
grams of the European Commission, the Lisbon
strategy, the First-Mover Advantages of Clean en-
ergy technology Developments (DG Climate) and
others. GEM-E3 has been also used in quantifying
alternative international scenarios of cooperation
or non-cooperation in climate change policies,
including the analysis of carbon leakage effects,
adherence of foreign countries in the EU ETS etc.
GEM-E3 has been widely used also in studies of
macroeconomic impacts concerning more general
economic policies, such as taxation, public budget
financing, completion of the EU internal market
(pioneering studies for the EU Single Market Act
in 1996 and also for the enlargement of the EU),
structural investment policies for growth (north-
ern African and Middle East countries), cohesion
policies, technology promoting (RTD) policies, etc.
The GEM-E3 model has recently supported studies
of impacts on employment of the Energy Roadmap
of the European Commission and the impacts on
employment of the Energy efficiency Directives.
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