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ABOUT THE PROJECT 

In the light of the EU 2030 Climate and Energy 

framework, MUSTEC- Market uptake of Solar 

Thermal Electricity through Cooperation aims 

to explore and propose concrete solutions to 

overcome the various factors that hinder the 

deployment of concentrated solar power 

(CSP) projects in Southern Europe capable of 

supplying renewable electricity on demand to 

Central and Northern European countries. To 

do so, the project will analyse the drivers and 

barriers to CSP deployment and renewable 

energy (RE) cooperation in Europe, identify 

future CSP cooperation opportunities and will 

propose a set of concrete measures to unlock 

the existing potential. To achieve these 

objectives, MUSTEC will build on the 

experience and knowledge generated around 

the cooperation mechanisms and CSP industry 

developments building on concrete CSP case 

studies. Thereby we will consider the present 

and future European energy market design 

and policies as well as the value of CSP at 

electricity markets and related economic and 

environmental benefits. In this respect, 

MUSTEC combines a dedicated, 

comprehensive and multi-disciplinary analysis 

of past, present and future CSP cooperation 

opportunities with a constant engagement 
and consultation with policy makers and 

market participants. This will be achieved 

through an intense and continuous 

stakeholder dialogue and by establishing a 

tailor-made knowledge sharing network.  
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Executive Summary 

This MUSTEC Working Document covers the work carried out under Work Package 6 of the Project. 

Section 1 provides an overview of the support mechanisms utilised so far for CSP deployment. 

Section 2 delves into the CSP industry Survey conducted under MUSTEC, which was focalised on the 

business models in place for CSP. CSP projects can be particularly complicated, entailing a great 

range of stakeholders across the entire business process. Moreover, CSP business models can vary 

significantly since they depend largely on the respective governmental policies and thus need to be 

carefully examined. Currently, the different arrangements used for CSP deployment worldwide are 

not able to justify a single business model that has been deemed successful. Section 3 focuses on 

the main market conditions in Europe. The EU policy instruments related to CSP growth are 

analysed, as well as the role of two potential importer (Germany, France) and two potential exporter 

countries (Spain, Italy) is investigated. Section 4 summarises the views provided in the current 

literature regarding the geopolitical context for RES expansion and cooperation in the EU and how 

it can affect CSP in the future. Furthermore, a survey is also presented, exploring socio-political 

acceptance of related infrastructures and policies. Finally, Section 5 summarises the comparative 

techno-economic assessment of competing RES technologies coupled with storage, namely CSP with 

thermal energy storage, PV with Li-ion battery storage and offshore wind with Li-ion battery storage. 
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1 SUPPORT AND COOPERATION MECHANISMS FOR CSP 

DEPLOYMENT 

1.1 Support Mechanisms 

The development of Renewable Energy technologies in general, and CSP specifically, has been based 

for many years on governmental support tools in order to meet the financial viability threshold for 

their implementation. According to Tian et al. (2019) market pressure and government policy are 

the direct external factors that promote business model innovation. Considering these facts, 

support mechanisms have been a crucial parameter for the deployment of the CSP industry. 

Currently, market premiums allocated through competitive auctions are the main support 

instrument for RES deployment in the EU. A short review of the CSP support mechanisms utilised is 

provided below. 

The first support mechanisms for solar thermal projects were adopted in the USA, during the period 

1984-1990, where Luz company completed the construction of nine SEGS in the Californian desert, 

under a Purchase Power Agreement (PPA) scheme based on avoided costs of additional fossil fuel 

generation1. The Feed in Tariffs (FIT) scheme for the production of electricity from renewables was 

initially introduced in Spain in 1994. In addition, two alternative schemes for green electricity were 

developed in 1998, a fixed tariff scheme and a premium tariff, which was paid on top of the 

electricity market price (Haas et al., 2011). These policies of the Spanish government enabled a 

remarkable growth of CSP in Spain, resulting to 2,300 MW installed capacity over 7 years. This 

expansion period came to an end in late 2012, when the government ceased the FIT scheme. 

As concerns other countries, we should indicatively mention that in Morocco a two-stage 

competitive bidding, long-term Public Private Partnerships (PPPs) and guaranteed offtake for 

viability gap funding are used. In Chile, Abengoa Solar undertook the construction of Cerro 

Dominador, Chile’s first 110 MW tower CSP plant, after winning a bidding process that provided soft 

financing and an upfront grant (Servert et al., 2015). In the Israeli electricity market, the Ashalim 

100 MW parabolic trough plant was launched (CSP today, 2008) through a Built Operate Transfer 

(BOT) model2. In South Africa an auction program enabled the construction of new CSP plants of 

different sizes at different sites, which were introduced in the system as grid-connected renewable 

energy (Baldini and Pérez, 2016; IRENA, 2013). 

1.2 EU Cooperation Mechanisms 

Cooperation mechanisms were introduced by the European Commission in 2009 to support the EU 

Member States in reaching their binding 2020 RES target share. The basic idea is to generate energy 

from renewable sources at locations which require low support costs by offering high potential 

 
1 https://www.energy.gov/lpo/portfolio/portfolio-projects 

2 https://www.evwind.es/2018/07/25/current-status-of-concentrated-solar-power-csp-globally/64041 

https://www.energy.gov/lpo/portfolio/portfolio-projects
https://www.evwind.es/2018/07/25/current-status-of-concentrated-solar-power-csp-globally/64041
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and/or minimum direct and indirect system costs. Therefore, four cooperation mechanisms were 

included in Directive 2009/28/EC: Joint RES projects between Member States or Member States and 

third countries, Joint support schemes for RES projects, and statistical transfers of RES energy 

between Member States. Till October 2019, and even though several Member States will more than 

likely miss their 2020 target, only few countries have engaged in cooperation mechanisms so far: 

Estonia and Lithuania agreed to statistically transfer RES energy to Luxembourg, Germany and 

Denmark held joint auctions for photovoltaic installations, and Sweden and Norway introduced a 

Joint Electricity Certificate system. None of these cases involved CSP projects.  

For the time horizon 2020-2030, the ‘Clean Energy for all Europeans – CE4ALL’ package adopted in 

May 2019 includes a new EU-wide 2030 target of 32% for the share of renewable energies in the 

gross final energy consumption, sets guidelines for renewable energy support schemes (and 

cooperation), and introduces mechanisms and instruments that will be used in case Member States 

miss their envisaged national RES share leading to a collective delivery gap. If a delivery gap for RES 

energy occurs, Member States may implement national measures to increase the RES-share or 

increase RES in other sectors or use cooperation mechanisms or pay into the Union financing 

mechanism. 

Regarding cooperation, the new Recast RES Directive (2018/2001) foresees more support for 

Member States with the practical implementation and includes additional new instruments. Firstly, 

statistical transfer of RES electricity shall be facilitated in the future by a Union renewable 

development platform which basically acts as a match-maker and shall reduce administrative 

hurdles for RES cooperation. Secondly, the Commission encourages the opening of RES support 

schemes to other Member States and will assess the mandatory opening of support schemes by 

2023. In the post 2020 framework, CSP projects might benefit from cooperation mechanisms, 

however, this requires a strong interest of Member States in fostering dispatchable RES 

technologies. In case of statistical transfer, the off-taker country aims at low costs and has no benefit 

from the dispatchability. If the cooperation is based on a purely economical optimization, CSP 

projects will most likely not have the winning bid. This is different when electricity is physically 

transferred between the cooperating parties and when enabled by either joint projects or joint 

support schemes or open RES support auctions. In those cases, CSP with storage could contribute 

to an increased flexibility in the host and off-taker countries’ electricity system contributing to 

energy security.  

Also, CSP expansion in Europe will likely benefit from the “Connecting Europe Facility” (CEF) 

program and the EU financing mechanism. From 2021-2027, an amount of 8.7 billion Euros of the 

CEF budget is dedicated to support technical, preoperational or feasibility studies and/or work 

towards the clean energy transition and which include cooperation between Member States 

(section 2.3). We speculated that a RD&D CSP project with thermal storage, most likely will be 

proposed by Spain and one other Member State, will have high chances to be eligible for funding 

under the CEF.  

The EU financing mechanism is a new instrument that will be established by January 2021 and will 

likely become a powerful instrument to close a potential RES delivery gap in the EU. In addition, it 

will supplement the enabling framework. Once a delivery gap is determined, Member States with 

RES deficiency can make a financial contribution and support a RES project in a host Member State 
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which will be awarded by auctions organized by the Commission (see section 2.2.6 for details). Prior 

to such an auction, host countries of potential RES projects need to specify the possible capacities 

and technologies and contributors/off-takers share their demand and maximum price. Main drivers 

for a host country to participate would be a modernization of the electricity system, reduction of 

greenhouse gas emissions and economic benefits through job creation. Drivers for the off-taker 

countries are most likely high support costs on their territory and/or limited resource potential 

which in turn increase costs. 

Table 1: Comparison of the cooperation mechanisms defined in RES Directive (2009/28/EC) and Recast RES 
Directive (2018/2001) 
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2 BUSINESS MODELS FOR THE CSP INDUSTRY 

2.1 Methodological approach 

CSP projects can be particularly complicated, entailing a great range of stakeholders across the 

entire business process. The different arrangements used for CSP deployment worldwide are not 

able to justify a single business model that has been deemed successful. The private sector initiatives 

in the United States of America (USA), the auction mechanisms in South Africa, the public feed in 

tariffs mechanisms in Spain, reveal that CSP business models can vary significantly, since they 

depend largely on the respective governmental policies and thus need to be carefully examined. 

The methodological approach adopted by MUSTEC, in order to gain some insights from the CSP 

industry regarding the parameters affecting its deployment, and thus the development and 

evolution of their business models, was based on the following three steps: 

• Step 1: Literature review. 

• Step 2: Development of analytical framework. 

• Step 3: CSP industry survey. 

These steps are briefly analysed in the following paragraphs. 

2.1.1 Literature survey 

An extensive literature review was realised, covering all thematic areas related to the business 

models’ structure for the CSP industry. The focus of the search was placed on identifying all the 

relevant literature, accompanied with tangible examples. 

The desk survey conducted covered scientific papers, reports from industry and research 

organizations, as well as other institutions (the European Commission, IRENA, OECD, IEA, World 

Bank etc.). Also, news items from newspapers, governmental and CSP company websites were 

reviewed. 

2.1.2 Analytical Framework 

Based on this literature review conducted, an initial set of 15 questions was drafted, touching upon 

the financing, business and industrial environment regarding the deployment of CSP. 

Considering that many of these questions were addressing a multidisciplinary set of subjects, and 

several actors within a company should be engaged in order to get the proper feedback, while also 

overall time limitations needed to be considered, following consultation with COBRA and ESTELA, 

these questions were restructured, reaching a final number of nine (9). 

The final topics selected, although they cover a variety of issues, are characterised by the following 

parameters: 

• Broad geographical range of CSP projects, with focus on countries where EU CSP industry has a 

strong presence. 

• Broad time period of tools / mechanisms used for CSP projects, as many of these have been used 

for several years, with their variations. 
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• Risks and parameters affecting primarily the core parts of the CSP value chain, and not industrial 

actors with small exposure to CSP. 

2.1.3 CSP Industry Survey 

The main focus of this survey was to map to the extent possible some aspects of the decision-making 

process the EU CSP industry makes regarding the implementation or not of a new project. 

To this end, the European Solar Thermal Electricity Association (ESTELA) undertook the conduction 

of the survey among its members. Overall, out of the 30 members contacted, only 5 questionnaires 

were collected. The companies answering remain anonymous for confidentiality reasons. The 

response rate is around 17%, which is not considered satisfactory overall. Nevertheless, this is 

understandable considering that there is only a handful of companies activated in the EU CSP 

industry sector, especially plants owners and developers, while some of the companies receiving 

the survey found it not relevant to their experiences. Additional reasons are assumed to be the 

questionnaire’s higher complexity, and in particular the multidisciplinary nature of the questions, 

requiring the engagement of more than one actor from each company, while confidentiality 

concerns cannot be ruled out. 

2.2 Survey Results 

The first question’s aim was to map the experience of the CSP industry with the different support 

mechanisms in place so far, as well as its willingness to realise a CSP project using these mechanisms 

in the future. The question was phrased as “How would you characterize your company’s CSP 

experience with these support schemes so far?”  

As expected, the feed in tariffs were the option that all companies expressed high familiarization, 

closely followed by relevant support schemes such as feed in premiums and two-tier tariffs. On the 

other hand, green certificates (quota systems or renewable portfolio standards) where the ones 

that only one company expressed a satisfactory familiarization. 

With reference to “How probable would be for your company to implement a CSP project in a 

country under this support scheme?” the answers are more or less at the same level, compared to 

the previous question, besides a significant increase primarily for Corporate PPAs, and to a second 

degree for two tier tariffs.  

On the question exploring the connection between the debt ratio and the type of support 

mechanism adopted, phrased as “How strongly you believe the debt ratio for a CSP project would 

be increased based on the type of support mechanism adopted?”, the support mechanism 

considered more reliable by the developers in order to ensure higher debt ratios is feed in tariffs, 

followed close by feed in premiums and two-tier tariffs. The mechanism considered less probable 

to ensure a higher debt ratio is green certificates, followed by corporate PPAs and tax incentives. 

The third question was exploring another financing source of CSP projects, namely equity funding, 

and its relation with selected uncertainty parameters, and more specifically “how uncertainties in 

each parameter affect the equity ratio required by project financiers?”. With regards to the 

uncertainties impacting more severely on the equity ratio, those of financial and regulatory nature 

were ranked significantly higher compared to the technical ones, including the operators’ track 
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record. This is mainly attributed to the fact that the technical related questions received varying 

rates, with some responses stating that forecasts are so secure today that this parameter is not 

really affecting the decision-making process. Additional uncertainties mentioned by the 

respondents include offtaker’s bankability, O&M contractor’s guarantees and EPC warranties and 

performance guarantees, all with significant impact on the equity ratio.  

Next question focused on the experience of the CSP industry with the different financing models 

available with 4 out of 5 companies answering it. All companies demonstrated experience in working 

as independent power producers, while only half of them had experience in public – private 

partnerships. Only 1 out of 4 was familiarized with the concept of the Green bonds as well as BOTs. 

The 5th question focused on the importance and probability of each risk for the realization of a CSP 

project. The risk with the highest impact on the CSP industry’s decision on whether to realise a 

project or not is the regulatory one, followed closely by the policy and revenue risks. Next in line are 

the financial and country risks. The least important one seems to be the administrative risk, followed 

by the technical and transit risks. 

Considering the probability of these risks, the overall picture is not as clear as before. Financial risks 

demonstrate the most significant probability, followed closely by the resources and country risks at 

the second place. The least probable risk seems to be the technical one, but this is due to the largely 

varying answers, and cannot thus be considered reliable. 

The sixth question focuses on rating selected parameters of the above risk categories with regard 

to their overall weight on the implementation of a CSP project so far and in the future. The most 

important barriers relate to the regulatory (instability of national regulations regarding PPA prices) 

and policy risks (sufficient incentives provided), and the least important ones to the construction 

risk (lack of CSP experience and skilled contractors). Lack of infrastructures (technical risk) scores 

significantly higher compared to the overall risk category, but this can be attributed to the reasons 

explained above. Impressive is also the inconsistency regarding the resources risk, which although 

it scored really high in the risk categories, the relevant barrier (land access and availability issues) is 

considered to be a parameter of medium importance. The overall picture remains the same for the 

expected barriers to CSP projects in the future. The only parameters demonstrating a mild reduction 

are the lack of interconnections, the lack of experience of the company itself, as well as skilled local 

contractors, which considering the technology’s learning curve, as well as the interconnections’ set 

targets at the EU level, pose a declining trend. 

The companies were asked to “indicate with a Yes or No the characteristics that apply in your 

company’s business model and provide a short explanation in case of a positive answer”. Six specific 

characteristics were included in this question, and the results are displayed in Figure 1.  
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Figure 1: Business models characteristics and adjustments 

The first conclusion is that the CSP industry has taken the necessary measures in order to adjust and 

adapt to the changing situation, by including additional services and covering more stages of the 

CSP value chain. In the initial data provided by the companies when filling in the questionnaire, their 

profile is described as EPC and / or technology providers. Additional services offered include 

provision of consultancy and engineering services, quality assurance and optimization and financing. 

With regards to the CSP value chain, additional stages include project development, O&M services, 

technology construction and supply (main components). The majority of the companies have 

changed their business models’ value proposition by adding other technologies, namely PVs; 

however, some other companies mention flexibility in using renewable technologies, depending on 

the specific needs.   

The eighth question focuses on the percentage of the value chain created per phase. The phase 

contributing the most to the CSP value chain is related to the components, followed by the EPC 

process. The remaining phases (project development, materials, O&M) are at similar contributions. 

The majority of the companies answered were covering all CSP phases besides materials in their 

business model. Moreover, they all consider the conditions mature enough for all CSP value chain 

phases to be undertaken at the host country, outside EU, partially (40% of the answers) or fully 

(60%). 

With regard to the last question, the companies were asked to evaluate the required conditions in 

order to enhance CSP local manufacturing in countries outside EU. The CSP value chain was broken 

down in more specific components, in line with the report by Worldbank (2011). The results per 

component are presented in Figure 2. It should be noted that not all conditions were considered 

relevant per component; that is the reason that some components have been evaluated against 

fewer parameters compared to the rest. 
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Local demand is considered the most important parameter to produce relevant components such 

as receivers, mirrors, and connection piping, followed closely by electronic equipment and mounting 

structures. 

Improvement of quality assurance standards plays a significant role across all components, receiving 

though the highest scores in installation, assembling and civil works, as well as specific components 

produced, such as receivers and mirrors. The components with the lowest scores for this parameter 

were EPC engineering and electronic equipment. 

Training/ education has a significant contribution primarily in installation works, and secondarily to 

the construction of CSP components such as receivers, mirrors, connection piping, electronic 

equipment and storage system. 

 

Figure 2: Evaluation of conditions to enhance CSP components’ local production. 

Competitive location factors seem to have a slightly higher impact on civil works, mounting 

structures, heat transfer fluid and connection piping, while technological know-how is mainly 

needed in storage systems, followed by EPC and electronic equipment. 

On the other hand, parameters such as financial investments required were considered to have an 

average contribution only to components such as mirrors and heat transfer fluids. The same impact 

was considered to also have the investment and regulatory framework on components, such as 

receivers, mirrors and mounting structures. 
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3 MAIN MARKET CONDITIONS FOR CSP IN EUROPE 

3.1 European Policy 

According to the JRC CSP platform, with an increased efficiency of component and price reduction, 

it could be feasible that 11 % of electricity will be produced by solar thermal electricity by 20503. In 

the European framework, a total installed capacity of 28 GW is foreseen (IEA, 2014). Currently, there 

are some EU-wide regulations which could foster and facilitate the expansion of CSP and in that 

respect the potential export of solar thermal electricity – for instance, the regulation on cooperation 

mechanisms (European Commission, 2009), mentioned in previous sections as well. In addition, the 

electricity interconnection and the PCI (projects of common interest) targets could help incentivize 

deployment of CSP as a dispatchable renewable energy source. Both targets foster cross-border 

electricity exchanges and could be beneficial towards countries cooperating also in terms of 

renewable electricity exchange (European Commission, 2013; European Commission, 2017a; 

European Commission, 2017b). 

Moreover, all EU countries are supposed to achieve interconnection of at least 10% of their installed 

electricity production capacity by 2020. This means that each country should have electricity cables 

in place that allow at least 10% of the electricity produced by its power plants to be transported 

across its borders to neighboring countries4. According to the European Commission expert group 

on interconnection targets, not all member states will reach this target (European Commission, 

2017c) – in the following, we will see how the selected case countries stand in their target 

achievement. The Commission furthermore adopted a medium-term Communication on the 2030 

electricity interconnection target of 15% (European Commission, 2017d). 

3.2 Importer countries 

3.2.1 Germany 

Germany's long-term goal is to become extensively greenhouse gas-neutral by 2050. This is based 

on the target in the Paris Agreement to achieve global greenhouse gas neutrality in the second half 

of the century. The medium-term target is to cut greenhouse gas emissions in Germany by at least 

55% by 2030 compared to 1990 levels.  

Germany currently has 99,676 MW of renewable electricity installed. Over 90% of this electricity is 

variable (on- and offshore wind and solar PV installations). This means, that their supply has a daily 

variability as well as a seasonal one. Altogether, renewable electricity currently covers 31% of total 

generation in Germany (IEA, 2017).  

Looking into potential future developments of demand shows, that with increased energy efficiency, 

demand might be lower, but depending on the level of electrification that comes with the 

 
 

4https://ec.europa.eu/energy/en/topics/infrastructure/projects-common-interest/electricity-

interconnection-targets 
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Energiewende, levels could also rise. In all scenarios envisaged however, it can be seen, that peak 

loads and fluctuations throughout the day will remain high or increase, due to e.g. higher 

electrification of transport (Elsland et al., 2017). Depending on the changes in the future electricity 

system concerning supply and demand as described above, the need for flexible renewable sources 

might become more prevalent, making a business case for CSP more likely than nowadays.  

Another important factor to consider for a potential importer country are the electricity flows that 

leave or enter the country and the price differentials that occur. During the last eight years, Germany 

has been a net exporter – due to its large overcapacities. The exports increased substantially over 

time as well. Austria, Switzerland and the Netherlands are the three main net importer countries 

that receive power flows from Germany. Germany on the other hand received power from France 

(4 TWh), Denmark (1.2 TWh) and Sweden (1.9 TWh) (Burger, 2017).  

3.2.2 France 

Another potential importer country could be France, which is geographically situated better than 

Germany towards Spain (as a main potential exporting country). Furthermore, France’s electricity 

wholesale prices are higher than those in Germany, which could provide a business case for 

importing electricity. France is quite likely to meet its interconnection target, having already over 9 

of the required 10% in place. According to their Energy Union Factsheet, France is also likely to meet 

their target for renewable electricity deployment in 2020 (European Commission, 2017f). This 

creates no immediate need for importing (renewable) electricity.  

However, France is planning to decommission part of its nuclear capacity (European Commission, 

2017f), which could increase the need for alternative energy sources in the future – especially those 

of dispatchable nature. At the same time, France is also exploring their own CSP options. 

Summarizing, currently France is not likely to make use of renewable electricity imports in the near 

future but could be a candidate to explore CSP itself or import it in the future, when nuclear 

decommissioning comes into effect. 

3.3 Exporter countries 

3.3.1 Spain 

Spain is currently the only country which has supplied a substantial amount of CSP and where 

ambitions (not mainly political, but from the industry side) aim to expand this deployment further. 

Spain has a total of 2.1% of electricity generation from CSP. Overall, 37.4% of the final electricity 

demand in Spain is covered by renewable energy sources. Lead technology is wind, making up 

19.1%, followed by hydroelectric power, which accounts for 11.1% (REE, 2019). 

The NECP promises 4,800 MW of CSP by 2025 but pursuing the expansion further and aiming for 

7,300 MW in 2030 – the outcome of these plans depends however largely on the elected 

government in place (HelioCSP, 2019). A new 10-year energy plan, set out by the government in the 

framework of their National Energy and Climate Plan (NECP), now adapted this goal (Gobierno de 

Espana, 2019). 

Given these pretenses, it is difficult to determine the type of support that could be expected for CSP 

projects. As CSP is currently not competitive with the cheapest technologies, technology neutral 
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auctions are not likely to favor an expansion of this technology. If Spain were to decide in technology 

specific support for CSP, the technology could be better supported5. Opportunities for cross-border 

support also depend on existing interconnections and infrastructure expansion plans as well as 

already existing flows of electricity. Currently, Spain lags well behind the 10% interconnection target 

– in 2017, only 5.8% were achieved (European Commission, 2017g). The connection to France, which 

is the relevant infrastructure for the import of CSP is currently at 2.8 GW. Spain does not have 

previous experience with RES-E cooperation; however, given the limited interconnection capacities, 

it seems likely that this cooperation would rather be statistical than physical.  

3.3.2 Italy 

In their NREAP, Italy mentioned a construction of 600 MW CSP capacity until 2020. At the moment, 

two plants and one demo plant are online, making up altogether roughly 5 MW.6 One further plant 

is under construction in Italy (Lilliestam, 2018), but altogether it seems quite unlikely that their 

originally envisaged goal will be reached. 

With 33.5% share of final electricity consumption and 17.5% of renewable energy, Italy already 

reached their 2020 goals in 2015. Italy had plans to import renewable energy via the cooperation 

mechanisms in the past (Zervos et al., 2011). Having fulfilled the targets early on would however 

actually make them a good candidate for exporting electricity. Nevertheless, it seems that 

concerning security of supply, high wholesale electricity prices and problems with the grid 

infrastructure, there are some national barriers that need to be overcome before engaging in 

renewable electricity cooperation.

 
5 Technology-specific support is considered in the new NECP, but there are no concrete measures planned 

yet.  

6 https://solarpaces.nrel.gov/by-country/IT 
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4 GEOPOLITICAL CONTEXT FOR CSP IN THE EUROPEAN UNION 

4.1 Introduction 

Does the current European geopolitical energy landscape foster or hamper renewable energies’ 

cooperation and exchanges? Which geopolitical or strategic role may renewables play? Are 

renewables (and CSP) included in governments’ energy security strategies? Can geopolitical 

externalities be a driver for renewable’s exchanges and cooperation mechanisms? How is CSP 

affected? Is there a geopolitical/strategic role for CSP? If so, to what extent is such a role integrated 

in the current European geopolitical energy landscape? Are there any elements in the literature to 

construct an appealing geopolitical narrative for intra-EU CSP deployment and exchanges? In the 

frame of the MUSTEC Project, these questions have been elaborated. In this context, the literature 

in the fields of Geopolitics, International Relations (IR), International Political Economy (IPE) and 

Energy Studies has been explored. The scope was not to provide a comprehensive statistical analysis 

or to cover all the related literature, but rather to explore the main traits of the current European 

geopolitical energy landscape and the applications from the literature to build a narrative on the 

geopolitical externalities of renewables and, in particular, CSP. 

4.2 Literature Review 

The technical and geographical peculiarities of renewable energies determine not only the structure 

of the electricity markets, but more importantly for our purposes also the trading partners: 

neighbours with which there are sufficient electricity interconnections. So, to a certain extent (the 

degree of market integration) the geopolitics of renewables is linked to electricity exchanges, 

interconnections and lines. In this regard, path-dependency tends to set continuity from pipeline 

politics to grid politics, in spite of the different geopolitical implications of renewables and gas, on 

the one hand; and pipelines and grids, on the other. 

For instance, Spanish and Italian energy strategists consider achieving electricity (and gas) 

interconnections with the European market a first order priority. However, the literature tends to 

approach the issue from the political perspective of promoting the acceptance of transmission lines, 

neglecting the aspects related to geo-economic or strategic competition (Ciupuliga and Cuppen, 

2013). Political factors have also been found relevant in renewable energy and electricity 

cooperation between Norway and Germany (Gullberg et al., 2014). Similar concerns have been 

raised regarding the need for a strong cooperation across countries to overcome NordPool’s 

regulatory and planning uncertainties (Tenggrena et al., 2016).   

Research on the difficulties to build new electricity interconnections in Europe has found that 

technical and financial obstacles are not the primary barriers to grid expansion, but rather 

inadequate regulatory frameworks that require substantial policy change (Battaglini et al., 2012). 

For the North Sea Offshore Grid Initiative, preferences and perceptions mismatches regarding 

whether it constitutes a trading platform rather than an enabler for offshore wind could hamper its 

political viability (Flynn, 2016). 
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The bulk of the geopolitical/IR/International Political Economy (IPE) literature on renewables 

focuses on non-European regions. The energy security dimension gains weight when renewable 

electricity imports are to be originated in countries with higher geopolitical risks. Out of Europe, an 

interesting case study is the electricity dimension of the Arab-Israeli conflict, which shows that the 

impact of electricity interconnections on conflicts is ambiguous, and depends upon bilateral political 

relations: geopolitical considerations dominated over economic considerations when they offered 

peace dividends; when the conflict intensified, cross-border grid connection proposals were 

reconsidered.   

In recent years numerous electricity interconnections have been proposed between the northern 

and southern shores of the Mediterranean. At present the only transcontinental interconnections 

in the Mediterranean are those between Greece and Bulgaria with Turkey; and those between Spain 

and Morocco, which allows for the full synchronisation of the Moroccan, Algerian and Tunisian 

electricity systems with the European system. Moroccan-Spanish renewable and electricity 

cooperation is one of the few cases that have received attention from the geopolitical literature 

(Escribano, 2018). Nevertheless, geopolitical drivers (like others) can be considered either a risk or 

an opportunity depending on ideology and technological developments, nuancing the usefulness of 

cost-benefit analysis (Beneking et al., 2016).  

Most studies on the geopolitics of renewables have focused on a narrow, albeit important, concept 

of energy security: energy dependence as measured by physical flows, even if renewables 

contribute more to energy security through the diversification of the suppliers and technologies’ 

portfolios. The problem with the securitisation of renewable energies is that it tends to see 

renewable imports as ‘bad’ for energy security because they increase energy dependence, while 

renewable exports (if any) are ‘good’ almost by definition7. Securitisation of renewable exchanges 

and/or “renewable mercantilism” seems hardly compatible with regional or bilateral cooperation 

schemes for renewable electricity exchanges.  

Furthermore, recurring to the energy dependence discourse to promote renewables could even be 

counterproductive, especially when security issues permeate policy preferences8. Given that the 

energy dependence narrative values renewable energies only to the extent they reduce energy 

imports, this aspect goes beyond the problem of countries having diverging energy security 

strategies (Puka and Szulecki, op. cit.). For instance, the EU’s, Italian, Spanish and Moroccan energy 

security strategies are based on fostering domestic renewable resources with the aim to reduce 

energy dependence9. How can the EU credibly foster cross-border electricity interconnections and 

 
7 We adopt here the concept of securitisation as an extreme form of politisation (Buzan et al., 1998). 

8 This is for instance the case reported in Israel with the efforts to securitise solar energy in the Negev desert 

(Fischhendler, 2014). 

9 European Energy Security Strategy, COM (2014) 330 to end, Brussels, 28.5.2014; Royaume du Maroc, 

Ministère de l’Energie, l’Eau et l’Environement (2009): Stratégie Énergétique National Horizon 2030; 

Presidencia del Gobierno del Reino de España, Departamento de Seguridad Nacional (2015): Estrategia de 

Seguridad Energética Nacional; Ministero dello Sviluppo Economico and Ministero dell Ambiente (2017): 

Italy’s National Energy Strategy 2017. Note that the latter, while containing external action considerations 

was not developed by any Foreign Affairs or National Defense agency (Angelone, 2018). 
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bilateral renewable exchanges? What kind of positive geopolitical externalities could re-balance the 

perceived trade-off between energy security and renewable electricity exchanges?  

Grid communities offer a framework for devising more positive geopolitical externalities of 

renewables beyond the obsession to reduce energy dependence. While technological 

breakthroughs in storage and grids could allow for strategic behaviour, the strongest argument in 

favour of grid communities is that the reputational cost for those who indulge in opportunistic 

behaviour is extremely high, including the possibility of being expelled or side-lined from the club. 

Renewable-powered grid communities imply a greater regionalisation of energy flows because of 

the geographical imperatives of renewables and electricity grids.  

In this sense, they have the classical geopolitical implication of constituting a horizontal power shift 

towards new national and market actors (producers of renewables, countries with grid and/or 

storage capacity, prosumers, renewable industry); and, as a consequence, new geographies of 

energy security. The spatial features of renewables suggest a greater geographical depth that would 

delight geopolitical analysts endorsing the revenge of geography (Kaplan, 2009). However, it would 

be wrong to interpret this exclusively as the revenge of geography in the energy domain. Like other 

global issues, energy geopolitics is also subjected to vertical power shifts from material resources 

(reserves, production, investment, infrastructures, market size) towards a soft energy power based 

on ideational drivers such as sustainable development, the good governance of energy resources, 

energy justice or the fight against climate change and energy poverty.  

These post-material drivers constitute ‘ideational geopolitics’ able to transform power balances. 

Soft power understood as regulatory power certainly has hard-edge consequences (Goldthau and 

Sitter, 2015). In this context, the term ‘soft power’ has been applied in Nye’s (2004) sense: the 

influence that is exerted by example, proposing energy models that appeal to other countries 

because of their contribution to global or regional public goods, while constituting economically and 

socially attractive energy pathways. In a similar vein, it has been argued that promoting 

decarbonization and renewables to achieve a European new climate economy would enhance the 

EU’s power base and role in future climate geopolitics (Oberthur, 2016). 

In short, the geopolitics of renewables seems to be both more geostrategic and more ideational, 

focused on the management of interdependence through grid communities and projecting an 

appealing sustainable energy landscape. In this framework, electricity interconnections become a 

tool of strategic projection and offer new positive geopolitical externalities to counter securitisation 

and renewable mercantilism and the continuation of the dependency narrative.  

For the purposes of the MUSTEC project, the soft power attached to renewables constitutes an 

opportunity for a more attractive narrative highlighting the geopolitical externalities of intra-EU 

renewable exchanges. In fact, fighting against climate change and deploying renewable capacities 

are an integral part of the EU’s foreign and energy policy discourse (Escribano, 2019). This is 

especially evident when considering European public opinions on these issues. 
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Recent literature on the drivers of energy infrastructure projects, such as interconnections, indicates 

increasing awareness by policy-makers regarding the relevance of social acceptance in order to 

develop low carbon infrastructure in the EU (Caldés et al., 2019; Del Río, Caldés and Kiefer, 2018; 

Oltra et al., 2017; Vasilakos and Sikow-Magny, 2018). The literature on public acceptance of 

interconnections is limited to date (Komendatova and Battaglini, 2016), although related literature 

on social acceptance of renewable technologies is more abundant (Ciupuiga and Cuppen, 2013). The 

work and analysis undertaken in the frame of MUSTEC seeks to contribute to the existing literature 

by empirically analysing current citizen knowledge about interconnections, their perceived 

advantages and disadvantages, citizens’ views about an integrated EU power market and about who 

should pay for electricity interconnections. It also seeks to actively complement stakeholder 

analyses of drivers and barriers to RES cooperation (Del Río et al., 2018; Devine- Wright et al., 2010; 

Cotton and Devine-Wright, 2011).  

Some of the benefits of greater interconnections that are expressed by citizens according to the 

literature include: environmental benefits, greater capacity to integrate renewables, improvements 

in security of supply and increase competition among suppliers, thus potentially reducing energy 

prices (Cohen et al., 2014). Further renewable penetration in Europe could also reinforce EU’s 

leadership position in global renewable energy technology markets.  

Among public concerns regarding interconnections, especially for the population directly affected 

by the infrastructures,  the literature cites perceived health impacts of electromagnetic fields, visual 

disamenity, opposition to the traditional energy model based on large power plants built in remote 

locations (vis-à-vis distributed energy models that require less large-scale grid capacity), and 

environmental impacts, e.g. where transmission lines are built in ‘unspoilt’ or protected areas 

(Ciupuliga and Cuppen, 2013; Wüstenhagen et al., 2007). Citizens that are close to interconnections 

have also expressed concern about losses in property values and losses in economic activities such 

as tourism (Cohen et al., 2014). In addition to these concerns, there is both a lack of recognition for 

the importance of physical infrastructure (i.e. interconnections), and a lack of perceived benefits 

stemming from an integrated electricity market. Related to the lack of perceived benefits of 

interconnections, our survey sought to unveil perceived advantages and disadvantages of 

interconnections, as it is hypothesized that information on the benefits of cooperation can be a 

driving factor of enhanced renewable energy cooperation (Vasilakos and Sikow-Magny, 2018).  

In order to overcome political and social obstacles to electricity interconnections, the literature 

recognizes a myriad of driving factors. These include: the need for early engagement of potentially 

affected communities; high-level political support for these infrastructures which is subject to 

political economy considerations (Puka and Szulecki, 2014); appointing regional coordinators as 

‘honest brokers’ in cross-border negotiations to highlight the relevance of such projects; adequate 

disclosure of who will pay for infrastructures; the provision of information regarding the benefits of 

interconnections (e.g. creating for instance a European platform for exchanging project information 

in liaison with TSOs); and, finally, the need for compensatory payments (or compensatory projects) 

in the areas affected by renewable energy infrastructure (Vasilakos and Sikow-Magny, 2018). 



 

22 | P a g e  

 
 

MUSTEC  
Working Document Series  

Issue 3 | March 2021  
 

4.3 Survey 

The two main objectives of the energy-related section of the survey were to understand socio-

political acceptance of infrastructures and policies (Ciupuliga and Cuppen, 2013) i.e. acceptance of 

interconnections and an integrated EU power market. In order to achieve these goals a 

questionnaire was designed to elicit citizens’ knowledge, views and preferences for 

interconnections and of an integrated power market that can enable renewable cooperation across 

Europe. An on-line panel survey was administered to 3,000 residents in France, Germany and Spain 

between February 2018 and June 2018. The sampling size was 1,000 interviewees for each of the 

countries studied.  

The survey was designed to unveil citizen opinions regarding various issues related to the EU, with 

a specific section on interconnections and an integrated energy market. The structure of the 

questionnaire, the key topics and the energy-related questions are included in Box 1. below. 

Box 1. Questionnaire sections, topics and key energy-related questions 

Section 1. Introductory questions.  

Topics discussed: interviewees were asked about their perceptions regarding the current political 

situation, their knowledge about the EU, their feelings as regards belonging to the EU and their trust 

in EU institutions.  

Section 2. Citizens’ views of EU, the relationship between their country and the EU. 

Topics discussed: belonging to the Euro, devolution of EU power, achievements of the EU, 

disadvantages of belonging to the EU and policy priorities (including foreign policy).  

Section 3. Views on globalisation and its effects 

Topics discussed: respondents were asked about their views on globalisation, trade, immigration, 

defence, and respondents’ country foreign policy alignment with that of the EU.  

Section 4. Views on energy 

Topics discussed: interviewees were asked about their familiarity with (and knowledge of) 

interconnections, advantages and disadvantages of interconnections, their familiarity with the EU’s 

goal of achieving a fully integrated energy market, its advantages and disadvantages. The question 

of who should pay for interconnections was also included in this section. The wording of these 

questions in this section of the questionnaire was as follows:  

1. Have you ever heard about energy interconnections among countries?  

For respondents who had heard about interconnections there were three follow up questions:  

- Do you remember what interconnections are? 

- Do interconnections have any advantages? 

- Do interconnections have any disadvantages?  
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2. The EU is supporting the development of an integrated European energy market in which all 

member states would be connected through their power networks. Did you know about this or is it 

the first time you hear about it? The follow up questions were: 

- Do you think this European energy market has any advantages?  

- Do you think this European energy market has any disadvantages?  

3. Do you think that your country (France, Spain o Germany) will reach the minimum 

interconnection level recommended by the EU (10% of national installed capacity)? 

- Who should pay for interconnections? 

Section 5. Socioeconomic questions 

Finally, respondents were asked about their educational attainment level, their occupation, the size 

of the town or city where they lived and their political views.  

The first set of questions was related to interconnections. Respondents showed limited familiarity 

with interconnections across France, Germany and Spain. Under 39% of respondents in France, just 

over 47% of respondents in Spain and over 42% of respondents in Germany said they had heard 

about interconnections before. 

Among respondents who were familiar with interconnections, under 61% of interviewees in France, 

under 53% in Germany and 64.5% in Spain could provide some description of what these 

interconnections are. The level of detail and accuracy in describing interconnections varies 

significantly across respondents. Whereas some respondents were vague or inaccurate others 

provided a detailed definition of interconnections that was close to that of the EU: ‘cables that allow 

electricity produced by (one member state’s) power plants to be transported across its borders to 

neighbouring countries’. Note however that the quality of these verbatim responses is not reflected 

in the data.  

As regards the advantages and disadvantages of interconnections it should be noted that multiple 

answers could be given by respondents and hence percentage figures will not add up to 100%. It is 

noteworthy that over 50% of responses in France, just under 50% of responses in Spain and 

approximately 45% of responses in Germany confirmed the previously discussed lack of knowledge 

regarding advantages of interconnections by stating that they did not know about particular 

advantages of interconnections; or affirming that interconnections had advantages, without 

specifying what these were.  

For respondents who did identify specific advantages of interconnections (see Figure 3 below), 

balancing power surpluses and deficits was the key advantage of interconnections, with around 20% 

of responses across the three countries. Lower prices as an advantage of interconnections was more 

frequently cited in Germany, compared to France and Spain. Environmental benefits as an 

advantage of interconnections was most frequently cited in Spain vs. France and Germany. 

Economic benefits of interconnections are mentioned by German respondents more, compared to 

French or Spanish respondents. Note that the numerical data for France is highlighted in order to 

provide a reference point while avoiding information overload in the graph.  
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Figure 3: Advantages of interconnections (multiple answers) 

Source: Real Instituto Elcano (2018a; 2018b) 

The following question on the disadvantages of interconnections had a very high percentage of 

‘don’t know’ responses, revealing once more the limited information about interconnections. 

Higher energy prices, especially in Spain (18.8% of responses), were cited as the key perceived 

disadvantage of interconnections. Over 11% of responses in France alluded to increased energy 

dependence as a key disadvantage of interconnections. Overall, the number of responses that 

highlighted environmental damages of interconnections is small across the three countries.  

The next question asked about prior knowledge of respondents about EU’s broader goal of creating 

an integrated energy market. The majority of respondents were unfamiliar with the EU’s broader 

goal of creating a fully integrated energy market. This is so across the three countries surveyed. 

Additionally, knowledge about the EU’s integrated energy market was lower than knowledge about 

interconnections (over 8% lower in France and Germany and over 20% lower in Spain when 

compared with data provided above).  

When asked about the advantages of an integrated EU energy market the majority of interviewees 

(over 76% in France, 66% in Germany and just over 61% in Spain) responded that they didn’t know 

of any advantage. Of those who were able to describe the advantages of an integrated power 

market, just over 15% of responses in Spain, under 10% in Germany and 3.3% in France pointed to 

lower energy prices as the key advantage of an integrated energy market. Balancing energy needs 

was quoted as an advantage of integrated energy markets in 6.2% of French responses, 4.8% of 

German responses and 3.3% of Spanish answers. Energy access and reliability was cited as an 

advantage of EU’s integrated energy market in 4.5% of German responses, 3.5% of Spanish answers 

and 2% of French responses. Environmental benefits were cited in just 1.8% of Spanish responses, 

1.6% of French answers and just over 1% of German responses.  
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Regarding the disadvantages of an integrated power market, once more, most people state they do 

not know any disadvantages. Approximately 82% of interviewees in France, 79% in Spain and 72% 

in Germany said they didn’t know about any disadvantages of a fully integrated power market across 

the EU. Higher prices were mentioned in over 7% of responses in Spain and just under 7% in 

Germany versus 3.4% in France. Just under 5% of responses in Germany, 3.8% in France and 2.3% 

in Spain indicated environmental damages as a disadvantage of integrated power markets.    

As to whether respondents’ countries would meet the EU agreed 2020 target of achieving 10% 

interconnection capacity, a high percentage of respondents did not know. Over 53% of French 

respondents, almost 48% of Spanish interviewees and just over 37% of German respondents stated 

they did not know whether their country could reach the EU interconnection target. Over 26% of 

respondents in France, almost 42% in Germany and under 28% in Spain thought their country would 

meet EU’s 2020 interconnection goal. Under 21% of interviewees in France, 24.5% in Spain and 21% 

in Germany thought their country would not meet the EU’s interconnection target.   

If we compare respondents’ beliefs regarding their country’s capacity to achieve a 10% 

interconnection level with actual interconnection levels in 2011, and with expected interconnection 

levels for 2020 (REE, 2017), we can again observe a general lack of knowledge by the majority of 

respondents on this issue. That being said, it is less so in the case of Germany were 41% of 

respondents correctly stated their country would meet EU’s interconnection goals by 2020. See 

Figure 4.  

 

Figure 4: Interconnection ratio 

Source: REE (2017: 5) 

When asked about who should pay for interconnections (see Figure 5 below) respondents were 

allowed to provide two responses so, as with previous multiple answer questions, percentages do 

not add up to 100%. In Spain 54,8% of responses indicated the EU should fund interconnections vs. 

52.5% in France and 38,6% in Germany. In Spain 54.2% of responses, 44.4% in Germany and 33.3% 

in France indicated power companies should fund electricity interconnections. Connected countries 

as infrastructure funders was mentioned in 52.5% of responses in Germany, 44.1% in France and 

31% in Spain. Interviewees across Germany, France and Spain were not keen to fund 



 

26 | P a g e  

 
 

MUSTEC  
Working Document Series  

Issue 3 | March 2021  
 

interconnections directly, with only 4% of responses in Germany stating consumers should pay, 3% 

in France and only 1.3% in Spain.  

 

Figure 5:  Who should pay for interconnections (2 answers max.) 

Source: Real Instituto Elcano (2018a; 2018b) 

4.4 Discussion 

The results from the survey highlight the limited knowledge of the general population in France, 

Germany and Spain regarding interconnections and the EU goal of achieving an integrated power 

market. Advantages and disadvantages of interconnections cited by survey respondents have been 

previously identified in the literature, although the number of interviewees providing information 

regarding advantages and disadvantages is small. Key advantages of interconnections and of 

integrated power markets according to survey respondents are: balancing energy needs and 

ensuring security of supply (i.e. having accessible, reliable and affordable electricity).  

Environmental benefits were not one of the most often quoted issues either of interconnections or 

of an integrated power market. This limited attention paid to environmental impacts could change 

in the future; as information and awareness is raised, the impacts of climate change are more visible 

and more stringent regulation is enacted. An additional reason for future increased attention to 

environmental benefits is that fighting climate change is the top foreign policy priorities across 

France, Germany and Spain in 2018 according to the latest barometers (Real Instituto Elcano 2018c; 

Real Instituto Elcano 2018d).  

According to respondents, key disadvantages of interconnections and of an integrated power 

market include: higher prices, increased energy dependence from other countries (a concern that 

was also raised by some of the elite interviewees), environmental impacts and non-competitive 

market practices (i.e. power companies behaving as monopolies or oligopolies). Citing higher prices 

as a disadvantage could be related to respondents thinking that they will fund infrastructures. 

However, from a purely economic perspective, greater supply in a freely functioning market should 

decrease electricity prices. Future work could include follow-up questions to try to understand 

citizens’ views on the pricing matter.    
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Despite limited knowledge of interconnections, with the majority of respondents being unaware of 

their country’s capacity to reach EU’s 2020 interconnection goal, respondents exhibit clear 

preferences as regards who should pay for these infrastructures. The EU, power companies and 

governments of interconnected countries are most frequently cited institutions that should fund 

interconnections according to respondents. As expected, very few respondents want to pay for 

interconnections themselves.  

These results can be of interest for policy-makers in several ways. First, lack of information should 

be tackled if interconnection goals and an integrated EU power market are to be accepted and 

supported in France, Germany and Spain. Second, surveys conducted to understand public 

acceptance of interconnections and future cooperation mechanisms may face the problem of “non-

attitudes or pseudo-opinions”. To respond to a survey in an adequate manner, participants must 

have heard of and understand the issue and be able to provide an opinion. Given the limited public 

knowledge about electricity interconnections and its potential advantages and disadvantages 

shown in this study, future work on public acceptance should incorporate methods to minimize the 

problem of “non-attitudes”. Studies might also fail to capture the vocal opposition to large 

infrastructure projects that are known to cause delays and design changes. Future work could 

therefore include sub-samples of directly affected stakeholders and citizens as well as of market 

participants. Third, indirect taxation of the general taxpayer as a payment vehicle to fund large-scale 

interconnections might generate resistance and affect citizen support for interconnections. Fourth, 

pricing considerations in communication strategies and instrument design is expected to have 

higher impact in Spain and Germany, although the phenomenon of the gilets jaunes took place after 

the survey and hence future work could test whether French respondents’ concerns as regards 

pricing have changed. For French citizens information on access, reliability and balancing energy 

needs is expected to have higher impact compared to providing this information in Spain and 

Germany, although differences across countries are small.   
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5 LESSONS FROM COMPETING RES TECHNOLOGY CONCEPTS 

5.1 Introduction 

With regards to the competitiveness of dispatchable RES technologies, three different technologies 

were evaluated in the frame of MUSTEC Project: CSP with storage, PV with storage and offshore 

wind with storage. To this end, PV and offshore wind combined with two different storage options 

(of two and four hours) were examined, in order to be assessed on a comparative basis. The 

conclusions derived from this assessment should be treated as revealing of a qualitative trend, and 

not per se absolute values, considering that they were based on average ranges of data coming from 

recent studies (after 2017), covering a broad range of projects implemented over the last couple of 

years and estimations for the future.  

The assessment of the investigated technologies was based on two metrics; Levelized Cost of 

Electricity (LCOE) and Net Present Value (NPV), assuming a 6%-9% range for the discount rate, 

following consultation with industrial stakeholders. Among the parameters studied, slightly 

diversified per technology, are the initial investment cost, the storage cost, the capacity factor, the 

discount rate, the annual fixed operation and maintenance costs and the annual variable O&M costs 

etc.  

5.2 Adopted Approach 

The approach adopted for the technoeconomic assessment of each one of the three selected 

technologies (CSP with storage, PV with storage, Offshore wind with storage) is graphically 

presented in the following Figure. 

 

Figure 6: Technoeconomic assessment adopted approach 

Initially, for each technology, the identification of reference values in line with the literature survey 

for each one of the parameters engaged in the LCOE calculation is conducted. Following consultation 
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with Industrial Stakeholders, the most representative range for each one of these parameters is 

selected. 

The above-mentioned literature survey is limited to studies and research papers published after 

2017, till the date of this study’s publication, in order to ensure that the comparative analysis has 

been realised based only on the latest data available. Considering the number of available studies 

on the evolution of CSP technologies, but also the storage options available for PV and wind, one of 

the aspects of the added value of this report focuses on the technoeconomic assessment of these 

technologies, based on the latest available information.  

In order to realise the sensitivity analysis, each studied parameter receives a series of values within 

the selected reference range, while the rest of the parameters are kept at the average value of their 

selected reference range. For the different LCOE values calculated as a result of the varying 

parameter under study, a correlation diagram between the two is developed. To complete the 

sensitivity analysis, the impact of the percentage change of the parameter under study on the LCOE 

percentage change is depicted in a second diagram.  

The third step is the calculation of the NPV for the low and high end of the reference range. Finally, 

the break-even point for which the NPV is zero, is also calculated. 

5.3 Results 

The conclusions derived through the analysis of the parameters’ impact on LCOE values for the CSP 

with storage technology, are validated through the comparable plotting of LCOE variation with each 

one of the CSP parameters studied, in line with Figure 7, namely: 

• The parameter most significantly affecting the LCOE is the investment cost, that has already 

embedded the capacity factor influence. More specifically, a 15% change in the parameter value 

results in at least 10% differentiation in the LCOE price. 

• The second parameter affecting the LCOE is the discount rate applied, but at a lower percentage, 

with a 20% change in the parameter resulting in 9% change in the LCOE.  

• The behavior of O&M variable costs on the LCOE is also remarkable, as they manage to create a 

6% variation of the LCOE value, even for a change in their own value by 30%. 

• The O&M fixed costs have a negligible impact on the LCOE. 

• Finally, the LCOE price calculated for an average value at all prices is 0.1429€/kWh. 
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Figure 7: LCOE sensitivity analysis with all CSP plus Storage Parameters 

As regards the PV with a storage component of two hours, in line with Figure 8, the following 

conclusions can be derived: 

• The parameter most significantly affecting the LCOE is the Capacity Factor, as for a 35% variation, 

it triggers an almost equal increase of the LCOE (33%), for values below its base reference, 

namely CF of 20%. The reduction of the LCOE for values higher than CF 20%, e.g. 35% increase 

of the CF, leads to only 20% reduction of the LCOE.  

• As a result, the second parameter in terms of impact on the LCOE is considered the Storage 

Investment Cost, which for a 35% variation in its value, results in a 20% change in the LCOE.  

• The impact of the discount rate is third in line, with a 20% variation in its value triggering a 10% 

deviation in the LCOE values. 

• The impact of the PV investment cost on the LCOE is closely behind the discount rate, where a 

variation of the LCOE by 10% is triggered by 28% change in its value. Nevertheless, these two 

parameters are relatively close. 

• The PV O&M fixed costs fall largely behind, as their impact on LCOE is rather insignificant, 

although it cannot be neglected. 

• The parameter least affecting the LCOE is the Storage O&M fixed costs, which is considered 

negligible. 

• The LCOE price calculated for all parameters at their average values is 0.0906€/kWh. 
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Figure 8: LCOE sensitivity analysis with all PV plus 2 hours Storage Parameters 

An alternative scenario for the PV storage component was assumed, in order to further study its 

impact on the LCOE. The calculations for its impact assuming four hours of storage have been 

conducted and presented in the following Figure.  

 

Figure 9: LCOE sensitivity analysis with all PV plus 4 hours Storage Parameters 
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The main difference is the LCOE calculated considering average values in all parameters, namely 

0.1411€/kWh. As regards each parameter’s impact on the LCOE, the results are similar to the above 

for a storage capacity of two hours, although the exact impact on the LCOE differentiates. More 

specifically, the ranking of the parameters’ impact on the LCOE remains the same. What 

differentiates is the impact of the storage cost on the LCOE, where a 36% variation in its value results 

to 26% variation of the LCOE (instead of 20% above). Also, the impact of the PV investment cost, 

still remaining in the 4th position, is reduced; a 33% change in the parameter contributes to 8% 

variation of the LCOE. 

The impact of the wind offshore plus storage (of two hours) related parameters is presented under 

Figure 10, where a more equal dependence of LCOE on more than one parameters is clearly 

depicted.  

 

Figure 10: LCOE sensitivity analysis for all Offshore Wind plus 2 hours Storage Parameters 

Besides the storage O&M fixed costs which has no impact and the CF that has a strong correlation, 

the rest of the parameters cause a comparable deviation in the LCOE values. More specifically: 

• The parameter presenting the strongest impact on the LCOE is the CF, and especially for values 

below its base reference, namely 47.5%. 

• The wind investment cost is also largely affecting the LCOE, with a 20% change in its value 

resulting in approximately 11% deviation in the LCOE. 

• Closely behind, in the third position is the discount rate used. The same percentage change in 

the parameter’s value, namely 20%, leads to a 9% variation of the LCOE. 
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• The storage cost’s impact on the LCOE is less significant than someone would expect, with only 

a 3% LCOE variation for a change of 20% in the parameter’s value. This is probably attributed to 

the storage cost scale compared to the much more capital intensive values of the initial 

investment cost for wind offshore.  

• The O&M fixed costs for offshore wind, followed by the variable O&M costs for the same module 

have almost the same behavior, with an impact on LCOE lower than 3% for a 20% change in their 

values. 

• The storage O&M fixed costs have no impact on the LCOE. 

• The LCOE calculated for an average value of all parameters is 0.1354 €/kWh.  

With reference to a four hours storage capacity, the situation is differentiated as follows. First of all, 

the calculated LCOE for an average of all parameters is 0.1611€/kWh, instead of 0.1354€/kWh 

described above. This means that the LCOE increase percentage for a doubling of the storage 

capacity (from 2 to 4 hours) is 15.6% for offshore wind, compared with PV, where the LCOE increase 

is 35.8%. This significant difference is attributed to the higher capital investment cost of offshore 

wind compared to PV; consequently, the increase of the storage cost triggers a higher percentage 

increase in the PVs, compared to offshore wind. 

The behavior of all the parameters remains in line with the conclusions of Figure 10; namely the 

capacity factor is still the most important parameter, followed by offshore wind investment cost 

and discount rate at the second place. Third place, reducing the overall distance from the previous 

parameters, goes to the storage cost. The rest remain rather the same. 

 

Figure 11: LCOE sensitivity analysis for all Offshore Wind plus 4 hours Storage Parameters 
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Overall, for the whole range of values studied for CSP with storage, the low and high end of the 

values that LCOE received were between 0.1295 and 0.157€/kWh. The LCOE reference range in the 

PV plus storage of two hours were between 0.059 and 0.1223€/kWh, while for the same technology 

and four hours of storage, the values varied between 0.0917 and 0.1905 €/kWh. Considering the 

offshore wind plus storage of two hours, the values variated between 0.1171 and 0.1538 €/kWh, 

while for four hours of storage, the LCOE ranged between 0.1284 and 0.1937€/kWh. The largest 

range in the values attained is presented for PV plus storage of four hours, followed by offshore 

wind plus storage of four hours. Third place goes to PVs with two hours of storage, followed by 

offshore wind with the same storage hours. The lowest range in this analysis is attributed to CSP.  

This larger LCOE range for the PV plus storage is mainly attributed to the wider impact that the 

storage cost has on a technology with lower investment cost required compared to offshore wind 

and CSP. Thus, it is clear that the regulating parameter in the LCOE is the storage cost applied. 

Considering that in the case of CSP the overall investment cost has already integrated within it the 

storage cost, such impact cannot be isolated and compared with the other two technologies.  

It should be noted though that these technologies cannot be considered entirely equivalent, as CSP 

offers full dispatchability, while the offshore wind and PV plus storage of two or four hours offer 

dispatchability to some extent. 

Also, rather remarkable is the fact that the NPV calculation for the majority of the combinations 

studied returns negative values, as in all parameters examined for offshore wind plus storage, or 

returns marginally positive values for parameters. The only parameter for which a NPV positive 

value was achieved, considering the learning rates attained by the technologies, was a CSP plus 

storage investment cost lower than 1,995€/kW. In all other cases, e.g. CF for PV plus storage over 

47%, or a storage investment cost for the PVs lower than 24 €/kWh, are considered not attainable.  

As highlighted above, this doesn’t mean that there are no real life projects in these technologies, 

where positive NPV values can be achieved; it rather means that in order for this to be realised, 

values closer to the lower (or higher for CF) end of all studied parameters should be attained for the 

project. This analysis is beyond the scope of this study, where the technological options are assessed 

based on their reference values, as identified in the international literature and following 

consultation with industrial stakeholders. 

As a result, for low storage hours (two hours or less), PVs coupled with storage seem to be the most 

cost-effective option, followed by offshore wind with storage and CSP in the third place. For storage 

requirements of more than four hours, CSP with storage seem to be the preferable option, 

considering that for four hours, the PVs are marginally better than CSP, while the difference 

between these two technologies and offshore wind increases significantly. This conclusion is 

generally in line with ARENA (2018), who highlight the competitiveness of CSP with storage 

compared with other dispatchable RES technologies for storage over 6 hours. It should be 

highlighted that this deviation in the number of storage hours beyond which the CSP with storage 

perform better between the two studies, highly depends on the assumptions on the technology 

related costs and discount rates considered. 

Considering that CSP has been treated in this study as a fully dispatchable technology, compared to 

the other two technologies that have been considered to offer partial dispatchability, a price of 
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ancillary services has been assumed for the storage electricity that can be provided by these 

technologies. As such, the price of ancillary electricity for which the NPV of CSP projects breaks-even 

considering that all parameters are at their average values, is 0.1385€/kWh. For PV and offshore 

wind with storage, the price of ancillary services needed is 3 and 6 times more respectively. 

Since average values have been used for the study of the parameters’ impact on the LCOE and NPV 

calculation, the fact that no positive value for the NPV has been calculated for any of the 

technologies assessed, doesn’t mean that there are no real life projects that have managed to be 

financially attractive, with specificities in the values of the considered parameters. It is significant 

though that the investment cost for which the CSP technology breaks even is less than 2 million 

€/MW, which although low, is a price that can be achieved in the coming years based on the learning 

rates the technology is expected to achieve. 
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