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Executive Summary 

 

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

This report aims to identify drivers and barriers for the deployment of renewable electricity technologies 
which are at an early deployment stage and have a significant potential to improve their quality and costs 
(still maturing technologies, or SMTs) and to propose policy portfolios which address these barriers. The 
focus is on two main SMTs expected to significantly contribute to the electricity mix in the medium term 
in the EU or elsewhere, such as concentrated solar power and wind offshore. 

Drivers and barriers for RES (-E) technology deployment partly depend on the position of the respective 
technology in the technology diffusion curve. In addition, there are some technological particularities 
which affect the degree of diffusion of a specific technology which should be taken into account when 
proposing policy measures aimed at encouraging the deployment of the two SMTs considered in this 
report. 

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

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

Offshore wind has experienced a larger cost reduction compared to CSP from 2000 until today, largely 
due to the fact that the annual and cumulative deployment rate has been significantly higher for offshore 
wind compared to that of CSP in the period. Trends towards larger turbines, larger wind farm sizes, 
integrated farm design, improved power forecasting and farm planning, active wake control, improved 
foundations, and coordinated planning will positively impact on the cost.  

For CSP, cost reductions will be due to several factors, including economies of scale, learning effects at 
both the industrial and plant levels, increased size and technological improvements due to innovation. 
The first two are the result of deployment, whereas innovation is both the result of RD&D and, to a lesser 
extent, deployment. A large potential for innovation exists in CSP. In general, key technoeconomic drivers 
for the take-off of CSP are its high technological dynamism and competition between different designs, 
its potential for cost reductions, the possibility for hybridization, its higher value compared to other RETs 
and industry consolidation.  

For both technologies, political drivers play a key role; these include targets (RES deployment and GHG 
emission reduction) in efforts to primarily combat climate change and energy security threats, and 
supporting policies, such as financial support (FiT, FiP and tradable green certificate schemes to promote 
RES). Key barriers to further CSP and offshore wind energy deployment include high costs relative to 
other (non-RES based) technologies generating electricity as well as cumbersome permitting procedures. 

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

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

However, new challenges (barriers) also evolve as RES market share growth rates accumulate. For 
example, offshore wind players are experiencing increasing competition with other activities at sea, such 
as fisheries, shipping, dredging and sand extraction, for ideal locations for setting up offshore wind parks. 
Also, as RES penetration grows, wholesale electricity prices are reduced, which negatively affects the 
profitability of RETs (as well as other technologies) under market-based support schemes (notably, fixed 
FIPs). 
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In order to increase the deployment rate of both technologies, an obvious first policy recommendation 

is to provide as stable and credible support as possible. In turn, this entails setting long-term targets, 

ensuring predictable changes in the remuneration for new plants and avoiding retroactive changes for 

existing plants. Appropriate and well-designed remuneration schemes are necessary. Given the high 

capital costs of both technologies, FITs seem to be an appropriate instrument in this context. 

Furthermore, given the relevance of permitting procedures as a barrier for wind offshore developers, 

standardised, streamlined permitting procedures are therefore essential to enable large scale 

deployment in the 2020-2030 decade. Successful examples of one-stop-shops for permits have already 

been reported (for example such a one-stop-shop was set up by the UK government for its Round 2 

offshore tendering process). 
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1 Introduction  

The aim of this report is to identify drivers and barriers for the deployment of renewable electricity technologies 

which are at an early deployment stage and have a significant potential to improve their quality and costs (still 

maturing technologies, or SMTs) and to propose policy portfolios which address these barriers. The focus will be 

on two main SMTs expected to significantly contribute to the electricity mix in the medium 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, there are technology-specific 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 the literature on renewable energy deployment instruments. This 

framework has been described elsewhere in detail όŘŜƭ wƝƻ нлмнΣ ŘŜƭ wƝƻ ŀƴŘ .ƭŜŘŀ нлмнΣ ŘŜƭ wƝƻ ŀƴŘ tŜƷŀǎŎƻ 

2014).  

The starting point is that, as stressed in IEA (2011, p.99), the main challenges to deployment change as progress 

is made along this deployment curve. 

The three phases are: 

¶ An inception phase, when the first examples of technology are deployed under commercial terms. Costs at 
this stage may be relatively high, so the desirable deployment levels may be constrained to manage overall 
policy costs. 

¶ A take-off phase, when the market starts to grow rapidly. During this phase the costs are expected to fall, 
and the aim is to manage the incentives and deployment levels so as to secure deployment in a managed 
way as far as overall policy cost is concerned. If costs fall, more widespread deployment can be promoted. 

¶ A market consolidation phase, where deployment grows toward the maximum practicable level. 
 

Through these phases, new challenges evolve as RE market growth rates accelerate and penetration levels 

increase correspondingly. In general terms, as market development progresses, certain deployment barriers may 

occur, and consequently certain issues require policy intervention (Figure 1). The technologies considered in this 

report are at the start of the take-off 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 CSP, whereas the first commercial-size plants have been constructed in and outside the EU, 

development on a very large-scale, as experienced by the PV and wind on-shore energy sectors, has yet to 

commence. Wind offshore has experienced three times as much deployment as CSP in the EU. aŜƳōŜǊ {ǘŀǘŜǎΩ 

NREAPs clearly show a stronger role for offshore wind energy in reaching the 2020 RES targets compared to CSP.  
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Figure 1: Deployment journey. 

 

Source: IEA, 2011. 

RETs occupy 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 commercialization phase (Figure 2). Since these SMTs by definition are highly dynamic they 

can be expected to have advanced beyond the inception to the early take-off stage. 
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Figure 2: Maturity of selected RE technologies. 

 

Source: IEA (2011). 

Three commonalities for both SMTs considered in this report are that their costs are 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 4). Nevertheless, the 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. 

 

Figure 3: Levelised cost of electricity from utility-scale renewable technologies, 2010 and 2014. 

Source: IRENA (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% in the rest of the world. LCOE results are calculated using a fixed assumption 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. 

Figure 4: Weighted average cost of electricity by region for utility-scale renewable technologies, compared 

with fossil fuel power generation costs, 2013/2014. 

 

Source: IRENA (2014). 

The analysis of drivers and barriers is done in two steps. First, a desktop search of technical documents in 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 interviewed relevant stakeholders 

(energy experts and people from the sector) in order to gain further insights on those barriers and identify 

possible policy alternatives to tackle them. Six semi-structured interviews were carried out for CSP between April 

and May 2016, lasting between 30 and 90 minutes. Two 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 public institutions 

involved in CSP research. Interviewees were asked to rank the different drivers (section 3.1.1), barriers (section 

3.1.3) and policies (section 4) according to their relevance in influencing CSP deployment. Correspondingly, 4 

semi-structured interviews were also executed covering OWE. The interviews were conducted in May and June 

2016. One hour was allocated for each interview, conducted via phone.  The phone interviews were structured 

in the following manner: findings were presented by the interviewer on key drivers and barriers (sections 3.1.2.3 

and 3.2.2.4), followed by views and feedback from the interviewee. The phone was completed with feedback on 

key policy improvements necessary to push OWE deployment further (section 4). 

 

The rest of this document is structured as follows. Section 2 provides a brief description of CSP and wind offshore 

technologies, including their comparative costs and potential evolution, and their expected contribution to the 

EU energy mix. Section 3 is dedicated to the analysis of the drivers and barriers. Based 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 

2.1 Brief description of the technologies 

2.1.1 CSP 

In Solar Thermal Electricity (STE) technology, also called Concentrated Solar Power (CSP), mirrors concentrate 

solar energy onto a heat medium, which is then used to drive a conventional turbine. Designs either concentrate 

to a few hundred degrees (Parabolic/Fresnel designs) or to a maximum temperature for steam power cycles in 

power tower designs (around 600 degrees Celsius) (IRENA 2014). 

 

There are four CSP plant variants, namely: Parabolic Trough (PT), Fresnel Reflector (FR), Solar Tower (ST) with a 

central receiver and Solar Dish (SD), which differ depending on the design, configuration of mirrors and receivers, 

heat transfer fluid used and whether or not heat storage is involved. The first three types are used mostly for 

power plants in centralised electricity generation, with the parabolic trough system 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 levels. Solar dishes are more suitable for distributed generation (IEA 

2013). 

 

While PT ŀƴŘ Cw Ǉƭŀƴǘǎ ŎƻƴŎŜƴǘǊŀǘŜ ǘƘŜ ǎǳƴΩǎ Ǌŀȅǎ ƻƴ ŀ ŦƻŎŀƭ ƭƛƴŜ ŀƴŘ ǊŜŀŎƘ ƳŀȄƛƳǳƳ operating temperatures 

between 300-ррлϲ/Σ {¢ ŀƴŘ SD plants focus the sunlight on a single focal point and can reach higher 

temperatures. PT is currently the most mature and dominant CSP technology. In PT plants, synthetic oil, steam 

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

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

 

Figure 5: Main CSP technologies. 

 

Source: IEA (2014b). 
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Table 1: The main CSP technology families. 

 

Source: IEA (2014b). 

Table 2: A comparison of CSP technologies. 

 

Source: IRENA (2015). 
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2.1.2 Wind offshore  

Offshore wind technology has come a long way, particularly in the last decade. Whilst the fundamentals of 

offshore wind technology are similar to those of onshore, there are some very important differences, such as the 

methods of installation, operation and services. These differences are largely due to more challenging conditions 

at sea and access to the turbines, as well as the type of foundations required, which largely depend on the nature 

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

The recent growth in offshore wind deployment has been accompanied by several innovations and technical 

improvements.  Figure 6Error! Reference source not found. shows alternative designs concerning the foundation 

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

of the 2920 European offshore wind foundations at the end of 2014), followed by gravity-based foundations 

(10.4%), jacket foundations (4.7%), tripods (4.1%) and floating structures (0.7 %). At the current technology 

status, notably in relatively shallow waters, monopiles are the lowest-cost foundation solution (EWEA, 2015).     

 

Figure 6: Offshore wind turbine foundation designs. 

 

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

The offshore wind turbine is 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 turbine. HƻǿŜǾŜǊΣ ŀ ŦŜǿ ǇŀǊƪǎ ƘŀǾŜ ƛƴǎǘŀƭƭŜŘ рa² ǘǳǊōƛƴŜǎΦ ¢ƻŘŀȅΩǎ ƛƴǎǘŀƭƭŜŘ ǘƻǿŜǊǎ 

are typically 80-100 meters tall and occasionally up to 135 meters 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 

developments are gradually becoming available (albeit not commercially), for example, Mitsubishi 7MW Sea 

Angel turbine or the Areva/Gamesa 8MW turbine.  
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Figure 7: Evolution of wind turbines. 

 

Source: Schlumberger (https://www.sbc.slb.com/SBCInstitute/Publications/Wind.aspx, accessed 7 May 2016) 

 

An important cost component to offshore wind parks is the grid infrastructure at sea (including offshore sub-

stations and connections points to onshore grid). Transportation of the power from the wind farm at sea to the 

existing grid onshore consists of four main elements1: 

¶ A transformer platform which collects the power from the wind farm and increases the voltage 

¶ A sea cable which transports the power to shore 

¶ A cable station onshore; and  

¶ A land 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 of large wind farms to the electrical network is a challenge for transmission 

system operators and for wind farm developers. Main intention of the grid connection is that the wind farm and 

the electrical network operate in a safe and reliable manner. This entails a connection via three-phase high 

voltage AC (HVAC) cables and a connection via high voltage direct current (HVDC) cables. 

Future offshore wind farms are expected to be built farther away from shore and have larger capacities than 

today. This leads 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 currents in AC-cables. Industry is stretching 

the distance at which HVAC transmission systems can be used and reducing hardware requirements. It is also 

developing more effective and flexible HVDC solutions (KIC InnoEnergy, 2015b). 

                                                                 
1 www.ens.dk 

https://www.sbc.slb.com/SBCInstitute/Publications/Wind.aspx
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https://www.sbc.slb.com/SBCInstitute/Publications/Wind.aspx&ei=-XVLVfjgBMzy7Aa3s4DIBA&bvm=bv.92765956,d.ZGU&psig=AFQjCNFf4cLxKijp1G1JmM9C37Ts5tMqHA&ust=1431095062652873
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2.2 Current and expected diffusion of the SMT in the 2030 

timeframe 

2.2.1 CSP 

CSP has experienced a substantial increase in deployment in the last years worldwide, although starting from a 

very low base. According to the IEA (2014b), total installed capacity in solar thermoelectric (STE) at the end of 

2013 amounted to 3.6 GW, up from 600 at the end of 2009. This growth has been concentrated in Spain (2304 

MW) and the United States (900 MW), but the technology is also being deployed in other countries, including 

the United Arab Emirates, India, Morocco, South Africa, Algeria, Australia, Egypt, Italy and Iran. Despite around 

15 solar tower projects or more in operation, the current CSP market is dominated by the parabolic trough 

technology, both in terms of number of projects and total installed capacity (around 85% of capacity) (IRENA 

2015). 

The increase in deployment in the EU has been significant (figure 8), mostly using 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 2014). The total installed CSP capacity to date in 

Spain represents 99.7% of the total installed capacity in the EU (9ǳǊhōǎŜǊǾΩ9w 2015). However, 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 taken over (table 3), with many projects under development (see Annex I for further details on 

each project). 

 

Table 3: CSP in operation and under development in the EU. 

 In operation Under development 

Capacity (MW) Nȏ ƻŦ ǇǊƻƧŜŎǘǎ Capacity (MW) bȏ ƻŦ ǇǊƻƧŜŎǘǎ 

Spain 2303.9 50 50 1 

Italy 5.35 2 361.3 17 

Germany 1.5 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 EurObservΩ9w (2015). 
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Figure 8: Evolution of CSP in the EU (MW). 

 

{ƻǳǊŎŜΥ 9ǳǊhōǎŜǊǾΩ9w (2015). 

The future deployment of CSP around the world looks bright according to different publications. These focus on 

the 2030 and 2050 timeframes. According to IRENA (2014), in 2030, CSP would reach 52GW in the reference 

scenario and 83 in the so-called 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 450 scenario).  

The analysis of the IEA (2014a) shows that STE could represent as much as 11% of electricity generation in 2050 

in the 2DS hi-Ren scenario2, and 954 GW of installed capacity (table 4). In its STE technology roadmap (IEA 2014b), 

the IEA updates those figures upwards, 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 will be in Southern Europe (Estela 2014). 

 

Table 4: STE in different scenarios in 2030 and 2050. 

 6DS 4DS 2DS 2DS Hi-Ren 

2030 2050 2030 2050 2030 2050 2030 2050 

STE 
generation 
(TWh) 

92 359 147 796 554 2835 986 4186 

STE (%) 0.3 0.7 0.4 1.8 1.7 7.1 3 11 

STE capacity 
(GW) 

26 98 40 185 155 646 252 954 

Source: IEA (2014a). 

                                                                 
2 ¢ƘŜ сϲ/ {ŎŜƴŀǊƛƻ όс5{ύ ƛǎ ŀ ōŀǎŜ-case scenario, in which current trends continue. It projects that energy demand would 

increase by more than two-thirds between 2011 and 2050. Associated CO2 emissions would rise even more rapidly, 

ǇǳǎƘƛƴƎ ǘƘŜ Ǝƭƻōŀƭ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ǳǇ ōȅ сϲ/Φ ¢ƘŜ нϲ/ {ŎŜƴŀǊƛƻ όн5{ύ ǎŜŜǎ ŜƴŜǊƎȅ ǎȅǎǘŜƳǎ ǊŀŘƛŎŀƭƭȅ ǘǊŀƴǎŦƻǊƳŜŘ ǘƻ 

achieve the goal of limiting tƘŜ Ǝƭƻōŀƭ ƳŜŀƴ ǘŜƳǇŜǊŀǘǳǊŜ ƛƴŎǊŜŀǎŜ ǘƻ нϲ/Φ ¢ƘŜ IƛƎƘ-Renewables Scenario (hi-Ren 

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 the assumed slower progress in the development of CCS and 

deployment of nuclear than in 2DS (IEA 2014a). 
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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, and India and China. The share of the EU and other OCDE 

countries is negligible (figure 9). Although parabolic trough technology currently dominates, its share of total 

installed capacity will decline slowly in the near future, as around one-third of the capacity of plants currently 

under construction are either solar tower projects or linear Fresnel systems (IRENA 2015). 

 

Figure 9: Regional production of STE envisioned in the IEA Roadmap. 

 

Source: IEA (2014b). 

According to the NREAPs, installed 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 of output are expected. However, the 

economic and political environment has cast doubt on this roadmap. Most of the countries that set objectives 

are way off targets, and if no significant political change is announced within the next two to three years, the 

sector will only reach 3131MW in 2020 ό9ǳǊhōǎŜǊǾΩ9w2015, p.8). In fact, 3526MW were expected for 2015 in the 

NREAPS, and only 2312.5 MW will materialize. 

2.2.2 Wind offshore  

Offshore wind has been experiencing a rapid global growth in recent years. Figure 10 Error! Reference source 

not found.below shows the annual and cumulative evolution of installed offshore wind capacity in the EU from 

1993 to 2014. After a long incubation period offshore wind really took off as from 2007. Installed offshore wind 

capacity grew to about 8 GW in this time span. According to EWEA, there is close to 10.4 GW of fully grid 

connected offshore wind capacity in European waters as of end of June 2015.  

 




























































