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A B S T R A C T

Energy policy in the European Union (EU) is driven by the objective to transition to an affordable, reliable, and
low carbon energy system. To achieve this objective, the EU has explicitly stated targets for greenhouse re-
duction, shares of renewable energy sources (RES), and energy efficiency improvements for 2020 and 2030. In
this paper, we focus on the drivers, barriers and enablers to achieving the EU's RES targets (20% by 2020 and
27% by 2030). Effective energy policies play a key role in the deployment of RES technologies. In order to design
effective policies, a clear understanding of past trends and projections for future deployment is required. In this
paper, we first analyse the past deployment of RES technologies for electricity supply (RES-E) in selected EU
Member States. This highlights the key drivers, barriers, and enablers for deployment of RES in the past. In a
second step, we conduct a meta-analysis of projections for RES-E shares from multiple well-established studies.
Such an analysis will help in supporting the design of more effective energy policies and successfully achieving
the EU's energy targets.

1. Introduction

In the past decade, the EU has enacted a variety of reforms to deliver
energy to consumers at affordable prices, enhance security of supply,
and decarbonise the energy sector. Adopted in 2009, a key policy in this
direction was the EU's 2020 climate & energy package [1]. With the
objective to reduce greenhouse gases by 20% compared to the 1990
levels, the directive mandates the EU to fulfil at least 20% of total en-
ergy needs from renewable energy sources (RES) by 2020. In 2014, EU
member states agreed on a new 2030 framework for climate and energy
which targets a 40% cut in greenhouse gas emissions compared to 1990
levels through adoption of at least a 27% share of renewable energy
consumption along with stringent energy saving measures [2].

A mid-term assessment of progress in the EU towards the 2020
targets reports 15.3% share of renewable energy in gross final energy
consumption in 2014 with a reduction in greenhouse gas emissions by
22.9% compared to 1990 levels1,2. By 2014, more than one quarter
(27.5%) of the EU's power was generated from renewables, of which,
about 10% of the total EU electricity is sourced from variable renewable
electricity. The pursuit of EU's 2020 renewables target has resulted in

around 326 million tons (Mt) of avoided CO2 emissions in 2012, and
388 Mt in 2013.2 The electricity sector is identified as one of the main
areas to decarbonise the economy, and close to half of electricity gen-
eration in the EU will arise from renewables by 2030. Extrapolating
forward to 2040, there is an opportunity for nearly 843 GW of addi-
tional renewables capacity in Europe, which will require some USD 1.2
trillion in investment – 85% of Europe's total financing of all power-
generating capacity [3].

Owing to the impetus from the Renewable Energy Directive (2009/
28/EC) and lucrative economic support received by the renewable en-
ergy sector in the first half of the past decade, there was a remarkable
surge in new installations of renewables electricity generation capacity
in EU Member States. Growth in electricity generated from renewable
energy sources during this period largely arose from wind, solar, and
biomass.1 During the period 2004 to 2014, electricity generation from
wind and solar power rose by 4.3 and 127 times respectively. However,
this staggering growth of variable renewables in the electricity gen-
eration mix of the EU member states posed several challenges. The
inherently variable and less predictable nature of wind and solar power
generation increases the complexity and risks associated with
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management of transmission infrastructure, necessitates significant
stand-by generation capacities, and are disruptive to electricity mar-
kets. Moreover, the development and operation of variable renewable
electricity generators is highly dependent on the availability of eco-
nomic support and favourable policy environment as the cost of
adoption for these technologies remains high as compared to conven-
tional fuel-based or nuclear alternatives [4].

During the period 2004 to 2014, the share of renewable energy in
the gross final consumption in the EU nearly doubled, from 8.5% to
16%.1 The EU is now on track to meet its 2020 target of 20% RES share
in gross final energy consumption. By 2014, 9 out of the 28 EU Member
States had already achieved their national 2020 targets: Sweden, Fin-
land, Croatia, Estonia, Romania, Lithuania, Bulgaria, Italy, and Czech
Republic. Denmark and Austria are both less than 1% from reaching
their national targets.

Fig. 1 shows the evolution of electricity generated from wind (top)
and solar (bottom) in EU-28. The solid lines in the plots describe actual
growth trajectories of annual electricity generation, and dotted lines
represent projections. It can be seen that by the end of 2014, both solar
and wind power generation were ahead of projected levels. The gross
electricity generation in percentage of predicted 2050 levels is re-
presented on the secondary axes of the plots. Even with the high growth
rates in the wind power, wind generated electricity must rise steeply by
two-folds if the projected trajectory is to be followed. On the other
hand, solar power nearly reached its target by the end of the year 2014.
The deployment of wind power must accelerate in order to meet the

ambitious targets set for 2050.
During the first half of the decade, starting from 2004 to 2011, new

investments in RES-E technologies in the EU rose by 5.5 times.3 This
period was followed by a dramatic fall in new investments during the
latter half of the decade. The investments fell by 60% between 2011
and 2015 from USD 120 billion to USD 48.5 billion - the continent's
lowest figure for nine years despite record investments in offshore wind
projects in 2014–15 with the wind power sector receiving close to 60%
of the overall investments through asset financing. A UNEP Centre/
BNEF report [5] attributed this fall to fear over the political stability in
the EU, sovereign debt crisis, and investors' uncertainty over retroactive
cutbacks in subsidy support which is further accentuated by the recent
changes in market designs and regulations governing the RES.

The solar power sector in Germany was hit hardest due to gradual
phase out of EEG feed-in tariff that was adopted as a measure for reg-
ulation the expansion of photovoltaic systems in the country, justifying
the slowdown in new investments in solar power since 2011 (Fig. 2).

The EU is expected to comfortably achieve the targets set in 2020
energy and climate package. However, it is foreseen that current efforts
are not sufficient to reach long-term goals of reductions in GHG emis-
sions by 40% until 2030 and 80%–95% until 2050 (compared to 1990
levels) [6]. The signs of reduction in the pace of development of RES
have started to show in recent years, and further inability to recuperate

Fig. 1. Past and projected gross electricity generation from wind (top) and solar (bottom) power in the EU28.

3 Bloomberg New Energy Finance Summit, Bloomberg, 2016.
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the pace will put the target of sourcing at least 27% of its gross final
consumption of energy from renewable sources by 2030 in jeopardy.

This paper aims to identify the factors influencing the deployment
of RES-E technologies by studying actual deployment in the past and
comparing it to projected future deployment. Section 2 describes the
methodology employed in this paper. This is followed by a presentation
of the main results in section 3 which are then discussed in section 4.
Section 5 summarises the main conclusions of the paper.

2. Methodology

The methodology employed in this study consists of two parts. In
the first part, we analyse past deployment of RES-E technologies in the
EU, to identify factors that influence the rate and scale of deployment.
We analyse these factors in seven representative EU Member States. The
process of selecting RES-E technologies and representative Member
States to focus on is also described. We use the results of this first stage
to identify the main factors – both barriers and enablers – that influ-
enced past RES-E deployment.

In the second part, we compare projections of future RES-E de-
ployment provided by different well-established studies. The studies are
compared on multiple aspects such as input data, and scenarios defi-
nitions. Finally, we combine the findings from the two parts to identify
factors that influence the deployment of RES-E. This will help identify if
future RES-E projections, and targets, are consistent with past deploy-
ment. Based on this, we discuss whether the current 2030 RES target is
ambitious, yet feasible. Both parts of the methodology are described in
this section.

2.1. Part 1: analysis of past RES-E deployment pathways in selected EU
member states

RES deployment in this study is characterized using three in-
dicators. Firstly, literature describing factors influencing RES deploy-
ment in individual Member States is evaluated qualitatively. Secondly,
investment trends documented in RES policy monitoring studies such as
OPTRES [7], RE-Shaping [8,9], and DiaCore [10] are evaluated quan-
titatively. These two indicators are then compared with a third: annual
installed capacity of RES-E technologies as an indicator of actual de-
ployment. The indicator of actual deployment allowed for the

Fig. 2. Cumulative and annual installed wind and solar power capacity in
EU28, 2004–2014 (Source.

Fig. 3. Gross electricity generation in the EU and calculated growth rates; Data: from Ref. [9].
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verification and classification of information obtained from literature.
If, for example, a source describes a factor as strongly supportive of
deployment in a certain period, but the deployment indicator reveals no
growth of installed capacity in this period, we can infer the existence of
other more influential hindering factors. The evaluation of actual de-
ployment further allows for a validation of data on investment trends.
For example, it allows assessing whether the magnitude of expected
profits through an investment in RES directly influences the volume of
investment.

2.1.1. Selection of RES-E technologies
The analysis does not include all sectors nor all RES technologies.

The electricity sector is expected to play an important role in the dec-
arbonisation of the EU's energy system directly and indirectly – by
supporting other sectors such as Transport, Heating & Cooling [11].
Therefore, the investigation is limited to limits to renewable technol-
ogies in the electricity sector (RES-E). This is the first selection cri-
terion. A detailed explanation of the technology selection process is
provided in Annex A.

A second criterion for selection is the expected future growth rate to
2050. Substantial growth is expected for wind power, solar power,
biomass and geothermal energy, as illustrated in Fig. 3. The third and
final criterion for selection of RES technologies is the variability of
electricity supply. Variable sources involve the greatest challenges in
terms of integration into the electricity grid and are therefore of special
interest.

2.1.2. Selection of deployment pathway types
The identification of factors influencing RES deployment requires a

detailed analysis performed at a Member State-level. The current ana-
lysis is limited to a selected number of representative Member States in
order to achieve a reasonable compromise between the additional effort
needed to cover all EU Member States and the insights that it would
provide.

The term ‘representative’ in the context of this paper is defined as
‘illustrating a characteristic deployment pathway’ out of the range of
deployment pathways among all EU Member States. The process of
selecting representative Member States consists of two basic steps:
identifying ‘deployment pathways’ with relevant characteristics and
selecting a Member State that best represents the particular pathway.

A ‘deployment pathway’ itself is defined as the characteristic trend
of RES deployment in a Member State over a specific time span. The
relevance of a deployment pathway is determined the frequency of its
occurrence across all EU Member States.

A deployment pathway is defined as the trend of gross electricity
generation (GEG) over a certain period of time. In general, every
Member State shows an individual deployment pathway. In order to
compare individual pathways on a common basis, all pathways are
assessed over two consistent dimensions: ‘deployment status in 2005’
and ‘deployment progress in between 2005 and 2013’ (see Fig. 4).

2.1.3. Selection of representative member states
In the second step of the overall selection process, representative

Member States for the main development types are identified. The third
column in Table 1 lists Member States showing a particular deployment
pathway type as specified in the first column. Member States high-
lighted in red and orange are not well-suited to represent the particular
deployment pathway type because their deployment status in 2005 or
their deployment progress between 2005 and 2013 is located close to
the boundary of two quantiles, according to Table 5. These Member
States are excluded from the selection procedure. The final selection of
representative Member States from the third column are then listed in
the last two columns. If two main deployment pathway types could be
represented by one Member State, this Member State is selected pre-
ferentially. The additional deployment pathway type related to con-
centrated solar power can only be represented by Spain, as no other
Member State shows substantial deployment of this technology. Thus,
the selected representative Member States are Austria (AT), Bulgaria
(BG), Finland (FI), Germany (DE), Ireland (IE), Slovenia (SL) and
Spain (ES).

2.2. Part 2: meta-analysis of RES-E deployment projections

Decision-making in the EU's electricity sector is often informed by
energy modelling studies. However, these studies differ significantly
from one another in terms of their theoretical basis, modelling tools
used, input data, and key assumptions among several other parameters.
A better understanding of the underlying causes of diverging results
from different objectives and modelling studies is required to use their
insights to make better-informed policy decisions.

In this study, we conduct a meta-analysis4 of previous research on
projecting future scenarios of the EU's electricity system. In particular,
we focus on the projected share of variable RES in the EU's electricity
system by 2030. The objective of this meta-analysis is to provide policy-
makers with additional transparency and information on energy mod-
elling projections of the EU. Both qualitative and quantitative aspects of
each study are investigated. Qualitative aspects include the scope and
objectives of the study, modelling framework used, and scenarios stu-
died. Quantitative aspects are the mainly projections of demand,
technology costs, discount rates, carbon prices, and electricity genera-
tion mix.

The studies differ in terms of the modelling framework used and
their underlying data. The studies chosen for the meta-analysis include
recent, well-established projections that are used to inform current
policy in the EU (listed, along with scenarios, in Table 2). . The meta-
analysis will assess how differences between the studies produce varied
results and their implications for decision-makers. Further, the meta-
analysis will highlight gaps in current modelling approaches towards

Fig. 4. Basis of characterising deployment pathways across all EU Member States.

4 Conventionally, a meta-analysis is a statistical analysis that combines the
results of multiple scientific studies.

A. Shivakumar, et al. Energy Strategy Reviews 26 (2019) 100402

4



Table 1
Selection of representative Member States for the main wind and solar development types.

Table 2
List of studies included in meta-analysis of RES-E deployment projections.

Year Study Organisation Short name in meta-
analysis

Scenarios

2016 EU Reference Scenario 2016: Energy, transport and
GHG emissions Trends to 2050

European Commission (EC) EC-Trends to 2050 Reference Scenario

2016 TYNDP (Ten Year Network Development Plan) 2016 European Network of Transmission System
Operators for Electricity (ENTSO-E)

ENTSO-E TYNDP Vision 1: Slowest Progress
Vision 2: Constrained Progress
Vision 3: National Green
Transition
Vision 4: European Green
Revolution

2014 Integration of Renewable Energy in Europe DNV GL DNV GL Optimistic Scenario
Middle Scenario
Pessimistic Scenario

2014 A policy framework for climate and energy in the
period from 2020 up to 2030

European Commission (EC) EC-Policy Framework GHG35/EE®
GHG37®
GHG40®
GHG40
GHG40/EE
GHG40/EE/RES30
GHG45/EE/RES35

2016 World Energy Outlook 2016 International Energy Agency (IEA) IEA-WEO 2016 New Policies Scenario
Current Policies Scenario
450 Scenario

2015 Wind energy scenarios for 2030 European Wind Energy Association (EWEA) EWEA Low Scenario 2030
Central Scenario 2030
High Scenario 2030

Detailed descriptions of the studies considered in the meta-analysis, including all their scenarios, is provided in Annex B.
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achieving the EU's RES-E targets.

3. Results

In this section, we present analyses of wind (onshore and offshore)
and solar (PV and CSP-E) technology deployment in selected EU
Member States. Furthermore, we perform a meta-analysis of different
studies on the projected share of electricity generation from wind and
solar technologies in the EU as a whole. Finally, we use both the above
sets results to identify barriers and enablers to the deployment of RE
technologies. Such an analysis can help provide insights towards setting
ambitious, yet feasible, RES-E targets at the Member State level.
Further, it can provide a basis to develop an effort-sharing plan between
Member States to achieve the EU's overall 2030 RE target.

3.1. Deployment pathways for selected EU member states

We analyse the deployment of RES-E technologies in the following
EU Member States: Austria, Bulgaria, Finland, Germany, Ireland,
Slovenia, and Spain. The rationale and process of selecting these
Member States is discussed in 2.1.3. Analysing trends in individual
Member States allows us to identify barriers and enablers to RES-E
technology deployment that may be specific to certain conditions that
are geographic, climatic, or socio-economic etc. and those that are
universal across different Member States.

The analysis of each Member State is structured as follows: we first
discuss the broad conditions in each MS such as past generation mix
and evolution of policy support schemes. We then focus on the de-
ployment of wind and solar technologies in the past and compare this to
the projected trend for the future.

3.1.1. Austria
Austria's deployment of solar PV has increased rapidly since 2011,

reaching a current installed capacity of over 900 MW [12]. However,
Austria's solar power deployment (14%), as compared to predicted
2050 levels, still remains below the EU-28 average (25%). A major
reason for the relatively slow uptake of solar PV in Austria is the cap on
annual support. Feed-in tariffs for solar PV are provided for 13 years.
Thereafter, RE technology plants can sell their electricity to the
Clearing and Settlement Agency5 of the government for an additional
12 years at market prices minus balancing costs.

However, balancing costs for grid access in Austria are relatively
high at 1.6–1.7 €ct/kWh, which is around 75% higher than in neigh-
bours Germany and Switzerland [13]. At the same time, spot market
prices in recent years have been low (around 3–4 €ct/kWh in
2015–2016). This is another reason for the relatively modest deploy-
ment of solar PV in Austria where around 99.5% of solar PV installa-
tions are connected to the grid [12].

The evaluation of the installed wind and PV capacity from 1999 to
2013 in Austria revealed different investment sections as illustrated in
Fig. 5.6 The Figure shows as well the main support scheme type for
renewable energies in Austria and the changes or adaptions to the
support framework. Austria had a feed-in tariff (FIT) as the main sup-
port mechanism for all renewable technologies in place in between
1998 and 2013 and amended its RES support framework several times.

3.1.1.1. W-I low growth, 1999–2002. The first investment section is
characterized by small capacity growth. As no information had been
available for this period no evaluation is presented here.

3.1.1.2. W-II strong growth, 2003–2006. The time span 2003 to 2006

features high annual capacity growth rates compared to the previous
section. Austria has introduced its Green Electricity Act (Ökostromgesetz)
in 2002 [16]. The country profile report [17] remarks, that “finely tuned
feed-in tariffs caused a particularly strong deployment of wind energy“ after
their adoption in 2002. The procured economic support data (see Fig. 6)
confirms the profitability of wind power investments in 2004. Thus
economic support has been a main enabler of the strong deployment. A
favourable investment climate also requires the absence of severe
barriers in the non-economic environment. Thus the observation of
substantial investments indicates no severe barriers in this
environment.

3.1.1.3. W-III stagnation, 2007–2010. The tremendous decrease of
deployment after 2006 is explained in Ref. [17] with unfavourable
modifications of the support framework as for example reduced support
levels. The report [16] adds that the amendment in 2006 lead to
uncertainty and new restrictions for projects. The evaluation of
expectable profits (Fig. 6) confirms that the remuneration levels of
the FIT in 2009 had been too low to provide profits. Thus main barriers
to ongoing investment had been too low remuneration levels and likely
uncertainty on investors side.

3.1.1.4. W-IV increasing growth, 11-13. The annually installed power
capacity in Austria increased again from 2011 onwards. Austria has
amended the Green Electricity Act in September 2009 and has set a new
FIT in February 2010, as a consequence of the missing investment in the
previous years [16]. The Austrian wind energy association names the
amendment of the Green Electricity Act in 2009 and the new FIT in
2010 as the cause for the increasing investment in 2011.

Generation costs for wind power fell from 2011 to 2013 [8,14]. The
new RES legislation of July 2011 (Ökostromgesetz 2012) provided for
the first time a long term deployment perspective with concrete target
values and “establish [ed] a stable legal framework to 2020” [16]. The
consecutive high certainty under investors and FIT enabled the in-
creasing investment from 2011 onwards (see Fig. 5).

3.1.1.5. PV-I low growth, 1999–2007. Although solar PV deployment
started in the 1990s, the solar PV market did not develop until 2009 due
to missing profitability of solar PV investments.

3.1.1.6. PV-II increasing growth, 2008–2013. The Austrian country
profile remarks that “the revision of the Green Electricity Act in 2009
together with strong cost decreases of PV equipment […] have created a
favourable framework for renewable electricity in Austria” [17]. The
valuation of the profitability of solar PV investments (see Fig. 6)
confirms suitable economic support conditions in 2011 and very
attractive conditions in 2013.

3.1.2. Bulgaria
Governance of Bulgaria's energy sector has been characterized by

political uncertainty since 2014. Prior to this, the deployment of both
wind and solar rose rapidly, achieving the 2013 NREAP target of RES-E
penetration in the process. The evaluation of the installed wind and PV
capacity from 1999 to 2013 in Bulgaria revealed different investment
sections as illustrated in Fig. 7. The figure shows as well the main
support scheme type for renewable energies in Bulgaria, which has
been a FIT, regulated under the Renewable and Alternative Energy Sources
and Biofuels Act (ERSA) [17]. “The establishment and implementation of
the institutional and legal framework for promoting the production and
consumption of renewable energy began only in 2007” [18]. The support
system has been amended in 2009 and 2011.

3.1.2.1. W-I increasing growth, 2008–2009. “The Bulgarian feed-in tariffs
have sparked wide interest among local and international project developers”
is remarked in the country profile on the economic situation before the
amendment of the system in 2009 [17]. The data on expectable profits

5 OeMAG- Abwicklungsstelle für Ökostrom AG (www.oem-ag.at/).
6 Support scheme graphic [14], Data from Ref. [15], Eurostat and Austria's

NREAP.
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(see Fig. 8) confirms the attractive economic incentives, that mainly
enabled the increasing investment.

3.1.2.2. W-II decreasing growth, 2010–2011. The new FIT after an
adjustment in April 2009 caused “much financial insecurity for existing
and new investors in RES-E” [17]. In December 2009 the Bulgarian
government announced “a moratorium for the approval of new RES
projects“ [17] that was adopted in May 2011.

The economic insecurity of the new FIT and the uncertainty due to
the restrictive amendments most likely caused the decreasing wind
power growth rates.

3.1.2.3. PV-I No growth, 06-08. Although Bulgaria aspired a
deployment of solar PV from 2006 onwards, no investment could
have been attracted. The likely reason is “the existence of sluggish and
complicated administrative procedures“ [19].

3.1.2.4. PV-II increasing growth, 09-12. Small investments in solar PV
could be attracted in 2009 and 2010. The procured data on the
expectable profits revealed very attractive investment incentives in
2009, see Fig. 8. However, the organisation of the administrative
procedure still prevented substantial growth. So the administrative
procedure had been the decisive barrier to PV deployment in the period
from 2007 to early 2011. No information on the progress of the
administrative procedure in the following years was available.
However, the strongly increasing growth in 2011 and 2012 most
likely is enabled by favourable economic support and some
improvements of the administrative procedure.

3.1.2.5. W-IV & PV-III stagnation, 2013. In 2012 Bulgaria announced
retrospective reductions of the FIT [20] and other restrictive changes to
the support system that “led to a massive loss of trust in Bulgaria's governing
and investment climate” [21]. The sudden and profound changes might
be triggered by a financial burden to the state budget, caused by the
expenditures for RES support. The comparison of the actual growth
with the NREAP trajectory in Fig. 7 reveals a by far higher deployment

Fig. 5. Support scheme characteristics, realized percentage of predicted 2050 potential in 2013, annual and cumulative new installed power capacity, estimated
NREAP trajectories and identified investment sections in Austria.

Fig. 6. - Expected average to maximum profit ranges in Austria; Data 2004 to
2013 [7–10].
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then initially intended. In comparison with the high and guaranteed
remunerations this could have caused a high financial burden.

3.1.3. Finland
With a total electricity consumption at 2.5 times that of Denmark

(for a similar population), Finland is has the highest per capita elec-
tricity consumption level in the EU. Finland's electricity system relies on
“traditional” RES such as hydropower and biomass. However, variable
RES such as wind and solar continue to show disappointing levels of
deployment.

The evaluation of the installed wind and PV capacity from 1999 to
2013 in Finland revealed different investment sections as illustrated in
Fig. 9. Fig. 9 also shows the main support instrument for renewable
energies in Finland, which have been tax incentives, introduced in 1997
and investment grants introduced in 2008. The tax incentives have been
stopped in 2011 [17]. Since 2011 Finland's main support scheme is a
feed-in premium (FIP) scheme.

Solar power is not considered in Finland's NREAP until 2018 and
solar power is not eligible for support in the new Finish support scheme
of 2011. Consequently, solar power has not played a significant role in
the deployment of renewable energies and is not evaluated here.

Offshore wind power had been deployed with a minimal capacity of
28 MW in 2014. According to Ref. [16] the “offshore” plants are just
semi-offshore as they are located on small cliffs or artificial islands.
Thus offshore wind power is not evaluated here.

3.1.3.1. W-I fluctuating slow growth, 1999–2012. Onshore wind power
deployment has started in the early 1990s. Fig. 9 reveals comparably
low growth rates until 2012 and a general “stop and go” deployment
characteristic. The years 2001–2004 show constantly increasing growth
rates of new installed power capacity, followed by almost no growth in
2005 and 2006.

The tariff level of the tax aid had been comparably low [17]. The
procured data on profitability of RES investments (see Fig. 10) tells that
no profits were to expect for onshore wind power investments in 2004.

Fig. 7. Support scheme characteristics, realized percentage of predicted 2050 potential in 2013, annual and cumulative new installed power capacity, estimated
NREAP trajectories and identified investment sections in Bulgaria. Support scheme graphic [12], Data from Ref. [8], Eurostat and Bulgaria's NREAP.

Fig. 8. Expected average to maximum profit ranges in Bulgaria; Data [7–10].
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Thus the missing economic investment incentive can be considered as
one barrier to significant onshore wind power investment in Finland in
the whole period 1997 to 2007. However, it is likely that additional

factors caused the sudden stop of investments in 2000 and 2005.
In January 2008 the profitability of wind power investments had

been achieved by the introduction of investment grants. The procured
profitability data (Fig. 10) confirms this development.

Nevertheless, this amendment did not significantly change the
overall investment climate, determined by economic and non-economic
factors, as the investment activity did not improve significantly in the
following years. No reasons for the sudden stop of deployment in 2009
had been identified. However the sudden decline in 2011 is most likely
caused by a stop to the permitting process in 2010, which is motivated
by problems of wind power plants and radar stations of the Finish air
force [16].

The Keep-on-track! investigation has identified “the complexity of
[the] administrative procedure […] as one of the main barriers to both small
and large RES-E installations” [21]. So the administrative procedure
might be decisive barrier to stronger wind power deployment.

3.1.3.2. W-II increasing growth, 2012–2013. In 2013 deployment
increased heavily. This indicates a fundamental improvement of the
attractiveness of wind power investments. In March 2011 the support
framework had been changed. A feed-in premium scheme was
introduced with an increased premium rate at the beginning. The
procured profitability data (see Fig. 10) confirms the improved
economic support, which most likely enabled the strong deployment
in 2013.

3.1.4. Germany
Germany's aggressive deployment of RES technologies, especially

solar PV and wind power, is well documented and its national targets
are well beyond those set by the EU and other Member States. Germany,
as part of implementing its Energiewende, aims to increase the share of
RES in gross electricity consumption to 50% by 2030 and 80% by 2050.
This expansion of RES is expected to strongly contribute to Germany's
2050 target of reducing GHG emissions by 80–95% (compared to 1990
levels).

3.1.4.1. W-I stable and strong growth, 1999–2013. Wind power
deployment is characterized by stable and substantial investment in

Fig. 9. Support scheme characteristics, realized percentage of predicted 2050 potential in 2013, annual and cumulative new installed power capacity, estimated
NREAP trajectories and identified investment sections in Finland. Support scheme graphic [12], Data from Ref. [8], Eurostat and Finland's NREAP.

Fig. 10. Expected average to maximum profit ranges in Finland; Data [7–10].
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the period from 2000 to 2013, see Fig. 11.
The procured data on profitability of wind power investments (see

Fig. 12) shows very attractive conditions in 2004, that deteriorated to
2009 and 2011 and improved again to 2013. The WindBarrier project
[22] reveals no indication on severe non-economic barriers to wind
deployment. The adaptions of the support legislation show no sig-
nificant correlation with the fluctuation of new installed capacity and
thus most likely did not cause uncertainty on the investors side. The
achievement of growth even with very low economic investment in-
centives, as in 2011, indicates that Germany succeeded in installing
high certainty and reliability on investors side with its organisation and
design of RES support.

3.1.4.2. PV-I small growth, 1999–2002. Solar PV grew slowly in the
period from 1999 to 2002. No information on the investment
framework was available for this period. Waiting for attractiveness
and for industry. - > from grid feed-in law to FIT (EEG).

3.1.4.3. PV-II increasing growth, 2003–2008. In 2003 substantial
growth of solar PV installed despite unattractive profit opportunities,
according to calculations of [8] presented in Fig. 12. This indicates a
very favourable organisation and design of solar PV support.

3.1.4.4. PV-III strong growth, 2009–2010. The profitability of solar PV
investments improved significantly to 2009 (see Fig. 12) and
accordingly investment increased by huge amounts in 2009 and
2010. The evaluation of the administrative procedure in Ref. [23]
revealed only few barriers compared to the EU average. The adoption of
a new RES law in 2009 did not impact solar PV investment negatively,
although it included the introduction of a restrictive measure, the so
called “breathing cap” [17]. This indicates that a sophisticated support
scheme design can include restrictive instruments to control

deployment without losing trust of investors. So the strong growth is
enabled by attractive economic support, a favourable administrative
procedure and a sophisticated support scheme design.

3.1.4.5. PV-III stagnation, 2011–2012. The period of strongly
increasing growth ended after 2010. The annually new installed
capacity stabilized on a high level until 2012. The likely cause for the
stop of increasing growth is the deterioration of the profitability by a
restrictive amendment of the legislation in 2010. The tariffs for solar PV
were cut and the “deployment dependent tariff reduction mechanism”
had been introduced.

3.1.4.6. PV-IV decreasing growth, 2013. In 2013 growth of solar PV
declined heavily. The reason most likely is the ongoing reduction of the
tariffs through the tariff reduction mechanism that resulted in the
absence of profit opportunities in 2013.

3.1.5. Ireland
Renewables capacity in Ireland is dominated by wind power, with

an installed capacity of around 3 GW as of 2016 while solar power
deployment is non-existent. The evaluation of the installed wind ca-
pacity from 1999 to 2013 in Ireland revealed different investment
sections as illustrated in Fig. 13. Ireland supported the investment in
renewable energy technologies until 2006 with a tender scheme and
then switched to a feed-in tariff (FIT). The evaluation limits to onshore
wind power, as offshore wind power and solar power were not or very
slightly deployed in 2013.

3.1.5.1. W-I: minimal growth, 1999–2002. Onshore wind power
deployment started initial in the mid-1990s developed slowly until
2002. The identified barriers to wind power deployment under the
tender scheme were “poor spatial planning, [no] access to planning

Fig. 11. Support scheme characteristics, realized percentage of predicted 2050 potential in 2013, annual and cumulative new installed power capacity, estimated
NREAP trajectories and identified investment sections in Germany. Support scheme graphic [12], Data from Ref. [8], Eurostat and Germany's NREAP.
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Fig. 12. Expected average to maximum profit ranges in Germany. Data [7–10].

Fig. 13. Support scheme characteristics, realized percentage of predicted 2050 potential in 2013, annual and cumulative new installed power capacity, estimated
NREAP trajectories and identified investment sections in Ireland. Support scheme graphic [12], Data from Ref. [8], Eurostat and Ireland's NREAP.

Fig. 14. Expected average to maximum profit ranges in Ireland; Data from Refs.
[7–10].
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permission and [no] access to finance due to the novelty of the technology“
[24].

3.1.5.2. W-II: increasing growth, 2003–2006. In 2003 and 2004 the
investment in onshore wind power increased strongly. The procured
data on the profitability of a wind power investment revealed almost no
expectable profits in 2004, see Fig. 14. Possibly the used method in Ref.
[8] for the calculation of the profits did not map the remunerations in
the tender scheme correctly. In May 2006 the tender scheme was
replaced by the Renewable Energy Feed-in Tariff (REFIT 1). It remains
unclear if the change of the support scheme or other factors with impact
from 2003 onwards enabled the increasing deployment until 2006.

3.1.5.3. W-III: fluctuating growth, 2007–2013. The period from 2007 to
2013 is characterized by continuous but strongly fluctuating capacity
growth. The available profits improved over the complete period to
2013. Consequently, the investment does not correlate directly with the
profitability.

The WindBarrier project [22] indicates significant barriers in the
grid connection procedure. The administrative procedure of receiving a
grid connection permission was organized as a “Group Processing”
approach in the Irish system. Projects were collected as “Gates” and
then were processed together [25]. In practice this approach was con-
nected to severe problems, for example extremely long waiting times of
about 6–9 years. Further, lengthy administrative procedures and grid
limitations are reported as the main barriers to stronger deployment
[21].

So the economic support conditions, provided by the FIT, enabled
the continuous deployment of wind power. However, the existence of
severe barriers in the administrative procedure and the insufficient
deployment of the grid prevented stronger growth. The fact that de-
ployment lags behind the estimated NREAP trajectory, see Fig. 13,
supports this result.

3.1.6. Slovenia
RES account for around a third of Slovenia's electricity generation.

Fig. 15. Support scheme characteristics, realized percentage of predicted 2050 potential in 2013, annual and cumulative new installed power capacity, estimated
NREAP trajectories and identified investment sections in Slovenia. Support scheme graphic [12], Data from Ref. [8], Eurostat and Slovenia's NREAP.

Fig. 16. Expected average to maximum profit ranges in Slovenia, Data: [7–10].
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Hydropower is the dominant source, representing around 93% of RES-
E. Solar PV deployment has grown significantly since 2010 but wind
power is virtually non-existent in Slovenia. Slovenia's wind power de-
ployment in 2013 was 0.2% compared to predicted 2050 levels.
Slovenia's solar power deployment in 2013 (43%) is located above the
EU-28 average (25%), compared to predicted 2050 levels.

The evaluation of the installed solar PV capacity from 1999 to 2013
in Slovenia revealed different investment sections as illustrated in
Fig. 15. Slovenia's main support scheme type to all RET is a feed-in tariff
(FIT) and a feed-in premium (FIP) scheme.

3.1.6.1. PV-I small growth, 2004–2007. Slovenia installed its RES
support framework, the National Energy Programme, in 2004 with a
FIT and FIP. The programme provided a long term vision with specific
targets for RES deployment to 2010 [26]. No information on other
framework parameters was available.

3.1.6.2. PV-II increasing growth, 2008–2012. An amendment of the
support framework in 2008 extended the portfolio of power plants
eligible for support. The procured data on the profitability of solar PV
investments (see Fig. 16) reveals attractive profits in 2009. Deployment
increased continuously to 2010 and grew strongly in 2011 and 2012.
According to Ref. [27] an amendment of the Energy Act in early 2010
“clearly helped to facilitate the development of PV systems in the residential
sector” by simplifying the administrative procedure for gaining a
building permit. Most likely the development of the residential sector
is responsible for the strong growth in 2011 and 2012.

3.1.6.3. PV-III decreasing growth, 2013. The year 2013 is characterized
by a decreasing growth rate. In 2012 the legal framework was adjusted,
“due to the support scheme's economic non-rentability” [21]. A
comparison of the estimated NREAP trajectory and the actual

deployment in 2013 illustrates the discrepancy and the consequent
unexpected high support expenditures.

The introduction of a continuous reduction rate on the tariffs with
the amendment was considered as a revenue risk by investors. In ad-
dition, the introduction of a cap to support had been planned at that
time. Further, the lack of a general RES-E strategy and mid-, as long-
term deployment targets were also reported [21].

Most likely the changes and the general design of the RES support
policy caused uncertainty on investors side. The comparison with the
German case study tells that the introduction of tariff restrictive mea-
sures can be realized without damaging the trust of investors.

3.1.6.4. W-I No growth, 2004–2013. The available profits for wind
power in 2009 indicate, that Slovenia tried to stimulate wind power
deployment from 2009 onwards, see Fig. 15. The economic incentive
provided by the tariff system improved to 2013. However, no
substantial deployment of onshore wind power had been realized
until 2013. This suggests the existence of strong non-economic barriers.

The ‘Keep-On-Track!’ project [28] identified very long waiting times
for permit approval and potential revocations of the permit as a main
barrier to wind deployment. The same source names the “lack of in-
tegration in spatial and environmental planning” as a further barrier.
Further, most potential wind sites are located in “sensitive mountain
regions, which are under consideration for national parks” [29]. Most likely
this increased the problems with spatial and environmental planning. A
main barrier that was identified as common to all RES was the ad-
ministrative procedure for obtaining necessary permissions. In addition,
the mandatory connection of RES plants to the grid by the system
network operator is considered actually very insecure [30].

Several non-economic barriers increased the risk of a wind power
investment in Slovenia. Thus despite favourable economic incentives
the overall risk-return ratio had been insufficient to stimulate

Fig. 17. Support scheme characteristics, realized percentage of predicted 2050 potential in 2013, annual and cumulative new installed power capacity, estimated
NREAP trajectories and identified investment sections in Spain. Support scheme graphic [12], Data from Ref. [8], Eurostat and Spain's NREAP.
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investment until 2013.

3.1.7. Spain
Spain has been a pioneer of renewables expansion in the EU. It has

the second largest installed capacity of wind power in the EU (after
Germany) of 23,000 MW. The development of solar PV grew rapidly as
well, from an installed capacity of 125 MW in 2006 to 4667 MW in
2013. Spain also has the largest installed capacity of concentrated solar
power (CSP) technology at 2300 MW. However, legislative changes
brought about by Spain's government in recent years has severely
hindered progress in renewables expansion; total installed capacities of
wind power, solar PV and CSP since 2013 have remained stagnant.

The evaluation of the installed wind power, solar PV and CSP ca-
pacity from 1999 to 2013 in Spain revealed different investment sec-
tions as illustrated in Fig. 17. Spain's main support scheme type to all
RET is a feed-in tariff (FIT) and a feed-in premium (FIP) scheme.

3.1.7.1. W-I continuous and high growth, 1999–2009. The first identified
investment section is characterized by continuous and substantial
annual capacity growth of onshore wind power. The procured data
on the profitability of investments, see Fig. 18, reveals attractive profits
in 2004 and 2009. The Renewable Energy Plan of 2005 provided
deployment targets and the long term deployment history at that
point in time ensured a secure and reliable investment framework.
The caps to deployment introduced in an amendment in 2007
“introduced a significant level of uncertainty in the market” [31].

Thus the favourable economic support and the stable and reliable
support perspective had been, possibly among others, the main enablers
of onshore wind deployment up to 2007.

3.1.7.2. W-II decreasing growth, 10-11. Wind power deployment

declined in 2010 and 2011. The introduction of a pre-allocation
register in 2009 aimed to stop the wind sector from overshooting
(IRENA-GWEC). The register increased the administrative effort for
investors and is considered as a bureaucratic hurdle [17,18]. The
“deficit of the electricity tariff” in Spain and the achievement of certain
deployment level caused a reduction of tariffs and other restrictive
changes to the support framework in 2010 [17]. Altogether the changes
in 2010 and 2011 most likely caused uncertainty on investors side and
lead to a decline of investment.

3.1.7.3. PV-I No growth, 2000–2005. The first identified deployment
section is characterized by marginal capacity growth. The profitability
data indicates only small profits available for investments in solar PV in
2004, so that the missing economic support worked as a barrier to
investment.

3.1.7.4. PV-II strongly increasing growth, 2006–2008. Substantial
deployment of solar PV started in 2006 and increased by huge
amounts to 2008. The FIT had been increased with the amendment of
the support framework in 2007. This enabled very attractive profits as
shown for 2009 in Fig. 18. The PV Legal project identified a very long
duration for developing PV projects in Spain (actually the longest of all
EU Member States) [27]. The high profit opportunities can be seen as a
main enabler of the strong investment in the second deployment
section.

3.1.7.5. PV-III small growth, 2009–2012. In September 2008 a new law
(Royal Decree 1578/2008) adjusted the support framework of solar PV.
The amendment had been justified by the unexpected high growth in
2007 and 2008 and the expected reduction of costs for solar PV
equipment [32]. It seems likely, that the adaption of the support
framework is triggered by the economic burden due to recent
expenditures for RES support. The new law limited the new installed
capacity receiving remuneration by a cap of 500 MW per year. The
favourable profitability enabled the exploitation of this limit with ease.

3.1.7.6. CSP-0 marginal growth, 1999–2008. The assessment of the
investment conditions for CSP-E is difficult as no data on profitability
could have been procured. No information on the first deployment
section was available.

3.1.7.7. CSP-I increasing or stable growth, 2008–2012. The deployment
of CSP-E started in 2008 and growth rates increased in the following
years to 2012. According to a ‘Climate Policy Initiative’ report [33], the
support schemes have been very effective in driving CSP deployment.
Consequently, attractive profit opportunities can be assumed as the
main enabler to CSP-E deployment.

3.1.7.8. W-III & PV-IV & CSP-II, minimal or decreasing growth, 2013. In
January 2012 Spain passed a moratorium to its FIT program for
unlimited time, applying to all renewable technologies (IRENA-
GWEC). In February 2013 the government abolished retrospectively
the FIP scheme for all existing plants [20]. These retrospective and
sudden changes “caused […] a strong loss of confidence in the legal
security of the Spanish RES-E promotion regime” [20]. The low or missing
profitability and the uncertainty on future RES-E support worked as a
strong barrier to the deployment of wind and solar power in 2013.

3.2. Meta-analysis of RES-E deployment projections at the EU level

Comparing the key features of different studies and scenarios can
help to better understand factors influencing projections of future RES
deployment. On one hand, energy-based models (such as the PRIMES
model used in the EC Reference Scenario 2016) allow to look forward
based on an optimisation of all energy components, not purely elec-
tricity but also gas and oil which all interact. On the other hand, power-

Fig. 18. Expected average to maximum profit ranges in Spain, Data: [7–10].
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based models (such as the one used by ENTSO-E) are based on elec-
tricity market simulations which take into account full-year hourly
based profiles of load and climate data, as well as grid constraints. Such
power-based model allows to assess price zone differentials, RES spil-
lage, country balances, etc. A comparison of projected RES-E shares in
different studies for 2030 is shown in Fig. 19.

The projections of RES-E shares in the studies considered differ
significantly from each other. The lowest projection is from the IEA
World Energy Outlook (WEO) ‘Current Policies Scenario’ (39%, with
16% coming from wind, 5% from solar and the remaining 18% from
other RES-E technologies). The highest projection is from the GHG45/
EE/RES35 scenario of the EC Policy Framework study (67%, with 31%
from wind, 9% from solar, and 27% from other RES-E technologies).
The main difference between the two scenarios is that the IEA World
Energy Outlook is based on a simulation from an accounting model
while the EC Policy Framework study is based on the results of an
optimisation model. The former determines the share of RES-E in the
future based on currently implemented policies while the latter de-
termines the least cost mix of technologies to achieve specific targets set
by the model user. In the case of the GHG45/EE/RES35 scenario of the
EC Policy Framework study, the targets are well above current policies
in the EU. In particular, the scenario includes energy efficiency policies
that are very ambitious and go beyond enabling conditions. The
average annual energy savings in 2020–2030 amount to a 2.3% savings
per year. Efficiency standards for products driven by Eco-design
Regulations are continuously tightened, broadened and extended to as
yet unregulated products to cover all energy product categories re-
presented in the model. Further, energy efficiency polices contribute to
higher shares of RES-E as they reduce total electricity consumption.

The EC-Reference Scenario 2016 projects RES-E share of electricity
generation to reach 42% by 2030. The average RES-E of all scenarios in
the studies under consideration is 50%. The lower projection of the EC-
Reference Scenario is primarily due to a lower projected share of wind
power: 17% as compared to an average projection of 23%. Solar power

and other RES-E projections in the EC-Reference Scenario are closely
aligned with their average of their projected shares from the other
studies.

The ENTSO-E TYNDP 2016 projects RES-E shares to be between uses
fossil fuel prices from the IEA's World Energy Outlook 2013. The data
used was compiled prior to dramatic fall in fossil fuel prices in2014.7

The IEA-WEO 2013 projects the cost of crude oil to be at 136 $2012/bbl
by 2030 as compared to 127$2015/bbl suggested by the 2016 edition of
the IEA-WEO. These higher, pre-2014 fossil fuel price projections are
likely to have influenced the results of the ENTSO-E TYNDP 2016.
Higher fossil fuel prices, especially for gas, improve the cost competi-
tiveness of solar PV and onshore wind. For instance, fuel costs for a
peaking gas power plant accounts for 40% of its LCOE on average [34].

A comparison of scenarios projections of electricity generation from
RES-E, wind, and solar until 2050 is shown in Figs. 22–24 in Annex B.

Modelling tools and their resulting projections are increasingly
being used to inform energy policy decisions. However, most models
and data currently in use are proprietary “black boxes” that are closed
to external scrutiny. The main reasons that models and data should be
open, Pfenninger et al. [35] argue, are the following: improved quality
of science, more effective collaboration across the science-policy
boundary, increased productivity through collaborative burden-
sharing, and profound relevance to societal debates. Hence, it is im-
perative the EU begin to move towards “opening” the energy models
and data used to set energy policies.

4. Discussion

Table 3 shows the factors which significantly impacted past RES-E
deployment in each representative Member State. The factors are
identified for specific deployment sections, such as “strong growth”,
“stagnation” or “decreasing growth” (see, for example, Fig. 5 for the

Fig. 19. Comparison of projected shares of RES-E in electricity generation by 2030 based on different modelling studies and scenarios.

7 https://www.eia.gov/dnav/pet/pet_pri_spt_s1_d.htm.
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case of Austria). If a factor was identified as decisive for a specific
section, this factor is labelled “main” factor and included in Table 3. It
also presents an evaluation of whether or not Member State achieved
stable or increasing growth rates of installed RES-E capacity throughout
its deployment pathway. Only German wind power deployment is
found to be a continuous story of success, characterized by stable or
increasing growth rate of installed RES-E capacity. Wind and solar
power deployment in all other analysed Member States (Austria, Bul-
garia, Finland, Ireland, Slovenia, and Spain) is characterized by sig-
nificantly fluctuating or diminishing growth during different periods of
time.

An ‘effectiveness of deployment’ indicator, originally introduced in
the OPTRES project [7] and used throughout the EU-funded RE-Shaping
[9] and DiaCore projects [10], is also shown in Table 3. It illustrates the
progress of RES-E deployment towards a defined target. The calculation
method and the message derived in this analysis is slightly different
from the one in the references mentioned before. Instead of an actual
deployment target – such as the expected NREAP shares for renewables
in 2020 - the overall deployment potential is used as reference ‘target’.
The overall techno-economic potential for a technology is approxi-
mated by the predicted deployment in 2050 in the Reference Scenario
2013 [15]. Deployment is expressed in terms of gross electricity gen-
eration from specific RES-E technologies. In order to compare different
Member States, it is presented as % per year towards achieving their
2050 potential for each RES-E technology.

Further, Table 3 revealed that certain barriers and enablers are
common to several Member States. This suggests that the selected
Member States - representative of the entire EU - are confronted with
similar barriers and can achieve deployment through common enablers.
Consequently, there is significant potential to learn from each other and
possibly develop common guidelines at the EU level. This guidance
could take the shape of ‘best practice policy principles’ and ‘lessons
learned’ and can rely on the concept of barriers and enablers as used in
this analysis.

However, the total number of barriers and enablers does not cor-
relate with investments and the rate of RES-E deployment. Moreover,
‘average effectiveness of deployment’ and the number of barriers and
enablers in a Member State are also not correlated. Table 3 does not
provide information on how long each factor was present. It simply
includes factors that appear at any time during a phase of deployment.
If, for instance, the complete deployment pathway of a Member State
features a stagnation period resulting from two main barriers, but this
period is followed by a significantly longer deployment progress period
resulting from one main enabler, the Member State will show an overall
successful deployment over the complete deployment period, despite
the number of barriers outnumbering enablers. In general, it is difficult
to accurately determine the point in time when a barrier, such trust in
the deployment intentions of the government, become influential.

In this study, the main factors that influenced the deployment of
RES-E in the EU are studied. However, the factors do not comprise an
exhaustive list. Indeed, other ‘external’ factors - such as the global fi-
nancial crisis of 2007–2008 and the Fukushima Daichi nuclear disaster -
played a role as well. For instance, the financial crisis halted solar
photovoltaic development in Spain by causing the government to slash
subsidies for both new and existing projects [36]. Similarly, the Fu-
kushima Daiichinuclear disaster led to a significant change in Germa-
ny's energy policies and electricity generation mix [37]. It led to Ger-
many's sudden decision to phase-out nuclear power by 2022 and
rapidly deploy renewable energy technologies to at least partially plug
the resulting shortfall in the electricity supply. Such factors are of
course important, but were only briefly included in the analysis as they
are outside the scope of the study.

The main barriers and enablers identified through the case studies
and listed in Table 3 can be further categorised. The first category of
factors includes those that occurred in almost every Member State
analysed and are thus considered ‘indispensable enablers’ for

deployment. Consequently, their absence is identified as an in-
surmountable barrier to RES-E deployment. In addition, two other ca-
tegories with lesser influence on deployment in the Member States were
identified. Factors that showed a positive effect on deployment are
grouped as ‘supportive enablers’, while those with a negative effect are
grouped as ‘hindering barriers’. The categorisation allows for a prior-
itisation of factors within policies supporting RES deployment. ‘Indis-
pensable enablers’ should be addressed preferentially before supportive
enablers or hindering barriers. Fig. 20 illustrates the categories and
their influence on RES-E deployment.

5. Conclusions

The absolute number of hindering or enabling factors is not suitable
to evaluate the investment climate. This is due to the fact that the
impact of a specific factor on the investment climate differs in each
Member State. A specific barrier or enabler can be a decisive factor in
one Member State but a factor of low impact – and thus lower im-
portance - for deployment in another Member State. A significant
challenge is identifying the impact of a factor. A quantification of fac-
tors, such as the duration of administrative procedures or expected
profitability of an investment, does not allow for a direct quantification
of the impact that these factors have on the investment climate. For
example, the average administrative lead time identified for wind
power plants in Spain in Ref. [22] is almost twice as much as that in
Germany. Nevertheless, both countries showed substantial investment
in wind power plants in the respective period. A further finding of the
case study is that the evaluation of the complete deployment pathway is
crucial to identify the fundamental causes of some observed develop-
ments. This is especially evident in the case of Spain.

Policy certainty is found to be a key enabler of RES-E technology
deployment success. Projections of future RES-E trends in the EU are
therefore important, and will continue to be so, as they play a vital role
in designing and evaluating the impact of policies. The meta-analysis of
previous studies shows the significant variance in projected levels of
RES-E shares in the EU. While no study is expected to accurately predict
future levels of RES-E, the meta-analysis showed their sensitivity to
underlying data, assumptions, and methodologies. As pointed out in
several studies [35–37], these uncertainties need open discussion.
However, not all projection studies - and the energy strategies based on
them – explicitly state their underlying assumptions. For instance, the
EC Reference Scenario 2016 is based on a model that is not open for
external scrutiny. The situation is similar for the IEA World Energy
Outlook 2016. As models increase in complexity, as well as the reliance
of policy decisions on them, it is imperative that projection studies
explicitly state their underlying data and assumptions.

The EU is on track to meet its 2020 RES targets, which are legally
binding at the Member State level. The targets set in the 2030 climate
and energy framework are only legally binding at the EU level and this
is seen as a risk since Member States may not be sufficiently encouraged
to invest in RES deployments. There has been a revived interested in
RES auctions in Europe, as a market mechanism that allows for the
control of support costs and RES volume deployment. Individual
Member States such as Italy, the Netherlands, UK, and Germany are
already moving towards market-based approaches, in place of direct
support, to encourage RES deployment. Other Member State will be
required to do so as well since the European Commission State Aid
Guidelines for Environmental Protection and Energy 2014–2020, state
that “by January 2017 all Member States seeking state-aid clearance
shall set up competitive bidding process to grant support to all new
installations, with only very few exceptions” [40]. However, auctions
will need to be carried out on an EU level as opposed to a Member State
level in order to ensure that the 2030 RES targets are met. Future
projection studies that consider the implementations of such auctioning
mechanisms will help understand their impact on potential RES shares
and whether existing targets are ambitious, yet feasible.
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Annex A

Selection of technologies

Table 4
Procedure of identifying relevant RES technologies

Selection of Renewable energy sources (RES) 1st criterion:
Use for electricity

2nd criterion:
Expected growth
rate > 10%

3rd criterion
Variable source

Wind onshore Wind (onshore + offshore) Wind (onshore + offshore) Wind (onshore + offshore)
Wind offshore
Solar PV Solar PV Solar PV Solar PV
CSP-E (electricity) CSP-E CSP-E CSP-E
Solar thermal
Hydro Hydro
Biomass – solid Biomass – solid (electricity) Biomass (electricity)
Biomass – liquid Biomass – liquid (electricity)
Biomass – biogas Biomass – biogas (electricity)
Geothermal – electricity Geothermal – electricity Geothermal – electricity
Geothermal – thermal
Tide, wave, ocean Tide, wave, ocean a a

a Excluded due to minimal influence compared to the other RET.

Selection of deployment pathway types

Since the deployment pathways of all Member States have to be comparable, deployment has to be expressed by a related value. A suitable
reference value to relate gross electricity generation is the total techno-economic potential of electricity generation from a certain technology. This
potential is approximated in analysis performed here by the predicted gross electricity generation in 2050 in the Reference Scenario 2013 of the
European Commission [15], see Fig. 21 - Deployment pathways of wind and solar power technologies in selected Member States.

The calculation of the deployment status in 2005 and the deployment progress in between 2005 and 2013 is also illustrated in Fig. 21 - Deployment
pathways of wind and solar power technologies in selected Member States.

Fig. 20. Categorisation of factors identified through case studies and their influence on RES-E deployment.
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Fig. 21. Deployment pathways of wind and solar power technologies in selected Member States.
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The second generalisation is made in the manifestation of the deployment status in 2005 and the deployment progress in between 2005 and 2013. The
parameter values of each Member State are categorised into one of three categories, see Table 5Table 5. The categories are defined by three equally
spaced quantiles over the parameter values of all 28 Member States.

Table 5
Generalisation of the manifestation of the deployment pathways

Deployment status 2005 Upper third High Deployment progress in between 2005 and 2013 Upper third High
Intermediate third Medium Intermediate third Medium
Lower third Low Lower third Low

The generalized pathways are defined as development types. For each renewable energy technology nine possible development types result from
the generalisation. By arranging the deployment characteristics of the Member States according to these nine development types (see Table 6 and
7Tables 6 and 7), the first of the above-mentioned criteria for relevance can be applied. This first criterion selects relevant development types
according to the frequency of their occurrence. Every development type that is represented by three or more Member States is selected as relevant
and labelled as main development type. Table 6 and 7Tables 6 and 7 show main development types selected for solar power (highlighted in yellow)
and wind power (highlighted in grey) respectively, as well as the assigned Member States. The application of the second criteria for relevance, which
is the coverage of all kinds of developments inside the EU, adds a development pathway with substantial deployment of concentrated solar power to
the list, see last row in Table 6 Table 6.

Table 6
Identification of main deployment pathway types for solar power (sum of solar PVand electricity generated from CSP).
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Table 7
I dentification of main deployment pathway types for wind power (onshore and offshore).

Annex B

EC-Trends to 2050

“This report provides a model-derived simulation of one possible future state of the EU's energy system given certain conditions. It starts from the
assumption that the legally binding GHG and RES targets for 2020 will be achieved and that the policies agreed at EU and Member State level until
December 2014 will be implemented.8 The latest available statistical data from Eurostat at the time of the modelling is used. The “2015 Ageing
Report",9 giving long term population and GDP growth trends, is used as a starting point for this report. The Reference Scenario is based on results
from a series of interlinked models which combine technical and economic methodologies. The models produce detailed projections per sector and
per country. The energy system model PRIMES is central to the modelling suite.”

ENTSO-E TYNDP

“The ENTSO-E TYNDP report provides a comprehensive and transparent overview of projects (storage, interconnects etc.) of Pan-European
significance, which are all assessed against several scenarios, and based on a common data set. Four scenarios - called ‘Visions’ here - are developed
based on two axes. One axis is a spectrum of progress towards achieving the EU's decarbonisation target of reducing greenhouse gas emissions to
80–95% below 1990 levels by 2050. The axes consider the impact of progress or delay in achieving these decarbonisation targets on grid devel-
opment needs by 2030. Two possible outcomes are selected on this axis: one is a state where the EU is well on track to realize the set objective of
energy decarbonisation by 2050 and the other is a state where the EU's progress beyond 2020 aligns with the targets for renewables' share of final
energy consumption set for203010. The second axis relates whether measures for decarbonising the energy system will be carried out under a strong
European framework11 or one in which a looser European framework effectively results in parallel national schemes.”

DNV GL

“The current study analyses how the EU can decarbonise its electricity sector in the time period until 2030 and 2050, comparing different
scenarios with varying levels of RES-E shares. Specifically, the study assesses the impact of alternate pathways of developing the electricity sector on
generation, transmission, distribution, and storage. With a focus on RES-E expansion between 2020 and 2030, three main scenarios were considered.

8 In addition, amendments to three Directives agreed in the beginning of 2015 were also considered: the ILUC amendment to the RES and FQD Directives and the
Market Stability Reserve Decision amending the ETS Directive.

9 European Commission (2014), The 2015 Ageing Report: Underlying Assumptions and Projection Methodologies. European Economy 8/2014. Directorate-General
for Economic and Financial Affairs (DG ECFIN).

10 It is assumed that the 27% target for renewables translates to about 40% of renewable share in electrical energy consumption, but post 2030 progress is unclear
11 Here, Member States will not be prevented from implementing national policies as appropriate to their individual circumstances.
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The scenarios are based directly on those in the EU Energy Roadmap 2050.”

EC-Policy Framework

“The Commission's EU Energy Roadmap 2050 is compatible with the EU's agreed objective to reduce GHG emissions by 80–95% in 2050
compared to 1990, in the context of necessary reductions by developed countries as a group to limit global warming to below 2 °C. But it did not
propose specific EU targets or objectives for GHG reduction by 2030. Moreover, the scenarios underpinning the Energy Roadmap 2050 were based
on the assumption that EU efforts to reduce GHG emissions in line with the 80–95% objective would be made in the context of global mitigation
efforts. It is necessary to urgently establish objectives for EU climate and energy policies in a 2030 perspective. On this basis, the policy options
evaluated in this Impact Assessment focus on target setting.”

IEA-WEO 2016

“The renewables-led transformation of the power sector has given focus to a new debate over power market design and electricity security, while
traditional energy security concerns have not gone away. Adding in issues of energy access, affordability, climate change and energy-related air
pollution, as well as problems with public acceptance for different types of energy projects, there are many trade-offs, co-benefits and competing
priorities that need to be untangled across the energy sector. This is the task that the World Energy Outlook (WEO) takes up in different scenarios and
case studies, with the additional opportunity in 2016 to provide the first comprehensive examination of the new era opened up by the Paris
Agreement. All the Paris climate pledges, covering some 190 countries, have been examined in detail and incorporated into our main scenario. More
stringent decarbonisation options examined in WEO-2016 include not only the 450 Scenario (consistent with a 50% chance of limiting global
warming to 2 °C) but also a first examination of pathways that could limit warming further.”

EWEA

“Wind energy is expected to contribute a majority of the EU's RES-E targets with at least a 20% share. In this report, the EWEA puts forward an
updated vision of the European wind energy industry on how wind power can contribute to the achievement of the EU's 2030 climate and energy
ambitions. This report is a follow up to an earlier EWEA publication ‘Pure Power’12 in 2011, which showed that wind energy could cover 28.5% of
EU electricity demand in 2030. The EWEA has now revised these figures, in light of the economic and regulatory developments. This report considers
three scenarios: central, low, and high. The scenarios are distinguished on factors such as efficiency of governance structure, functioning of power
markets, new electricity market design, ETS reform, and cost reduction of offshore wind.”

We compare the scenario results of each study listed above. The comparison is based on scenarios projecting different penetration levels of
variable RES in the EU. This meta-analysis will identify the impact of different underlying input data and assumptions and their implications for
policy makers. Specifically, we compare the penetration levels of wind power (onshore and offshore) and solar power (PV and CSP-E) in the EU's
electricity system by 2030.

Table 8
Description of scenarios.

Study Scenarios Description

EC-Trends to 2-
050

Reference Scenario The Reference Scenario includes policies and measures adopted at EU level and in the Member States by December 2014. In
addition, amendments to three Directives only agreed in the beginning of 2015 were also considered. This concerns the ILUC
amendment to the RES and FQD Directives and the Market Stability Reserve Decision amending the ETS Directive.

ENTSO-E TYN-
DP

Vision 1: Slowest Progress • Vision 1 assumes that the EU does not reach a common decision regarding how to reach the CO2-emission reductions. Each
country has its own policy and methodology for CO2, RES and system adequacy.

• With unfavourable economic conditions, there is still a limitation on willingness to invest in both high carbon or low carbon
emitting sources due to investment risks, low CO2-prices and lack of aligned support measures. Consequently, older power plants
are kept online rather than being replaced if they are needed in order to maintain adequacy.

• Carbon pricing remains at such a level that base-load electricity production based on hard coal is preferred to gas in the market.

• There are no major breakthroughs in energy efficiency developments such as large scale deployment of micro-cogeneration or
heat pumps nor minimum requirements for new appliances and new buildings. There are also no major developments of the
usage of electricity for transport such as large scale introduction of electric plug-in vehicles nor heating/cooling.

• Due to a lack of joint framework and joint decision to reduce emissions, the generation mix in 2030, on a EU level, fail to be on
track for the realization of the energy roadmap 2050.

• No additional policies are implemented after 2020 to stimulate the commissioning of additional RES except locally due to local
subsidy schemes.

Vision 2: Constrained
Progress

• In this scenario, a strong European framework reinforces existing energy policies, facilitates new market implementations, and
focusses R&D expenditure on cost cutting, increased energy efficiency and energy savings. Just as in Vision 1, there is still
limited willingness to invest in either high carbon or low carbon emitting sources due to investment risks, low CO2-prices and
lack of aligned support measures.

• Breakthroughs in energy efficiency, and the usage of electricity for transport and heating/cooling is driven by innovation caused
by R&D expenditure focussed on cost cutting and energy saving. As a consequence, the electricity demand is lower than in Vision
1.

• Demand response potential is partially used to shift the daily load in response to the available supply, and allows savings in
backup capacity.

• Some additional policies are implemented after 2020 to stimulate the commissioning of additional RES, causing RES capacity to
be higher than in Vision 1.

(continued on next page)

12 EWEA. (2011). Pure Power, Wind energy targets for 2020 and 2030.
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Table 8 (continued)

Study Scenarios Description

• Decarbonisation is only driven by carbon pricing. There are no additional policies if carbon prices are too low to ensure a lower
usage of, for instance, coal fired units.

Vision 3: National Green
Transition

• Vision 3 shows economic conditions being more favourable than in Vision 1 and 2. Member States reinforce existing energy
policies. A loose European energy governance structure, however, is a barrier to the introduction of fundamental new market
designs. Furthermore, opting for parallel national schemes regarding R&D expenses results in a situation where while major
technological breakthroughs, R&D spending is inefficient.

• The future generation mix is determined by parallel national policy schemes that are aiming for the decarbonisation objectives
for 2050. Large scale RES expansion drives the price of RES electricity production to a competitive level.

• The cost of the electricity system will be higher than it would be for the case with a strong European framework, since RES and
adequacy is handled on a national basis without cooperation between the countries.

• Demand response potential is used, however, the majority of the additional back-up capacity in 2030 would come from gas units
since additional central hydro storage is not developed due to the lack of a strong European framework.

• Only some extra national storage is developed (e.g. pump storage, decentralized batteries). Adequacy is handled on a national
basis without cooperation between the countries.

• New nuclear power plant projects become economically unattractive; only projects with existing national acceptance are
included.

• Carbon capture and storage is not economically attractive.
Vision 4: European Green
Revolution

• Vision 4 sees financial conditions that are more favourable than in any of the other Visions, allowing member states to reinforce
existing energy policies

• A strong European framework allows for the introduction of fundamental new market designs that fully benefit from R&D
developments more likely. This also allows R&D expenditure to be optimized so that major technological breakthroughs are more
likely.

• Energy efficiency developments and electrification of transport and heating/cooling are intensified

• Electricity usage still outweighs efficiency savings, giving a net energy increase. These new usages are intensified through
additional national and/or European subsidies

• Demand response potential is fully used to shift the daily load in response to the available supply, because it allows a saving on
back-up capacity

• Driven by strong European cooperation, RES is located in Europe in an optimal way lowering the cost for society. Likewise,
backup capacity to secure adequacy is handled on a European level.

• Additional hydro storage is built in centralized manner (focusing predominantly on Scandinavia, the Alps and the Pyrenees)

• All generation technologies compete with each other purely on a market basis. Decarbonisation is driven by carbon pricing.

• New nuclear power plant projects are not economically viable due competitiveness of RES production and no public acceptance
for new projects. Older nuclear power plants are not considered flexible enough to balance the demand and RES and are
consequently phasing out in areas with high RES production.

DNV GL Optimistic Scenario The three scenarios in this study are directly based on those in the EU Energy Roadmap 2050 [41]:

• Optimistic Scenario corresponds to the ‘High RES-E’ scenario

• Middle Scenario corresponds to the ‘Diversified Supply Technology’ scenario

• Pessimistic Scenario corresponds to the ‘Current Policy Initiatives’ scenario
All assumptions apart from technology costs were taken from the PRIMES model that underpins the EU Energy Roadmap 2050.
Assumptions on the costs of technologies were updated to reflect recent developments such as the rapid reduction of solar PV costs
and the higher than expected cost of offshore wind.

Middle Scenario
Pessimistic Scenario

EC-Policy Fram-
ework

GHG35/EE® This scenario presents a modest ambition in terms of GHG emission reduction and is mainly driven by explicit moderate energy
efficiency policies that ensure progress by addressing market imperfections and failures.
It includes a 35% GHG reduction target by 2030. As a result, the ETS cap for stationary sources would stay as in the current
legislation with the linear reduction factor (LRF) of 1.74% of the average annual allocation during phase 2 (excluding aviation).
This is equivalent to an annual reduction of around 38 million allowances.
Moderate, explicit Energy Efficiency (EE) policies (represented through the Energy Efficiency Values (EEVs)a, continuation and
strengthening of the eco-design regulations, as well as improvements in industrial processes through best available technologies)
are the main drivers, they are the same as the Reference conditions until 2020 and after 2020 continue at higher level of intensity
(than in the Reference scenario).
There is no pre-set RES target and consequently no dedicated policy in support of RES (in addition to the Reference scenario),
increased RES share of 25.5% is mostly achieved through the ETS. EE policies contribute to higher shares of RES as they reduce
total energy consumption

GHG37® This scenario presents a modest ambition in terms of GHG emission reduction. It is based on the assumption of equalisation of
marginal abatement cost of GHG emissions across the economy (throughout the projection period) and driven uniquely by
equalising simulated carbon values in the non-ETS sectors to the ETS carbon price from the Reference Scenario. This, and other
scenarios based on a GHG target only, represents a modelling least cost approach to reduce GHG emissions economy-wide without
yet defining the additional policies through which this would be achieved (in the non-ETS sector). Carbon pricing incentivises GHG
emission reductions, through fuel switching including RES penetration, through improving energy efficiency and by reducing non-
energy related emissions.
ETS prices are the same as in Reference scenario, carbon values in the non-ETS are raised to match ETS carbon prices in Reference.
The projected result is a GHG reduction of 37% relative to 1990. There are no additional EE policies compared to the Reference
scenario.
There is no pre-set RES target and consequently no dedicated policy in support of RES (in addition to the Reference scenario),
increased RES share of 24.7% is achieved by introduction of carbon value in the non-ETS.

GHG40® This scenario presents a medium ambition in terms of GHG emission reduction as described for scenario GHG37. Achievement of
40% and 80% GHG reduction targets in 2030 and 2050, respectively, met through economy-wide equalisation of carbon prices and
values. This implies a tightening of the linear reduction factor in the ETS. There are no additional EE policies compared to the
Reference scenario.
There is no pre-set RES target and consequently no dedicated policy in support of RES (in addition to the Reference scenario),
increased RES share of 25.5% is mostly achieved in the ETS sectors.

GHG40 This scenario presents a medium ambition in terms of GHG emission reduction that meets in 2030 a 40% GHG reduction, and in
2050 an 80% GHG reduction compared to 1990 levels. It is based on the assumption of equalisation of marginal abatement cost of
GHG emissions across the economy as in scenarios GHG40® and GHG37®. Carbon pricing incentivise fuel shifts and GHG emission

(continued on next page)
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Table 8 (continued)

Study Scenarios Description

reductions it has also a pull effect on RES penetration and increase of energy efficiency. There are no additional EE policies
compared to the Reference scenario.
There is no pre-set RES target and consequently no dedicated policy in support of RES (in addition to the Reference

GHG40/EE This scenario presents a medium ambition in terms of GHG emission reduction and is mainly driven by explicit ambitious energy
efficiency policies that ensure progress by addressing market imperfections and failures. Beyond concrete EE policies, carbon
pricing continues to incentivise fuel shifts, energy savings and non-energy related emission reductions. It assumes the
achievement of 40% GHG reduction target in 2030, equalisation of overall cumulative GHG emissions up to 2050 to projections
of GHG40 scenario with overall ETS emissions approximating cumulative ETS emissions GHG40b. This implies a tightening of the
linear reduction factor in the ETS, as described in previous scenarios. Extended and more ambitious energy efficiency obligations
are introduced. The average annual energy savings in 2020–2030 amount to 2.0% savings per year. Efficiency standards for
products driven by Eco-design Regulations are continuously tightened, broadened and extended to not yet regulated products to
cover all energy product categories represented in the model.
There is no pre-set RES target and consequently no dedicated policy in support of RES (in addition to the Reference scenario),
increased RES share of 26.4% is mostly achieved in the ETS sectors. EE polices contribute to higher shares of RES as they reduce
total energy consumption.

GHG40/EE/RES30 This scenario presents a medium ambition in terms of GHG emission reduction and is mainly driven by explicit ambitious energy
efficiency policies and pre-set RES target that ensure progress by addressing market imperfections and failures. Beyond concrete EE
policies, carbon pricing continues to incentivise fuel shifts, energy savings and non-energy related emission reductions. The
achievement of 40% GHG reduction target in 2030, equalisation of overall cumulative GHG emissions up to 2050 to projections of
GHG40 scenario with overall ETS emissions approximating cumulative ETS emissions GHG40e is included. EE policies are identical
to those in GHG40/EE. There is a pre-set RES target of 30% and in modelling RES valuesc are applied in order to represent the
policies necessary to achieve this target. The average RES values rise from 49€/MWh in 2020 to 56€/MWh in 2030 and decline to
36€/MWh in 2050. EE polices contribute to higher shares of RES as they reduce total energy consumption.

GHG45/EE/RES35 This scenario presents a high ambition in terms of GHG emission reduction and is mainly driven by explicit and very ambitious
energy efficiency policies and pre-set RES target that ensure progress by addressing market imperfections and failures. Beyond
concrete EE policies, carbon pricing continues to incentivise fuel shifts, energy savings and non-energy related emission reductions.
The achievement of 45% GHG reduction target in 2030, equalisation of overall cumulative GHG emissions up to 2050 to
projections of GHG40 scenario with overall ETS emissions approximating cumulative ETS emissions GHG40e is assumed. EE
policies are very ambitious and go beyond enabling conditions. Extended and more ambitious energy efficiency obligations
are introduced. The average annual energy savings in 2020–2030 amount to a 2.3% savings per year. Efficiency standards for
products driven by Eco-design Regulations are continuously tightened, broadened and extended to not yet regulated products to
cover all energy product categories represented in the model.
There is a pre-set RES target of 35% and in modelling RES values are applied in order to represent the policies necessary to achieve
this target. The average RES values rise from 49€/MWh in 2020 to 142€/MWh in 2030 and decline to 27€/MWh in 2050. EE
polices contribute to higher shares of RES as they reduce total energy consumption.

IEA-WEO 2016 New Policies Scenario Based on a detailed review of policy announcements and plans, the New Policies Scenario reflects the way that governments,
individually or collectively, see their energy sectors developing over the coming decades. Its starting point is the policies and
measures that are already in place by mid-2016, but it also takes into account, in full or in part, the aims, targets and intentions that
have been announced, even if these have yet to be enshrined in legislation or the means for their implementation are still taking
shape.

Current Policies Scenario The accomplishment of announced, new policy targets cannot be taken for granted. The Current Policies Scenario depicts a path
for the global energy system shorn of the implementation of any new policies or measures beyond those already supported by
specific implementing measures in place as of mid-2016. No allowance is then made for additional implementing measures or
changes in policy beyond this point, except that – as with the New Policies Scenario – when current measures are specifically time-
bound and expire, they are not normally assumed to lapse on expiry, but are continued at a similar level of intensity through to
2040.

450 Scenario The 450 Scenario has the objective of limiting the average global temperature increase in 2100 to 2 °C above pre-industrial levelsd.
A 2 °C target was mentioned explicitly in the Cancun Agreements in 2010 (the first time that it appeared in a document agreed
under the UNFCCC frameworke) and it has also been used as a yardstick in reports from the Intergovernmental Panel on Climate
Change. The 450 Scenario in WEO-2016 relies more heavily on renewables, in particular wind and solar, to achieve the necessary
reduction in energy-related CO2 emissions. It relies less than in the past on the deployment of carbon capture and storage (CCS),
given the slow pace at which this technology is being tested and deployed in practice, and the constraint that this implies on the
pace of its future growth.

EWEA Low Scenario 2030 An efficient 2030 governance is not fully implemented and the EU-wide 27% renewable energy target does not materialise. The
new market design is not able to guarantee increased renewable energy penetration and system costs are therefore not reduced. No
significant progress in electricity interconnections amongst Member States occurs and grid congestion continues to distort market
prices. The ETS reform does not succeed in effectively reducing carbon emissions in an economic and sustainable way. In addition,
offshore cost reduction objectives by 2020 are not met.

Central Scenario 2030 A clear 2030 governance structure with reporting mechanisms on Member States' progress to 2030 is implemented and effective
regional cooperation mechanisms are established. As a result, the EU meets its 27% target. A better-functioning power
market allowing for higher penetration of wind and other renewable energies is implemented and power interconnection
infrastructures are strengthened to allow the EU to reach the 15% interconnection target. The new market design recognises the
potential of wind energy to provide flexibility services. The Emission Trading System is reformed in a more efficient way and is able
to give meaningful price signals to investors. All of this allows for the abatement of costs and raising overall wind energy power
plants efficiency. Offshore wind cost reduction objectives in 2020 are met and costs are further reduced to 2030.

High Scenario 2030 An efficient 2030 governance system is in place enabling Member states to exceed the EU-wide target of at least 27% renewable
energy in final energy consumption. The EU-wide power transmission network is further developed beyond the European
Commission's 15% target. Both the new market design and the reformed ETS system contribute to phasing out inefficient and
uneconomical fossil fuels power plants and pave the way to a sustained development of renewable energies, which help achieving
the EU energy security objectives and improving the EU macro-economic outlook. Growth in all wind markets takes place, leading
to pan-European efficient operations and maintenance strategies for onshore wind and the industrialisation of offshore wind.

a Energy Efficiency Values (EEVs) are modelling variables similar to carbon values, but placing a shadow value on energy and are used in two ways in the PRIMES
model: (a) reflecting certain concrete energy efficiency policies, e.g. as the shadow prices of the energy efficiency obligation, thermal integrity of buildings obligation,
etc. (b) after 2030 the carbon value in GHG only scenarios triggers also increases in energy efficiency.

b This is consistent with a linear reduction factor from 2021 onwards equal to −2.4% applied to all ETS sectors so as to meet in 2050 an ETS cap of −90%
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compared to 2005 (which was the reduction projected for the Roadmap for moving towards a competitive low carbon economy in 2050).
c RES values are modelling variables similar to carbon values used in the PRIMES model to representing unidentified policies related to RES, necessary to achieve

the RES target.
d The 450 Scenario was first introduced in WEO-2008 at a time when climate targets were typically expressed in terms of the concentration of greenhouse gases in

the atmosphere. This set out an energy pathway aiming to limit the concentration of greenhouse gases in the atmosphere to around 450 ppm of CO2-equivalent. To
reflect changes in the public and academic discourse surrounding climate change mitigation, the 450 Scenario is now expressed as realising a 50% chance of limiting
warming to a 2 °C temperature rise in 2100. This is consistent with the previous concentration-based objective.

e Article 2 of the 1992 UN Framework Convention on Climate Change committed the Parties to “stabilisation of greenhouse-gas concentrations in the atmosphere
at a level that would prevent dangerous anthropogenic interference with the climate system”, without specifying what such a concentration might be.

Table 9
Scenario comparison: scope, methodology, and tools

Study Economic scope Scenario Model(s) used RES-E penetration
level in 2030 (%)

EC-Trends to 2-
050

Industry, households, tertiary (services
and agriculture), and transport

Reference Scenario PRIMES (energy system model and core element of modelling suite),
GEM-E3 (Macro-economic),
PROMETHEUS (energy price projections),
GAINS (non-CO2 emission projections),
GLOBIOM/G4M (LULUCF emission and removal projections),
CAPRI (agricultural outlook on livestock, fertilisers use, and impacts on
the agricultural sector from changed biofuel demand)

43%

ENTSO-E TYN-
DP

Power system Vision 1: Slowest
Progress

PowerSym (power market simulation model) 40%

Vision 2: Constrained
Progress

44%

Vision 3: National
Green Transition

56%

Vision 4: European
Green Revolution

56%

DNV GL Power system Optimistic Scenario PLEXOS (long-term capacity expansion), DSIM (operation of generation
and transmission)

61%
Middle Scenario 53%
Pessimistic Scenario 47%

EC-Policy Fram-
ework

Industry, households, tertiary (services
and agriculture), and transport

GHG35/EE® PRIMES (energy system model and core element of modelling suite),
GEM-E3 (Macro-economic),
PROMETHEUS (energy price projections),
GAINS (non-CO2 emission projections),
GLOBIOM/G4M (LULUCF emission and removal projections),
CAPRI (agricultural outlook on livestock, fertilisers use, and impacts on
the agricultural sector from changed biofuel demand)

47%
GHG37® 45%
GHG40® 47%
GHG40 49%
GHG40/EE 48%
GHG40/EE/RES30 55%
GHG45/EE/RES35 67%

IEA-WEO 2016 Industry, non-energy use, residential,
services, agriculture, and transport

New Policies
Scenario

World Energy Model (WEM) (Vensim 45%

Current Policies
Scenario

39%

450 Scenario 50%

Table 10
Scenario comparison data inputs

Study Capital technology costs Discount rate Fossil fuel prices CO2 cost

Onshore wind Offshore wind PV CSP-E

EC-Trends to 2-
050

Not available Not available Not available Not available 7.5–8.5% for in-
vestment decisions
in power genera-
tion

Oil: 110 $2013/bbl
Gas: 12.43 $2013/MBtu
Coal: 100 ($2013/tonne)

Endogenously determined
ETS prices. Projected to be
35 €2010/tCO2

ENTSO-E TYN-
DP

Not available Not available Not available Not available Not available Oil: 136 (Vision 1 and 2),
104 (Vision 3 and 4)
$2012/bbl by 2030
Gas: 13.4 (Vision 1 and 2),
10.2 (Vision 3 and 4)
$2012/MBtu
Coal: 118 (Vision 1 and 2),
110 (Vision 3), 86 (Vision
4) $2012/tonne

17 €/tCO2 (Vision 1 and
2), 71 €2012/tCO2 (Vision
3) and 76 €2012/tCO2

(Vision 4)

DNV GL ~1000 €2012/
kW

~2250 €2012/
kW

~1000 €2012/kW ~3000 €2012/
kW

10% Oil: 105.9 $2008/boe
Gas: 76.6 $2008/boe
Coal: 32.6 $2008/boe

35 €2010/tCO2

EC-Policy Fram-
ework

1232 €2010/kW 3507 €2010/kW 1085 €2010/kW 2560 €2010/kW 9% for power
generation

Oil: ~120 $2010/boe
Gas: ~83 $2010/boe
Coal: ~31 $2010/boe

35 €2010/tCO2

IEA-WEO 2016 Not available
(continued on next page)
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Table 10 (continued)

Study Capital technology costs Discount rate Fossil fuel prices CO2 cost

Onshore wind Offshore wind PV CSP-E

1720 (New
Policies), 1700
(450 Scenario)
$2015/kW

3200 (New
Policies), 2950
(450 Scenario)
$2015/kW

860/1080 (New
Policies), 800/1020
(450 Scenario)
$2015/kW

4250 (New
Policies), 3700
(450 Scenario)
$2015/kW

Oil: 127 (Current Policies),
111 (New Policies), 85
(450 Scenario) $2015/bbl
Gas: 11.1 (Current
Policies), 10.3 (New
Policies), 9.4 (450
Scenario) $2015/MBtu
Coal: 80 (Current Policies),
74 (New Policies), 57 (450
Scenario) $2015/tonne)

30 (Current Policies), 37
(New Policies), 100 (450
Scenario) €2015/tCO2

Fig. 22. Projections of electricity generation from RES-E in multiple studies and scenarios.
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Fig. 23. Projections of electricity generation from wind power in multiple studies and scenarios.
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Fig. 24. Projections of electricity generation from solar power in multiple studies and scenarios.

Annex C

Austria

Austria's electricity generation mix is dominated by hydropower, which provides around 65% of the country's total electricity needs [42]. This
has led to Austria emerging as one of the leaders in Europe in terms of the share of RES in gross electricity consumption [30]. In recent years, the
deployment of RE technologies has closely followed national policy trends. In 2002, Austria adopted its first ‘Green Electricity Act’ with the objective
of growing the share of electricity from non-hydro RES, including wind and solar power. This policy included a lucrative feed-in tariff which
attracted investments in RE deployment. However, in 2006, the government revised the ‘Green Electricity Act’ in reaction to the rapid increase in RE
investments and lowered the feed-in tariff. More recently, the ‘Green Electricity Act’ was amended once again in 2012 to introduce an updated feed-
tariff system. Further, the amendment included technology-specific targets for RE deployment to be achieved by 2020. The targets for wind and solar
power were 2 GW and 1.2 GW respectively [30].

Fig. 25 shows the trend of wind power deployment in Austria, which clearly follows the evolution of the ‘Green Electricity Act’ since its
introduction in 2002. Austria's wind power deployment in 2013 (20%), as compared to predicted 2050 levels, was similar to the EU-28 average
(22%). However, wind power expansion since 2013 has been hampered by political circumstances such as the regional planning programme
(“Windeignungsflächen”) in lower Austria.
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Fig. 25. Share of electricity from wind power technologies in Austria. The figure shows Austria's progress towards achieving its projected share of wind power as
suggested by the EU Energy Roadmap 2050. Each point is labelled in both absolute terms (TWh) and as a share of predicted levels by 2050 (%).

Fig. 26. Share of electricity from solar power technologies in Austria. The figure shows Austria's progress towards achieving its projected share of solar power as
suggested by the EU Energy Roadmap 2050. Each point is labelled in both absolute terms (TWh) and as a share of predicted levels by 2050 (%).
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Bulgaria

Bulgaria's wind power deployment in 2013 (35%), as compared to predicted 2050 levels, was significantly higher than the EU-28 average (22%)
(see Fig. 27).

Fig. 27. Share of electricity from wind power technologies in Bulgaria. The figure shows Bulgaria's progress towards achieving its projected share of wind power as
suggested by the EU Energy Roadmap 2050. Each point is labelled in both absolute terms (TWh) and as a share of predicted levels by 2050 (%).

Similarly, solar power deployment in 2013 (37%) was much higher than the EU-28 average (25%) (see Fig. 28).

Fig. 28. Share of electricity from solar power technologies in Bulgaria. The figure shows Bulgaria's progress towards achieving its projected share of solar power as
suggested by the EU Energy Roadmap 2050. Each point is labelled in both absolute terms (TWh) and as a share of predicted levels by 2050 (%).
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Finland

Wind power deployment in 2013 (5%), compared to predicted 2050 levels, are much below the EU-28 average (22%) (see Fig. 30). Solar power
deployment in 2013 (9%) was similarly much below the EU-28 average (25%) (see Fig. 29).

Fig. 29. Share of electricity from wind power technologies in Finland. The figure shows Finland's progress towards achieving its projected share of wind power as
suggested by the EU Energy Roadmap 2050. Each point is labelled in both absolute terms (TWh) and as a share of predicted levels by 2050 (%).

Fig. 30. Share of electricity from solar power technologies in Finland. The figure shows Finland's progress towards achieving its projected share of solar power as
suggested by the EU Energy Roadmap 2050. Each point is labelled in both absolute terms (TWh) and as a share of predicted levels by 2050 (%).

Germany

Figs. 31 and 32 show the deployment of wind and solar power, respectively, compared against predicted 2050 levels. Wind power deployment in
2013 (24%), compared to predicted levels in 2050, was similar to the EU-28 average (22%). Solar power deployment, however, was significantly
higher (39%) than the EU28 average (25%).

However, a recent analysis by Agora Energiewende [51] suggests that Germany is likely to miss several key targets set out in Energiewende. These
include the target of 55–60% of RES-E share in gross electricity consumption by 2035, which the analysis deems “unachievable” with current plans
for the expansion of renewables capacities.

In this study, we use annual installed power capacity as an indicator for investments in wind and solar power plants. The evaluation of the
installed wind and solar PV capacity from 1999 to 2013 in Germany revealed different investment sections as illustrated in Fig. 11. Offshore wind
power investment is not evaluated due to a very low deployment and the lack of data.

Fig. 11 tells that Germany's main support scheme had been a feed-in tariff (FIT). Germany started its RES support policy in 1990 with the Grid
Feed-In Law. This support framework succeeded in stimulating wind power deployment. The Renewable Energy Sources Act of 2000 replaced the Grid
Feed-In Law. The Renewable Energy Sources Act had been amended several times since then. In 2012 Germany introduced the option to choose
between the FIT and a feed-in premium (FIP).
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Fig. 31. Share of electricity from wind power technologies in Germany. The figure shows Germany's progress towards achieving its projected share of wind power as
suggested by the EU Energy Roadmap 2050. Each point is labelled in both absolute terms (TWh) and as a share of predicted levels by 2050 (%).

Fig. 32. Share of electricity from solar power technologies in Germany. The figure shows Germany's progress towards achieving its projected share of solar power as
suggested by the EU Energy Roadmap 2050. Each point is labelled in both absolute terms (TWh) and as a share of predicted levels by 2050 (%).

Ireland

Figs. 33 and 34 show the deployment of wind and solar capacity, respectively, as compared to predicted 2050 levels.

Fig. 33. Share of electricity from wind power technologies in Ireland. The figure shows Ireland's progress towards achieving its projected share of wind power as
suggested by the EU Energy Roadmap 2050. Each point is labelled in both absolute terms (TWh) and as a share of predicted levels by 2050 (%).
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Fig. 34. Share of electricity from solar power technologies in Ireland. The figure shows Ireland's progress towards achieving its projected share of solar power as
suggested by the EU Energy Roadmap 2050. Each point is labelled in both absolute terms (TWh) and as a share of predicted levels by 2050 (%).

Slovenia

Fig. 35. Share of electricity from wind power technologies in Slovenia. The figure shows Slovenia's progress towards achieving its projected share of wind power as
suggested by the EU Energy Roadmap 2050. Each point is labelled in both absolute terms (TWh) and as a share of predicted levels by 2050 (%).

Fig. 36. Share of electricity from solar power technologies in Slovenia. The figure shows Slovenia's progress towards achieving its projected share of solar power as
suggested by the EU Energy Roadmap 2050. Each point is labelled in both absolute terms (TWh) and as a share of predicted levels by 2050 (%).
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Spain

Fig. 37. Share of electricity from wind power technologies in Spain. The figure shows Spain's progress towards achieving its projected share of wind power as
suggested by the EU Energy Roadmap 2050. Each point is labelled in both absolute terms (TWh) and as a share of predicted levels by 2050 (%).3

Fig. 38. Share of electricity from solar power technologies in Spain. The figure shows Spain's progress towards achieving its projected share of solar power as
suggested by the EU Energy Roadmap 2050. Each point is labelled in both absolute terms (TWh) and as a share of predicted levels by 2050 (%).4
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