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A SECTORAL APPROACH TO DEEP DECARBONISATION IN THE EU
In order to assess the adequacy of the EU and its Member States poli-
cies with the 2030 and 2050 decarbonisation objectives, this study goes 
beyond the aggregate GHG emissions or energy use figures and analyse 
the underlying drivers of emission changes, following a sectoral approach 
(power generation, buildings, industry, and transport). Historical trends 
of emission drivers are compared with the required long-term deep decar-
bonisation pathways, which provide sectoral ‘benchmarks’ or ‘corridors’ 
against which to analyse the rate and direction of historical change for 
each Member State and the EU in aggregate. This approach allows the 
identification of the necessary structural changes in the energy system 
and policy interventions to reach deep decarbonisation, and therefore the 
comparison with the current policy programs at European and Member 
State level.

PROGRESS NEEDS STRONG REINFORCEMENT AND SCALING UP
The EU has made significant progress in the structural decarbonisation of 
its energy system. However, despite of this progress, the EU is currently 
“off-track” to achieve its objectives by 2030 and 2050. First, the rate of 
change is insufficient across a large number of the indicators assessed. 
Second, too much of the change in aggregate emissions has been driven by 
cyclical effects rather than structural decarbonisation, notably the impact 
of the financial crisis and subsequent slow recovery.  Third, long-term 
decarbonisation options, for example to decarbonise industrial processes 
and materials, are not being adequately prepared. While some policies 
under the EU’s 2030 Climate and Energy Framework will have an impact, 
our study suggests that the ambition of EU and Member State policies is 
either a continuation of business as usual in terms of rates of progress, or 
is being dialled down in some cases. 

The EU and Member State policy should significantly revise their approach 
to decarbonisation by refocusing on the key drivers of emissions in each 
sector. The EU’s new Energy Union Governance Mechanism should be 
designed based on this principle and current proposals to implement the 
2030 package should be adopted in the strongest possible form to put 
the EU back on track. The EU, in coordination with the Member States, 
should develop a suite of sectoral policies to complement the overarching 
emissions caps of the EU ETS and non-ETS sectors.
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EXECUTIVE SUMMARY 

Is the EU on track for deep 
decarbonisation? 

The EU has adopted an ambitious target for 
reducing its emissions by at least 40% by 2030, 
compared to 1990 levels. This is envisaged as a 
crucial milestone on the pathway towards a reduc-
tion of 80%-95% by 2050. In order to assess current 
trends and their adequacy with these objectives, 
it is necessary to go beyond aggregate GHG emis-
sions in order to analyse the drivers of emissions 
changes, sector by sector, and Member State by 
Member State. In-depth analysis of the drivers of 
change can provide an understanding of whether 
the EU is on track with its objectives, provide a 
benchmark against which to assess current policy 
proposals, and identify areas where policy must be 
strengthened further. This project analysed data 
from all 28  Member States and every sector 
of their energy systems in order to build an 
assessment of current progress towards 2030 
and 2050 objectives.    

High level results 

Three high level results can be concluded from the 
assessment: 

The EU has made significant progress in the 
structural decarbonisation of its energy system. 
This is particularly evident in the power sector, 
where the carbon intensity of power production has 
dropped by 20.9% between 2000 and 2014, or a rate 
of 1.7% per year. EU houses also consume 21.2% less 
energy per m2 in 2013 than in 2000; EU passenger 
transport consumes 8.7% less fuel per passenger 
kilometre in 2013 than in 2000. This represents real 
and significant progress in changing the underlying 
fundamentals of the EU energy system. 

Despite this progress, based on this analy-
sis we have concluded that the EU is currently 
“off-track” to achieve its objectives by 2030 
and 2050. Three concerns can be highlighted 
here. First, the rate of change is insufficient across 
a large number of the indicators assessed. For ex-
ample, the rate of energy intensity improvement 
of passenger transport has been just 0.7%/year in 
the years 2000-2013, whereas in scenarios reach-
ing deep decarbonisation by 2050 it needs to im-
prove at more than 2% per year this decade and 
the next. Second and relatedly, too much of the 
change in aggregate emissions has been driven 
by cyclical effects rather than structural decar-
bonisation, notably the impact of the financial 
crisis and subsequent slow recovery. For example, 
in 2015 EU industrial output remains 12% below 
its pre-crisis peak in 2007; while, in the trans-
port sector, freight kilometres were down 9.3% 
across the same period. Third, long-term decar-
bonisation options, for example to decarbonise 
industrial processes and materials, are not being 
adequately prepared. This is a concern as their 
roll-out will take time. 

In short, the nature of the transformations 
taking place calls into question Europe’s ca-
pacity to reach deep emissions reductions 
in the longer term. Performances between dif-
ferent Member States are divergent even in the 
sector most advanced towards decarbonisation, 
i.e.  electricity. But even here leading Member 
States are struggling against serious challeng-
es, such as the phase out of coal. In other sec-
tors, such as transport and industry, the transi-
tion towards deep decarbonisation has barely 
started in any Member State whatsoever. So 
far the transition in Eastern Europe has been 
driven largely by the windfall effects of the shift 
towards more efficient, market-oriented econo-
mies, but this will not suffice indefinitely. More 
worryingly, recent policy debates such as on 



STUDY 08/20168 IDDRI

State of the Low-Carbon Energy Union: Assessing the EU’s progress towards its 2030 and 2050 climate objectives

ETS reform reveal how difficult it has been to 
build a European political will to act forcefully.  
In  sum, too much of recent achievements have 
been based on cyclical effects of the crisis, and we 
are not currently seeing the foundations being laid 
for deep decarbonisation in Europe.

Policy implications 

From the project analysis, a number of implica-
tions for policy can be drawn: 

EU and Member State policy should signifi-
cantly revise their approach to decarbonisation 
by refocusing on the key drivers of emissions 
in each sector. By themselves, cross-sectoral 
emissions targets do not give sufficient impetus 
to the structural decarbonisation of the EU en-
ergy system. More attention to targeted policies 
and governance tools that address each of the key 
drivers of emissions in each of the major emitting 
sectors is needed, including those sectors covered 
by the EU ETS. The EU’s new Energy Union Gov-
ernance Mechanism should be designed based on 
this principle. For instance, Member States new 
National Climate and Energy Plans need to give 
ample focus to strategies for sectoral transforma-
tion towards 2050 goals, not just marginal actions 
to meet 2030 targets. Key Indicators used to track 
national and EU progress should also reflect key 
structural changes that are needed in major emit-
ting sectors. 

Current proposals to implement the 2030 
package should be adopted in the strongest 
possible form to put the EU back on track. Pro-
posals to reform the EU ETS and adopt non-ETS 
targets go some way to strengthening the decar-
bonisation of the EU energy system. However, 
by themselves they are not sufficient to put the 
EU on track to achieve its 2030 or 2050 commit-
ments. This is especially true of the EU’s energy 
efficiency objectives. If adopted in its current 
form—i.e. 27 to 30% energy savings by 2030—the 
target would represent a slowdown in the pace 
of energy productivity improvements for the EU. 
The EU ETS desperately needs be strengthened to 
avoid the risk of low and ineffective carbon prices 
persisting well in the late 2020s. 

The EU should develop a suite of sectoral pol-
icies to complement the overarching emissions 
caps of the EU ETS and non-ETS sectors. In par-
ticular, in 2017 the EU should adopt very ambi-
tious regulations to drive the decarbonisation of 
transport, and in particular the roll-out of alterna-
tive fuel vehicles, in which it is currently lagging 
behind. Likewise, targets, financing and moni-
toring of energy efficiency retrofitting and fuel 
switching in buildings should be strengthened. 

The EU needs a shake-up of current policies 
for decarbonising energy intensive and trade-
exposed industries. A renewed focus on indus-
trial decarbonisation is necessary, given the in-
adequacy of the EU ETS signal and the fact that 
progress towards key decarbonisation technolo-
gies in these industries has stalled. The specific 
combination of technological challenges, finan-
cial risks, low profitability in the current context, 
and competitiveness concerns calls for a suite of 
policies that must go beyond carbon pricing and 
R&D funding. A new policy strategy is needed. It 
should involve a suite of policies and be linked 
to concrete sectoral decarbonisation strategies. 
It should include a renewed focus on technol-
ogy “push” measures, for instance, by provid-
ing stable long-term funding for demonstration 
and early-phase commercialisation of promising 
“breakthrough” processes. It must also include a 
renewed focus on market “pull” measures to cre-
ate a market for low-carbon materials and pro-
cesses in industry. 

The EU should consider policies to phase 
down coal in electricity, given the lack of an 
effective signal for coal retirement from the 
EU  ETS. By 2030, unabated coal needs to drop 
by more than 50% to make way for low-carbon 
electricity sources. A failure to develop a smart 
retirement plan for unabated coal will continue 
to place pressure on EU electricity markets. This 
risks, in turn, undermining progress towards ef-
ficient and better integrated power markets that 
are needed for the transition to high shares of 
low-carbon generation to occur. Even assuming 
ambition reforms to the EU ETS, the EU will prob-
ably need to develop ways of facilitating national 
coal phase out strategies in individual Member 
States.

The consortium and 
methodological approach 

To analyse the EU’s progress, IDDRI developed 
an innovative approach and research consor-
tium. The consortium consisted of 8  research 
institutes from 6 EU Member States. It analysed 
deep decarbonisation scenarios at EU and Member 
State level. From these scenarios the consortium 
derived “sectoral performance benchmarks” for 
each decade from now to 2050. These bench-
marks were then compared with a large data-
base of historical performance for every sector in 
every Member State. This approach enabled the 
detailed comparison of current trends and trends 
likely to be induced by current EU policy devel-
opments in the transformation of the EU energy 
system with what is required in order to reach 
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very low emissions by 2050. The energy system is 
highly inert, and examining current trends in the 
light of the future requirements for deep decar-
bonisation allows the assessment of the policies 
currently in place. It allows the identification of 
the necessary structural changes in the energy 
system and hence policy interventions to reach 
deep decarbonisation, and therefore to compare 

this with the current policy programs at European 
and Member State level. It is from this analysis 
that the above conclusions are drawn. 
The project analysed tens of thousands of data 
points and attempted to conduct one of the most 
comprehensive, robust and revealing assessment 
of the EU’s “climate performance” in the energy 
sector to date. ❚
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1. INTRODUCTION 

In 2009, the EU Council adopted the EU objec-
tive of reducing emissions by “80-95% by 2050 
compared to 1990 levels” (European Council, 
2009). This 2050 objective has formed the central 
long-term benchmark for subsequent policy anal-
ysis and decisions, such as the development of a 
first long-term low-carbon development roadmap 
and the proposal for a 2030 EU GHG target (Euro-
pean Commission, 2011). In March  2015, the EU 
submitted its ‘Intended Nationally Determined 
Contribution’ (INDC) ahead of the international 
climate negotiations in Paris, which committed 
the EU to reducing its emissions by at least 40% 
by 2030 (Latvian Presidency of the European 
Council, 2015). The EU INDC repeated the above-
mentioned long-term 2050 objective of reductions 
of 80-95% by 2050. 

In 2014, EU GHG emissions were already 22.9% 
below 1990 levels, meaning that the EU is well on 
the way to overachieving its objective of reducing 
emissions by 20% by 2020 (European Environ-
ment Agency, 2016). 

However, a deeper question remains:
mm To what extent are the EU and its Member 

States actually on track with the deep trans-
formation of their energy systems, in line 
with achieving the at least -40% target in 
2030 and the -80-95% target in 2050? 

Addressing this question is the objective of this 
study. Rather than examining aggregate emissions 
trends, this study delves deep into the dynamics af-
fecting each sector of the energy system. It exam-
ines the structural changes taking place in power 
production, transport, buildings and industry, and 
benchmarks these with the changes required to 

reach the 2030 and 2050 targets. As noted in other 
studies (IDDRI and SDSN, 2015; Spencer, Pierfed-
erici et al., 2015), deep decarbonisation of the en-
ergy system requires profound structural changes 
across all energy production and consumption sec-
tors. The objective of this study is to assess the ad-
equacy of the changes taking place. In so doing it 
aims to influence both the ambition and direction 
of future policy decisions, both at Member State 
and EU level. 

This paper is structured as follows: Section  2 
presents the methodology. Sections 3, 4, 5, and 6 
address the power, buildings, industry, and trans-
port sectors respectively. Section  7 provides con-
clusions and policy recommendations. Annex  1 
provides detailed data tables containing the key 
results of the analysis.

2. METHODOLOGY

In order to track the progress that the EU and its 
Member States are making in transforming their 
energy systems towards the 2030 and 2050 objec-
tives, this study follows a sectoral approach. We 
focus the analysis on power generation, buildings, 
industry, and transport. 

The study combines both quantitative and quali-
tative analysis. The quantitative analysis is based 
notably on the principle of the Kaya decomposi-
tion, which breaks down changes in GHG emis-
sions into the product of: population, activity level 
per capita, energy intensity of the activity, and 
carbon intensity of energy supply. In the secto-
ral context, ‘activity level’ refers to the economic 
activity in question: m2 of household or commer-
cial floor-space, passenger kilometres travelled, 
freight kilometres travelled, industrial production 
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in physical terms for major sectors (steel, cement) 
and in monetary terms for the industry sector in 
aggregate. These indicators can reflect behav-
ioural changes, such as people travelling more 
or living in bigger houses. They can also reflect 
changes occurring in the socio-economic system, 
such as population increase, variation in the in-
dustrial output due to the macroeconomic context, 
shift from an industry-based economy towards an 
economy more reliant on the service sector, size 
and spatial organisation of cities, etc. In order to 
track the progress made by the EU Member States, 
the study follows a common framework for every 
sector. This combines a set of common indicators: 
activity indicators, energy intensity, carbon inten-
sity of energy, and penetration of low-carbon en-
ergy technologies. These common indicators are 
complemented by ad hoc sector-specific indicators 
as needed. 

The Kaya breakdown is applied to historical data 
for each sector. This data comes primarily from the 
Odyssee database and Global Energy & CO2 Data 
database, curated by Enerdata (ODYSSEE data-
base, 2016). This allows the analysis of the driv-
ers of historical changes in emissions. 

The historical data is then compared with the 
transformations required to 2020, 2030, 2040 and 
2050, as defined by long-term deep decarbonisa-
tion pathways. These pathways are broadly speak-
ing consistent with the EU’s aggregate emissions 
objective for 2030 and 2050. They give an inter-
nally coherent, feasible, sector-specific, and struc-
tured understanding of what must be achieved 
in order to reach a low-emissions energy system 
by 2050, taking into account relevant constraints 
such as the inertia of the capital stock. The path-
ways also take into account the diversity of Mem-
ber States. Deep decarbonisation pathways for the 
UK, Germany, France, Italy and Poland have been 
used (see Appendix for models and scenarios de-
scription), a geographical grouping which was re-
sponsible in 2014 for about 62% of total EU28 GHG 
emissions.

 The set of countries represents the EU in aggre-
gate, as well as its broad blocks of Member States 
with similar characteristics: Northern Europe (UK, 
Germany, France); Southern Europe (Italy), and 
Central and Eastern Europe (Poland). A decarbon-
isation scenario for the EU28 as a whole is also an-
alysed. The chosen scenarios are among the most 
up to date scenarios for those countries, incorpo-
rating the latest policy developments. They also 
ensure a very high level of granularity and trans-
parency, which allow a detailed analysis of the 
required transformation. It could also be argued 
that the EU’s Effort Sharing Decision, currently 
under discussion, allows differentiated pathways 

between Member States. However, deep decar-
bonisation in a physically inert system like energy 
means that mid-term pathways (2030) are sig-
nificantly constrained by what must be achieved 
by 2050. The stringency of deep decarbonisation 
means that all Member States need to converge 
to energy systems with broadly the same level of 
GHG performance by 2050, and be well on the way 
to this convergence by 2030 in order to reach the 
2050 target.

The pathways therefore provide relevant, 
detailed sectoral ‘benchmarks’ or ‘corridors’, 
against which to analyse the rate and direction 
of historical change for each Member State and 
the EU in aggregate. Historical data is presented 
for all 28 EU Member States.

Let us address one objection to this approach 
immediately: namely that extrapolating from his-
torical trends is insufficient to decide whether they 
are consistent with long-term transformations re-
quired. There is some truth in this argument. The 
energy system is highly inert, and examining cur-
rent trends in the light of the future requirements 
for deep decarbonisation allows the assessment of 
the policies currently in place. It allows the iden-
tification of the necessary structural changes in 
the energy system and hence policy interventions 
to reach deep decarbonisation, and therefore to 
compare this with the current policy programs at 
European and Member State level. It is from this 
analysis that the above conclusions are drawn. 

The quantitative analysis is complemented by a 
more qualitative approach which investigates the 
adequacy of the underlying EU policy settings for 
each sector studied, in order to meet the EU’s GHG 
targets in 2030 and 2050. 

3. POWER SECTOR

3.1. Historical trends in the light 
of required transformation

Power production is central to the achievement 
of the long-term objective of a transition to a low-
carbon economy. It is responsible for a quarter of 
total EU  GHG emissions and has the most ambi-
tious long-term target: the European roadmap for 
a low-carbon economy by 2050 requires a 93% to 
99% emission reduction from power production 
by 2050 (European Commission, 2011). Power 
generation holds significant emission reduction 
potential due to the advanced level of maturity 
of non-emitting production technologies. For 
example, onshore wind and large photovoltaic 
power stations have production costs between 
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70 and 90 €/MWh, which is already competitive 
compared to conventional thermal power plants 
(Bloomberg New Energy Finance, 2015; IRENA, 
2015). Finally, the decarbonisation of electricity 
is also regarded as an enabler for the low-carbon 
transition of other sectors through electrification 
of end-use sectors (see the chapters on buildings, 
industry and transport). 

Historical data show a significant drop of 25% 
in CO2 emissions from public production of power 
and heat in the EU between the peak in 2007 and 
2014 (see Figure 1). During the same time period, 
the share of gross electricity consumption from 
renewable sources increased from 14.9% in 2005 
to 27.5% in 2014 (Eurostat, 2016). This shows that 
significant progress has been made on a key le-
ver of decarbonisation, namely the carbon in-
tensity of electricity production. However, the 
question remains whether this improvement is 
sufficient in light of the required trajectories 
detailed below. 

EU Member States have a wide variety of power 
mixes, due to their past policy choices and resource 
endowments. Figure 2 (bottom graph on the left 
side)  represents the current spread of carbon in-
tensity in electricity generation in EU Member 
States and the trajectories of the scenarios consid-
ered in the study. Power mixes have to converge 
towards low-carbon technologies from very dif-
ferent starting points, as illustrated by the range 
of carbon intensity of electricity production in dif-
ferent Member States: from below 100 gCO2/kWh 
in France or Sweden that mainly rely on nuclear 

and hydro energy, to more than 700 gCO2/kWh for 
heavily fossil-fuel based power in Estonia or Mal-
ta. By 2030, this needs to narrow to a corridor of 
about 440 gCO2/kWh for the most emitting Mem-
ber State’s power sector, to about 40 gCO2/kWh for 
the least emitting. By 2050, the convergence must 
essentially be complete: all deep decarbonisation 
scenarios considered for EU Member States reach 
less than 100 gCO2/kWh by 2050. This illustrates 
well the principle argued above: regardless of 
the nominal allocations of emissions targets in 
the short term, what matters is that Member 
States converge towards very low levels of emis-
sions in each sector by 2050. The inertia of the 
energy system means that there is a “corridor” 
through which each Member State must pass to 
reach low-emitting energy systems by 2050.

Figure 2 (top graphs) shows also the rate of 
change for all EU Member States in the carbon in-
tensity of electricity. Between 2000 and 2010 the 
carbon intensity of EU28 electricity generation in 
aggregate declined by 1.5%/yr  and the median 
between all Member States was a decline of 1.2%.  
This aggregate view hides a spread of outcomes 
between different Member States (vertical line 
in Figure 2), with a few countries experiencing a 
growing carbon intensity of electricity (MT, BG, 
FI, LT, SE, LU). Between 2010 and 2014, the rate 
of decline in EU28 carbon intensity of electricity 
accelerated to 2.04%/yr, while the median of all 
Member States was a decline of 3.52%/yr. 

On the right hand side, Figure 2 shows the fu-
ture required transformation benchmarks for the 
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carbon intensity of power production per decade 
to 2050. It can be seen that in the decades 2010-
2020 and 2020-2030, the carbon intensity of power 
production at the EU-28 level must fall by 2.98%/
yr and 4.97%/yr respectively. Likewise, in the sce-
narios covering the five Member States represent-
ed in the dataset underpinning this paper (UK, DE, 
FR, IT, PL), the median rate of reduction is 3.58% 
and 5.63% in these two decades respectively. Sub-
sequent to 2030, the decarbonisation of power 
production continues to accelerate (expressed in 
compound annual change—the absolute change is 
lower in later periods than in earlier periods). This 
is because extremely low emissions from power 
production are required in 2050, in order to leave 
some emissions space for sectors that are more dif-
ficult to decarbonize. It should also be noted that 
in the case of one scenario set (for France), emis-
sions intensity of power production increases in 
the decade 2040-2050. This is because, given the 
age of the nuclear fleet, in this scenario there are 
significant retirements of nuclear in the decades 
2020-2040, which is replaced by renewables and 

gas for balancing. In the decade 2040-2050 this 
means that carbon intensity increases slightly, al-
though because it is represented as a percentage 
change it looks quite high. The carbon intensity of 
the mix in this scenario set remains very low in ab-
solute terms (ca. 20 gCO2/kWh).

In short: in order to decarbonize the EU pow-
er sector, the EU and its Member States need to 
further accelerate the decarbonisation rate of 
power production and maintain a rapid rate of 
improvement for decades to come. 

In the long term, all scenarios confirm that low-
carbon technologies (renewables, nuclear, CCS) 
have to be dominant in power generation in order 
to achieve 2030 and 2050 emissions objectives. 
Figure 3 shows first of all the historical spread of 
the share of low-carbon technologies in all EU28 
Member States. The spread in 2014 is significant, 
with some such as France having 95% penetration 
of low-carbon technologies (mainly nuclear pow-
er), while others such as Poland and Estonia hav-
ing very low share. The scenarios analysis shows 
that this spread is expected to progressively lower 
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down in the next few decades. The national sce-
narios included in the study converge towards an 
80 to 98 % share of low-carbon energy in electric-
ity generation in 2050, while the EU28 scenario 
from the MILES project foresees a 93% share for 
low-carbon energy in power production in 2050. 
Significant efforts must still be made to scale up 
the penetration of low-carbon technologies no-
tably in the decades 2020-2030 and 2030-2040, 
so electricity can help decarbonise other end-use 
sectors. A convergence to very high shares of 
low-carbon technologies is required across all 
Member States, with the spread of penetration 
rates across Member States reducing already by 
2030 and even further to 2050. 

Finally, this penetration of low-carbon technolo-
gies in power production necessitates the progres-
sive phase down of unabated fossil fuels in power 
production, notably coal, across all Member States. 
Figure 4 shows first of all the spread of penetration 
rates for coal electricity across all EU28 Member 
States. Secondly, it shows the rates required by 
decarbonisation scenarios during each decade 
towards 2050. The share of unabated coal1 falls 
already by 2020, and by more than half between 
2010 and 2030 in ambitious decarbonisation 

1.	 Unabated coal refers to power production from coal in 
power plants not equipped with Carbon Capture and 
Storage technology.
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scenarios consistent with the EU’s low-carbon 
2030 and 2050 objective, the reduction being 
relatively stronger in coal-dependent countries.

3.2. Policy discussion 

The above discussion in section 3.1 highlighted 
three main messages:
mm The EU has made significant progress in decar-

bonising power production over the past decade. 
mm A further acceleration in decarbonisation is re-

quired already in the decade 2010-2020, and 
very high rates must be maintained in the dec-
ades 2020-2030 and 2030-2040. 

mm This is based on the rapid upscaling of low-car-
bon technologies (mainly RES), and the phase 
down of unabated fossil fuels, especially coal. 

At the same time, EU investments in new re-
newable production capacity have gone down in 
recent years and slow progress is being made so 
far on reducing the share of coal. Figure 5 shows 
that annual new RES-E capacities have increased 
fast in the EU until 2011, followed by a worrying 
scale back. This mainly comes from a reduction in 
PV installations in Germany and in other Member 
States, after support policies and especially feed-in 
tariffs have been revised or abandoned (Keepon-
trackproject, 2015). As a consequence, a number 
of countries have seen the growth rate of installed 
capacity of RES fall significantly in recent years, or 
are still following relatively slow rates of growth. 
The average annual growth rate of installed RES-E 
capacity in the EU decreased from 3.7 % to 2.3 % 
between 2011-2012 and 2013-2014. Meanwhile, the 
share of coal in EU electricity generation declined 
by 8 percentage points between 2000 and 2014 and 
was often displaced by gas-fired generation before 
2010 (see Figure 6) for reasons not related to cli-
mate policy. 

The push for gas-fired generation was mostly fa-
voured by the gas-field developments in the North 
Sea, financial and political priorities and the im-
pact of power market liberalisation. It was later 
reinforced by regulations on air quality that were 
adopted at the EU level (Large Combustion Plant 
Directive and Industrial Emission Directive)2 and 
applied to all coal power plants. Nevertheless, this 
progress has stalled since 2010, because of adverse 
trends in the energy markets. 

This discussion implies that policy frameworks 
still need to be strengthened along two lines, 

2.	 Directive 2001/80/EC on the limitation of emissions 
of certain pollutants into the air from large combus-
tion plants and Directive 2010/75/EU on industrial 
emissions

namely incentivizing investment in low-carbon 
technologies and frameworks to phase down 
unabated fossil fuels. It is further complicated 
by the context of a stalling electricity demand in 
most Western EU countries, a direct consequence 
of both the economic crisis and major energy ef-
ficiency improvements in several electricity uses 
and apparels. Combined with the large number 
of new conventional power plants (mainly Com-
bined-Cycle Gas power plants) built on top of RES-
E capacities during the first decade of the century, 
the European power market finds itself in a situ-
ation of oversupply, illustrated by historically low 
wholesale market prices.

Investing in an already oversupplied market 
could seem paradoxical. It is required, however, to 
achieve the long-term objective of the EU transi-
tion towards a low-carbon economy. It is also nec-
essary because large shares of the European power 
plant fleet are expected to reach the end of their 
economic lifetime before 2030. That is the case for 
130 to 170 GW of coal-fired power plants and most 
of the European nuclear fleet (Rüdinger, A. et al., 
2014).

Low-carbon generation technologies such as 
renewables, nuclear or CCS have high upfront 
capital costs. For operators, this raises the need for 
periods when electricity is sold at a higher price 
than the marginal cost of production to recover the 
cost of the high initial investments. Nevertheless, 
as low-carbon generation technologies increase 
their share in the mix and fossil fuel power plants 
with higher operational costs lose market share, 
investors will have to rely on fewer, lower and less 
predictable periods of high prices under current 
market design. This is called the “cannibalization” 
effect. This increases risks for the profitability 
of low-carbon investments and raises questions 
whether current incentives are appropriately set 
to foster the needed investments for the transition.

The challenge raised here concerns especially 
the future of renewable energy remuneration 
schemes. The guidelines on State aid for environ-
mental protection and energy published by the 
European Commission (EC, 2014) paved the way 
for an EU harmonization of renewable support 
schemes, moving from feed-in tariffs to feed-in 
premiums determined through call for tender pro-
cedures that could also in the future put different 
renewable technologies in competition with each 
other. These State Aid Guidelines also envisage 
phasing out support to renewable energy after 
2020. Such an approach has to be questioned. Giv-
en that at current price levels, no new investments 
in capacity of any technology would be profitable, 
a more pragmatic approach would be to define es-
sential conditions that should be fulfilled before 
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the removal of support to renewables and other 
low-carbon technologies can be foreseen (Sartor, 
2016). Smoothing the transition to the market will 
help prevent major variations in investments that 
could be detrimental and increase the cost of the 
overall transition.

Currently, the oversupplied market situation 
makes public support for investments in renewa-
bles and other low-carbon technologies still nec-
essary for the time being. Other additional de-
risking policies could also be considered to further 
decrease the cost of investing in renewables, for 
example by preferential financing conditions or 
long-term power purchase agreements. It also rais-
es the issue of how the power market design can be 
adapted to facilitate the inclusion of large shares 
of variable renewable generation and whether it 
needs to be complemented with other incentives 
in order to secure the transition to a low-carbon 
power system.

The oversupply on the power market is also due 
to the persistence of an important share of old 
and polluting production capacities in the market. 
This is the direct consequence of their relatively 
low marginal cost of production, which ensures 
their profitability during most of the time. Most 
of these assets have a limited flexibility and hence 
slow down the transition to a more flexible power 
market on the supply and demand sides, which will 
be needed to respond to renewables variability. It 
also delays the shift to investments in low-carbon 
technologies on a market-only basis. Figure  5 
shows that in the long-term deep decarbonisation 
scenarios, the share of unabated coal has to 
converge in all EU Member States towards close to 
zero by 2050 and should be reduced to about 10% 

EU-wide in 2030. However, some national power 
mixes in Europe are still dominated by coal that 
represents more than 82% of electricity produced 
in Poland and 44% in Germany in 2014 (source: 
Enerdata). This implies that some EU countries 
have to bear higher efforts for decarbonising their 
power mixes and hence bear higher costs and 
upfront investments.

The EU and EU Member States have still not de-
veloped a comprehensive strategy to retire old and 
polluting coal plants. The EU ETS was believed to 
be the right instrument to incentivise high-carbon 
assets retirement, but it has been oversupplied with 
CO2 permits and prices have dropped to 4 to 8 €/t 
since 2013. This is far below the level needed to 
make gas-fired power plants more profitable than 
lignite power plants, which is estimated at 35 €/
tCO2 in current market conditions (Buck, 2015). 
While an ETS reform process is underway and will 
be finalised during 2017, the current proposal does 
not appear to be sufficient to significantly tackle 
the oversupply of CO2 permits before 2028 at the 
soonest, far after the needed retirement of most 
high carbon power plants. Figure  7 shows a pro-
jection of the surplus of allowances according to 
IDDRI’s median scenario estimation for emissions 
and current ETS reform proposals. We find results 
that are in line with projections made by the Euro-
pean Environmental Agency (EEA, 2015).

The emergence of a meaningful reform of the 
ETS is still a possibility and should be encouraged. 
A first best option would be to align the ETS cap 
in line with long-term decarbonisation objective. 
A second measure would be to cancel the existing 
oversupply of CO2 permits in the system. Lastly, 
a pragmatic approach could consist in finding 
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a framework allowing Member States to cancel 
EUAs corresponding to a more ambitious national 
policy in ETS sectors, possibly in cooperation with 
other ambitious Member States. One of the major 
backdrops in the current ETS design is that emis-
sion reductions due to national measures in ETS 
sectors free EU allowances that can be used by 
other actors in the scheme, loosening the carbon 
constraint for actors not covered by the measure. 
Currently, a number of Member States have also 
developed ad-hoc policies to get coal power plants 
out of the system: the UK adopted a carbon floor 
price on power production in 2013 (HM Revenue & 
Customs, 2014) and pledged to phase-out unabated 
coal power plants by 2025; France is planning one 
that will apply only to coal power plants starting in 
2017; and Germany established a plan last year to 
put older lignite power plants into a cold reserve 
against a payment for power plant operators. 

Finally, the development of flexibility in the 
power system will be necessary to cope with the 
variability of wind and solar production. At the 
European and regional level, it means encourag-
ing the development of interconnectors when 
needed, alongside demand-side response, storage 
and back-up. It also shows the need to improve 
the compatibility between national power market 
rules in order to improve the efficiency of power 
exchanges between countries. These policies to 
change the “software” of the power system are 
expected to be highly challenging as they imply 
a redefinition roles, responsibilities and business 
models for participants.

4. BUILDINGS

4.1. Historical trends in the light 
of required transformation

Direct emissions from the buildings sector (resi-
dential and services) accounted for 16% of total 
EU CO2 emissions from fuel combustion in 2015. If 
we ascribe emissions from electricity production 
to the sector of final consumption (so-called indi-
rect emissions), this rose to 33.6% of total energy 
related CO2 emissions in the EU (Enerdata, Global 
Energy and CO2 Database). 60% of total building 
sector emissions come from the residential sector, 
the rest from the services sector. 

In the following section, the main drivers of emis-
sions in buildings sector are analysed. These are:
mm Changes in energy consumption due to chang-

es in activity levels, i.e.  floor-space per capita 
which implies greater needs for heating/cool-
ing/lighting services; the stock of appliances 
per capita; the number of employees per m2 of 
service sector building space, etc. 

mm Increase in energy consumption due to 
behavioural changes of final consumers 
(for example, preferences for higher indoor 
temperatures increasing heating demand).

mm Changes in energy efficiency of energy 
consuming equipment in the buildings sector, 
as well as the efficiency of the building envelop.

mm Changes in the carbon intensity of final energy 
consumption in the buildings sector, due to 
changes in the fuel mix.

Figure 7. EU ETS surplus of allowances anticipated after current reform proposals of the EU ETS

Notes : Cap declines at 1.74% per year to 2020 and then 2.2% from 2020 on. MSR amendment to Directive passed in 2015 and backloading regulation are included. 
BAU emissions decline at 1% p.a. from 2013 level due to other policies.

20
30

20
29

20
28

20
27

20
26

20
25

20
24

20
23

20
22

20
21

20
20

20
19

20
18

20
17

20
16

20
15

20
14

20
13

20
12

20
11

20
10

20
09

20
08

Millions of allowances

-500

0

500

1000

1500

2000

2500

Historical

Surplus forcast

Optimal surplus size

Sources: EUTL database, Sandbag 2014 "Slaying the Dragon", IDDRI.



STUDY 08/2016 1 9IDDRI

State of the Low-Carbon Energy Union: Assessing the EU’s progress towards its 2030 and 2050 climate objectives

Figure 8 shows first of all that there has been a 
slight growth in the building sector activity level 
between 2000 and 2013 in almost all Member 
States, measured in terms of m2/dwelling. It also 
shows that there is a wide divergence between 
Member States in terms of floor space per dwell-
ing, and that this difference was reasonably well 
correlated in terms of income per capita. Lower-in-
come Member States typically have smaller dwell-
ings, and have also generally had higher percent-
age growth in the floor space per dwelling relative 
to higher income Member States. 

Driven in part by the growth in floor space, final 
energy consumption in buildings has increased in 
most EU  Member States. Final energy consump-
tion in buildings increased by 6% in the EU28 be-
tween 2000 and 2013. The majority of the increase 

occurred in the commercial sector (+20% between 
2000 and 2013), while energy consumption in the 
residential sector remained almost stable. In some 
EU  Member States, however, there were signifi-
cant increases also in energy consumption in resi-
dential sector (namely in Ireland, Italy, Spain and 
Finland). Figure 9 shows the percentage change in 
buildings final energy consumption between 2000 
and 2013.3 For the EU28 in aggregate, final energy 

3.	 It should be noted that care should be taken in interpret-
ing these figures. Due to the sensitivity of residential 
energy consumption to climate conditions, annual en-
ergy consumption can vary significantly. For example, for 
Italy, the change for the 2000-2014 period was about 13% 
against the 28% shown in figure 2 for 2000-2013. In addi-
tion, in Italy the trend includes the progressive inclusion 
of previously unreported use of biomass for heating.

Figure 8. Floor space per dwelling, EU Member States and EU28
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consumption has increased in the building sector 
since 2000, while the fuel mix has remained rath-
er constant. Between 2000 and 2013, there was a 
reduction of oil share in the fuel mix (-7pp) and 
small increase in the shares of wood (+3pp) and 
electricity (+4pp).

The following paragraphs now look at the ad-
equacy of the above described changes in the light 
of the required trajectories for the EU’s 2030 and 
2050 low-carbon economy objectives. We start 
firstly with energy intensity in the residential sec-
tor. Figure 10 shows that energy intensity has im-
proved at a rate of slightly less than 2% per year 
over the past decade in the EU28, and that the en-
ergy intensity improvement rate appears to have 
slowed down in recent years. Part of this may be 
due to climatic reasons (harsh winters in 2010, 
2011, and 2012). Part of it may be due to macroeco-
nomic factors, i.e. the long economic crisis starting 
in 2009 leading to a slowdown in the turnover of 
the building stock. What is clear, however, is that 
to achieve the EU’s 2030 and 2050 objectives, 
continued very strong improvements in energy 
intensity, above current levels, are needed over 
the coming decades. This cannot be based on 
‘low-hanging fruits’ alone, as the rates of inten-
sity improvement require ultimately getting to 
very low energy intensity levels. 
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We turn finally to the decarbonisation of fi-
nal energy consumption in the buildings sector. 
Decarbonisation of final energy can be achieved 
through switching to low-carbon electricity or 
bio-energy (bio-gas for example). The histori-
cal rate of improvement in the carbon intensity 
of final energy in buildings has reached around 
1% per year in the EU28 (Figure  11). However, 
Figure  11 shows that to achieve the EU’s 2030 
and 2050 objectives, the rate of improvement 
in the carbon intensity of buildings final energy 
consumption will have to increase significantly 
already by 2030. It should be noted that the dra-
matic acceleration in carbon intensity improve-
ments in the decade 2040-2050, showed in the 
lower bound of the range line, is due to a deep 
decarbonisation process taking place in the Ital-
ian scenarios.4 

4.	 In the Italian scenarios, compared to the other sectors, 
the building sector shows the lower marginal costs for 
decarbonisation measures. Given the absence of other 
constraints and a fixed service demand, the model push-
es towards a very deep decarbonisation of the buildings 
sector between 2040 and 2050. In this decade, strong 
retrofit measures combined with a high penetration of 
low-carbon technologies in space and water heating 
(heat pumps, solar and biomass) leads to a dramatic re-
duction in CO2 emissions in the buildings sector.
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Figure 12. Electrification of final energy use in buildings, historical and required  
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One of the crucial levers to reduce the carbon 
intensity of energy consumption in the buildings 
sector is the shift away from fossil fuels to low-
carbon energy carriers, in particular to electricity 
(provided that power generation has already 
been decarbonised to a great extent). In deep 
decarbonisation scenarios, the rate of penetration 
of electricity in final energy consumption needs 
to reach levels close to currently seen in France, 
one of the most ‘electrified’ Member States, by 
2030 already (Figure  12). This represents an 
important policy challenge, and needs to be a 
greater focus for future policy efforts.  

As a result of the above-described trends, direct 
CO2 emissions from the building sector have fallen 
by 9.1% in the EU28 between 2000 and 2012.5 More 
recent, less aggregated data for the EU28 suggest 
even deeper declines, of 17% between 2000-2015. 
However, buildings emissions are highly sensitive 
to annual weather conditions, and therefore an 
examination of the underlying drivers of change is 
necessary (as given above for energy intensity and 
carbon intensity of the fuel mix). Figure 13 shows 
that changes in emissions have been different in dif-
ferent Member States. Generally speaking, poorer 
Member States have grown their emissions, albeit 
from lower levels. Two exceptions to this were Italy 
and Spain, which also grew their emissions.

4.2. Policy discussion 

The above analysis has suggested that by and large 
the EU has made progress in reducing energy 
intensity and emissions in buildings during the 

5.	 N.B. the aggregate figures given here exclude Romania, 
for which 2012 data was not available. 
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past decade. In its 2014 projections of future emis-
sions by sector, the European Environment Agency 
has projected that, despite recent progress, the 
rate of declines in emissions from the buildings 
sector will start to slow down in future years 
(Figure  14). These projections are based on the 
estimated impact of existing policies in Member 
States. Overall, they point to a reduction in energy 
emissions of buildings of 36% between 1990 and 
2050. They therefore show that existing policies 
and measures are expected to be dramatically 
insufficient to achieve reductions consistent with 
the EU’s 80-95% reduction goal by 2050. But what 
is driving these results? 
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(30-60% savings) and “shallow” (0 to 30% sav-
ings), then roughly 5% of retrofits would be deep, 
10% would be medium and the remainder would 
be shallow in the EU (EEFIG, 2015). 

These findings also appear to be consistent with 
a recent Energy Efficiency Watch survey of rough-
ly 1,100 building sector experts in all 28 Member 
States on progress in implementing the second Na-
tional Energy Efficiency Action Plans. This study 
found that only 15% of national experts across 
the EU thought that their national government’s 
energy efficiency retrofit programs were “very ef-
fective”, 63% found them to be “partly effective”, 
while 22% reported their national retrofit policies 
to be either “not effective” or “not implemented”. 
These results strongly suggest that there is a need 
for a step-change in the level of ambition and ef-
fort put into making national retrofitting policies 
effective if they are to be made consistent with the 
EU’s 80-95% decarbonisation goals by 2050.  

Another major vector for decarbonisation 
of energy use in the buildings sector is fuel 
switching to decarbonised energy carriers. This 
includes switching to (decarbonised) electricity 
or directly to renewable energy sources, like 
solar, geothermal, heat pumps, biomass, biogas, 
and waste. As highlighted above, in recent years 
EU Member States have made some progress in 
this area thanks to renewable energy targets; 
technology support policies in the Member States; 
modular heating solutions which have declined in 
cost in recent years, such as heat pumps; and (until 
recently) rising costs of alternative fuels, such as 
oil and natural gas.  

However, policies in EU Member States to 
support increased use of renewable heating and 
electrification are of uneven quality and could be 
further improved. Several Member States have 
either rolled back or made insufficient effort 
to re-inforce support schemes for heating from 
renewable energy following an initial take off in 
the 2007-10 period. This has occurred just as prices 
of heating from fossil fuel-based alternatives have 
begun to fall significantly—making them more 
competitive—and as a decline in new builds of 
homes has reduced installation rates (EPHA, 2013; 
ETSIF, 2014). This has led to a decline in the rate 
of deployment of key technologies such as solar 
thermal (which declined -7% in 2014 and is yet to 
return to its pre-crisis peak). Indeed, the European 
Commission’s Renewables Progress Report 
suggests that the 2020 indicative targets for solar 
thermal, contained in the NREAPs, are likely to be 
missed by 41%-45% on average.

Other alternative heating technologies, such as 
(decarbonised) electricity, biomass, heat pumps, 
and district heating using biogas, have seen better 

Emission reduction in buildings can be achieved 
through four main actions:
mm Reduction of energy intensity of household 

appliances.
mm Improvements in the energy performance of the 

building envelope (especially through retrofit-
ting of existing buildings). 

mm Fuel switching (from fossil fuels to electricity 
and renewable energy).

mm Reduction of energy consumption due to behav-
ioural changes (although historically, policies 
have rarely explicitly targeted induced behav-
ioural change). 

By and large, current EU policy settings have 
proven quite effective at driving improvements in 
energy efficiency of household appliances. Due in 
large part to the combination of the EU’s eco-la-
belling and eco-design regulations, the number of 
appliances that meet the criteria to be categorised 
as A-level performance has evolved so quickly that 
a revision of the labelling criteria is now required.6 
While not all appliances still meet the top criteria, 
and there is evidence of a need to improve en-
forcement of labelling, it is nevertheless now not 
uncommon for the average performance of many 
household appliances to have improved by a factor 
of between 2 and 4 since the early 2000s.7 

However, while these improvements are 
expected to lead to significant savings over the 
coming decade as old and inefficient equipment 
is replaced, energy savings potentials relating only 
to the design of individual devices are expected to 
approach technical limits. In buildings, this means 
that smarter building design (for new buildings) 
and, more importantly, deep retrofitting of 
existing buildings is required to achieve deep 
energy savings and reductions in emissions over 
the longer term. In this respect, policy progress 
remains largely inadequate to date. 

Unfortunately, no reliable database on the depth 
and number of retrofits per year exists (a fact which 
itself suggests a lack of sufficient attention to this 
crucial aspect of the energy transition). Neverthe-
less, expert estimates of the rate of retrofits puts 
the average annual rate across the EU at around 1 
to 1,2% of the building stock per year—obviously 
too slow to achieve a retrofit of all currently build-
ings by 2050 (EEFIG, 2015). Moreover, the depth of 
the retrofits of existing buildings is also believed 
to be generally quite shallow. One study has esti-
mated that if one categorised retrofits into “deep” 
(+60% savings in annual energy use), “medium” 

6.	 https://ec.europa.euenergy/en/topics/energy- 
efficiency/ energy-efficient-products 

7.	 Presentation by RTE at IDDRI, April 25th, 2016.

https://ec.europa.eu/energy/en/topics/energy-efficiency/energy-efficient-products
https://ec.europa.eu/energy/en/topics/energy-efficiency/energy-efficient-products
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progress than solar thermal (cf. ETSIF, 2014; Euro-
parl, 2015). However, these technologies also face 
headwinds from falling costs of alternative fossil 
fuels, cutbacks in government budgets, unfriend-
ly thermal or building regulations, insufficient 
government incentives for inclusion in building 
renovations. 

In conclusion, therefore, current policy settings 
within EU Member States for decarbonising the 
building sector place the EU on track for in the 
order of a 36% reduction in emissions from the 
building sector by 2050, far from the much deeper 
cuts required to achieve the EU’s objectives. While 
current policies have been successful at improving 
the energy performances of appliances and build-
ing design for new buildings, significant short-
comings remain in the area of existing building 
retrofits, both for energy efficiency and fossil fuel 
substitution.

5. INDUSTRY

5.1. Historical trends in the light 
of required transformation

In 2014, the industrial sector in the EU28 
accounted for approximately 19% of total direct 
GHG emissions (EEA, 2016). Roughly 57% of 
these direct emissions were linked to energy 
consumption while the remaining 43% were 
emissions from industrial processes. In 2014, the 
industrial sector was responsible for about 24% 
of EU total final energy consumption in Europe.  

As shown in Figure 15, total emissions from industry 
have decreased by 23% between 2000 and 2014, 
a significant decline. Much of this has come from 
declining energy combustion emissions, although a 
notable decline in process emissions is also observ-
able. The timing of the decline in emissions is highly 
correlated with the economic crisis of 2008/09 and 
the subsequently very weak recovery in manufac-
turing activity in energy-intensive industrial sectors 
in Europe since then (Figure 16). 

The impact of economic factors also seems to 
be confirmed by a decomposition of the decline 
in emissions from fossil fuel combustion. Energy 
consumption has decreased in the industry sector 
by 17% in the 2000-2013 period; while the fuel mix 
has remained rather stable (Figure 17). In terms of 
fuels, demand is currently dominated by natural 
gas and electricity, which each account for a third 
of final consumption. The biggest changes between 
2000 and 2013 were a reduction of oil’s share in the 
fuel mix (-6 pp) and small increase of renewables 
(+3 pp) and electricity (+4 pp) shares. Thus the 
majority of the decline in emissions stems from 
lower energy demand by industry. 

As shown in Figure  15 and Figure  16, the 
reduction in energy consumption has mainly 
reflected the very strong impact of the economic 
crisis and ensuing recession on industrial output. 
As Figure  18 shows, some energy efficiency 
improvements in energy-intensive industries did 
occur prior to 2008. However, for some of the 
major industries, like cement or steel, and even for 
industry as a whole, these have tended to stagnate 
or be reversed since the crisis, as the existing 
capital stock is run below full capacity, resulting 
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in production inefficiencies, and as investment in 
new equipment has slowed.

This section now compares these trends 
with required transformation rates in deep 
decarbonisation scenarios. We start with 
energy intensity  (EI) before turning to carbon 
intensity (CI) of energy. Before doing so, it should 
be remembered that relative effort across EI and 
CI are interdependent, as poor performance on 
efficiency means more needed on carbon intensity 
and vice versa. 

Figure  19 compares the rates of change seen 
over the last decade in terms of energy intensity 
improvement with the required transformations 
seen in deep decarbonisation scenarios to 
2050. It can be seen that broadly speaking the 
recent historical rate of around 2%  to  1.5%/yr  
improvement is in line with what needs to be 
achieved in deep decarbonisation scenarios. It 
should be remembered, however, that during the 
historical period studied, the net effect of structural 
change (induced in part by the economic crisis) 
appears to have been a significant contribution 
to improvements in energy intensity. Maintaining 
continued rates of energy intensity improvement 
at about 1.5% per decade, as is required in 
deep decarbonisation scenarios, will require a 
much stronger contribution from technological 
innovation and diffusion, particularly in a context 
where continued slow growth in industrial 
production and structural change within industry 
is not necessarily seen as desirable from a policy 
perspective.   

Figure  20 studies the evolution of carbon in-
tensity of industrial final energy consumption. It 
shows that for the EU28, the carbon intensity of 
industrial final energy consumption has decreased 
by 0.3% per year in the decade 2000-2010 and that 
this accelerated to 1.62%/yr in the years 2010 to 
2013. Some of this was due to the introduction of 
renewable energy policies driving a 37% increase 
in the use of biomass during this period (Enerdata, 
2016). Some of this relates to growing electrifica-
tion. Some is also due to the structural change in 
the industry sector, as energy-intensive sectors 
heavily reliant on coal (cement, steel) declined in 
terms of their share in industrial energy consump-
tion, leaving the residual energy mix relatively 
cleaner. For instance, total EU industrial produc-
tion fell by about 12% from 2007 to 2013 due to the 
crisis, but steel and cement production fell propor-
tionately much more (22% and 45% respectively) 
during the same period. 

However, what’s more important is the extent to 
which Figure 20 shows that deep decarbonisation 
requires profound changes in industrial carbon 
intensity in the decades notably after 2030. This 
requires the deployment of non-mature technolo-
gies such as CCS and/or increased electrification 
of industrial processes (either directly or indirect-
ly e.g. with power to fuel technologies). This step 
change in the rate of decline in carbon intensity re-
flects assumptions in the underlying scenarios that 
high penetration of such breakthrough technolo-
gies would be difficult to achieve in a shorter time-
frame. However, as noted below, the challenges 
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by fuel, EU28
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associated with bringing these technologies to 
market would require significant preparatory work 
in the intervening time. 

Pursuing this point, Figure  21 and Figure  22 
show different levels of deployment of electrifica-
tion and CCS in different scenarios that have been 
considered necessary to decarbonize industrial 

final energy consumption. They show that in ad-
dition to continuing a steady pace of deployment 
during the current and next decade, the rate of 
deployment of these alternatives are assumed 
to be scaled up very rapidly from 2030 onwards. 
These results reflect the assumptions of the under-
lying scenarios, namely that significant scale up 

Figure 19. Industrial energy intensity
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Figure 20. Carbon intensity of industrial final energy consumption
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of low-carbon alternatives—such as CCS and/or 
larger-scale electrification—would not be techni-
cally and economically feasible before 2030. 

It is interesting to consider the implications 
of this time lag that is depicted in the Figure 
for tracking progress. In particular, it suggests 
that annual rates of improvement are not nec-
essarily the only or the best indicator of the ad-
equacy of progress towards decarbonisation of 
industry. We must also look at how well current 
policy frameworks are preparing the terrain for 
these changes, in view of the inertia of the in-
dustrial capital stock. The question of whether 
the EU is adequately preparing this terrain is 
therefore discussed in the next section. 

5.2. Policy discussion

Looking forward, is the EU on track to achieving 
the outcomes described in the decarbonisation 
scenarios described above if one considers the 
current incentives provided by policy? To answer 
this question, it is first useful to distinguish between 
very carbon intensive sectors (here defined as: 
cement, steel, aluminium, chemicals production, 
pulp and paper, ceramics and glass products, oil 
refining) and a residual set of very diverse but 
individually less energy-intensive manufacturing 
processes (such as auto manufacturing, production 
of information and communications technology 
products and in general manufacturing of higher 
value added goods). Roughly speaking, each of 
these two sets of sectors represents about one half 
of total energy use in the industrial sector. 

Furthermore, one can identify 5 basic vectors of 
decarbonisation for industrial sectors: 
mm Fuel-switching (emissions efficiency of energy).
mm Energy efficiency.
mm Production process improvements (material 

efficiency).
mm Product improvements and more intensive use 

of products, e.g.  of durable products (product 
service efficiency), re-use and recycling.

mm Sustainable consumption.
These vectors of decarbonisation are relevant 

for identifying what kinds of policies are needed 
to decarbonise industrial sectors. The relevance of 
each of these vectors tends to differ significantly 
between emissions and energy-intensive sectors, 
on the one hand, and other manufacturing sectors, 
on the other. Each of these two broad categories of 
industries is now discussed in turn. 

Figure 21. Electrification of industrial final energy consumption (% share)
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Figure 22. Share of CCS in final energy consumption, 
Industry sector
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Energy-intensive industries
In carbon-intensive industries, opportunities for 
substantial further improvements in energy effi-
ciency, fuel switching and even recycling tend to 
be limited (Neuhoff et al., 2015). To be sure, these 
can still lead to further improvements in CO2 
intensity and need to be exploited; but overall, 
these improvements are generally not consistent 
with achieving deep decarbonisation of the EU 
energy system in line with what is required under 
a <2°C emissions scenario. Deep decarbonisa-
tion of these industries will tend to need to rely 
to a significant degree on important technological 
process improvements (such as carbon capture 
and storage to capture unavoidable process emis-
sions, electrolysis-based steel production, direct 
reduction of iron using hydrogen), product inno-
vations (such as low-carbon cement alternatives, 
high strength light weight metal alloys, etc), and 
incentivising more efficient use and better tailored 
products for end users to improve material effi-
ciency (such as for materials used in construction 
or auto manufacturing). 

Unfortunately, current policies in the EU and its 
Member States are inadequate to drive these out-
comes. For instance, as of July 2016, the EU had no 
industrial scale CCS projects that directly linked to 
industrial processes in operation. This was despite 
the fact that as of 2007, the European Council set a 
goal for Europe to have 12 large scale CCS demon-
stration projects by 2015 and European companies 
expressed interest in developing 13 different CCS 
under the EU’s NER300 call for tender (EC, 2013). 
The failure to deliver on any of these projects was 
due a constellation of factors, including: 
mm A collapse of commercial willingness to under-

take CCS projects following the collapse of the 
EU ETS carbon price.

mm A collapse in the financial situation of large 
energy-intensive industrial companies in Eu-
rope since the crisis and in the wake of global 
overcapacity and a resulting change of business 
priorities.

mm An insufficiently ambitious commitment of pub-
lic funds (such as under the EU’s NER300) to 
re-incentivize the private sector to participate 
under these circumstances (EC, 2013). 

mm A lack of public acceptance of large-scale pro-
jects in at least some of the EU member coun-
tries (e.g. Germany). 

For similar reasons, innovative steel process pro-
jects funded under the ULCOS scheme also appear 
to have stalled (Neuhoff et al., 2015). 

In relation to product innovation, there also ap-
pears to be insufficient policy incentives for secto-
ral transformation. 

For instance, all of the EU’s large cement com-
panies have developed innovative cement alter-
natives that significantly reduce CO2-intensity of 
production.8 However, no market for them cur-
rently exists given their higher incremental cost 
of production (MPA Cement, 2013). For instance, 
one company executive spoken to by the authors 
of this paper suggested that CO2 prices in the order 
of 35 to 50 €/t cement would be needed to make 
his company’s product viable.9 Thus, in the ab-
sence of a meaningful CO2 price on ordinary Port-
land cement, or alternative policies such as public 
procurement and regulations to promote these 
technologies, there is no incentive for businesses 
to shift into these products at large scale. As a con-
sequence, many promising innovations appear to 
struggle to attract the necessary investment from 
incumbents or new businesses to make headway in 
the market. Thus, Europe remained faced with the 
result that has occurred in recent years, where the 
focus of companies is on very marginal improve-
ments to things like the CO2 intensity of clinker 
production (cf. Figure 23), rather than significant 
structural breaks in technology. 

Similarly, the incentives for improved end-use 
efficiency and better product tailoring also face 
the challenge that there are too few policy incen-
tives to make them happen. Given the challenge of 
regulating individual decisions at the product-use 

8.	 http://cement.mineralproducts.org/documents/
FS_12_Novel_cements_low_energy_low_carbon_ce-
ments.pdf 

9.	 Pers comm. to Oliver Sartor – company name kept 
anonymous. 

Figure 23. Carbon intensity of clinker production in the EU
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level, policies to place stronger economic incen-
tives for end-use efficiency are essential. These 
remain impossible as long as carbon prices are 
extremely low and no alternative policy or market 
pressure exists to give firms a structural incentive 
to improve efficiency in these ways. Overall, there-
fore, the current policy framework for incentivis-
ing a step-change in emissions from highly energy-
intensive industries is currently missing. 

It is sometimes claimed that energy-intensive 
sectors in Europe cannot engage in meaningful 
efforts at decarbonisation because they compete 
in global markets. The argument being that their 
costs would rise to undertake these activities 
and this would in turn undermine their competi-
tiveness and economic viability, thus leading to 
“carbon leakage”. It is obviously true that some 
(relatively extreme) approaches to incentivising 
emission reductions in industry could indeed lead 
to this outcome. On the other hand, public sup-
port of new technologies and process innovations 
as well as smart composition of aggregated poli-
cies (e.g.  specific rules and exemptions for ener-
gy-intensive industries under the EU ETS) can set 
significant incentives without harming the com-
petitiveness of companies. 

Indeed, there are also examples of approaches 
that have been applied to other sectors that did not 
necessarily lead to such outcomes. The example of 
renewable energy deployment and development is 
one such case. Another is that of the more nascent 
industry of electric vehicles, which, it is increas-
ingly believed, can be supported through an initial 
period of non-competitiveness in the market until 
technology costs fall and they are gradually inte-
grated into markets. A similar approach does not 
seem unreasonable for energy-intensive industry. 

To be sure, in the long run, more coordinated 
approaches between major industrial economies 
on carbon regulation are likely to be necessary for 
instruments like carbon pricing to have their full 
effect. However, this does not necessarily preclude 
shorter-term measures that can be taken indepen-
dently, such as sponsoring demonstration activi-
ties in breakthrough technologies, public procure-
ment of innovative products, or indeed higher 
carbon prices combined with free allocation at the 
level of the best available technology benchmark. 

Non-energy-intensive industries
Alternatively, if one looks at less energy-intensive 
industrial sectors, then key vectors for decar-
bonisation—broadly speaking—tend to relate to 
making significant improvements in fuel-switching 
(particularly to decarbonised electricity), energy 
efficiency and phasing out certain kinds of chem-
ical compounds, such as F-gases, although other 

vectors could also play a role depending on the 
nature of the industrial process. 

While meaningful EU policies exist to incentivise 
improving energy efficiency and the reduction of 
F-gas use, most Member States do not provide suf-
ficient incentives for the electrification and decar-
bonisation of industrial energy use. To be sure, the 
rate of electrification of industry as a whole has in-
creased from 28% to 32% from 2001 and 2015 (En-
erdata, n.d.) and that of industry excluding highly 
energy-intensive industries10 has increased from 35 
to 44% (cf. Figure 24 and Figure 25). However, this 
result largely reflects non-policy factors, including:
mm A declining use of oil and gas prior to 2009, as 

oil and gas prices rose faster than electricity 
prices (cf. Figure 26).

mm Underlying technological changes in industry, 
with an increased mechanisation of tasks 
leading to a rise in the use of electricity uses.11 

Moreover, since 2009, the trend in relative en-
ergy prices for industry has largely reversed and, 
while there remains a trend toward increasing 
mechanisation of industry, this has not been suf-
ficient to sustain previous substitution from fossil 
fuels to electricity (or indeed other decarbonised 
fuels, such as waste heat and biomass).12 If left 

10.	 Such as steel, non-ferous metals, non-metallic minerals, 
chemicals, oil refining, and pulp and paper

11.	 http://www.enerdata.net/enerdatauk/press-and-pub-
lication/energy-features/electrification-industrial-con-
sumption-europe.php

12.	 Note also that the data for the series presented in Fig-
ure  28 do not extend beyond 2014, thus they do not 

*Defined as: all industry excluding steel, non-ferrous metals, 
non-metallic minerals, oil refining, and chemicals. 

Figure 24. Electricity share of energy consumption 
in non-highly energy intensive industry* (EU28)
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Figure 25. Composition of final energy consumption of non-highly energy intensive industry (EU28)
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unchanged, this can be expected to slow down in-
centives towards electrification of industry going 
forward. 

To make up for this, dedicated policies are need-
ed, but are lacking. Appropriate economic incen-
tives to switch fuels are a key part of this equation. 
Just as rising prices of oil and gas relative to elec-
tricity have contributed to higher electrification, so 
too would rising taxation of oil and gas relative to 
electricity. However, as Figure  26 indicates, elec-
tricity still remains a significantly more expensive 
energy carrier for industry than alternative fuels on 
a cost/tonne of oil equivalent basis. To be sure, the 
choice of fuels of many industrial consumers is af-
fected by several factors—including the ease of ap-
plication of the fuel to specific industrial processes, 
existing plant design and the fixed costs of manag-
ing energy generation technologies on site. Thus 
there is no one price at which industry would shift 
en masse from alternative to electricity as a domi-
nant fuel. Nonetheless, as the Figure indicates, the 
gap between the cost of electricity and other domi-
nant industrial fuels remain significant and has not 
closed noticeably in recent times. This would ap-
pear to call for a stronger focus on economic incen-
tives for industry to increase electrification. 

Unfortunately, progress at EU level to change the 
relative economic attractiveness of alternative fu-
els to electrification has been slow in this regard. 
For instance, necessary revisions to the EU’s Fuel 
Taxation Directive attempted in 2011 were met with 
strong resistance from several Member States. The 
Directive, which has not been successfully revised 

capture major further declines in oil and gas prices in 2015 
and 2016.

since 2003, contains a number of weaknesses. Min-
imum tax levels have not been adjusted since 2003, 
which means that inflation has reduced their real 
value. These levels are also based on the volume 
of fuel rather than energy or CO2 content, which 
means that the most CO2 intensive fuels are often 
taxed less than renewables (for instance, in the EU 
diesel is generally taxed less than biodiesel, and 
coal is the least taxed fuel among all fuels).13 These 
policy settings are fundamentally inconsistent with 
a goal of driving fuel switching to decarbonised en-
ergy sources in industry. 

Another missing piece of decarbonisation policy 
for industry in the EU is a lack of a clear guiding 
strategy (or set of sectoral strategies) for decar-
bonisation of European industry. Some individual 
sectors—particularly energy-intensive industries 
such as pulp and paper, cement, steel and chemi-
cals—have developed at least a rough outline of 
a potential transition for their sector (CEPI, 2015; 
2015c; Eurofer, 2015; Cembureau, 2013; Cefic, 2014) 
and several roadmaps have also been developed by 
independent researchers working in collaboration 
with these industries (e.g.  Neuhoff et al., 2015b; 
Neuhoff et al., 2015b; IEA, 2009). To be clear, some 
of these strategies require updating and further 
development. However, they all represent genu-
ine attempts to lay out at least possible pathways 
towards decarbonisation of some of the EU’s key 
industrial sectors. 

However, unfortunately, even these strategies 
that exist have not been a basis for close 
engagement with EU policy-making. Instead, EU 

13.	 http://europa.eu/rapid/press-release_MEMO 
-11- 238_en.htm?locale=en 

http://europa.eu/rapid/press-release_MEMO-11-238_en.htm?locale=en
http://europa.eu/rapid/press-release_MEMO-11-238_en.htm?locale=en
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policy has tended to continue along certain lines, 
such as the carbon market with its long debates 
between industry and policymakers about the 
levels of free allocation and benchmarking. These 
policy elements are of course necessary, for the 
reasons illustrated above. However, the how these 
policies concretely fit with possible industrial 
strategies towards decarbonisation, or indeed the 
long-term climate objectives, is largely ignored 
by these actors. A closer and more meaningful 
connection between concrete industrial strategies 
for decarbonisation and policy development is 
therefore needed.  

Overall, therefore, there appears to be a 
strong case that the EU’s current policy settings 
for decarbonising industry—both in high ener-
gy-intensive and less energy-intensive indus-
tries—are not yet consistent with the required 
transformation. In the former, more is needed 
to drive major technological production pro-
cess changes, product innovation and smarter 
use of materials; while in the latter, stronger 
incentives for fuel-switching and continued 
progress on energy efficiency are necessary. 
More generally, a better alignment of industrial 
decarbonisation strategies at EU level and how 
they fit with EU policies is necessary. 

A key issue for industrial decarbonisation 
is that as we are often dealing with long-lived 
capital stock and inertia in the tastes and de-
mands of consumers, there will be a significant 
time-lag between policy signal to innovation 
and mass deployment of new low-carbon alter-
natives  ; this is true for production processes, 
innovative products, or even for fuel-switching. 
It is therefore necessary to start immediately 

with strong incentives to induce this innovation 
and deployment if Europe is to have a chance 
of having these transformational changes ma-
ture in the post-2030 period. However, as this 
section has argued, the policy signal currently 
faced by the industrial sector is completely in-
adequate to this task. Continued marginal im-
provements in energy efficiency and carbon 
intensity, driven too much by crisis-induced 
structural change and not enough by innova-
tion, will not be enough to achieve Europe’s ob-
jectives for decarbonisation, growth and jobs.   

6. TRANSPORT

6.1. Historical trends in the light 
of required transformation

The transport14 sector currently accounts for around 
27%15 of total CO2 emissions in the EU28. Reducing 
emissions from the transport sector represents a 
crucial challenge to meeting not only EU climate 
targets, but globally. The European Commission’s 
2011 Transport White Paper and “Roadmap for 
moving to a competitive low-carbon economy in 
2050” set out the goal of reducing GHGs emissions 
from transport by around 60% below 1990 levels 
by 2050. Despite this target, overall CO2 emissions 

14.	 The analysis of this section includes road, marine and 
aviation, unless otherwise stated. International avia-
tion and marine transportation are excluded from the 
analysis.

15.	 Value for year 2015, source: Enerdata.
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Figure 26. Average industrial end user prices per tonne of oil equivalent (toe) of main industrial fuels in EU28 

Source: IDDRI, based on data from Enerdata
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in the transport sector increased 16% in the period 
1990 to 2015 and by 28%16 in the period prior to the 
economic crisis (1990-2007).

Differently from the other sectors, where 
emissions started to reduce since 1990, transport 
sector emissions began to decline only from 
2007. As shown in Figure 27, CO2 emissions in the 
transport sector increased 7.9 % between 2000 
and 2007, before reducing 11.4% from 2007 to 
2013. In recent years, CO2 emissions have started 
to increase again (+2% between 2013 and 2015). 
The temporary decline in CO2 emissions between 
2007 and 2013 can be mainly attributed to the 
effect of the economic recession, as described in 
greater detail below.

Different strategies can be adopted to reduce 
CO2 emissions from the transport sector. Emis-
sions can be reduced by decreasing the energy de-
mand or through a process of decarbonisation of 
the fuel mix. The first option relates to reductions 
in the energy use due to improvements in the fuel 
efficiency or reducing the mobility (that is fewer 
kilometres travelled by passengers or fewer tonnes 
of goods transported per kilometre). The second 
option implies an increasing penetration of low-
carbon (or zero-carbon) energy in final energy 
use. This can be achieved by expanding the use of 
biofuels17 or, through a process of electrification 
of the transport modes (combined with a process 
of decarbonisation in the energy supply, assuring 

16.	 Source: Enerdata.
17.	 We refer here to lower life cycle CO2 emissions than 

comparable fossil fuels.

Figure 27. Transport final energy consumption by fuel and total CO2 emissions, EU 28
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that the electricity is generated from low-carbon 
energy sources). Other low-carbon technologies 
necessary to the decarbonisation of the fuel mix 
(e.g. hydrogen-fuelled vehicles), although not yet 
available commercially, could represent a valuable 
option in the medium to long term.

As described below, the CO2 emission reduction 
between 2007 and 2013 cannot be explained alone 
by improved fuel efficiency or reduced mobility, 
and cannot be explained without accounting for 
the effects of the economic recession. And neither 
can it be explained by a gradual decarbonisation of 
the energy consumption. 

The fuel mix of the European transport sector 
is indeed dominated by oil products, which still 
represent 93% of the transport energy demand in 
2015. Low-carbon energy only accounts for a very 
small amount of the energy consumption (Fig-
ure 28). While biofuel use increased significantly 
in the period—from 0.7 Mtoe in 2000 to 14.4 Mtoe 
in 2015—its overall share is still low, accounting 
for only 4.6% of total energy consumption. Fur-
thermore, most biofuel use is concentrated in cars 
for passenger transport (75% of the total in 2013), 
while road freight transport is still almost fully de-
pended on oil products. Electricity share in total 
transport energy consumption is very low and de-
creased from 2% in 2000 to 1.7% in 2013. Almost all 
electricity consumed in the transport sector is used 
in rail transport (99% in 2015), while only 1% is 
employed in road transport. The decarbonisation 
of the transport final energy use is thus still far 
from making any significant progress, especially 
in road and air transport.
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In terms of energy use, it can be seen from Fig-
ure 28 that the total energy consumption of trans-
port follows a similar path to CO2 emissions, grow-
ing by 10% between 2000 and 2007, declining by 
9.4% in the period corresponding to the economic 
recession and then rising again 2.4% between 2013 
and 2015. 

The decline in the energy consumption between 
2007 and 2013 is mainly due to a reduction in trans-
port activity rather than to improvements in the 
fuel efficiency. As shown in Figure 28, the amount 
of transported goods (expressed in billion  t-km) 
experienced a significant expansion (+23%) in 
the period 2000-2007, while passenger mobility in-
creased by a smaller amount (+8%). At the same 
time, the rise of freight transport is accompanied 
by a relative decoupling from energy use, as shown 
by the decrease of -7.1% in the energy intensity.18 In 
the second period, the dramatic decline in freight 
mobility (-9.6% between 2007 and 2013), together 
with some improvements achieved in the energy 
intensity of freight and passenger transport (-3.5% 
and -6.7% respectively), contribute to the overall 
decline in the transport energy demand. 

Thus the trend in energy consumption is mainly 
correlated to the changes in transport mobility, 
particularly for freight transport, while the reduc-
tion experienced in energy intensity of passenger 
and freight transport can be related to improved 
fuel efficiency. 

Looking into the mobility trends by country, pas-
senger mobility per capita increased significantly 
between 2000 and 2007, mainly in Eastern Euro-
pean countries (e.g. in BG, HR, LV, LT), while the 

18.	 Energy intensity is expressed in KWh/Billion t-km.

decline of passenger mobility in the following pe-
riod affected especially Italy, Greece, Slovakia and 
Spain (Figure 29).

The effect of the economic trend on mobility 
is even more evident when looking at freight 
transport (Figure  30). Between 2000 and 2007, 
freight transport mobility increased sharply 
especially in Eastern European countries, where 
countries such as Bulgaria, Croatia, Hungary, 
Latvia, Lithuania, Poland, Romania and Slovenia 
experienced an increase in freight mobility of 
more than 50%. In the following period, the effect 
of the economic crisis likely combined with high 
oil prices reduced freight mobility in most of the 
EU28 countries, with the biggest decline occurring 
in the countries most affected by the economic 
downturn (GR, IT, ES, IE, PT). 

Despite the decline in recent years in passenger 
and freight mobility, analysed scenarios expect a 
steady growth in transport mobility, with the only 
exception of passenger transport in Germany19 
(Figure 31 and Figure 32). In the EU28 as a whole, 
passenger kilometres are assumed to increase by 
37% between 2010 and 2050, while freight mobility 
is expected to rise 56% in the same period. 

The increasing mobility needs of people and 
goods, coupled with a fuel mix still (almost) 
entirely dependent on oil products, gives rise to 
serious concerns on how to meet the emission 
reduction targets without compromising economic 
growth. To ensure growth is sustainable, there is a 
need for an appropriate policy framework able to 
drastically reduce the energy intensity of transport 
and at the same time capable of pushing the 
process of decarbonisation forward. 

In the following sections, the recent trends in 
energy and carbon intensity of transport are com-
pared with the future required transformation 
benchmarks. 

Figure  33 shows the annual change in energy 
intensity of passenger transport, which alone 
represents 65%20 of total transport energy 
consumption. In the period 2000-2007, the 
energy intensity of the EU28 declined by -0.3%/
yr, with some Member States experiencing a larger 
decline (up to -2.4%/yr in Greece) and others 
experiencing an increase in the energy intensity 
(up to +3.9%/yr in the Czech Republic).21 In the 
following period, the rate of decline of the EU28 

19.	 When looking at per capita passenger mobility, due to 
the decreasing population trend expected in Germany, 
passenger mobility increases in two Germany scenarios 
between 2010 and 2050. 

20.	 Data for 2013 by Enerdata.
21.	 The black bar represents the full range of annual rates of 

energy intensity for all EU Member States.
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energy intensity accelerated, reaching -0.85%/
yr. At the same time, all EU Member States 
experienced deeper reductions or a slowing down 
in the increase of the energy intensity compared 
to the previous period, as can be seen from the 
reductions across the full range of the Member 
States’ energy intensity annual rates (black bar in 
the graph). Again, Greece experienced the highest 
reductions (-5.1%/yr between 2007 and 2012), 
while the biggest increase occured in Italy, where 
the energy intensity, after a period of decline 
between 2000 and 2007, started to increase again 
(+2.14%/yr).

Despite this widespread acceleration in the en-
ergy intensity improvements in the period 2007-
2012, the energy intensity must decline even more 
sharply already before 2020, according to the con-
sidered transformation benchmarks. In the dec-
ades 2010-2020 and 2020-2030, the EU28 energy 
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Figure 30. Tonne kilometres (% change 2000-2007; 2007-2013)
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intensity must fall by -1.63%/yr and -1.86%/yr re-
spectively in order to be consistent with the long-
term EU decarbonisation pathway. The transfor-
mation benchmarks for the 4 countries represented 
in the analysis (UK, DE, FR, IT) are even more am-
bitious, requiring a median annual reduction in 
the energy intensity of -2.40%/yr and -2.44%/yr 
for the decades 2010-2020 and 2020-2030 respec-
tively. It can be noted that in both decades the big-
gest reduction occurs in France where the increase 
in passenger mobility, up to 2030, is accompanied 
by a continuous reduction in the energy use along 
the entire period 2010-2050. Between 2030 and 
2040, the energy intensity decline keeps accel-
erating, with a reduction for the EU28 account-
ing for -2.19%/yr—a similar value is seen for the 
median of the 4  country scenarios (-2.29%/yr).  
In the last decade 2040-2050, the energy intensity 
continues to decline but at lower pace (-1.56% for 
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Figure 29. Passenger kilometres per capita (% changes in periods 2000-2007 and 2007-2013)
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the EU28 and -1.25% for the median of the coun-
try scenarios). This is because energy intensity 
improvements have already achieved large reduc-
tions (the overall decline in energy intensity in 
the EU28 accounts for more than 50% between 
2010 and 2050)—while in the last two decades the 
decarbonisation of the fuel mix in the transport 
sector (mainly due to large-scale deployment of 
electric vehicles) experience its uptake (as shown 
in Figure  35). Nevertheless, note that the rate of 
decline in this last decade is still more ambitious 
than what was experienced historically until 2012. 

Compared to passenger transport, the energy 
intensity of freight transport experienced larger 
improvements in the first period 2000-2007, when 
the EU28 energy intensity declined by -1%/yr  
(Figure 34). Even in this case, the variability 
across Member States was quite high, as shown by 
the wide range of results, from a decrease in the 
energy intensity of Germany (by -3.1%/yr) to an 
increase by +5.4%/yr in Czech Republic. After 
2007, the effect of the economic downturn appears 
clear: the rate of decline of energy intensity slowed 
in the EU28 (-0.6%/yr) while the median value of 
the EU Member States increased from -0.1%/yr to 
+0.7%/yr. In this period it can be noted also an 
increase in the spread of the full Member States’ 
range, from -6.5%/yr in Poland to +8.2%/yr in 
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Figure 34. Energy Intensity - freight transport, compounded average annual change
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Ireland. 
Looking at the transition scenarios, it seems 

that freight transport has less potential of reduc-
ing energy intensity compared to passenger trans-
port. The EU28 energy intensity reduction indeed 
accounts for -1.1%/yr in both decades 2020-2030 
and 2030-2040, and it slows down to -0.7%/yr be-
tween 2040 and 2050.

As described above, the improvements in energy 
intensity of passenger transport decelerate in the 
decade 2040-2050. At the same time, no significant 
acceleration in energy intensity reduction of freight 
transport is envisaged in the future decades. A 
possible explanation of this result, together with 
the technical constraints peculiar to the transport 
sector, is the acceleration of fuel switching, which 
becomes an important driver of emission reduction 
in the transport sector, especially after 2020. 

Figure 35 illustrates the effect of the transition to 
low-carbon technologies in total transport. It can 
be noticed that the annual change of carbon inten-
sity remained constant for the EU28 as a whole in 
the periods 2000-2007 and 2007-2010, with an an-
nual decline of -0.3%. Looking at the median of the 
Members States, there appears to be a slight accel-
eration in the carbon intensity reduction in the pe-
riod 2007-2012 with respect to the previous period, 
from -0.2%/yr to -0.5%/yr. This result reflects also 
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again, with carbon intensity declining by -2.7%/yr 
and -3.9%/yr in the periods 2030-2040 and 2040-
2050 respectively, largely based on the extensive 
electrification of the passenger vehicle stock. 

It should be noticed that while the EU28 scenar-
io assumes very limited penetration of hydrogen-
fuelled vehicles, all country scenarios (with the 
only exception of France) envisage the take up 
of hydrogen-fuelled vehicles from 2040—or even 
earlier in the case of the UK—as a way to decar-
bonise the transport sector. 

In the EU28 scenario, the decarbonisation of 
the transport sector occurs mainly through an 
increasing penetration of biofuels (especially 
2nd  generation) and electricity in total final en-
ergy consumption, which in 2050 reach a share of 
38% and 16% respectively. Nevertheless, it should 
be noted that the decarbonisation strategies for 
the transport sector are very different across the 
country scenarios analysed: a high penetration of 
hydrogen-fuelled vehicles (between 24% and 30% 
of total transport energy consumption in 2050) is 
assumed in the UK scenarios;22 biofuels play a sig-

22.	 The UK scenarios assume that constraints on biofuel 
imports (due to sustainability concerns and increase 
in global demand) as well as on domestic resources 
might limit the access to biofuel resources. Given these 
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Figure 35. Carbon Intensity – Total Transport, compounded average annual change 
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the wide range across countries, which increases in 
the second period (from -3%/yr in Luxemburg to 
+1.6%/yr in Austria between 2000 and 2007; and 
from -4.2%/yr to +1.3%/yr between 2007 and 2012 
in Ireland and Slovakia respectively). This outcome 
reflects the gradual penetration of low-carbon tech-
nologies/energy sources, mainly occuring in pas-
senger transport. During the period 2000-2012, the 
share of low-carbon energy in passenger transport 
increases by 5.2pp in the EU28. The decarbonisation 
of freight transport appears to be more difficult. In-
deed, in the same period, the share of low-carbon 
energy rises only by 2.1pp across the EU28. 

Looking at future benchmarks, it can be seen 
that in the EU28, the carbon intensity reduction 
in the period 2010-2020 is slightly higher than ob-
served historically (-0.4%/yr), suggesting that an 
acceleration in the process of decarbonisation is 
required already before 2020. Interestingly, while 
the rate of decline in carbon intensity continues 
to accelerate decade after decade in all country 
scenarios, in the EU28 there is instead a decelera-
tion during the decade 2020-2030. This is mainly 
due to a slowdown in the penetration of biofuels 
between 2020 and 2030, while other low-carbon 
fuels/technologies are not expected to be avail-
able at a large scale before 2030. After 2030, the 
decarbonisation process of the EU28 accelerates 
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nificant role in the Germany scenarios; an almost 
complete phase out of oil and its replacement with 
gas and electricity is the strategy adopted in the 
France scenarios ; while Italy’s scenarios opt for a 
more balanced transport fuel mix. In all transition 
scenarios however, electricity plays a significant 
role, taking up a share of transport final energy 
consumption from 12% to 27% in 2050. Different is 
the case of biofuel, for which the penetration in the 
energy use varies widely across scenarios (from 
5% to 42% in 2050), showing how biofuels are not 
always seen as an effective way to decarbonise the 
countries’ transport sector.23 With a current share 
of electricity equal to 1.7% of total energy use and a 
share of biofuel of less than 5% in the EU28, there 
is a long way to go to reach these benchmarks. 

In July 2016, the Commission adopted the 
Low-Emission Mobility Strategy which, among 
other elements, pushes for the deployment of low-
emission energy—including advanced biofuels, 
electricity, hydrogen and renewable synthetic fu-
els—with the aim of increasing the share of low-
emission energy up to about 15-17% of transport 
energy demand in 2030.

Looking at the carbon intensity analysis above, 
overall it seems that only small improvements 
have been achieved up to 2012, while a deeper de-
carbonisation is required in the near future, espe-
cially from 2020 onwards. This requires a signifi-
cant mobilization of financial resources to invest 
in the technologies and infrastructures necessary 
to the transition and a robust policy framework 
able to support the shift to low-emission mobil-
ity. Given the narrow time span left before 2020, 
those actions must be put in place at the earliest 
opportunity.

6.2. Policy discussion

The above analyses illustrates that the decarboni-
sation of transport is still at an early stage. It allows 
drawing three main insights:
mm Overall, passengers and freight transportation 

has been increasing in the EU since 2000, main-
ly in fast-growing eastern European states but 
also to a certain extent in Western developed 
countries. In this respect, behavioural changes 
away from private transport and cars towards 
more environmentally-friendly transport 
modes (rails, bicycles, walking) should be en-
couraged to stay under a 2°C scenario according 

constraints in the model, hydrogen becomes a feasible 
option.

23.	 This depends largely on specific model assumptions 
with regard to biomass resources and economic poten-
tial as well as on model constrains on biofuel imports.

to the long-term scenarios considered in our 
study.

mm Transport energy intensity has been declining 
but at an insufficient rate compared to long-
term objectives. The rate of change will need 
to accelerate strongly in the coming decades. 
This transition will need to start sooner and 
go deeper in passenger transportation where 
more potential to reduce energy intensity exists 
and technological solutions to decarbonize are 
closer to market-competitiveness compared to 
freight transportation.

mm Electric and plug-in hybrid vehicles currently 
still represent a low share of the vehicles mar-
ket. However, the use of electricity for mobility 
is widely seen as a central technology develop-
ment to reach a low-carbon transportation sys-
tem. Even if the market share of electric vehicle 
and hydrogen/synthetic market shares is still 
highly uncertain according to the scenario anal-
ysis, the development of these technologies will 
be a game-changer for the industry and will re-
quire significant policy intervention combined 
with extensive deployment of infrastructure 
(e.g.  battery recharging infrastructure to facil-
itate massive penetration of plug-in hybrid and 
electric vehicles).

Compared to other sectors, emission reduction 
envisaged in the transport sector is smaller (EC, 
2011): 54 % to 67 % by 2050 compared to 1990, ac-
cording to the 2050 Roadmap. However, these in-
tended reductions will be particularly challenging 
given that they involve a set of complex interac-
tions between areas of decision: urban and public 
transport planning and infrastructure (especially 
battery recharging infrastructure as a prerequisite 
for penetration of electric vehicles), technological 
progress and their accessibility to market, stan-
dards regulation, fuel prices and their taxation, 
trade rules for products and services, and consum-
er preferences.

For individual road transportation, the main Eu-
ropean policy has been so far the setting of energy 
efficiency and CO2 standards that became manda-
tory since 2009 for car manufacturers. The aim is to 
reach progressively an average CO2 emission factor 
of less than 130 gCO2/km in 2015 and 95 gCO2/km 
from 2020 for new cars sold. The assessed progress 
towards the targets set has been positive and man-
ufacturers reached the 130 gCO2/km threshold in 
2013, two years in advance. Nevertheless, recent 
studies revealed a significant and growing gap be-
tween test and real world emissions (ICCT, From 
laboratory to road: A 2015 Update of official and «re-
al-world» fuel consumption and CO2 values for pas-
sengers car in Europe, 2015). This divergence has 
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been shown to increase from 8% to 40% between 
2001 and 2015. In this regard, the EU should first 
make sure that emissions control procedures are 
revised according to identified discrepancies and 
make sure that the measured standard are trans-
lated into real world emission reductions. Then, 
emission standards for vehicles should be contin-
uously tightened in coherence to long-term de-
carbonisation objectives during the next revision 
for new post-2020 targets and could be extended 
to lorries (HDVs-heavy duty vehicles) in order to 
give a clear vision of what technologies are needed 
in the long term for manufacturers. Considering 
alternative fuels, European policies focused heav-
ily in the past on the promotion of biofuels that 
started as a security of supply measure and then 
turned into a climate change mitigation motivated 
policy (ECN, 2006). A first EU directive was ad-
opted in 2003 and contained indicative targets for 
2005 and 2010 for biofuels and was followed by the 
adoption, as part of the 2020 Energy and Climate 
package in 2008, of a 10 % target for renewable en-
ergy in the transport sector energy consumption. 
Nevertheless, resource limitations and doubts on 
the environmental performance of first generation 
biofuels (related on the indirect land use effect of 
biofuels cropland)24 induced a revision of Member 
States’ policies to develop biofuels. Combined with 
a slowdown in demand for transportation fuel, it 
capped the consumption of biofuels in Europe at 
around 14 Mtoe since 2010 (see Figure 36) after a 
strong increase in the previous decade. In addition, 
a 7% cap on the contribution of crop-based biofu-
els to the transport renewable energy target for the 
EU has been approved last year, and sustainability 
criteria will be strengthened from 201725 in order 
to favor second generation biofuels. The European 
Commission recognised significant potentials for 
second generation biofuels, but current technical 
and resource limitations complicates the setting 
of clear targets and thus policy signals. Electric 
vehicles have become with time a more credible 
solution for short-distance travels in light-duty ve-
hicles. Nevertheless, there is still few alternatives 
to liquid fuels in marine, aviation and heavy-duty 
transport, where biofuels could contribute their 
share to switch to low-carbon transportation.

Electro-mobility is now widely seen as the solu-
tion to decarbonize short to medium-distance 

24.	 Indirect land-use effects refer to the increase in carbon 
emissions due to overall land-use changes induced by 
the increased demand for land to grow biofuel crops.

25.	 Biofuels must achieve GHG emissions savings of at least 
35 % in comparison to fossil fuels and taking into ac-
count life-cycle emissions. This criterion will rise to 50% 
in 2017 and 60 % in 2018 for new production plants.

personal road transportation and several Europe-
an countries have already set ambitious targets for 
the development of electric and plug-in electric 
hybrid vehicles and the related battery recharg-
ing infrastructure. For example, France has set in 
last year’s Energy Transition Law a target of 7 mil-
lion charging points for electric vehicles in France 
in 2030, while Germany has an ambitious target 
of having 1 million electric cars in 2020 that will 
probably be missed at current path. The challenge 
here lies in setting robust policies to incentivize 
consumers to opt for electric vehicles instead of 
conventional vehicles, and developing the needed 
infrastructure to make electric vehicles a viable op-
tion for consumers.

Public policies have generally concentrated in 
setting up financial incentives to buy an electric 
car. In France for example, individuals receive a 
subsidy of 6,700 € to 10,000 € when they buy a new 
electric-car. It can be complemented by policies 
aiming to raise taxes on polluting cars or directly 
on fossil fuels that make the use of the electric car 
more economical for the consumer, by implement-
ing or raising a CO2 tax on fuels for example. For 
public authorities, raising taxes on fuels have the 
important advantage of increasing revenues that 
can be used to finance other incentive policies and 
increase investments in other public sectors. How-
ever, it also has strong redistributive effects and 
tends to disproportionally impact poorer popula-
tion first because of their higher share of transport 
expenses in their overall household expenses and 
their limited capacity to switch to a more efficient 
car technology due to a limited access to finance. 
Redistributive measures to accompany the tran-
sition have to be considered in the policy mix to 
avoid increasing fuel poverty, especially in rural 
or suburban areas where inhabitants face a lim-
ited offer of public transportation for their daily 
commute. 

Another important issue regarding the devel-
opment of electric vehicles is the development 
of charging station infrastructure and its coordi-
nation with electric grid development and plan-
ning. The development of electro-mobility can be 
disruptive for the electric grid. Although energy 
transport consumption volumes appear to be man-
ageable, the challenge lies in the moment when 
electric cars are being charged: it can be feared 
that the natural behavior of consumers will end 
up in important consumption levels happening at 
the same moment, i.e. returning home after work 
(US Department of Energy, 2010). Smart charging 
and grids can play an important role in smooth-
ing the charging of electric vehicles, incentivizing 
charging at times when electricity is abundant and 
thus can be offered at lower prices, diminishing 
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the risk of congestion of the distribution grid, 
and reducing the need of investment in grid infra-
structures and production capacities. At the con-
sumer level, the proceedings and costs of having 
a charging point at home or at the office can be 
a significant enabler or disincentive to switch to 
an electric car. A standardized approach following 
reasonable pricing of the installation and oper-
ation of the charging point from the users view-
point will help foster consumers’ confidence. The 
EU should also play an important role in setting 
common rules on charging standards to guarantee 
the ability to travel throughout Europe, and man-
age the impact of charging on grid management. 

7. CONCLUSIONS AND POLICY 
RECOMMENDATIONS

General conclusions

The EU has adopted an ambitious target for 
reducing its emissions by at least 40% by 2030 
and 80-95% by 2050, compared to 1990 levels. The 
EU has also established an annual process—the 
State of the Energy Union—whose role, in part, 
is to monitor and evaluate progress towards these 
goals. In this context, there is a need for further 
thought about what represents adequate progress 
and what methodologies to apply to evaluate it. 
This paper is a contribution to this discussion. 

A key conclusion of this paper is that, to assess 
current trends and their adequacy with these objec-
tives, it is necessary to go beyond aggregate GHG 
emissions or energy use figures, and to analyse the 

underlying drivers of emissions changes, sector by 
sector, and Member State by Member State. Based 
on this kind of analysis, we conclude that the EU 
has made some significant progress in the struc-
tural decarbonisation of its energy system. 

However, despite this progress, the EU is cur-
rently “off-track” to achieve its objectives by 2030 
and 2050. First, the rate of change is insufficient 
across a large number of the indicators assessed. 
Second and relatedly, too much of the change in 
aggregate emissions has been driven by cyclical 
effects rather than structural decarbonisation, 
notably the impact of the financial crisis and sub-
sequent slow recovery. Third, long-term decar-
bonisation options, for example to decarbonise 
industrial processes and materials, are not being 
adequately prepared. 

Perhaps of even greater concern, however, is the 
fact that there appears to be a gap between, on the 
one hand, policy proposals being discussed in the 
development of the EU’s 2030 Climate and Energy 
Framework and, on the other hand, the rate of 
progress that 2050 pathways to the EU’s goals say 
is needed during the coming decade. While some 
policies will have an impact, our study suggests 
that the ambition of EU and Member State poli-
cies is either a continuation of business as usual in 
terms of rates of progress, or is being dialled down 
in some cases. 

Policy recommendations

The above analysis suggests the following policy 
recommendations. 

First, the EU and Member State policy should sig-
nificantly revise their approach to decarbonisation 

Figure 36. EU28 biofuels consumption in road transport
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by refocusing on the key drivers of emissions in 
each sector. By themselves, cross-sectoral emis-
sions targets do not give sufficient impetus to the 
structural decarbonisation of the EU energy sys-
tem. More attention to targeted policies and gov-
ernance tools that address each of the key drivers 
of emissions in each of the major emitting sectors 
is needed, including those sectors covered by the 
EU ETS. 

The EU’s new Energy Union Governance Mecha-
nism should be designed based on this principle. 
For instance, Member States’ new National Cli-
mate and Energy Plans need to give ample focus to 
strategies for sectoral transformation towards 2050 
goals, not just marginal actions to meet 2030 tar-
gets. To do so, Member States will need to have de-
veloped their own processes for identifying possi-
ble pathways to their 2050 goals, taking account of 
their national circumstances. The EU should pro-
mote the development of these tools, where they 
do not yet exist. Moreover, the EU is developing 
a set of “Key Indicators” to track national and EU 
progress towards decarbonisation. These indica-
tors should reflect key structural changes that are 
needed in major emitting sectors, not just progress 
towards intermediate 2030 targets. 

Second, current proposals to implement the 
2030 package should be adopted in the strongest 
possible form to put the EU back on track. Pro-
posals to reform the EU  ETS and adopt non-ETS 
targets go some way to strengthening the decar-
bonisation of the EU energy system. However, by 
themselves they are not sufficient to put the EU 
on track to achieve its 2030 or 2050 commitments. 
This is especially true of the EU’s energy efficiency 
objectives. If adopted in their current form—i.e. 27 
to 30% energy savings by 2030—they would repre-
sent a slowdown in the pace of energy productivity 
improvements for the EU (EU ASE, 2016). While 
the 27-30% number sound “big”, they are distorted 
by the fact that they are calculated relative to an 
energy use baseline dating back to before the eco-
nomic crisis of 2008/09 (EEA, 2015). 

The EU ETS also needs be strengthened to avoid 
the risk of low and ineffective carbon prices per-
sisting well in the late 2020s. Barring this, the EU 
should explore ways to allow individual Member 
States to go further with domestic policies in ETS 
sectors, without undermining the EU carbon price. 

Third, the EU, in coordination with the Member 
States, should develop a suite of sectoral policies 
to complement the overarching emissions caps of 

the EU ETS and non-ETS sectors. In particular, in 
2017 the EU should adopt very ambitious regula-
tions to drive the decarbonisation of transport, 
and in particular the roll-out of alternative fuel 
vehicles, in which it is currently lagging behind 
what is needed to be on track towards its 2050 
goals. Likewise, targets, financing and monitoring 
of energy efficiency retrofitting and fuel switching 
in buildings should all be strengthened. 

Fourth, the EU needs a shake-up of current poli-
cies for decarbonising energy-intensive and trade-
exposed industries. A renewed focus on industrial 
decarbonisation is necessary, given the inadequa-
cy of the EU ETS signal and the fact that progress 
towards key decarbonisation technologies in these 
industries has stalled. The specific combination of 
technological challenges, financial risks, low prof-
itability in the current context, and competitive-
ness concerns calls for a suite of policies that must 
go beyond carbon pricing and R&D funding. A new 
policy framework is needed. 

This framework will need involve a suite of poli-
cies and be linked to concrete sectoral decarboni-
sation strategies. Key elements should include a 
renewed focus on technology “push” measures, 
for instance, by providing stable long-term fund-
ing for demonstration and early-phase commer-
cialisation of promising “breakthrough” processes. 
It must also include a renewed focus on market 
“pull” measures to create a market for low-carbon 
materials and processes in industry, such as prod-
uct labelling, public procurement, and revisions of 
building and product standards where appropri-
ate, etc. In the wake of the Paris Agreement, inter-
national cooperation on policies and approaches 
for decarbonising industry in a world of unequal 
carbon prices should also be prioritised. 

Finally, the EU should consider policies to phase 
down coal in electricity, given the lack of an effec-
tive signal for coal retirement from the EU  ETS. 
By 2030, unabated coal needs to drop by more 
than 50% to make way for low-carbon electricity 
sources. A failure to develop a smart retirement 
plan for unabated coal will continue to place pres-
sure on EU electricity markets. This risks, in turn, 
undermining progress towards efficient and better 
integrated power markets that are needed for the 
transition to high shares of low-carbon generation 
to occur. Even assuming ambitious reforms to the 
EU ETS, the EU will probably need to develop ways 
of facilitating national coal phase out strategies in 
individual Member States. ❚
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APPENDIX: DESCRIPTION OF MODELS AND SCENARIOS 

Country: UK 

Team: UCL; Reference: Pye, S. et al. (2015) 

Model: UK TIMES 
UK TIMES is an energy system model that ex-

plicitly represents the technology and fuel choic-
es across different sectors under decarbonisa-
tion objectives. These choices are made based on 
what is economically optimal, subject to a range 
of constraints that ensure greater realism. Such 
constraints include balancing of supply-demand, 
limits on technology build rates, and representa-
tion of available resources, e.g.  wind, bioenergy 
etc. Energy service demand drivers are exogenous 
to the model, while the supply choices (including 
electricity generation) are endogenous.

Scenarios 
Scenario D-EXP (decarbonise & expand) puts a 

strong focus on near-term power sector decarboni-
sation based on a mix of low-carbon technologies 
including wind and nuclear, enabled by effective 
policy incentives. A stronger role for CCS emerg-
es towards the end of the 2020s, with increasing 
build out across all of these generation technolo-
gies post-2030. This system expansion allows for 
increasing levels of end-use sector electrification, 
which becomes the core pillar for decarbonisation 
of end-use demand. 

Scenario M-VEC (multi-vector transition) 
foresees a system that is less reliant on electrifica-
tion for decarbonisation, due to more limited de-
ployment of key low-carbon generation technolo-
gies, namely nuclear and CCS. Wind generation 
capacity is greater than in D-EXP, resulting in more 
significant challenges for system operation. While 
electrification is lower, a generation system emerg-
es that is actually larger in capacity terms. Other 
energy vectors, including hydrogen and bioenergy, 
play a much stronger role in decarbonisation of the 
energy supply in the longer term (post-2030).

Scenario R-DEM (reduced demand) illustrates 
how supply-side decarbonisation can be moder-
ated by action to reduce demand. Stronger efforts 
are focused on building retrofit, motivated by gov-
ernment pushing to address affordability concerns 
and fuel poverty. Additional policy efforts also fo-
cus on reducing demand for passenger transport. 
Efforts to develop and deploy low-carbon tech-
nologies occur in parallel, although the ambition 
is scaled back due to the success of demand-side 
measures.

Country: Germany 

Team: Wuppertal; Reference: Hillebrandt, K et 
al. (2015)

Scenarios 
For the detailed analysis of potential decarboni-

sation pathways for Germany, the authors of the 
German DDP chose the following three illustrative 
scenarios from the literature: 

Scenario Target (Government Target Scenar-
io) from the study “Development of Energy Mar-
kets – Energy Reference Forecast” (Schlesinger et 
al., 2014). This scenario foresees final energy de-
mand reductions through high energy efficiency 
improvements. This is accompanied by increased 
use of domestic renewable energy sources.

Scenario 100-II (Renewable Electrification 
Scenario) from the study “GROKO II – German 
Energy Supply Scenarios Based on the EEG Draft 
Bill” (Nitsch, 2014). This scenario focuses on an ex-
panded use of renewable energy sources/carriers 
and high electrification. It achieves GHG emission 
reductions by 2050 that are somewhat higher than 
the government’s minimum target but lower than 
those of the most ambitious scenarios available. 

Scenario KS 90 (90% GHG Reduction Scenar-
io) from the study “Climate Protection Scenario 
2050” (Repenning et al., 2014). This scenario in-
vestigates the measures and strategies that would 
be needed to achieve greenhouse gas emission re-
ductions of 90% by 2050. It focuses on final energy 
demand reductions through energy efficiency, 
substitution of fossil fuels through electricity and 
net imports of bioenergy. This is the only scenar-
io for Germany which foresees the use of CCS in 
industry. 

CCS for use in the power sector is also not en-
visioned by any of the energy scenarios for Ger-
many released within the past few years as it has 
become clear that there is very little acceptance for 
this technology within German society, especially 
given the low-carbon alternatives available in elec-
tricity generation.
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Country: France 

Team: EDDEN, CIRED; Reference: Mathy, S., 
Criqui, P., Hourcade, J.C. (2015)

Model: Imaclim-R France
Imaclim-R France is a computable general equi-

librium model that quantitatively represents the 
interrelated technical and economic impacts of 
different energy scenarios. The model allows for 
the consistent analysis of how changes in techno-
logical systems and economic constraints impact 
various measures’ effectiveness. It uses physical 
variables (number of motor vehicles, collective 
dwellings or individual houses, annual energy 
efficiency of technologies, etc.) allowing for the 
integration of sector-specific data related to how 
economic incentives impact final demand and 
technology systems.

Scenarios 
Scenario EFF (Efficiency) assumes a 2% annual 

reduction in per-capita final energy consumption 
in France until 2050. This result is achieved mainly 
through strong effort towards thermal retrofit of 
buildings and behavioural changes in transport. 
The development of renewable energy sources, in 
particular solar and wind, is also relevant and mir-
rors the diminishing share of nuclear power in the 
electricity mix. In the transport sector the uptake 
of electric, hybrid-electric or natural-gas vehicles 
is also envisaged.

Scenario DIV (Diversity) implies a less drastic 
reduction in demand and focuses more on com-
pensation by a larger decarbonized energy supply, 
primarily from three very different sources: third-
generation nuclear power plants, biomass energy, 
and urban heat networks.

Country: Italy

Team: ENEA, FEEM; Reference: Virdis, M.R. et 
al. (2015).

Models: TIMES-Italy
TIMES-Italy is a partial equilibrium model of the 

Italian energy system. It is a bottom-up model of 
intertemporal optimization, which minimizes total 
cost for the energy system to meeting a given de-
mand, subject to environmental and technological 
or policy constraints.

Scenarios 
Scenario CCS (CCS + Renewables) envisions 

powering the energy system with a large share of 
electricity from renewables and with fossil fuel 
technologies, coupled with CCS. These allow for 
the deep decarbonisation of the electricity system, 
and lead to a high level of electrification of heating 
and transport services.

Scenario EFF (Energy Efficiency) assumes 
fewer options are available to decarbonize the 
electricity system, resulting in relatively higher 
costs and a reduction of the electricity consumed 
by end-use sectors. This scenario focuses instead 
on an increased reliance on advanced energy-effi-
ciency technologies, and greater use of renewable 
energy for heat and transportation. 

Scenario DMD_ RED (Demand Reduction sce-
nario) models the response of the energy system 
to a limited availability/commercialization of CCS 
(especially in the industrial sector) and a high cost 
of decarbonisation. This scenario foresees demand 
reductions through efficiency improvements in 
end-uses sectors, transport modal shift and reduc-
tion of industrial output. Fuel switch in final sec-
tors is also envisaged.
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Country: Poland

Team: WISE, ISD; Reference: Bukowski, M. (ed.) 
(2013)

Models: MEEP
MEEP (Microfoundations-based Energy and 

Emissions Projection model) is a national-scale 
model of energy use and GHG emissions in Poland. 
It provides sectoral-level projections based on both 
macroeconomic trends and bottom-up technologi-
cal shifts (e.g. introduction of RES, electrification 
of passenger vehicles, increasing share of passive 
buildings).

Scenarios 
Scenario European Coal envisions a process of 

diversification of energy sources until 2030, while 
renewable sources gain relevance and are comple-
mented by gas-fired power plants. However, the 
main investment stream goes to low-emission coal 
fired power plants and in 2030-50 conventional 
coal and gas-fired capacity is replaced by power 
plants with CCS. 

Scenario French Model focuses on the exten-
sive deployment of nuclear power, which in 2050 
results in half of the total electricity produced. 
This replaces most of the coal-fired capacity, with 
the rest of the mix composed by a combination of 
natural gas and renewables.

Scenario Distributed Autarky envisages the 
expansion of renewables and shale gas to ensure 
energy self-sufficiency. The coal-fired capacity is 
replaces by gas-fired plants. 

Scenario Distributed Integration foresees the 
development of renewables sources. However, in 
this scenario the domestic gas-based energy gen-
eration does not develop and Poland integrates the 
Europe-wide system based on renewables and dis-
tributed generation. Given its poor RES sources, 
Poland imports about one third of its energy from 
abroad. 

Scenario Full Diversification envisions a diver-
sified energy mix (fossil fuels with CCS, nuclear, 
renewables and distributed generation) where no 
source gains a dominant position. 

Region: EU28

Team: ICCS; Reference: Fragkos et al., 2016; Pa-
roussos et al., 2016; E3M Lab, 2013.

Models: PRIMES
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 (includ-
ing power sector, gas supply, hydrocarbon, etc.), 
market prices of energy commodities, CO2 emis-
sions, investment in all energy sectors, energy 
technology penetration, and energy system costs 
over the period from 2015 to 2050 in 5-year inter-
vals. The PRIMES model covers all EU28 Member 
States and all non-EU European countries.

Scenarios 
Scenario EU INDC assumes full implementation 

of the Climate and Energy package for 2030. The 
scenario assumes the achievement of the 40% GHG 
emission reduction target for 2030 as set out in the 
EU INDC to COP21 and the long-term objective of 
80-95% reduction in GHG emissions by 2050. The 
scenario allows for the development of all major 
low-carbon technologies based on cost-efficiency 
while taking into account specific policy measures 
and specificities at the national level: energy effi-
ciency and renewable energy sources (RES) in all 
sectors, carbon capture and storage (CCS) in pow-
er generation and in industrial applications, and 
electrification of the road transport sector. 

Carbon prices are the main driving mechanism 
enforcing the GHGs reduction target. In line with 
economic efficiency considerations and cost-opti-
mal allocation of abatement efforts across sectors 
and EU Member States, carbon prices are the same 
in all sectors from 2025 onwards. The scenario fur-
ther assumes full anticipation by all energy system 
actors of the implementation of the EU INDC and 
the long-term transition to a decarbonised econ-
omy, i.e.  enabling conditions that are needed in 
order to set in place the cost-efficient transition to 
a competitive low-carbon economy by 2050. The 
enabling conditions include factors such as tech-
nology development (e.g. of electric vehicles, CCS 
or photovoltaics) and the behaviour of energy sys-
tem actors (e.g.  infrastructure providers, technol-
ogy manufacturers, energy consumers, lawmakers) 
compatible with the strong emission reduction tar-
get, inducing early adoption of low and zero carbon 
technologies by consumers and timely development 
of clean energy infrastructure (e.g. smart grids, bat-
tery recharging infrastructure). Market failures and 
non-market barriers to efficient energy consump-
tion and accelerated RES deployment are assumed 
to be gradually removed in the EU INDC scenario.
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