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Executive Summary

The main findings of this assessment can be summarised as follows:

This report aimso identify drivers and barrierfor the deployment of renewable electricity technologi
which are at an early deployment stage and have a significant potential to improve their quality anc
(still maturing technologies, or SMTs) and to propose policy portfolios which addressotneses The
focusison two mainSMTsxpected to significantly contribute to the electricity mix in the medium te
in the EU or elsewhere, such as concentrated solar power and wind offshore.

Drivers and barriers for REE) technology deployment pdytdepend on the position of the respectiy
technology in the technology diffusion curve. In addition, there are some technological particul:
which affect the degree of diffusion of a specific technology which should be taken into account
proposng policy measures aimed at encouraging the deployment of the two SMTs considered
report.

The literature suggests that significant technology improvements and cost reductions can be ex
as both CSP and offshore wind industries scale up. Haw&SP and offshore wind are at differe
maturity levels. Furthermore, there are also different maturity levels within e.g. the range of
technologies.

Cost reductions for both CSP and offshore wind are a result of several factors, including ecasfo
scale, learning effects at both industrial and plant level, and increased plant/park size.

Offshore wind has experienced a larger cost reduction compared tdr@8F2000 until today, largel
due to the fact that the annual and cumulative deploymerieraas been significantly higher for offsho
wind compared to that of CSP in the period. Trends towards larger turbines, larger wind farm
integrated farm design, improved power forecasting and farm planning, active wake control, imp
foundations, and coordinated planning will positively impact on the cost.

For CSR;ost reductions will be due to several factors, including economissalg, learning effects &
both the industrial and plant levs] increased size and technological improvemeshige to innovation.
The first two are the result of deployment, whereas innovation is both the result of RD&D and, to a
extent, deploymentA large potential for innovation exstn CSP. In general, key teceoonomic drivers
for the takeoff of CSRire its high technological dynamism and competition between different desi
its potential for cost reductions, the possibility for hybridization, its higredne compared to other RET
and industry consolidation.

For both technologies, political devs play a key role; these include targets (RES deployment and
emission reduction) in efforts to primarily combat climate change and energy security threats
supporting policies, such as finaalcsupport (FiT, FiP and tredula green certificate $&emes to promote
RES)Key barriers to further CSP and offshore wind energy deployment include high costs rela
other (nonRES based) technologies generating electricity as well as cumbersome permitting proci

For CSP, specifically, key barriexcdude limited resource potentials in the EU (in particular in North
EU), high costs, uncertain cost reductions, and retroactive cuts in remuneration, which has led to «
investor uncertainty.

For offshore wind, specifically, key barriers incliniigh costs and grid connection challenges.

However, new challenges (barriers) also evolve as RES market share growth rates accumul
example, offshore wind players are experiencing increasing competition witdr activities at sea, suc
asfisheries, shipping, dredging and sand extraction, for ideal locations for setting up offshore wind
Also, as RES penetration grows, wholesale electricity prices are reduced, which negatively affe
profitability of RETs (as well as other teclogies) under markebased support schemes (notably, fix
FIPs).
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In order to increase the deployment rate of both technologies, an obvious first policy recommenc
is to provide as stable and credible support as possible. In turn, this entails dettigrterm targets,
ensuring predictable changes in the remuneration for new plants and avoiding retroactive chanc
existing plantsAppropriate and weltlesigned remuneration schemes are necessary. Given the
capital costs of both technologies, TBI seem to be an appropriate instrument in this conte
Furthermore, given the relevance of permitting procedures as a barrier for wind offsremM@&apers,
standardised, streafined permitting procedures are therefore essential to enable large s
deployment in the 2022030 decade. Successful examples of-stg-shops for permits have alread
been reported (for example such a os®p-shop was set up by the UK government for its Roun
offshore tendering process).
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1 Introduction

The aim of this report is to identifyrivers and barrierfor the deployment of renewable electricity technologies
which are at an early deployment stage and have a $igmif potential to improve their quality and cog{still
maturing technologies, or SMTs) and to propose policy portfolios which address these baimefecus will be
on two mainSMTsexpected to significantly contribute to the electricity mix in thedium term in the EU or
elsewhere, such as concentrated solar power and wind offshore.

The three main hypotheses on which this analysis is based are:

1) The drivers and barriers to the adoption of a technology depend on the situation of the technology in the
diffusion curve.

2) As a natural consequence of the previous point, appropriate instruments are different for different stages.

3) In addition, here are technologygpecific barriers which have to be addressed by policy measures in order to
encourage the uptake of these technologies.

The theoretical framework is based on an integrated framework which strongly builds on innovation studies but

where several approaches were combined. These approaches are innovation studies (the technological
innovation systems approach and the functions of innovation systems), the traditional environmental economics
perspective, the learning effects literature and thiterature on renewable energy deployment instruments. This

framework has been described elsewhénedetailo RSt WN2 H A MH 3 ARSITZ VREE  IWwNR I fyRR |
2014).

The starting point is that, as stressed in IEA (2011, p.99), the main chalterdggdoyment change as progress
is made along this deployment curve.

The three phases are:

1 Aninceptionphase when the first examples of technology are deployed urmt@nmercial terms. Costs at
this stage may be relatively high, so the desirable depkaytevels may be constrained to manage overall
policy costs.

1 Atake-off phase when the market starts to grow rapidly. During this phase the cagt®xpected to fall,
and the aim is to manage the incentives and deployment levels $o secure deploymet in a managed
way as far as overall policy cost is concerned. If daifsnore widespread deployment can be promoted.

1 Amarketconsolidatiorphase where deployment grows toward the maximysracticable level.

Through these phasesiew challengesevolve as RE market growth rates accelerate and penetrdteals
increase correspondingly. In general terms, as market development progresses, deghipment barriers may
occur, and consequently certain issues require policy interverfiiggure ). The technologies considered in this
report are at the start of the takeff stage although both technologies considered in this report have themselves
different maturity levels, with wind offshore being in this context at a more advanced stage than CSP

Regarding CSPwhereas the first commercigize plants have been constructed in and outside the EU,
development on a very largecale, as experienced by the PV and wamgshore energy sectors, has yet to

commence Wind offshore has experienced three timas much deployment as CSP inthe&& Yo SNJ { (G| G4 Sa G
NREAPs clearly show a stronger role for offshore wind energy in reaching the 2020 RES targets compared to CSP.
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Figurel: Deployment journey.
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Financing

Targets
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demonstration

Institutional and human

capacity building

Resource/cost, technology
portfolio assessment

Note: Shading reflects relative importance.

Source: |IEA, 2011.

RET®ccupy different positions along the policy deployment journey, taking into account their status and the
principal barriers that they face. An IEA report on RETs deployment (IEA 2011) located these technologies in the
initial stages of the commercializatiqgphase (Figure 2). Since these SMTs by definition are highly dynamic they
can be expected to have advanced beyond the inception to the earlyatileage.
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Figure2: Maturity of selected RE technologies.
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Three commonalities for both SMTs considered in this report arettieit costsare still comparatively higher

than for other RETS, that their costs in the EU are higher than elsewhere and that these costs have significantly
been reduced in recent years (figures 3 and\Bverthelessthe costs of CSP (in terms of LEC) are substantially
higher than for wind offshore. The high costs and their prospects for further reduction are analysed in the next

sections.

Figure3: Levelised cost of electricity from utilisscale renewable technologies, 2010 and 2014.
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Note: Size of the diameter of the circle represents the size of the project. The centre of each circle is the value
for the cost of each project on the Y axis. Real weighted average cost of capital is 7.5% in OECD countries
and China; 10%ithe rest of the worldLCOE results are calculated using a feegslimption of a cost
of capital of 7.5% real in OECD countries and China, and 10% in the rest of the world unless explicitly
mentioned.

Figure4: Weighted averagecost of electricity by region for utilityscale renewable technologies, compared
with fossil fuel power generation costs, 2013/2014.
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Source: IRENA Renewable Cost Database
Note: Real weighted average cost of capital of 7.5% in OECD countries and China; 10% in the rest of the world.

Source: IRENA (2014).

The analysis of drivers and barriers is done in two steps. First, a desktop search of technic&rdedn the
literature on the drivers and barriers to the two technologies has been carried out. Those barriers have been
considered and included in an initial document. In a second stage, we have intedvielevant stakeholders
(energy experts and pgde from the sector) in order to gain further insights on those barriers and identify
possible policy alternatives to tackle the8ix semstructured interviews were carried out for CB&tween April

and May 2016 lasting between 30 and 90 minuteBwo of these interviews were carried out personally, the
other two were telephone interviews. The stakeholders interviewed included a manager of a CSP plant,
representatives from two firms investing in the technology and three researchers from publiitinss
involved in CSP research. Interviewees were asked to rank the different drivers (Sttinbarriers (section

3.1.3 and policies (sectiod) according to their relevanci influencing CSP deploymei@orrespondingly4
semistructured inteviews were also executed covering OVWEeinterviews were conducted in May anliline
2016.0nehourwas allocated for each interviewonducted via phone. The phone interviews were structured

in the following manner: findings were presented by the intewér on key drivers and barrie¢sections3.1.2.3
and3.2.2.9, followed by views and feedback from the interviewee. The phone was complatiedeedback on

key policy improvements necessary to push OWE deployment fufsieetion4).

The rest of this document is structured as follo®ection 2 provides a brief description of CSP and wind offshore
technologies, including their comparatizests and potential evolution, and their expected contribution to the
EU energy mix. Section 3 is dedicated to the analysis of the drivers and ©aBased on this analysis, a proposal
for policy portfolios is made in section 4. Section 5 concludes.
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2 CSP and wind offshore: two still maturing
technologies

In Solar Thermal Electricity (STE) technology, @#led Concentrated Solar Power (CSP), mirrors concentrate
solar energy onto a heat medium, which is then used to drive a conventional turbine. Designs eittentraie

to a few hundred degrees (Parabolic/Fresnel designs) or to a maximum temperatgtedon power cycles in
power tower designs (around 600 degrees Celsius) (IRENA 2014).

There are four CSP plant variants, namely: Parabodiagh (PT), Fresnel Reflector (FR), Solar Towew(t8
central receiveand Solar Dish (SD), which differ degimgon the design, configuration of mirrors and receivers,
heat transfer fluid used andshether or not heat storage is involved. The first three types are used miastly
power plants in centralised electricity generation, with the parabolic trosiggien being the most commercially
mature technology. These technologies differ with respect to optical design, shape of receiver, nature of the
transfer fluid and capability to store heat before it is turned into electricity (figure 5 and tables 1 and 2). They
also differ with respect to their maturity levelSolar dishes are more suitable for distributed generation (IEA
2013).

WhilePTF YR Cw LI Fyda O2yOSyiGNI GS (KS adepefniing téinperaturesy | F 2 (
between 308p p nc / I SP dplants yoRus the sunlightn a single focal point and can reach higher
temperatures. PT is currentthe most mature and dominant CSP technology. In PT plants, synthesteait

or molten salt are used to transfer the solar heat to a steam generatod, molten salt is used for thermal

storage. ST igresently under commercial demonstration, while FR and SD are less mature (IEA 2013).

Figure5: Main CSP technologies.

Linear Fresnel reflector (IFR) Central receiver Parabolic dish Parabolic trough

Solar Tower

% By | RS

Absorber tube Heliostats Reflector
and reconcentrator

Source: IEA (20D3.

PagelO



Appropriate policy portfolios for still maturing renewable electricity technologies
The cases of caentrated solar power and wind offshore.

Tablel: Themain CSP technology families.

Line focus

Collectors track the sun along
a single axis and focus irradiance
on a linear receiver. This makes
tracking the sun simpler.

Receiver type

Fixed

Fixed receivers are stationary devices
that remain independent of the
plant’s focusing device. This eases
the transport of collected heat to the
power block.

Mobile

Mobile receivers move together

with the focusing device. In both

line focus and point focus designs,
mabile receivers collect more energy.

Source: IEA (20D3.

Table2: A comparison of CSP technologies.

Parabolic trough Solar tower

Maturity of . Commercially
Commercially proven
technology proven
0 ti
PErEting 350-400 250-565

temperature (°C)
Collector ) 70-80 suns >1 000 suns
concentration

Absorber attached

External surface or

Receiver/absorber  to collector, moves

) cavity receiver, fixed
with collector

Application type On-grid On-grid
Suitability for air

. / Low to good Good
cooling
Storage with Commercially Commercially
molten salt available available

Source: IRENARQ15.

Pagell

Parabolic troughs

Collectors

®

towards

Point focus

track the sun along two

axes and focus irradiance at a single
point receiver.
This allows for good receiver efficienc

at higher temperatures.

Linear Fresnel reflectors

Towers

Parabolic dishes

Linear Fresnel
Early commericial
projects

250-350

> 60 suns (depends on
secondary reflector)

Fixed absorber, no
evacuation secondary
reflector

On-grid
Low

Possible, but not
proven

Dish-Stirling

Demonstration
projects

550-750

up to 10 000 suns

Absorber attached to
collector moves with
collector

On-grid/Off-grid
Best

Probably, but not
proven
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2.1.2 Wind offshore

Offshore wind technology has come a long wpgrticularlyin the last decade. Whilst the fundamentals of
offshore wind technology are similar tboseof onshore, there are some very important differences, such as the
methods of installationoperationand services. These differences are largely to more chdénging conditions

at sea and access to the turbines, as well agythe offoundationsrequired,whichlargelydepend on the nature

of the sea bed and theeadepth. There is no single foundation that suits all types of sea beds and sea depth.

The recen growth in offshore wind deploymenhas been accompanied by seakinnovations and technical
improvements.Figure &rror! Reference source not foundhows alternative designs conceng the foundation

of offshore wind turbines. To date, the most common substure used in Europe are mondgs (78.8%: 2301

of the 2920 European offshore wind foundations at the end of 2014), followed by gtmsgd foundations
(10.4%), jacket foundains (4.7%), tripods (4.1%) and floating structures (0.7 %). At the current technology
status, notably in relatively shallow wateraonopies are the lowestost foundation solution (EWEA, 2015).

Figure6: Offshore wind turbine foundation designs.

Floating Wind Turbine Concepts

AN

Ballast Stabliized “Spar-Buoy” | Mooring Line Stabliized Buoyancy Stabllized
with Catenary Mooring Drag Tenslon Leg Platform "Barge” with Catenary
Embedded Anchors with Suction Plie Anchors Mooring Lines

Monopile Tri-Pod Jacket Suction Caisson  Gravity Base

Source: Wiser et al, Wind Energy. In IPCC Special Report on Renewable Energy Sources and Climate Change (2011).

The offshore wind turbinés very similar to the onshore turbine, with three blades. Turbines at sea are generally

larger in hub height, rotor diameter and capacity. Recently commissioned offshore wind parks mostly consist of

the 3.6MW Vestas wind turbing2 6 SASNE | FS¢g LI Nyl & KIFI@S AyaidlttSR pa?
are typically 86100 metestall and ocasionally up to 13&eters tall (Ellern 7.5 MW Enercon Turbine).

Over the last few years, important developments have taken place on the size of the offshore wind turbine. New
developmens are gradually becoming available (albeit not commercially), fangpte, Mitsubishi 7MW Sea
Angelturbine or the Areva/Gamesa 8MWirbine.
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Figure7: Evolution of wind turbines.
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Source Schlumbergerffttps://www.sbc.slb.com/SBClnstitute/Publications/Wind.aspxaccessed 7 May 26)

An important cost component to offshore wind parks is the grid infrastructure at sea (including offshere sub
stations and connections points to onshore grid). Transportatibtihe power from the wind farm at sea to the
existing grid onshore consists of four main eleménts

1 A transformer platform which collects the power from the wind farm and increases the voltage
1 A sea cable which transports the power to shore

1 A cable stabn onshore; and

1 Aland cable which transports the power to an existing transformer station onshore.

A key cost driver is distance to shore, i.e. the further from shore the offshore park is located the higher the grid
connection costs. The connection ofda wind farms to the electrical network is a challenge for transmission
system operatorgind for wind farm developers. Main intention of the grid connection is that the wind farm and
the electrical network operatén a safe and reliable mannefhis entailsa connection via thre@hase high
voltageAC(HVAC) cableanda connection via high voltage direct currditVDC) cables.

Future offshore wind farms are expected to be built farther away from shore and have larger capacities than
today. Thisleads to new challenges related to grid connection. At distances longer than roughly 100 km, HVDC
transmission is preferred over AC transmission due to large charging currentsabi€. Industry is stretching

the distance at which HVAC transmissionteays can be used and reducing hardware requirements. It is also
developing more effective and flexible HVYDC solutions (KIC InnoEnergy, 2015b).

1 www.ens.dk
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CSP has experienced a substantial increaseioyment in the last years worldwide, although starting from a
very low base. According to the IEA (20) 4otal installed capacity isolar thermoelectric$TEat the end of
2013 amounted to 3.6 GW, up from 600 at the end of 20089s growth has beeconcentratedn Spain (2304
MW) and the United State@00 MW), but the technology is also beidgployed in other countries, including
the United Arab Emirates, India, Morocco, South Africa, Algeria, Australia, Egypt, Italy afb#gite around

15 olar tower projects or more iroperation, the current CSP market is dominated by the parabolic trough
technology, both in terms of numbef projects and total installed capacity (arouB8% of capacityJIRENA
2015.

The increase in deployment in theJEhas beensignificant (figure 8), mostlyising the parabolic trough
technology.In the next decade, the global CSP market is expected to develop with a higher share of tower,
Fresnel and dish collectors at the expense of trough (IRENA ZlHel)otal ingalled CSP capacitp date in

Spain represents 98% of the total installed capacity in the EJdzNh 6 & DM dovaver, this is likely to
change in the future, since only 50 MW are under construction or at an advanced stage of development and Italy
seems to have takeover (table 3), withmany projects under development (see Anrdgr further detailson

each projec).

Table3: CSP in operation and under development in the EU.

In operation Under development
Capacity (MW) N6 2T LINER| Capacity (MW) bé 2T LINE
Spain 2303.9 50 50 1
Italy 5.35 2 361.3 17
Germany 15 1
France 0.75 2 21 2
Cyprus 50.8 1
Greece 125 2
TOTAL EU 2311.5 55 628.1 23

Source: Own elaboration based on BlosenQ 9(2015).
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Figure8: Evolution of CSP in the EU (MW).
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The future deployment of CSP around the world looks bright according to different publications. These focus on
the 2030 and 2050 timeframe#éccording to IRENA (2014), in 2030, CSP would reach 52GW in the reference
scenario and 83 in the smalled Remap 2030 scenario. However, in its WEO report, the IEA (2012) expected a

much lower amount of CSP capacity being installed (110 GW in the 45Giegena

The analysis dhe IEA (2014) shows thatSTE could represent as much as 11% of electricity generation in 2050

in the 2DS RRen scenarf and 954 GW of installed capacity (talB)eln its STE technology roadmap (IEA 2014b),

the IEA updates thodigures upvards, expecting 982 GW in 2050, with only 28 GW of those being deployed in
the EU. These numbers are in line with the STE/CSP European industry association ESTELA, which expects a
worldwide diffusion of 1080 GW in 2050, 90 GW of which wilht@duthern Europe (Estela 2014).

Table4: STE in different scenarios in 2030 and 2050.

6DS 4DS 2DS 2DS HRen
2030 2050 2030 2050 2030 2050 2030 2050
STE 92 359 147 796 554 2835 986 4186
generation
(TWh)
STE (%) 0.3 0.7 0.4 1.8 1.7 7.1 3 11
STE capacity 26 98 40 185 155 646 252 954
(GwW)

Source: |IEA (2014a).
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increase by more than twthirds between 2011 and 2050. Associated CO2 emissions would rise even more rapidly,
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Scenario) achieves the target with a larger share of renewables, which requires faster and stronger deployment of PV,

as well as wind power and STE, to compensate for thenasgduslower progress in the development of CCS and
deployment of nuclear than in 2DS (IEA 2014a).
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Appropriate policy portfolios for still maturing renewable electricity technologies
The cases of caentrated solar power and wind offshore. towards

According to the IEA (2014a, 2014b), growth until 2050 is geographically concentrated in the 2DS scenario, with
Africa and the Middle East being followed by the US, ladéh and China. The share of the EU and other OCDE
countries is negligible (figur@). Although parabolic trough technology currently dominates, its share of total
installed capacity will decline slowly in the near future, as aroundtbird of the capaity of plants currently

under construction are either solar tower projects or linear Fresnel systems (IREISA

Figure9: Regional production of STE envisioned in the IEA Roadmap.

Source: IEA (2014b).

According to the NREARsstalled capacity in the EU by 2020 will reach 6765 MW (4800 in Spain, 600 in Italy,
540 in France, 500 in Portugal, 250 in Greece and 75 in Cyprus), 20 TWh ofavatpypectedHowever,the
economic and political environment has cast doubt on thidmap. Most of the countries that set objectives
are way off targed, and if no significant political change is announced within the next two to three years, the
sector will only reach B3IMW in 20200 9 dzNh 6 2086 Nal®) Qdfact, 3526MW were expectedrf2015 in the
NREAPS, and onlyZ2Z35MW will materialize.

Offshore wind has been experiencing a rapid global growth in recent viéarng:e10 Error! Reference source
not found.below shows the annual and cumulative evolution of installed offshore windaitgpathe EU from
1993 to 2014After a long incubation period offshore wind really took off as from 2085talled offshore wid
capacity grewto about 8 GW in this time sparAccording to EWEA, there is close to 10.4 GW of fully grid
connected offshore windapacity in European waters as of end of June 2015.
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