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Abstract
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1. Introduction

This paper reviews various decarbonisation scenarios for the energy sector and thus serves
as a background document for assessing the impacts of a transition away from fossil fuels
towards low-carbon energy technologies on employment in Europe. A broad range of
scenarios is taken into account - from international institutions, European research projects,
NGOs and the private sector - all of which depict a decarbonisation of the energy sector in
line with limiting global warming to two degrees Celsius above pre-industrial levels.
However, since it is far from certain that these ambitious scenarios will materialise by 2020
and 2050, the paper additionally presents a scenario with lowered policy ambitions. This
allows for a comparison of the decarbonisation scenarios with a baseline scenario, and thus
for an analysis of how much the energy sector will need to change in the context of the socio-
ecological transition (SET). The conclusions of this paper, originally published as a
contribution to the NEUJOBS project (Deliverable 11.1), are taken further in another report,
where the actual impacts of decarbonisation scenarios on employment are analysed in the
context of the energy sector (to be published as NEUJOBS Deliverable 11.2)."

1.1 Energy in the context of the socio-ecological transition

One of the explicit objectives of NEUJOBS is “to analyse future possible developments of the
European labour market(s) under the main assumption that European societies are now
facing or preparing to face four main transitions that will have a major impact on
employment” (NEUJOBS, 2013). This paper is concerned with only one kind of such
transition: the socio-ecological transition (SET). As defined in Work Package 1 (NEUJOBS
D1.1), a socio-ecological transition “is a transition between two different societal energy
regimes (sources and dominant conversion technologies of energy)” (Fischer-Kowalski et al.,
2012).

Sieferle et al. (2006) describe two grand socio-economic regime changes in human history.
The first was the Neolithic Revolution some 4,500-10,500 years ago (Diamond and Bellwood,
2003) that transformed hunter-gatherers into agrarian societies. The second was the
Industrial Revolution, which led to the transition of agrarian societies to industrial societies
with a strong dependence on fossil fuels. While in many parts of the world this transition is
ongoing into fossil fuels, the European Union is dedicated to substantial greenhouse gas
emissions reductions in the long term, and therefore also to a new transition away from fossil
fuels. This paper is thus concerned with a SET “away from fossil fuels, towards solar and
other low carbon energy sources” (Fischer-Kowalski et al., 2012), which will be required if

* Arno Behrens is a Research Fellow, Caroline Coulie is a Research Assistant and Jonas Teusch was a
Researcher at CEPS.

! For information on the NEUJOBS project, for which CEPS acts as Coordinator, see www.neujobs.org.
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the EU is to meet its long-term objective to reduce greenhouse gas emissions by at least 80%
compared with 1990 levels by 2050.

The energy system is at the heart of the SET away from fossil fuels. However, the current EU
energy mix is still dominated by fossil fuels, with more than three quarters of EU energy
consumption being based on oil, gas and coal (European Commission, 2013). It is thus
evident that the new transition will require substantial technological and political efforts in
the EU in order for its energy sector to radically change in favour of low-carbon
technologies.

Not all parts of the energy system will be decarbonised to a similar extent, however. Large
differences exist between sectors. Whereas many scenarios exist under which power
generation can be largely carbon free by 2050, greenhouse gas (GHG) emissions in industry
may still be significant for beyond this date. Transport currently relies almost exclusively on
oil and other fossil fuels, while carbon-free generation capacity in the power sector already
exists (renewables and nuclear). The energy transition(s) are also likely to differ considerably
across European regions, inter alin because the potential for renewables varies but also
because of differences in GDP per capita which affect ability and willingness to pay.

It is clear that the energy transition will have an impact on the EU labour market. While the
number of “green jobs” will expand associated with a growing number of jobs in low-carbon
technologies, some other sectors, such as the oil and refining industries, will see decreasing
employment. The net effect of these two developments is of relevance to assessing the
employment impact of the decarbonisation in the energy sector.

1.2 Decarbonisation and the next socio-ecological transition

Assessing the impacts of the decarbonisation of the energy sector on employment in Europe
is the core objective of WP11, and will be done in D11.2. However, before such an assessment
can be made, it is important to set the stage with an analysis of how the transition can
actually be achieved. This deliverable (D11.1) is thus intended to give an overview of
potential decarbonisation pathways for 2020 and 2050. The report is based on a review of
various GHG emissions reduction scenarios. Apart from the baseline scenario, it takes into
account only scenarios that actually reflect a new transition required to avoid dangerous
climate change (i.e. to keep temperature increases to below two degrees Celsius above pre-
industrial levels).

Within this context, it is important to note that the scenarios do not and cannot depict a
socio-ecological transition per se, but rather one (albeit crucial) aspect of such a transition:
the decarbonisation of the energy sector. As noted in NEUJOBS D1.1, a SET is much broader
than that and includes not only changes in the source of energy and energy technologies, but
also many other societal changes, such as the economy as a whole, demographics, settlement
patterns, social relations and even changes on the individual level. In addition, there are
intended and unintended changes to the environment that need to be taken into account
when describing a SET. NEUJOBS D1.1 therefore concludes that “the challenge of a new
socio-ecological transition for Europe may not just consist in greening the energy system and
further improving efficiency, but be more fundamental in requiring substantial biophysical
de-growth. Depending on how it is organized this may still be compatible with comfortable
and rich lives, but adaptation to this requires institutional, cultural and economic changes”
(Fischer-Kowalski et al., 2012).

The scenarios described in this paper do not depict such a full SET. They neither provide
feedback loops between energy consumption and societal change nor show the inter-
linkages between energy and material consumption. Or to put it in a nutshell: the scenarios

{CEl
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lack complexity. However, they are still useful for analysing the potential impact of the new
SET away from fossil fuels on the energy sector. And while there will be many causes and
effects of a SET other than purely energy related ones, the decarbonisation of the energy
sector will be a crucial component of it - in terms of energy efficiency, in terms of new and
renewable energy sources and technologies, but also in terms of demand responses and
changes. This warrants the approach taken in this paper and in WP11 as a whole of looking
at different decarbonisation options - within the context of a SET - and t a later stage of
analysing what these options could imply for the labour market.

Decarbonisation in this paper is thus not considered to be a proxy for a more complex SET. It
is understood as a key response strategy to current environmental and social challenges -
albeit one of several such strategies - and therefore also as a key component of a SET.

1.3 Scenario selection

This report draws on studies commissioned or conducted by a wide range of institutions,
including international institutions, European research projects, NGOs and the private
sector. More concretely, the scenarios selected were published by the International Energy
Agency (IEA), the European Commission, two research projects funded by the European
Commission (AMPERE and SECURE), the International Institute for Applied Systems
Analysis (ITASA), NGOs including Greenpeace and the European Climate Foundation (ECF),
as well as Eurelectric representing the European electricity industry.

Although this selection is arguably somewhat arbitrary, the selected scenarios reflect a broad
range of options for the decarbonisation of the energy sector and thus of the energy
component of a SET. In addition, the selection followed criteria based on the extent of
emissions reductions, geographical coverage, policy relevance and time horizon covered.

The scope of this paper is to compare different decarbonisation pathways. Therefore, only
those studies that include decarbonisation scenarios are considered (with the exception of
one baseline scenario, which serves as a contrast to the decarbonisation scenarios). This
excludes, for example, the International Energy Outlook 2013 published by the US Energy
Information Administration (EIA), which does not reflect GHG emissions constraints in line
with a SET as described above.

In order to provide for optimal linkage with D11.2, for each scenario the paper reports
developments in total energy consumption and electricity consumption, as well as on the
composition of the two. Preference is thus given to studies that provide a detailed
breakdown of the share of various energy sources in the energy mix. Specific attention is
paid to any information regarding low-carbon technologies that could be deployed in
different regions of the EU (wind, biomass, hydro, solar, geothermal, hydrogen, etc.). While
the studies and scenarios are compared appraising their quality, inter alia by analysing
consistency between scenarios, the study does not seek to rank the likelihood of different
scenarios but to establish a plausible range of pathways. It is also beyond the scope of this
paper to explain and analyse the model structure and assumptions in detail, though brief
overviews are given where information is available. This information includes key
assumptions regarding economic and population growth, oil prices, carbon prices and
energy demand developments.

As the focus of NEUJOBS is on the EU, it is essential that the studies cover the EU272 or at
least include information about the region that allows conclusions to be drawn for the EU

2 The Republic of Croatia officially became the 28th Member State of the EU on 1 July 2013. It is
generally not yet included in the scenarios published before that date.
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(e.g. eastern and western Europe, OECD Europe). Wherever possible, interregional
differences within Europe will be reported.

Due to the considerable impact of the financial and economic crisis on energy demand and
the large number of recent policy changes in the EU, only up-to-date studies reflecting
current policies (e.g. the 2009 climate and energy package) are taken into account in the
analysis. This makes sense in particular for the 2020 perspective, but also beyond due to
knock-on effects, which can be expected even in the absence of ambitious climate policy
measures in the long term.

In order to allow for a reasonably concise comparison of a large range of scenarios, the study
will only compare in detail the visions of the energy system at two specific points in time,
2020 and 2050. Important interim developments may, however, be discussed qualitatively.
Studies that provide data for both years are preferred. However, publications that only
provide data for one of the time points or somewhat different years are included if they fulfil
most of the other criteria described in this section (e.g. IEA, 2012a). Within the context of the
timeframe, it is also important to note that this differs slightly from the time horizons of the
NEUJOBS project in general. While NEUJOBS focuses on the years 2025 and 2050, it was
considered necessary to change this focus slightly to 2020 and 2050 because these two years
constitute milestones of current EU energy and climate change policies. 2020 is the target
year of the energy and climate change package adopted in 2009 and most studies thus focus
on this year. This approach has also been adopted for this Work Package.

The usual disclaimer regarding scenario analyses applies. Scenarios are not forecasts of the
future, but rather present a range of possible developments. These visions of the future
energy system are highly dependent on a number of assumptions being made about an
uncertain future. However, in the context of WP11 of the NEUJOBS project, they are helpful
in identifying potential future developments in the energy sector, which can then be taken
forward to the next task of WP11 (D11.2) where the employment aspects will be analysed.

2. Baseline scenario

Before analysing decarbonisation scenarios, this section depicts a future resulting from no
further action to reduce GHG emissions beyond what is in place today. It provides a
contrasting perspective for better assessing the extent of the changes required in the energy
sector in the context of decarbonisation. For reasons of simplicity, only one such scenario is
presented below, which is based on the “Current Policies Scenario” of the IEA’s World Energy
Outlook 2012 (WEO 2012). The explicit objective of this scenario is to “provide a baseline that
shows how energy markets would evolve if underlying trends in energy demand and supply
are not changed” (IEA, 2012a: 35).

The WEO 2012 is based on the World Energy Model (WEM), which has been designed to
analyse global energy prospects, CO, emissions from fuel combustion, effects of policy
actions and technological changes, and investment in the energy sector. The WEO 2012 is
based on 2010 data (the model’s dataset covers the period from 1971 to 2010, occasionally
with preliminary data for 2011) and provides regional and sectoral energy projections to
2035.

Four different scenarios were calculated for the WEO 2012, including the Current Policies
Scenario, the New Policies Scenario, the 450 Scenario (see below) and the Efficiency World
Scenario, which focuses on energy efficiency. Since the results of WEO 2012 do not extend
beyond 2035, the results presented below will focus on 2020 and 2035.

0O
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All scenarios of the WEO 2012 are based on non-policy assumptions, including economic
growth, population growth, energy prices, CO, prices and technology. For the EU, the
following assumptions for the Current Policies Scenario apply (all prices are in 2011 US
dollars and their equivalent in euros):3

e Economic growth: 1.7% p.a. (2010-2020) and 1.8% p.a. (2010-2035).
e Population growth: 0.2% p.a. (2010-2020) and 0.1% p.a. (2010-2035).

e Energy prices: The Current Policies Scenario shows the strongest increase in energy
demand, which also translates into higher energy prices. In order to balance supply with
increasing demand, the oil price increases from $108 (€78) per barrel in 2011 to $128 (€92)
in 2020 and $145 (104) per barrel in 2035. Pushed by demand, European import prices for
gas also increase from $10 (€7) per MBtu in 2011 to $12 (€9) in 2020 and $14 (€10) in 2035.
On the one hand, gas price increases are moderated by a move towards hub-based
pricing, on the other hand, more gas will need to be imported from more distant sources,
raising transport costs and thus import prices. Coal import prices in the OECD first
decrease from $123 (€88) per tonne in 2011 to $115 (€83) in 2020, and then return to
today’s levels at $125 (€90) per tonne in 2035 as demand picks up.

e CO; price: The price of CO, under the EU Emissions Trading Scheme (EU ETS) is
assumed to rise from $19 (€14) per tonne in 2011 to $30 (€22) in 2020 and $45 (€32) per
tonne in 2035.

e Technology: In general, the IEA expects no breakthrough technologies to be deployed
before 2035. It does, however, expect further cost reductions of commercial technologies
resulting from learning and deployment. Similarly, exploration and production
techniques are expected to improve, leading to lower unit production costs on the supply
side. Key uncertainties include carbon capture and storage (CCS), solar power, advanced
biofuels, advanced vehicle technologies and nuclear power.

The Current Policies Scenario relies on the outcomes of policies and measures that had been
enacted or adopted by mid-2012. In other words, unlike the other three WEO 2012 scenarios,
it does not take into consideration any future policy action towards climate change.

In the Current Policies Scenario, global energy demand grows at the fastest rate of all WEO
2012 scenarios (1.5% per year between 2010 and 2035). For the EU, the contrast with other
scenarios is even more pronounced, since the Current Policies Scenario is the only one in
which energy demand increases. As shown in Figure 1, total primary energy demand
(TPED) in the EU is projected to remain constant between 2010 and 2020 at around 1,715
Mtoe and to increase to 1,775 Mtoe by 2035 (an increase of 3.6% between 2010 and 2035).
Several general trends can be observed.

First, the share of fossil fuels remains high throughout the period 2010-35. While fossil fuels
constitute 75% of TPED in 2010, they still contribute 71% in 2035. However, there is a shift in
the composition of fossil fuels away from oil and coal towards natural gas. In fact, while the

share of coal in TPED only decreases slightly, gas replaces oil as the largest source of energy
by 2035, contributing some 32% to TPED.

3 The exchange rate is based on the annual average US dollar/euro exchange rate of 2011, as reported
by Eurostat (€1 = US$1.3920).
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Figure 1. Total primary energy demand of the EU27 in the WEO 2012 Current Policies Scenario
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Source: IEA, 2012a.

A second observation shows that although low-carbon energy sources can make up for the
(marginal) decline of fossil fuels and even contribute to an absolute increase in TPED, they
are not able to gain a major foothold in the EU energy mix by 2035. Their share thus
increases only marginally from 25% in 2010 to 27% in 2020 and 29% in 2035. Within the
group of low-carbon energy sources, there is a shift away from nuclear energy mainly to
bioenergy and other renewables, including wind and solar PV.

These observations are also summarised in Table 1, which clearly indicates the “winners”
and “losers” in the Current Policies Scenario in terms of their contribution to energy demand
in the EU.

Table 1. Percentage change in total primary energy demand in the EU for different energy sources in
the WEO 2012 Current Policies Scenario

2010-2020 2010-2035
Coal -1% -4%
Oil -3% -7%
Gas 1% 6%
Nuclear -2% -4%
Hydro 0% 0%
Bioenergy 2% 4%
Other RES 2% 4%

Source: IEA, 2012a.

As shown in Figure 2, trends for TPED translate accordingly into electrical capacity and
electricity generation. Electrical capacity is projected to increase from 910 GW in 2010 to
1,083 GW in 2020 (+19%) and to 1,250 GW in 2035 (+37% compared to 2010). Gas will remain
the most important energy source until 2035, doubling its capacity between 2010 and 2035.
Coal electrical capacity, on the other hand, will be almost halved. In terms of renewables,
wind power capacity is projected to double between 2010 and 2020 and to triple between
2010 and 2035. Wind will thus have already overtaken hydro power in terms of installed
capacity by 2020. Solar PV capacity will also increase strongly, although mostly between
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2010 and 2020 (+247%) and much less afterwards (+330% from 2010 until 2035). Wind, hydro
and solar PV cover almost all renewable electrical capacity, which will increase from 32% of
total installed capacity in 2010 to 44% in 2020 and 49% in 2035. The share of nuclear capacity,
on the other hand, is projected to decline from 15% in 2010 to 11% in 2020 and 8% in 2035.

Electricity generation is expected to increase more in the Current Policies Scenario than in
any other WEO 2012 scenario, rising from 3,310 TWh in 2010 to 3,588 TWh in 2020 (+8%) and
4106 TWh in 2035 (+24% between 2010 and 2035). Within the electricity mix, the share of
fossil fuels remains more or less constant (changing from 52% in 2010 to 47% in 2020 and
49% in 2035), but the composition of fossil fuels shifts considerably towards gas, which
becomes by far the largest contributor to EU electricity generation by 2035. Although the
share of nuclear power decreases considerably between 2010 and 2035, it remains the largest
low-carbon electricity generator. Renewables, on the other hand, gain substantially in
electricity generation, up from 21% in 2010 to 30% in 2020 and 35% in 2035. Similar to 2010,
the most important renewable energy source (RES) technologies in 2035 will be wind, hydro
and bioenergy, although the role of solar PV becomes increasingly prominent. Other RES
technologies, like geothermal, marine or concentrated solar power (CSP), will remain
marginal.

Figure 2. EU27 electricity generation in the WEO 2012 Current Policies Scenario
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Source: IEA, 2012a.

Similar to overall energy demand, gas appears to be the technology with the most potential
in this scenario, while nuclear energy, coal and oil are projected to become less important.

The rising share of (variable) renewables also leads to a significantly stronger increase in
electrical capacity compared to projected electricity generation. As shown in Figure 3, the
ratio? of the former to the latter increases from 2.4:1 in 2010 to 2.6:1 in 2020 and 2.7:1 in 2035,
indicating that more installed capacity will be needed to generate the same amount of
electricity. And indeed, growth rates of installed capacity outpace those of electricity

4 The ratio expresses installed electrical capacity in relation to projected generated electricity output. It
is calculated by converting installed capacity into a theoretical generation maximum, which would be
reached if all installed capacity produced electricity at full capacity for every single hour of the year
(i.e. 8,760 hours per year), in other words, if the capacity factors for all installed capacity were 100%.
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demand, with electrical capacity increasing by 19% between 2010 and 2020 and by 37%
between 2010 and 2035 (starting at 910 GW in 2010).

Figure 3. Comparison of theoretical generation potential with actual electricity output in the WEO
2012 Current Policies Scenario

12000

/

10000 /
8000

= Electrical
= 6000 capacity
=

4000 e Electric%ty

generation
2000
0 T T )
2010 2020 2035

Source: Own calculation based on IEA (2012a).

Note: Electrical capacity is calculated by assuming that installed capacity would function at full
capacity all around the year (i.e. with a capacity factor of 100%), while electricity generation reflects
the projected electricity output taking into account different capacity factors for different technologies.

In terms of sectoral consumption, the relative share of industry, transport and buildings is
not projected to change much, although there is a tendency for increased energy
consumption in buildings, mainly at the expense of transport. Similarly stable is the
composition of energy sources contributing to each sector’s energy demand. Notable
exceptions are other renewables in buildings (i.e. excluding bioenergy), biofuels in transport
and bioenergy in industry, which on average grow annually by 6.3%, 3.2% and 2.2%,
respectively, between 2010 and 2035. However, these growth rates still relate to very low
absolute numbers and do not lead to a breakthrough of these technologies in their respective
sectors.

Insufficient fuel-switching in primary energy demand and electricity generation, as well as
increased consumption by final energy demand sectors, exclude the possibility of a socio-
ecological transition under the current trends. Continuing on this track would lead to an
increase in temperature of 5.3 degrees Celsius, well above the 2 degrees Celsius international
target.

3. Decarbonisation scenarios

This section reviews various decarbonisation scenarios, include those presented by the IEA,
the European Commission, two projects funded under the 7th Framework Programme of the
European Commission, the International Institute for Applied Systems Analysis (IIASA),
Greenpeace, the European Climate Foundation (ECF), and Eurelectric. Each subsection starts
with a brief explanation of the modelling approach and the underlying assumptions (except
for the World Energy Outlook, which was already introduced in the previous chapter) before
presenting key results about the development of the energy mix (generally) to 2020 and 2050,
both for the EU as a whole and on a regional scale where data is available. Where possible,
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developments on a sectoral basis are also explained (i.e. consumption patterns in industry,
transport and buildings).

3.1 International Energy Agency

3.1.1 World Energy Outlook 2012

The results presented in this section will focus only on the 450 Scenario of the WEO 2012, as
this scenario is considered the closest to the new socio-ecological transition as described
above. In fact, the 450 Scenario sets out a pathway consistent with a 50% chance of limiting
global warming to two degrees Celsius compared to pre-industrial levels. This requires
limiting the concentration of GHG in the atmosphere to 450 parts per million of CO»
equivalent (450 ppm CO2e), hence the name of the scenario.

In contrast to the other scenarios, the 450 Scenario is not a projection based on past trends
under consideration of known policy actions. Instead, it reflects an energy pathway
consistent with the two degrees Celsius target, in view of key non-policy assumptions listed
in the previous section. For the 450 Scenario developing in the EU, economic growth,
population growth and technology assumptions are the same as for the Current Policies
Scenario. Energy and COz prices, however, are expected to evolve differently (reported in
2011 US dollars and their equivalent in euros):5

e Energy prices: The oil price is expected to increase from $108 (€78) in 2011 to $113 (€81)
per barrel in 2020. Due to decreasing oil demand, the price would drop to some $100
(€72) in 2035. European import prices for natural gas are not expected to increase
substantially, although the tendency towards more hub-based pricing is offset by rising
transport costs of increasing amounts of gas imported from ever more distant sources. As
a result, prices will increase from $10 (€7) per MBtu in 2011 to $11 (€8) in 2020, then
decrease back to $10 (€7) per MBtu by 2035. As regards the price for coal, climate policies
will sharply reduce demand, thus reducing OECD steam coal import prices from $123
(€88) per tonne in 2011 to $98 (€70) in 2020 and further to $70 (€50) by 2035.

e CO; price: Tight climate policies would push the EU carbon price to $45 (€32) per tonne in
2020. This scenario assumes CO; prices to be established in all OECD countries and that
prices would converge at $120 (€86) per tonne by 2035.

The results of the 450 Scenario show both a decreasing demand for energy in the EU and a
shift in the composition of demand from fossil fuels to renewables and nuclear. Figure 4
shows that TPED in the EU decreases by 6% between 2010 and 2020, and by 11% between
2010 and 2035. In addition, the share of low carbon energy sources will be increased from
25% in 2010 to 32% in 2020 and 50% in 2035. These figures include both renewable and
nuclear energy. Renewables alone will increase from 11% in 2010 to 18% in 2020 and 32% in
2035. However, this also means that fossil fuels are projected to remain the main source of
energy, constituting 75% of the energy mix in 2010, 68% in 2020 and just over 50% in 2035.

5 The exchange rate is based on the annual average US dollar/euro exchange rate of 2011, as reported
by Eurostat (€1 = $1.3920).
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Figure 4. Development of EU total primary energy demand in the WEO 2012 450 Scenario
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Source: IEA, 2012a.

Table 2, which is based on the data of Figure 4, shows that the key “winning technologies” in
the EU will be “other renewables” (mainly wind and solar power) and bioenergy, which are
expected to increase by 218% and 43% between 2010 and 2020, and by 641% and 117%
between 2010 and 2035, respectively. Hydro and nuclear power are not expected to increase
dramatically. Key “losing technologies” will be all fossil-based energy sources, with coal and
oil leading the way.

Table 2. Percentage change in total primary energy demand in the EU for different energy sources in

the WEO 2012 450 Scenario
Year 2010-2020 2010-2035
Coal -27% -65%
Oil -17% -44%
Gas -5.0% -21%
Nuclear -6% +14%
Hydro +7% +19%
Bioenergy +43% +117%
Other renewables +218% +641%

Source: IEA, 2012a.

In contrast to the decreasing primary energy demand, the electricity sector is expected to
expand significantly in the 450 Scenario. Electrical capacity is projected to increase from 910
GW in 2010 to 1,116 GW in 2020 (+23%) and then to 1,349 GW in 2035 (+48% compared to
2010). In this scenario, wind power will contribute more than a quarter of total installed
capacity in 2035, followed by gas with about a fifth. The rest is almost equally shared
between solar PV, hydro and nuclear. Other sources (mainly coal and bioenergy) play a
marginal role.

The shift away from fossil fuels is also mirrored in electricity generation. Figure 5 shows that
electricity generation in the EU is projected to increase by 2% by 2020 and by 7% by 2035,

ﬁﬁ?’




THE POTENTIAL EVOLUTION OF THE EUROPEAN ENERGY SYSTEM UNTIL 2020 AND 2050 |11

starting from 3,310 TWh in 2010. The share of low-carbon technologies in total electricity
generation (i.e. renewables and nuclear power) is projected to increase from 48% in 2010 to
61% in 2020 and to over 86% in 2035. Renewables alone will increase their share from 21% in
2010 to 35% in 2020 and 57% in 2035. Although nuclear will be the largest source of
electricity in 2035, most of this increase is due to the expansion of wind-based power
generation, which increases from 149 TWh in 2010 to 426 TWh in 2020 and 896 TWh in 2035
(a six-fold increase between 2010 and 2035). Similarly, biomass and solar PV will contribute
to the increasing share of renewables, although at a much lower level than wind.

The share of fossil fuels will decrease to 13% in 2035. Coal, still with the largest share in
electricity generation in 2010, will also be marginalised by 2035.

Figure 5. Electricity generation in the EU27 as projected in the WEO 2012 450 Scenario
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Source: IEA, 2012a.

Given the large role of variable renewables in this scenario and the lower capacity factors of
variable renewables, installed capacity will need to increase much faster than the increase in
electricity demand. In fact, electric capacity is projected to increase by 23% between 2009 and
2020 and by 48% between 2009 and 2035. This development can be seen in Figure 6, which
also shows that the ratio of installed capacity (or theoretical generation potential) to actual
projected electricity generation increases from 2.4:1 in 2010 to 2.7:1 in 2020 to 2.9:1 in 2035,
meaning that by 2035 each unit of electricity generated will need to be backed-up by almost
three units of equivalent installed capacity.
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Figure 6. Comparison of theoretical generation potential with actual electricity output in the WEO
2012 450 Scenario
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Note: Electrical capacity is calculated by assuming that installed capacity would function at full
capacity all around the year (i.e. with a capacity factor of 100%), while electricity generation reflects
the projected electricity output taking into account different capacity factors for different technologies.

The sectoral analysis reveals that absolute total final consumption (TFC) of industry and
buildings will be more or less constant over the period under consideration (2010-2035).
Only in transport is final energy consumption projected to decrease significantly, from 319
Mtoe in 2010 to 285 Mtoe in 2020 and 224 Mtoe in 2035, an overall decrease of almost 30%.
This decrease is mostly due to increased fuel economy of vehicles. While the consumption of
biofuels, electricity and other fuels is expected to increase (albeit at low levels), oil
consumption will be halved between 2010 and 2035. However, oil will continue to dominate
the transport sector, with two thirds of final energy consumption coming from that source in
2035 (down from 93% in 2010).

The amount of heat consumed is not expected to change in either industry or buildings.
WEO 2012 makes no indications about a shift in heat sources.

In the 450 Scenario, the EU nearly halves its CO, emissions from 2.5 Gt in 2011 to 1.8 Gt in
2035. A large part (45%) of this abatement is due to electricity savings and energy efficiency.
Also important is the substitution of fossil-fuel power plants without CCS with increasing
amounts of renewables in the power sector, especially with wind (followed by bioenergy and
hydro). Finally, road transport makes a significant contribution to emissions abatement,
mainly due to more efficient vehicles, biofuels and plug-in vehicles.

3.1.2 Energy Technology Perspectives 2012

Another flagship publication by the IEA with forecasts of technological developments in the
energy sector is Energy Technology Perspectives, which are published biannually and most
recently in 2012 (ETP 2012). In contrast to the WEO 2012, ETP 2012 is primarily based on the
ETP model, which combines backcasting and forecasting techniques in order to “identify the
most economical way for society to reach a desired outcome” (IEA, 2012b). The ETP model
is describes as a “bottom up, technology rich model, containing more than a 1000 technology
options” (IEA, 2012b), which integrates from four soft-linked models: energy conversion,
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industry, transport and buildings. ETP 2012 is based on 2009 data and provides regional and
sectoral energy projections to 2075.

Three different scenarios were calculated for ETP 2012, a 6°C Scenario, a 4°C Scenario and a
2°C Scenario (2DS). In view of the required decarbonisation efforts associated with the new
socio-ecological transition as described above, only the 2DS will be reviewed in this section.
The 2DS is more ambitious than the 450 Scenario of WEO 2012, describing a pathway
consistent with an 80% chance of limiting global warming to two degrees Celsius compared
to pre-industrial levels (as opposed to a 50% chance in the 450 Scenario).

As with the WEO and other models, demand for energy in the ETP scenarios is driven by
economic and population growth, which in turn have an impact on energy prices. EU GDP
growth is expected to decline from 2.0% annually between 2009 and 2020 to 1.8% annually
between 2009 and 2050. The number of EU citizens will increase only slightly from 500
million in 2010 to 511 million in 2020 and 512 million in 2050. While assumptions of
economic and population growth are equal over all three scenarios, fossil fuel prices
(henceforth quoted in 2010 US dollars and their equivalent in euros)¢ are also determined by
the level of ambition of climate policies. In the 2DS, the oil price is expected to increase from
$78 (€56) per barrel in 2010 to $97 (€73) in 2020. After 2035, the oil price falls to some $87
(€66) in 2050. Due to the large-scale shift away from coal, the OECD steam coal import price
is expected to decrease significantly in the long term, from $99 (€75) per tonne in 2010 to $93
(€70) in 2020 and $60 (€45) in 2050. European gas import prices will follow an inverted U-
curve between 2010 and 2050, starting at $7 (€5) per Mbtu in 2010, rising to $10 (€8) in 2020
and falling back to $8 (€6) in 2050.

Based on these assumptions, the ETP 2012 projects European total primary energy supply
(TPES) to increase only marginally (by 2%) over the period 2009-2050. However, as shown in
Figure 7, there will be a considerable shift in energy sources away from fossil fuels towards
renewables. Fossil fuels still contribute some 77% to the EU TPES in 2009, but their share is
reduced to 73% by 2020 and more drastically to 45% by 2050. Nuclear energy will not be able
to increase its role in the energy mix by a large amount, and it is mainly renewables in the
form of biomass/waste and “other renewables” (i.e. mostly wind and solar) that will be
responsible for greening the energy mix.

¢ The exchange rate is based on the annual average US dollar/euro exchange rate of 2010, as reported
by Eurostat (€1 = $1.3257).
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Figure 7. Development of EU total primary energy supply in the ETP 2012 2°C Scenario
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Source: Own calculations based on IEA (2012b).

Table 3 shows the key “winning” and “losing” technologies. While coal and gas are losing
shares, “other renewables”, including wind and solar energy, will substantially increase their
share in the EU energy mix, followed by biomass/waste.

Table 3. Percentage change in total primary energy supply in the EU for different energy sources in
the ETP 2012 2°C Scenario

Year 2009-2020 2009-2050
Coal -10.7% -69.6%
Oil -9.7% -45.0%
Gas +5.3% -17.8%
Nuclear -6.2% +15.7%
Hydro -3.4% +19.0%
Biomass and waste +36.5% +192.9%
Other renewables +274.4% +1639.5%

Source: IEA, 2012b.

The 2DS of ETP 2012 projects reductions of CO, emissions from power generation in the
order of 90% between 2009 and 2050. This is considered possible despite the ongoing
electrification of the energy system and the related increases in electrical capacity and gross
electricity generation. Reductions in CO; emissions are first and foremost achieved by
increasing the share of renewable energy sources, but also by an increasingly widespread
application of CCS in the electricity sector.

Total installed electrical capacity is projected to increase by 29% between 2009 and 2020 and
to almost double between 2010 and 2050. Electrical capacity increases particularly quickly
after 2020 (see Figure 9) due to the increasing installation of renewables based power plants.
While in 2009 natural gas, coal, hydro and nuclear still accounted for 79% of electrical
capacity, their share decreases to 31% by 2050. In fact, installed capacity of wind alone will
be slightly larger than that of all the four “old” technologies taken together, followed by
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solar PV as the second largest renewables-based electrical capacity. Wind and solar PV
together will contribute more than 50% of installed capacity.

Electricity generation will expand at much the lower levels of 12% between 2009 and 2020,
and 45% between 2009 and 2050 (see Figure 8). The share of renewables in electricity
generation is projected to increase from 19% in 2009 to 33% in 2020 and 69% in 2050. Key
technologies by 2050 will be onshore wind, hydro, offshore wind, biomass, solar PV and
ocean (in that order), which together will amount to 81% of all renewable technologies
deployed in electricity generation.

CCS is only expected to be applied on a large scale after 2020. In fact, it is assumed that coal-
based electricity will be almost completely CO> neutral by 2050 due to CCS technology,
while only slightly more than half of gas-based electricity generation will be equipped with
CCS technology. While in total CCS will only contribute less than 1% of electricity generation
by 2020, its share will increase to 6.5% in 2050.

Figure 8. Gross electricity generation in the EU27 as projected in the ETP 2012 2°C Scenario
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Similar to other scenarios above, increasing power generation from renewable energy
sources will be accompanied by even greater increases in related generation capacity in order
to deal with lower capacity factors of variable renewables, like wind and solar PV, compared
to conventional electricity sources. Figure 9 shows that the ratio of installed capacity to
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electricity generation increases significantly from 2.3:1 in 2009 to 2.6:1 in 2020 and 3.1:1 by
2050.

Figure 9. Comparison of theoretical generation potential with actual electricity output in ETP 2012
2°C Scenario
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Note: Electrical capacity in the graph is calculated by assuming that installed capacity would function
at full capacity all around the year (i.e. with a capacity factor of 100%), while electricity generation
reflects the projected electricity output taking into account different capacity factors for different
technologies.

Electricity will play an increasing role in transport, in particular in passenger road transport
and as of the mid-2020s. However, ETP 2012 also projects a larger role for biofuels, mostly in
road and air passenger transport, but also in road and water freight transport. The role of
hydrogen is expected to be marginal in road transport.

3.2 European Commission roadmaps

Europe 2020 is the EU’s ten-year growth strategy. It was proposed by the European
Commission in 2010 and follows the Lisbon Strategy for the period 2000-2010. Europe 2020
aims at achieving “smart, sustainable, inclusive growth” and includes concrete targets to be
achieved by 2020, inter alia in the area of energy and climate change. The latter include a
reduction of GHG emissions by a minimum of 20% compared to 1990, an increase in the
share of renewables in the energy mix to 20%, as well as an increase in energy efficiency by
20% compared to projections.

One of the seven flagship initiatives under Europe 2020 aims to support the shift towards a
resource-efficient, low-carbon economy to achieve sustainable growth. The flagship initiative
for a resource-efficient Europe provides a long-term framework for actions in many policy
areas, supporting policy agendas for climate change, energy, transport, industry, raw
materials, agriculture, fisheries, biodiversity and regional development.

Several strategic documents and policy proposals have been tabled by the European
Commission within the context of the resource-efficient Europe flagship initiative. Three of
these are of particular relevance for this paper and will be summarised below. They include
the Roadmap for moving to a competitive low carbon economy in 2050, the Roadmap to a Single
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Transport Area — Towards a competitive and resource efficient transport system and, most
importantly for this paper, the Energy Roadmap 2050. Emphasis will be placed on the latter
since it provides the most in-depth assessment of the energy sector and also incorporates the
other roadmaps in a consistent manner (i.e. modelling for the three papers was done jointly
and with the same dataset in principle).

3.2.1 Roadmap for moving to a competitive low carbon economy in 2050

EU climate change policy continues to be rooted in the 2007/8 Energy and Climate Change
Package, which set legally binding targets to reduce GHG emissions by 20% (compared to
1990) and to increase the share of renewable in total energy to 20%. The EU is on track to
achieve both targets.

In contrast to these binding short-term targets, the Roadmap for moving to a competitive low
carbon economy in 2050 published by DG Climate Action in March 2011 (nine months before
the Energy Roadmap) proposes a long-term target for 2050. Delivering on the objective of the
European Council to reduce GHG emissions by 80-95% by 2050 (compared to 1990), the
Roadmap foresees domestic EU GHG emissions cuts of 80% below 1990 levels by 2050. In order
to reach mitigation levels of up to 95%, the remaining GHG emissions reductions should be
offset partly or entirely by the purchase of reduction units outside the EU.

Figure 10. Decarbonisation trajectory by sector, 1990-2050 (1990=100%)
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Source: European Commission, 2011a.

Figure 10 shows the evolution of EU GHG emissions by sector towards an overall 80%
domestic reduction by 2050. On the one hand, it shows that total domestic emissions would
decrease within a cost-effective pathway by 40% by 2030 and 60% by 2040. In fact, these are
also the interim targets for GHG emissions reductions proposed by the Commission. On the
other hand, the graph shows that all sectors of the economy will need to contribute
significantly to emissions abatement. The analysis of the Commission also included
pathways for key sectors in different scenarios, assuming different rates of technological

innovation and different fossil fuel prices. The results of this analysis are presented in Table
4.
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Both Figure 10 and Table 4 show that the power sector will need to take the lead by almost
completely mitigating GHG emissions (mainly CO) by 2050. This is consistent with the
current policy mix, which pushes renewables onto the market by mandates. The 20%
renewables target - most likely to be achieved - translates into a renewable share in the
power sector of roughly 35%, meaning that the power sector is to be reorganised around the
requirements of (intermittent) renewables, even if renewables support is likely to weaken
after 2020. This includes smart grids, storage technologies, grid reinforcement, fossil back-
up and flexible capacity as well as demand-side measures, etc.

Table 4. Sectoral EU GHG emissions reductions

GHG reductions compared to 1990 2005 2030 2050
Total -7% -40 to -44% -79 to -82%
Sectors

Power (CO») -7% -54 to -68% -93 to -99%
Industry (CO») -20% -34 to -40% -83 to -87%
Transport (incl. CO; aviation, excl. maritime) +30% +20 to -9% -54 to -67%
Residential and services (CO») -12% -37 to -53% -88 to -91%
Agriculture (non-COy) -20% -36 to -37% -42 to -49%
Other non-CO; emissions -30% -72t0 -73% -70 to -78%

Source: European Commission, 2011a.

The residential and services sector will need to decarbonise by up to 91% by 2050 compared
to 1990, mainly based on reductions in required heating from improved insulation and
greater use of electricity and renewables for building heating, as well as more energy
efficient appliances. Industry decarbonisation efforts are boosted after 2030 with the
increasing application of CCS to reach some 87% by 2050. Given its high dependence on
fossil fuels, the transport sector will not be required to decarbonise to a similar extent
although GHG emissions will still need to be reduced by 67% by 2050. This is mainly
achieved through fuel efficiency (which is the key driver until 2025), cleaner energy use
through new fuels and propulsion systems, and “getting prices right” in the context of a
properly functioning competitive market resulting in an economically efficient use of
transport resources.

3.2.2 2011 White Paper on Transport

Economic growth, progressive European integration and improved quality of transport itself
have led to a substantial increase in transport volumes in recent decades. These positive
developments have gradually made apparent the negative side effects of mass transport in
Europe, including congestion, air and noise pollution, increasing oil import dependency,
injuries and deaths, as well as substantial amounts of GHG emissions. Today the transport
sector accounts for about a quarter of EU GHG emissions and therefore has an important
part to play in the EU’s efforts to move towards a low-carbon economy.

In 2011 the European Commission published a White Paper entitled Roadmap to a Single
Transport Area — Towards a competitive and resource efficient transport system. This White Paper
concludes that in order for the EU to reach its short- and long-term mitigation objectives, “a
reduction of at least 60% of GHGs by 2050 with respect to 1990 is required from the transport
sector” (which translates into a roughly 70% reduction based on the 2008 level). In order to
achieve this reduction objective, the Commission proposes several technology deployment
targets, including:
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e “halve the use of ‘conventionally fuelled” cars in urban transport by 2030”;
e “phase them out in cities by 2050”; and

e “achieve essentially CO2-free city logistics in major urban centres by 2030” (European
Commission, 2011b: 9).

The Commission (2011b) stresses that the decarbonisation of the transport sector depends
initially on technology development towards clean and efficient vehicles based on
conventional internal combustion engines. Only when new technologies have become cost-
effective will the market allow the deployment of low-carbon vehicles. New and improved
technologies and fuels would contribute to substantial energy intensity improvements,
which are projected to reach some 70% in EU transport. According to European Commission
projections, the energy intensity of passenger transport would decrease by about 65%
between 2005 and 2050, mostly due to the enforcement of CO, standards,” but also due to
other measures like eco-driving and fuel efficiency labelling. For freight transport, energy
intensity would reduce by around 50% due to intensive policies with the objective of
managing demand and encouraging modal shift, provided this is feasible.

The decarbonisation scenarios of the Energy Roadmap 2050 (see below) take into account the
policy measures detailed in the transport White Paper.

3.2.3 Energy Roadmap 2050

In the EU’s Energy Roadmap 2050 (European Commission, 2011c), the Commission presents
five decarbonisation scenarios, playing through five different combinations of the four pure
decarbonisation options (energy efficiency, RES, nuclear and CCS). All of them detail
potential developments of the EU energy mix to 2050 that would allow for a decrease in
domestic EU GHG emissions of at least 80% compared to 1990. While the five
decarbonisation scenarios are modelled based on specific political priorities reflecting
different societal preferences, their common emissions constraint allows for a
straightforward comparison of the pathways.

e High Energy Efficiency scenario: As a result of the political objective of achieving very high
savings in primary energy consumption, substantive energy efficiency policies are
assumed to be in place that would not only almost achieve the 20% energy efficiency
target for 2020, but would lead to further significant reductions of primary energy
demand all the way to 2050.

e Diversified Supply scenario: Decarbonisation is achieved by means of carbon prices and
carbon values (i.e. an undefined proxy for policy measures that bring about emission
reductions), which are applied to all sectors (ETS and non-ETS). The scenario assumes
societal support (member states, investors, citizens) for nuclear energy (except for
declared ‘nuclear sceptics’ such as Belgium and Germany), CCS, as well as for RES
facilitation policies.

e High RES scenario: The political ambition behind this scenario is to achieve a very high
share of RES (almost 100% of final consumption in power generation). Technologies
deployed include wind (both on- and offshore), solar PV, as well as CSP and storage,
increased uptake of heat pumps, etc. An important enabling development is market

7In its Impact Assessment, the EU Commission (2011b: 76) supports the view that CO» standards
“correspond to de facto enerqy efficient standards” since currently the transport sector depends almost
entirely on fossil fuels. However, this may not be the case as other technologies (for example,
electricity and hydrogen) increase their market penetration. Beyond 2020, other kinds of standards
such as energy efficiency standards, may gain prominence as a transport policy tool.
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integration (to increase the efficiency of deployed renewables), which in turn depends on
more transmission infrastructure.

e Delayed CCS scenario: The lack of public acceptance of CCS prevents the timely
construction of storage sites and transport. As a consequence, large-scale CCS
deployment only starts after 2040. In this scenario, however, nuclear is considered a
viable option, except for the ‘nuclear sceptical countries” (see above).

e Low nuclear scenario: Except for those nuclear plants already under construction in
Finland and Slovakia, this scenario foresees no further new builds and after 2030 there
are no more new decisions on lifetime extensions, even if they were economically
attractive. By contrast, CCS technology is deemed commercially and politically viable
and serves as a major substitute for nuclear.

The Commission presents detailed data on all scenarios, but only aggregated for the EU27 as
a whole. Macroeconomic and demographic assumptions are the same across all
decarbonisation scenarios:

e Population grows from 499 million in 2010 to 514 million in 2020, peaking in the 2030s at
520 million before decreasing to 515 million by 2050.

e Average annual economic growth is 2.2% until 2020, 1.7% from 2020 until 2030, and 1.5%
from 2030 until 2050.

e The oil price (in constant 2008 US dollars per boe) is assumed to remain quite constant at
between $79 and $85 until the early 2030s, when if falls to $79. By 2050 it is assumed to
decline to $70. Price developments are driven by the assumption on global climate action
made in the Commission’s decarbonisation scenarios.

Carbon prices vary by decarbonisation scenario. In 2020, estimates (all in 2008 euros per
tCO2) range from €15-25, 2030 carbon prices fall to a range of €25-63, by 2040 they rise to €87-
190, and in 2050 carbon prices reach €234-310.

Figure 11. Development of GDP, primary energy consumption and energy-related CO; emissions
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All scenarios substantively reduce energy-related CO, emissions by 2050 (by 83-84%, see
Figure 11). By 2020, CO, emissions are already estimated to be 22-24% lower. The
decarbonisation trajectories resemble those of the Low Carbon Roadmap (see above).
Primary energy consumption and CO, emissions decrease across all scenarios from 2015. In
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fact, gross inland consumption of energy decreases by around 4% by 2020 (compared to
2010) and by 30-40% by 2050, depending on the scenario. The continued growth of GDP
implies that the decarbonisation scenarios provide an example of absolute decoupling.

Table 5 shows the range of shares that each energy source contributes to the energy mix
(expressed in gross inland consumption) in the five different decarbonisation scenarios. The
table shows that fuel shares are not expected to differ substantially across the scenarios in
2020. Differences are larger by 2050, depending on technology deployment, which provides
evidence for the great uncertainty of the pathway the socio-ecological transition could take in
the long run.

Table 5. Energy source as a percentage of gross inland consumption

1990 2010 2020 2050
Solids 27 16 13-14 2-10
Oil 38 36 34-35 14-16
Natural gas 18 25 22-23 19-26
Nuclear 12 13 13-14 3-18
Renewables 5 9 16-17 41-60

Source: European Commission, 2011c.

Table 5 shows that the long-run contribution of renewables varies across scenarios. Given the
20-20-20 targets, the prospects for renewables are quite clear up to the 2020s, where they will
roughly approach 20% of gross inland energy consumption. In 2050, the share of renewables
will vary significantly across scenarios (between 41% and 60%). The 2050 spread for nuclear
power is almost as large, at 15 percentage points (between a 3% and 18% share in energy
consumption). Generally, the variation is explained by the competition between different
low-carbon technologies (renewables, nuclear, fossil fuel-fired with CCS).

Figure 12 allows assessing the role the various RES technologies play in the five
decarbonisation scenarios. Looking at domestic production figures makes sense for
renewables, as the share of imports is very small (not exceeding 2% of gross EU consumption
even in 2050).

Hydro remains fairly constant across the scenarios, contributing 4-5% of total EU27 energy
production across all decarbonisation scenarios. The share of biomass and waste, in contrast,
is expected to increase significantly across all scenarios, from some 12% in 2010 to 19-20% in
2020 and further to 32-39% in 2050, depending on the scenario. A similar story can be told for
wind. Amounting to a mere 2% in 2010, it increases to 7% by 2020 and accounts for 17-23% of
total energy production in 2050. Solar, still irrelevant in 2010, has a 2-3% share in 2020, and
contributes 7-12% in 2050. Geothermal makes only a minor contribution across all scenarios
(a maximum of 4% in 2050).

Figure 12 also shows that the RES share of total domestic energy production will increase
significantly across all scenarios. Amounting to 18% in 2010, it increases to 33-34% by 2020
and represents 64-88% in 2050.

0O
o



22 | BEHRENS, COULIE & TEUSCH

Figure 12. Domestic energy production by renewable energy technology across European Commission
decarbonisation scenarios
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Source: Own graphical representation based on European Commission (2011c).

Turning towards the power sector, it has been noted before that this sector will play a crucial
role in achieving the EU’s GHG emissions reduction targets by 2050. This is also true because
the power sector is generally assumed to be key to the decarbonisation of other sectors (e.g.
transport).

The increasing importance of the power sector is reflected in the strong growth in electrical
capacity. While short-term increases are fairly similar in all scenarios and limited to 23-25%
between 2010 and 2020, installed capacity is projected to double by 2050 (ranging from +79%
in the High Energy Efficiency scenario to +170% in the High RES scenario). The composition
of installed capacity changes from mainly gas and coal-fired, nuclear and hydro, which in
2010 constitute 78% of installed capacity, to much larger shares of wind and solar, which by
2050 could contribute some 60-70% (the latter in the High RES scenario). In fact, wind power
capacity is projected to increase from 10% of total capacity in 2010 to 24% in 2020 and some
37-44% in 2050. Similarly, solar capacities could increase from 2% in 2010 to 5% in 2020 and
some 22-27% in 2050. Gas-fired thermal plants will also remain important with a projected
share of 8-15% in 2050 (down from 27% in 2010).

Figure 13 shows the extent to which various energy sources contribute to gross electricity
generation in the EU27 depending on the Ro