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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
The goal of MUSTEC is to assess the opportunities that renewable energy cooperation may bring
to the future market uptake of CSP in Europe. The aim of WP5 is to provide a bottom-up
comprehensive analysis of alternative types of CSP projects which are potentially suitable for
cooperation. A preliminary evaluation of the pros and cons of different types of CSP projects in the
framework of European cooperation is carried out.
This document summarizes the research activities undertaken in tasks 5.2 and 5.3 of the MUSTEC
project. It provides an analytical/methodological framework to assess the pros and cons of
different types of CSP projects which are potentially suitable for cooperation, as mediated by their
impact on a set of assessment variables and intermediate factors (drivers and barriers to CSP
cooperation, policy goals and context factors). It analyses the pros and cons of different types of
CSP projects potentially suitable for cooperation and identifies some policy implications. The
analysis is based on the gathering of hard data on the assessment variables as well as intermediate
factors (drivers and barriers, policy goals and context factors) and stakeholder interviews.
Our findings lead to the identification of those CSP project features which may make them more
attractive for CSP cooperation in the future, illustrating this with data for specific projects. The aim
is not to identify which project types are “best”. Indeed, our results show that the CSP projects are
very similar regarding the assessment variables that have been chosen and for which data are
available.
When identifying the pros and cons of different CSP project types for cooperation, the policy goals
in the importing and exporting countries, which partially depend on the context conditions in
these countries, should be considered. In addition to policy goals, there are some barriers to the
use of the cooperation mechanisms (as defined in the renewable energy directives 2009/28/EC
and 2018/2001/EU) to which different features of the project types may contribute more or less,
i.e., which can be mitigated. Therefore, those CSP project types which meet those goals, activate
drivers or remove barriers to cooperation are more likely to be suitable for cooperation.
Taking those aspects into account, projects which in principle would be particularly suitable for
cooperation are those which provide dispatchable electricity, i.e., are equipped with considerable
storage capacities. This is the case for importing and (in case of physical electricity transfers)
exporting countries taking into account future electricity systems in Europe with a significant share
of variable renewable electricity generation. However, which project types are more suitable for
cooperation, i.e., the features that they should have in order to be attractive for importing and
exporting countries also depends on the policy priorities of these countries. If the aim is to fulfill
the RES targets at the lowest costs in the importing countries (without physical transfers, i.e., only
virtual cooperation), then the importer country would more likely be interested in those projects
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which generate more energy and do so at the lowest costs (in terms of LCOE). If the aim is to
promote local socio-economic development in the exporting country, then those projects
contributing more to employment creation and to the industrial supply chain would be more
attractive. If the exporting country is interested in minimizing the local environmental impacts
from CSP generation (land occupation, water consumption and visual intrusion), then those
project types and specific projects which have more environmental impacts would be less
attractive for the exporting country to be part of CSP cooperation. The stakeholder interviews
broadly confirm the findings of this analysis. According to the interviewees, dispatchability would
be the most relevant feature of a CSP project for the exporter country (Spain), closely followed by
high socio-economic benefits in Spain. Concerning the features that a future CSP project should
have in order to be attractive for Germany as part of the cooperation mechanisms, the cost of the
project receives the highest score (most relevant).
On the other hand, although those CSP projects which activate drivers or remove barriers to
cooperation are more likely to be suitable for cooperation, it is difficult to foresee how the
features of specific project types may activate some drivers or mitigate barriers which are rather
exogenous factors and to which different project designs are unlikely to contribute or can only do
so marginally.
Some policy implications which derive from this analysis can be identified. Four of these are worth
mentioning: valuation of dispatchability, policy interventions to encourage costs reduction
through deployment support and a technology/industrial policy which provides demonstration
and R&D support for CSP, and specific policy initiatives which mitigate barriers to the use of the
cooperation mechanisms (i.e., not specifically for CSP) would encourage CSP cooperation in
Europe.
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1. INTRODUCTION.
The goal of MUSTEC is to assess the opportunities that renewable energy cooperation may bring
to the future market uptake of CSP in Europe. The aim of WP5 is to provide a bottom-up
comprehensive analysis of alternative existing CSP projects with heterogeneous techno-economic
configurations, locations and sizes. A preliminary evaluation of the pros and cons of each in the
framework of European cooperation is carried out.
This document summarizes the activities which have been undertaken in the context of tasks 5.2
and 5.3 of the MUSTEC project. It provides an analytical/methodological framework to identify the
variables to assess the pros and cons of different types of CSP projects which are potentially
suitable for cooperation (assessment variables), as mediated by their impact on a set of
intermediate factors (drivers and barriers to CSP cooperation, policy goals and context factors). It
analyses the pros and cons of different project types which are potentially suitable for
cooperation. It also identifies some policy implications deriving from this analysis.
A set of project typologies that could be deployed at commercial scale and are considered by
industry as “representative” for what can be marketed today were identified in task 5.1 of the
MUSTEC project. The results of this task are included in deliverable 5.1 (see Souza, 2018). The
selection led to 6 project types, which reflect different operational profiles (off-taker needs) and
which are considered today and will be in the future the basic conceptual building blocks for any
bankable CSP-based solution, suitable to fit under the EU cooperation mechanisms. Their main
parameters define the basic configurations and operational profiles to be used for investigating
market uptake opportunities for CSP in Europe.
Tasks 5.2 and 5.3 aim to provide a methodological framework to assess selected CSP project types
and to evaluate the pros and cons of different alternatives for CSP projects. In task 5.2, a tailormade methodological framework to assess and compare those projects is developed. Several key
techno-economic variables which underlie the structure of different types of projects are
identified. Starting from an initial selection of a broad range of variables that characterize the
selected CSP projects analyzed in task 5.1, the most relevant variables have been selected
according to the outcomes of WP4, a literature review, partner expertise in CSP projects and
consultations with main stakeholders in the sector. In task 5.3, the aim has been to assess the pros
and cons of different alternatives for CSP projects. Based on the outcomes of task 5.1 and 5.2, an
assessment of the pros and cons of different project types is provided. We rely on the gathering of
hard data on the assessment variables as well as intermediate factors (drivers and barriers to the
use of cooperation mechanisms for CSP, policy goals and context factors) and in-depth stakeholder
interviews. The assessment of those pros and cons allows us to provide some general policy
recommendations. This initial link between policies and problems provides input to subsequent
WPs.
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Tasks 5.2 and 5.3 build on results from other tasks of MUSTEC and their outputs are expected to
be useful for other tasks. On the one hand, WP5 has links to WP4. In particular, the assessment of
the drivers and barriers to CSP cooperation in Europe (task 4.3) has been taken into account in
these tasks, as it provides useful information which allows us to identify how different project
types may activate those drivers or mitigate the barriers. The results from task 6.1 on the main
market conditions for CSP in Europe in both potential importer and exporter countries are also
considered in this task as part of the “context factors”.
On the other hand, the results from WP5 in combination with the findings from WP6 will be
considered in the subsequent WPs which focus on assessing the future opportunities for crossborder CSP electricity trade in Europe. For example, the CSP techno-economic data gathered in
WP5 will be used in the quantitative assessment (in the energy systems as well as in the energy
policy modeling exercises) that will be conducted in WP8. Also, (some of) the identified suitable
projects for cooperation in WP5 will be analyzed in detail from an environmental and socioeconomic sustainability point of view in WP9 as well as for their geopolitical and energy security
aspects. Finally, the findings from WP5 will be considered in WP10 when drafting the synthesis
and final recommendations.
Accordingly, this report is structured as follows. The next section develops the analytical and
methodological framework to assess the pros and cons of different types of CSP projects in the
framework of European cooperation. A summary of the CSP projects which have been selected is
provided in section 3. The selection of the assessment variables is justified according to relevant
criteria in section 4. Data on the assessment variables for the selected project categories is
provided in section 5. The assessment of the pros and cons of the different CSP project types in
the framework of European cooperation is carried out in section 6. Section 7 concludes.

2. ANALYTICAL AND METHODOLOGICAL FRAMEWORK.
The end goal of task 5.3 is to identify the pros and cons of different CSP project types which may
benefit from the use of the cooperation mechanisms in the future. Assessing whether a CSP
project might be more or less suitable to be used as part of the cooperation mechanisms is a
complex, multi-faceted task. This is so because, on the one hand, CSP projects have many different
attributes, in terms of technological configurations, economic aspects, meeting electricity demand
profiles, local socio-economic and environmental impacts etc. On the other hand, the assessment
of the aforementioned suitability is contingent upon different features of the context in which
they can be implemented. There are several aspects which need to be considered: geographical
(perspectives of the importing and exporting countries), temporal (whether the present, i.e., a
2020 timeframe, or the future, i.e., 2030 or 2050 horizons are considered) and other (i.e., whether
only statistical transfers or also physical transfers of electricity are envisaged).
Deliverable 4.3 “Analysis of the Drivers and Barriers to the Market Uptake of CSP in the
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Therefore, in order to provide a complete picture and assessment of such suitability, many
elements have to be considered. On the one hand, key project features should be taken into
account. Some “assessment variables” can be used to evaluate those features, including technical,
cost, system value, environmental and socio-economic variables.
However, the impact of these “assessment variables” on the aforementioned pros and cons of
different project types cannot and should not be analyzed in a vacuum, i.e. directly, but it is
mediated by their effect on three types of “intermediate factors”, some of which have been
researched in other work packages of the MUSTEC project: drivers and barriers to CSP cooperation
(WP4)1, policy goals/priorities of the potentially importing and exporting countries and country
context factors (WP6 and WP7)2.
Drivers and barriers to CSP cooperation.
On the one hand, whether a given CSP project type is attractive for its use as part of the
cooperation mechanisms partially depends on the extent to which this project activates the
drivers or mitigates the barriers to cooperation. These “drivers and barriers” (DBs) have been
identified in previous tasks of the MUSTEC project. Particularly relevant in this context is the work
carried out in tasks 4.1 and 4.3.
The aim of task 4.1 was to identify, classify and assess the relevance of the potential determinants
(drivers and barriers) that may explain the use of the cooperation mechanisms of the Renewable
Directive 2009/28/EC in the past, under the assumption that such analysis represents a very useful
knowledge base to understand the factors that will likely determine the future of renewable
energy cooperation in the future. To achieve this goal, a literature review and an expert
consultation were conducted to identify and characterize both drivers and barriers to cooperation
in the past. Next, based on the Member States´ answers to a specially designed survey
questionnaire, the actual importance of such factors was assessed. As a result of the literature
review and expert consultation, more than forty factors were identified as having influenced MS
decision to engage in a cooperation agreement. Then, these factors were classified according to
seven categories: political, technical, legal, geopolitical, public acceptance, economic and climate
related factors and their relevance were identified based on a consultation with Member States.
Among the categories that negatively influenced MS decision to cooperate, political, public
acceptance and geopolitical factors stood out (in that order). On the other side, the categories
that appeared to have a positive impact on MS decisions to cooperate included environmental and
economic factors. When conducting an individual factor analysis, the top five barriers included: (i)
public reaction in off-taker countries (investing taxpayers money abroad), (ii) Heterogeneous
1

See deliverables D4.1 (Caldés Gómez, Lechón et al., 2018) and D4.4 (Pablo Del Río, Caldés Gómez et al., 2018)

2

See deliverables D6.1 (Welisch, 2019) and D7.1 (Lilliestam, Thonig et al., 2018).
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regulated energy prices and support schemes, (iii) Difficulties in communicating the benefits of
cooperation, (iv) Resistance to lose sovereignty and control over national energy market and (v)
Uncertainty about the design options to implement the cooperation mechanisms. On the other
side, the most relevant drivers to cooperation were: (i) cost savings in MS target achievement, (ii)
Contribution to improve technology performance and cost reductions, (iii) EU guidance in
implementing the cooperation mechanisms, (iv) new domestic jobs and industrial opportunities
and (v) move towards the creation of an internal energy market (see Caldés Gómez et al. (2018)
for further details).
In task 4.3 of the MUSTEC project, an integrated analytical framework to identify the drivers and
barriers to the use of cooperation mechanisms for CSP deployment was developed. The drivers
and barriers to the use of those mechanisms in the future were empirically identified with the help
of a literature review and those drivers and barriers were ranked according to the views of
different types of stakeholders. The analytical framework in task 4.3 integrated the conceptual
frameworks developed in the other tasks of WP4 on the drivers and barriers to the use of the
cooperation mechanisms (task 4.1) and on the drivers and barriers to the deployment of CSP in
the EU in the past and the future (task 4.2) as well as their findings. In both tasks, in-depth
literature reviews of the specific drivers and barriers were carried out and different types of
stakeholders (representatives of MS, investors in CSP, energy experts and other actors) were
surveyed in order to rank the importance of different drivers and barriers. Those drivers and
barriers which came out as relevant in those two tasks, and which were also deemed relevant
factors influencing the potential use of the cooperation mechanisms for CSP deployment in the
future, were considered in task 4.3.
Whereas the review of the literature and the findings from previous tasks suggest the relevance of
several drivers and barriers, the empirical analysis based on a survey to different types of
stakeholders showed that there were 10 drivers and 10 barriers (see Del Río et al (2018) for full
details). According to the responses to the questionnaire in such task, the most relevant drivers to
the use of the cooperation mechanisms for CSP in the future included the dispatchability nature of
CSP, new domestic jobs and industrial opportunities, complementarity with PV and policy
ambition (renewable energy targets) (in descending order of importance).
Regarding the barriers, the higher costs of CSP compared to other renewables (on an LCOE basis),
heterogeneous regulated energy prices and support schemes, resistance to lose sovereignty over
the energy market and existing interconnections capacities were regarded as the most relevant
barriers (also in descending order or importance). Public acceptance related factors in the
different countries (transit, exporting and importer) were regarded as the least relevant barriers.
Policy goals/priorities of the potentially importing and exporting countries
On the other hand, policy goals represent a powerful driver for the uptake of given technologies,
and may influence the type of projects that are adopted since they may emphasize particular
Deliverable 4.3 “Analysis of the Drivers and Barriers to the Market Uptake of CSP in the
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features of these projects. In the past, these goals have been identified in order to assess specific
renewable energy policies (e.g., P. Del Río, Ragwitz et al., 2012; IRENA, 2014). In the specific area
of CSP, policy goals have also been identified. For example, Pablo del Río and Mir-Artigues (2019)
provide an empirical assessment of the design elements and functioning of CSP auctions in 5 nonEuropean countries and regions (Morocco, South Africa, Dubai, India and South Australia). The
authors use official documents and secondary material in order to identify policy goals. They
conclude that auctions in the five analyzed countries have been adopted in order to meet several
policy goals, e.g., to increase the dispatchability of low carbon electricity generation sources, as in
Morocco, Dubai and South Australia, to deploy CSP at the lowest policy support costs, as in India,
Morocco, South Australia and Dubai, to deploy CSP fast (in order to meet an increasing electricity
demand), as in India, South Africa and Morocco and to encourage local economic development, as
in Morocco, South Africa and India3.
In the specific case of the EU, there are several policy goals, some of which are common to the
aforementioned ones. As put by Lilliestam et al. (2018, p. 9), trade of CSP in the EU has two
motivations: 1) Because national policy-makers want to increase the share of renewables and
meet targets and/or to help balance their increasingly renewable system; 2) Because the choices
for other renewables, grid expansion or various demand-side flexibility options are deemed
insufficient to balance the system: CSP is needed to maintain stability, and/or to increase the
economic efficiency of the system. CSP can be expanded by the decision of a non-southern
European government to import CSP, either directly via HVDC (if it seeks to access the
dispatchability of CSP) or indirectly as statistical transfer (if it merely seeks to increase the share of
renewables (Lilliestam et al., 2018).
Therefore, in the EU case, work undertaken in WP4 and WP7 of the MUSTEC project and in
previous projects (BEYOND2020, TOWARDS 2030 and AURES) suggests that several goals may
drive the uptake of CSP and influence the types of projects being adopted 4.
The policy goals of the exporting and importing countries should be considered since, depending
on the policy priorities, those countries will encourage the use of the cooperation mechanisms for
CSP and, probably, the types of CSP projects they may regard as most attractive as part of such
cooperation. In this sense, a distinction between those two types of countries should be made.
Policy goals in the exporting country may include effectiveness (RES target compliance),
minimization of support costs for RES, low system costs (addition of direct and indirect generation
3

A main aim of the CSP auction in Morocco has been “to test various technologies at scale, while keeping the associated tariff
reasonable through risk sharing, and also developing the necessary R&D and skills to support local innovation” (WWF, 2015, p. 35).
4

For example, in WP7 of MUSTEC a set of narratives describe why countries may want to import CSP: “a state-centred pathway
could pursue such an option to balance and secure its increasingly renewable power system, and would want to import the CSP
physically; a market-centred pathway could seek to increase efficiency of the overall system by allowing CSP resources to be shared
union-wide, in which case physical imports are not necessary; a grass-root pathway would probably not seek to have CSP imports at
all, but to rely on the resources available locally” (Lilliestam et al., 2018, p.19). These narratives are defined in Task 7.2 of this
project.
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costs), positive local socio-economic benefits and low local environmental impacts. Policy goals in
the importing country may include dispatchability, compliance with RES targets, low costs (if
statistical transfers are used to meet those goals) and positive local socio-economic benefits.
With a high penetration of intermittent RES in the future, the need for flexibility of dispatch
(dispatchability) is likely to be particularly valued. Electricity systems in Europe will increasingly
require dispatchable power. This search for flexibility is related to the minimization of system
costs. A need for CSP as a flexible option to handle imbalances may arise from mismatches in the
fluctuating demand and fluctuating supply. CSP would be necessary (to balance a high-RES system)
or beneficial (by offering the cheapest balancing option), because other measures cannot provide
the same level of flexibility, not at the scale needed, or only at higher cost compared to CSP
(Lilliestam et al., 2018). Countries can increase the amount of dispatchable renewables, or choose
to import dispatchable renewables from other countries (Lilliestam et al., 2018).
In a nutshell, the demand for flexibility/dispatchability may stem from imbalances caused by the
supply side (high penetration of intermittent RES) or from the demand side (increasing peak
loads). A high RES scenario requires a high amount of balancing, which might indicate a potential
market/need for CSP. CSP may become a reserve/flexibility provider in future energy systems
(Deutsche Energieagentur, 2014; Welisch, 2019). Second, peak loads in 2030 can increase
substantially in certain German regions, possibly making electricity storage competitive and less
costly than keeping conventional power plants for balancing services and improving the business
case for cooperation and for dispatchable electricity providers, such as CSP (BMWi, 2017; Welisch,
2019).
Although the feature of dispatchability is likely to be a crucial one in valuing CSP in the future, with
a high penetration of intermittent RES (both in the exporting and importing country), low LCOE
may be a driver under very specific (somehow restrictive) assumptions. From the perspective of
the importing country, in the absence of electricity interconnections and in the presence of a
target compliance gap, a main driver may be target compliance at low costs. This means that the
importing country may want to buy the statistical transfer from the CSP projects deployed in the
exporting countries at the lowest costs (in terms of LCOE). The goal of minimization of support
costs in the exporting country may lead to the same conclusion, since it might encourage a
prioritization of the projects with the lowest LCOE. If transfers are not statistical, but physical, the
prices in the importing and exporting countries are relevant when trying to determine whether or
not there is a business case for importing electricity from third countries. The analysis in Welisch
(2019) suggests that the potential importer countries being assessed currently have lower
wholesale electricity price levels than the potential exporter countries, making an exchange
unlikely (Welisch, 2019).
CSP may bring considerable positive socio-economic impacts for the regions where the projects
are located, both in the construction and operation stages (see del Río et al 2018 and Caldés and
Vázquez 2018) and provide a boost to the industry supplying the components. CSP deployment
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also has the potential for substantial local value additions through the localization of the
production of components, services and operation and maintenance, thus creating local
development and job opportunities (IEA-IRENA, 2013). According to ALINNE (2015) thermoelectric
plants are the ones creating more jobs since their construction to their start in operation. Each 50
MW plant employs an average of 10000 persons/equivalent/year during all the stages (from
design, to component manufacturing and installation), half of these jobs are direct and half
indirect. Furthermore, each 50 MW plant built in Spain employed 2000 persons on-site during the
two years of construction. Once in operation, 50 permanent jobs are required5. Indeed, according
to Crespo (2014) local economic development (local content of CSP plants, and the corresponding
contribution to GDP) will be one of the main drivers behind the supporting policies in many
countries of the sun belt region. This might be particularly beneficial in regions with relatively high
unemployment levels and where other alternatives of economic activity are scarce, which is the
case in many areas in the South of Europe and, particularly, in Spain.
On the other hand, CSP is a cleaner energy technology which nevertheless, and as with any other
renewable energy technology, may lead to some local environmental impacts. CSP has three main
local environmental impacts (land occupancy, water availability and impact on the landscape)(see
de Río et al 2018 for a detailed discussion of those local environmental impacts). There might be
important differences among project types regarding some of the environmental impacts. This
might be the case with visual intrusion, for example. The tower in CSP tower plants can be seen
from far away. In contrast, parabolic trough plants are difficult to be perceived as visually
disruptive on landscapes since the collectors are not high and are spread over a large area
(ESTELA, 2014).
To sum up, depending on the weight attached to those policy goals, a given project type may be
more attractive for CSP cooperation. From the perspective of the exporting country, those CSP
projects which minimize support costs, contribute to dispatchability, have positive local socioeconomic impacts and low negative environmental impacts in the exporting country are more
likely to be used as part of CSP cooperation. From the perspective of the importing country, those
which contribute most to RES target attainment and to flexible dispatch (in case of physical
transfers) and have a lower cost would be more attractive in this regard.
Country context factors
Finally, some country context factors are deemed highly influential on the potential use of
cooperation mechanisms for CSP. These context factors have been addressed in other tasks of the
MUSTEC project and, most notably, in tasks 6.1 and 7.1.
In particular, D6.1 report of the MUSTEC project (Welisch, 2019) identifies the main market
conditions for CSP in Europe in both potential importer countries such as Germany and France and
5

Note that these figures reported in ALINNEE (2015) may differ from current or future ones.
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potential exporter countries such as Spain and Italy. In the former, they look at seasonality of
demand, development of import volumes and the degree of achievements for their RES targets to
assess a potential need and business case for importing CSP. In the latter, the energy mix and RES
options in the country, the type of support that could be expected for CSP projects (and
opportunities for cross-border support), and other specific characteristics were assessed to
determine these countries’ qualification for export. The author looks at the current as well as the
future situation, i.e. into the current and future supply of (intermittent) renewable electricity and
increase in (peak) electricity demand (importing country), which determine the need for
dispatchable, flexible generation capacity. It also considers (wholesale) electricity prices in the
exporting and importing countries and interconnection capacity. Three key aspects (barriers) stand
out in this regard: there is not an urgent need for importing countries to import electricity in order
to fulfill their RES targets, wholesale electricity prices in the importing countries are lower than in
the exporting countries and electricity interconnections are limited (Welisch, 2019).
However, two main aspects of importing countries may make cooperation attractive: physical
cooperation (in order to take advantage of the dispatchability of CSP) and virtual cooperation
(target fulfillment). In Germany, the current need for dispatchable (renewable) electricity seems to
be relatively moderate, but future needs for dispatchable electricity are likely to rise. Given the
phase-out of nuclear and coal-fired power plants, importing CSP could be one option to fulfill
these needs (Welisch, 2019). On the other hand, target fulfillment may provide an incentive for
(virtual) cooperation in 2030.
Therefore, taking into account those results, CSP projects which contribute most to the provision
of dispatchable power and facilitate target fulfillment will more likely be used as part of CSP
cooperation.
Obviously, the last two sets of intermediate factors (goals and country context factors) are
somehow related. For example, the exporting or the importing governments may emphasize the
goal of dispatchability, given the prospects of a high penetration of intermittent RES. However, we
have kept those two sets of factors separate for reasons of transparency (i.e., in order to make
each factor more visible).
To sum up, different assessment variables influence the different DBs, are in line with specific
policy goals and relate to context factors in either the exporting or the importing country to a
greater or lesser extent, in turn influencing the pros and cons of specific project types. The
following figure provides a simplified picture of this analytical framework.
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Figure 1. Analytical framework to assess the pros and cons of different CSP projects for CSP
cooperation in the EU.

ASSESSMENT
VARIABLES

INTERMEDIATE
FACTORS

Technical

-Policy goals

Cost

-Drivers and Barriers Importing /
exporting
to CSP cooperation
countries
-Context factors

System value
Environmental
Socio-economic
PROJECT
TYPES

PROS AND CONS OF DIFFERENT
PROJECT TYPES
Source: Own elaboration.

On the other hand, a set of distinctions are deemed relevant and some methodological and
analytical choices have been made, since they have an impact on the aforementioned assessment.
These relate to: the choice of the importing and exporting country, the consideration of both
statistical and physical transfers of electricity, the types of cooperation mechanisms and the time
horizons considered in the analysis.
Why Germany and Spain have been selected as the importing and exporting countries,
respectively?
Given the involvement of two countries in the cooperation mechanisms, both the perspective of
the potential importer and exporter countries should obviously be taken into account. Therefore,
a Southern and a non-Southern European country have been chosen. In this context, the focus will
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be on Spain as the exporter country and Germany as the importer country, in line with other
analyses carried out in MUSTEC (e.g., Welisch, 2019). The choice of Spain seems to be a logical one
in this context. Spain is the main country in which CSP expansion at scale is possible 6 and it is
currently the only country which has supplied a substantial amount of CSP and where ambitions
aim to expand this deployment further (Welisch, 2019).
Germany and Spain have a predisposition and a higher likelihood to engage in CSP exchange in the
nearer future than other countries7. This is due to two main factors: a) Spain has already deployed
a substantial amount of CSP and is considering expansion in the mid-term future (up to 2025 and
2030)8; b) Germany is open to cooperation and has considered importing electricity in the past. In
the mid-term future, a business case might arise there due to changes in the electricity system
(increased demand, higher fluctuations etc.)(Welisch, 2019). These two countries also continue to
fund CSP research activities and have done so for a while now.
Why are both statistical and physical transfers considered?
Countries may choose to meet their RES targets by importing, physically or statistically (via
transfer of Guarantees of Origin, or similar), renewable electricity produced in another EU country
(Lilliestam et al., 2018, p. 20). Therefore, both types of cooperation are considered. However,
given the limited interconnection capacities (in both Spain and Italy), it seems likely that this
cooperation would be statistical rather than physical (Welisch, 2019).
What types of cooperation mechanisms are considered?
There exist four possible cooperation mechanisms that Member States (MS) can choose from
(Table 1). These were described in articles 6, 7, 9 and 11 of the Directive 2009/28/EC, which
broadly correspond to articles 8, 9, 11 and 13 of the new RES Directive (Directive 2018/2001/EU).
Table 1 Cooperation mechanisms for RES
Statistical transfers (art. 6 of Directive 2009/28/EC, art. 8 of Directive 2018/2001/EU)
In this case, renewable energy (electricity, heat or transport energy) which has been produced in one
MS is virtually transferred to the RES statistics of another MS, counting towards the national RES target
(share) of that MS.
Joint Projects between EU MS (art. 7 of Directive 2009/28/EC, art. 9 of Directive 2018/2001/EU)
Allows EU MS to finance a RES project jointly thus sharing the costs and benefits of the project and
developed under framework conditions jointly set by two or more MS (i.e. a specific new plant is

6

CSP can, in principle, be built in Italy and the southern Balkans, but the potential is much more limited (Lilliestam et al., 2018).

7

The likelihood of Italy and France for engaging in CSP exchange is a lot smaller for these case countries (Welisch, 2019).

8

In the National Integrated Energy and Climate Plan, Spain expects to deploy an additional 5 GW by 2030, to be added to the 2.3
GW currently deployed in this country (Ministerio para la Transición Ecológica (MINECO), 2019).
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identified and the output of the plant is shared (statistically) between two cooperating MS). The
involved MS define which share of the energy production counts towards which MS target (share).
Joint Projects with third countries (art. 9 of Directive 2009/28/EC, art. 11 of Directive
2018/2001/EU)
Joint projects can also be implemented between MS and third countries (i.e., countries outside the EU).
A precondition is that an amount of electricity that equals the electricity amount generated from RES
and subject to this joint project is physically imported in the EU.
Joint Support Schemes (art. 11 of Directive 2009/28/EC, art. 13 of Directive 2018/2001/EU)
Under this scheme, MS merge or coordinate (parts of) their RES support schemes and jointly define
how the renewable energy produced is allocated to their national targets (shares).
Source: Adapted from Caldés and Díaz-Vázquez (2018).

While statistical transfers, Joint Projects between EU MS and Joint Support Schemes are suitable
for cooperation agreements within the European territory, Joint Projects with third countries are
only suitable for cooperation agreements between EU MS and neighboring countries. The main
difference between the European cooperation mechanisms and Joint Projects with third countries
is that, while the later requires the electricity to be physically imported to the European territory,
such requirement does not exist in Europe and is left to the decision of the involved MS (for
example, a joint project defined under the new article 9 (Joint Projects with third countries) may
or may not have physical transfers of electricity). Following Caldés and Díaz-Vázquez (2018), from
now onwards, we will only consider “statistical transfers” and “joint projects” (with or without
physical transfer of the electricity), given the geographical scope of MUSTEC9.
What time horizons have been considered and why?
In this report, as well as in other tasks of the MUSTEC project (particularly, those in WP4), we take
into account the present (up to 2020), but also focus on the future (up to 2030). This is a
particularly relevant distinction in the context of this task, mostly because the relevance of one of
the main policy goals and context factors (need for flexibility/dispatchability) is likely to differ
across both time horizons. The need for dispatchability is likely to increase over time, i.e. it will be
relatively more important in 2030 (given the large expected penetration of low-cost intermittent
RES-E generation (wind and PV) in the medium term) than it is now and, thus, one specific CSP
configuration may be more valuable in this context in one time period than in the other. Changes
can also occur in another policy goal (target attainment). For example, statistical transfers could
be needed in order to comply with RES targets in 2020, but not in 2030 (or the other way around).

9

For more information on the opportunities and barriers to renewable energy cooperation with neighboring countries, see the
work conducted within the BETTER project (www.better-project.net).
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Finally, several CSP project types were selected in a previous task of this WP5 (task 5.1), following
two main criteria (off-taker needs and configuration variables). The next section provides a
description of these projects.
Summing up, those CSP projects deployed in Southern European countries which are able to
provide electricity at demand (dispatchable), have a lower LCOE, provide the greatest amount of
electricity, have high positive local socio-economic impacts and low local environmental impacts
are in theory more suitable for cooperation. However, these positive features of projects may not
be equally valued. In fact, it can be expected that the main positive feature of this renewable
energy technology (dispatchability) will be the main aspect driving the deployment of CSP
projects.
A survey (expert elicitation) to identify the perception of key stakeholders on the most relevant
features that CSP projects should have in order to be attractive to be used as part of the
cooperation mechanisms of the RES Directive (for both potential importer and exporter countries)
has been carried out. Expert elicitations are special survey tools designed to extract deep
knowledge not available elsewhere (i.e., no public data available, only very few people
knowledgeable in the subject and highly complex subjects with uncertain future developments)
and have frequently been used in (renewable) energy research (i.e., Bosetti, Catenacci et al., 2012;
Verdolini, Anadón et al., 2018). Expert elicitations provide a structured approach for obtaining
expert judgments from scientists, engineers, and other analysts who are knowledgeable about
particular issues and variables of interest. Expert elicitations are an important source of
information concerning the future costs, technical performance, and associated uncertainties of
technologies (Verdolini et al., 2018, p. 134). For these reasons, expert elicitations are deemed
adequate for this investigation. In this context, an expert elicitation was targeted at experts
knowledgeable in both the fields of CSP and EU cooperation mechanisms.
Experience in WP4 of MUSTEC suggested that some potential respondents are only experts in one
of these fields, but not in the other. This leads to relatively small number of potential participants.
A total of 16 suitable experts were identified, 7 thereof forming part of the MUSTEC project
(although only 2 of this 7 finally responded). Given the nature and focus of the project, it is not
surprising to find a relatively large share of experts in the project consortium. As expert elicitations
are based on a strict elicitation protocol aimed at minimizing biases and ensuring highest
robustness, the method allows the inclusion of “internal” experts. Nevertheless, in order to ensure
highest scientific standards, special attention was given to the design of the protocol. For example,
all experts were given a short introduction and formation in order to generate a common point of
departure. Confidentiality and anonymity were assured, targeted at reducing overconfidence and
motivational biases. Also, experts were asked to access their broad knowledge and not just a
recent or memorable event, targeted at availability heuristic and base-rate fallacy. Also, experts
were asked to self-assess themselves. Therewith, motivational bias could be checked for. In the
end, there were no differences between external and internal experts and in the following the
results of the expert elicitations are treated as a common body of data.
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Regarding the process, 11 experts were invited to participate in the study and 9 finally responded.
The elicitations took place in May 2019 on a written basis via e-mail. Specifically, experts were
asked about the main features that a future CSP project should have so that it would be attractive
for potential importer and exporter countries to be used as part of the cooperation mechanisms of
the RES Directive (articles 8 and 9) in two different situations (physical electricity transfers and
only virtual transfers). The questionnaire is included in Annex 2.
Since it is advisable to have the views of different types of experts (Verdolini et al., 2018), 3 groups
of experts were contacted: policy-makers (1 respondent), industry (2) and academics (6). Experts
were asked to indicate, in a scale of 0 to 10, how familiar they were with Concentrated Solar
Power and with the Cooperation Mechanisms of the RES Directive (10=top expertise; 8=high
expertise; 5=average expertise; 2=low expertise; 0=no expertise). The average scores were 8.3 and
6.5, respectively.

3. PROJECTS POTENTIALLY SUITABLE FOR COOPERATION.
In task 5.1 of the MUSTEC project, a selection of representative and strategic CSP projects
potentially suitable for cooperation was carried out. The results obtained from it are wrapped up
into a simple set of project typologies that could be deployed at commercial scale and are
considered by industry as “representative” for what can be marketed today. This means that these
typologies are today and will be from now on the basic conceptual building blocks for any
bankable CSP-based solution, suitable to fit under the EU cooperation mechanisms. Their main
parameters define the basic configurations and operational profiles to be used for investigating
market uptake opportunities for CSP in Europe. This section summarizes the work carried out in
task 5.1, which is included in deliverable D5.1 of the MUSTEC project (Souza, 2018).
The intended reach of the work in task 5.1 is to set out a comprehensive set of CSP projects that
today can be considered representative of the current real needs of off-takers and/or could be a
solution for tackling future needs as identified today. However, task 5.1 does not intend to define
and point out a specific, “most likely” configuration with exact parameters of the next plant that
“should” be built in Europe. It just narrows down the options to projects that “make sense” today
for further detailed study during the project (including the assessment of pros and cons in task
5.3). On the market frontlines, these are the project typologies that would be used for further
conceptual work and/or tailored commercial offers to concrete clients, among which a successful
case for cooperation could arise.
In order to reach the Task’s objective (Task 5.1, “Selection of representative and strategic CSP
projects potentially suitable for cooperation”), which pursues “the identification of different types
of CSP projects (typologies), that could be deployed at commercial scale, among others, to fit
under the cooperation mechanisms”, the first step that was taken was defining how the feature
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“representativeness” would be considered throughout the development of the task. Defining what
is “representative” is critical because this feature can be defined according to different possible
criteria, which would yield diverging results. Therefore, it was necessary to identify the criteria
which would lead a project to be considered as “representative” and thus, be selected as a case to
be further analyzed and used as a base for the proposal of potential business cases. The main
criteria for identifying the typologies of projects that would make commercial sense are
considered to be related to:
1. Appropriateness to match an off-taker’s needs.
Therefore, the selection of plants to analyze aims to exemplify the different most typical
operational profiles, to select those that could represent successful operating cases and to provide
options answering present and future market needs in Europe. The operational profiles include:
stand alone, stand alone (baseload profile), peaker profiles (time-of-day premium),
complementary dispatch to PV, “commercial hybrid” or co-located CSP+PV units and full-firmness
through hybrid configurations.
2. Configuration variables.
The technical configuration of a given plant is essentially the consequence of the requested or
intended output profile, with some distinctions that can be made between different types of
technology used for two plants that operate in a similar way. This second criterion integrates
different features of the plants that are also considered as sub-criteria:
i. Size (generation capacity)
ii. Type of technologies used and hybridization options
a. Hybridization options
b. Seasonal balance.
c. Storage.
d. Complementary criterion: location.
Table 2 summarizes the selection criteria, whereas in Table 3 the operational profiles related to
off-taker needs are described and a set of plants which exemplify the operational profiles
identified as representative is presented and data on the configuration variables are provided.
Table 2 Summary of selection criteria.
Criteria
i. Appropriateness to match an
off-taker’s needs



Categorization

Proposed Values

Operational profile
responding to a specific
need

1. Standalone (tower/PT, medium/big
storage)
2. Standalone (baseload)
3. Peaker (time of day premium tariff)
4. Full firmness (hybrid configuration)
5. “Commercial” hybrids or co-located
plants (hybrid configuration (PV+CSP)
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6. Complementary dispatch to PV
ii. Configuration variables
a. Size/Power output
(capacity)
b. Type of technologies used



Between 100 and 200 MW




Hybridization options
Seasonal balance






Gas (HySol), Biomass
Central Receiver (Tower)
Parabolic trough
8 to 15 hours



Direct Normal Irradiation
(DNI)
Access to land/land-use
permits
Access to the transport or
distribution system network
Water use concessions
Political will



Sites with a DNI of at least 2000
[kW/m2/year]
In Spain, Portugal, Italy, Greece,
Cyprus or Morocco

c. Storage
iii. Complementary criteria
a. Location








Source: (Souza, 2018).

Table 3 Selection of power plants that exemplify representative operational profiles and their
configuration variables.
Operational
profile

Standalone

Relation to off-taker needs

Fulfilling national RES targets in
the energy mix (disregarding
other conditions or constraints,
such as cost), established by
the recipient country in its
annual
Integrated
Plan
submitted
to
the
EU
Commission for compliance
with the percentages of crossborder exchanges between
countries to be established by
the
new
2020-2030
Renewables Directive (REDII).

Plant
selected as
example

“La
Africana”

Configuration variables
Size/
Power
output

Technology

Storage
capacity
[hours]

Location

50 MW

Parabolic
trough

7.5

Córdoba,
Spain

150
MW

Central
tower
receiver

7.5

Ouarzazate,
Morocco

(Spain parabolic
trough)

Noor III
(Morocco –
central
tower
receiver)
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Standalone
(Baseload
profile)

Peaker profile
(time-of-day
premium)

Complementary
dispatch to PV

“Commercial
hybrid” or colocated CSP+PV
units

Full
firmness
through hybrid
configuration

Having a baseload operation as
many hours as possible on
sunny days, in the face of the
planned
shutdown/decommissioning of
conventional power plants.
Increasing the contribution of
renewables to the electrical
system in the hours of highest
consumption, to compensate
for the lack of flexibility of the
variable renewable sources
(VarRES) of their system.
Reducing the back-up required
in the hours in which PV, after
sunset, would not be able to
generate electricity, to achieve
a greater contribution of solar
energy without exceeding the
thresholds of PV power that
could lead to curtailments (i.e.
having off-takers with a
specific interest in covering the
night demand peaks with RES
at a reasonable cost, thus
recognizing the value of CSP).

Gemasolar
(Spain)

20 MW

Central
tower
receiver

15

Sevilla,
Spain

Xina Solar
One (South
Africa)

100
MW

Parabolic
trough

5.5

Pofadder,
South Africa

DEWA

100
MW
(tower)
plus 3x
200
MW
(PT)
units

Central
tower
receiver &
Parabolic
trough

15 (for
tower
unit)

Mohammed
bin Rashid
al-Maktoum
Solar Park,
Dubai, UAE

(Dubai,
UAE)

& 11 (for
PT units)

Importing manageable (solar)
renewable energy at the
lowest
possible
cost,
considering hybrid PV-CSP
power plants (“commercial
hybrids” or “co-located”),
integrating the manageability
that the storage capability of
the
solar-thermal
power
station provides and the
reduction of the global price
that the photovoltaic system
can bring.

Cerro
Dominador
– Atacama1 Project
(Chile)

110
MW
CSP
(plus
100
MW
PV)

Central
tower
receiver
plus PV

17.5

Atacama
Desert,
Chile

Noor
Midelt
(Morocco)

2 units
of 150190
MW

Parabolic
trough or
tower* plus
PV

Minimum
5 hours*

Midelt,
Morocco

Ensuring the contribution of
CSP plants to power supply
with absolute firmness in a
certain number of hours per
year, by hybridizing the solarthermal power plant with
natural gas (but demanding a
major percentage of the solar
contribution throughout the

HySol
concept

N/A

Parabolic
trough &
gas turbine
hybridised
through
TES

N/A

Spain
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year).
Source: (Souza, 2018).

4. ASSESSMENT VARIABLES.
The selection of the assessment variables was carried out following a three-step approach. First,
an extensive literature review was undertaken in order to identify all potential assessment
variables in previous CSP and also renewable energy-related literature. Many potentially suitable
variables were identified at this stage. Second, all of these identified assessment variables were
analyzed and content-checked for their suitability in the specific context of WP5 and with a
particular aim to cover the goal of task 5.3. These analyses were undertaken by a set of academic
and industry experts and resulted in a significant reduction of the number of assessment variables.
Third, the remaining variables were sent to two WP-external experts for content-validity
verification. Slight adjustments were made to the final sample of assessment variables. Full details
of this procedure are given in the following paragraphs.
First, the aim was to search for previous studies which had analyzed technological, socio-economic
and environmental aspects of CSP plants. An extensive literature review was undertaken in order
to identify assessment variables specifically for CSP projects and more broadly for renewable
energy projects from the previous scientific literature. The inclusion of other renewable energy
projects was necessary due to the rather low number of comparable studies in CSP and because
many non-technology specific assessment variables, such as socio-economic impacts, can be
applied to any renewable energy technology under study. Several sources of information were
deemed relevant in this context: 1) most relevant energy journals (Electricity Journal, Energy
Policy, Energy Journal, Energy, Renewable and Sustainable Energy Reviews, Energy Economics,
Energy journal, Solar Energy, Applied Energy and Environmental Economics and Energy Policy); 2)
journals exclusively devoted to CSP (CSP Today, HelioCSP); 3) publications from relevant
institutions (the European Commission, IRENA, NREL, Protermosolar, ESTELA and IEA); 4) a general
search in WoS, Scopus and Google Scholar with the keywords “CSP & evaluation OR indicator OR
variable OR measure”; 5) a general google search for documents in the grey literature; 6)
“Snowballing”, i.e., inclusion of other relevant literature cited. After screening of abstract,
introduction, methodology and conclusions, this literature review finally led to the selection of 10
key relevant sources (Table 4).
Table 4 Final selection of key contributions for the identification of relevant assessment
variables.
Ahmad, S., Nadeem, A., Akhanova, G., Houghton, T., & Muhammad-Sukki, F. (2017). Multi-criteria
evaluation of renewable and nuclear resources for electricity generation in Kazakhstan. Energy,
141, 1880-1891.
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Brand, B., & Missaoui, R. (2014). Multi-criteria analysis of electricity generation mix scenarios in
Tunisia. Renewable and Sustainable Energy Reviews, 39, 251-261.
Cavallaro, F. (2009). Multi-criteria decision aid to assess concentrated solar thermal technologies.
Renewable Energy, 34(7), 1678-1685.
Jenniches, S. (2018). Assessing the regional economic impacts of renewable energy sources–A
literature review. Renewable and Sustainable Energy Reviews, 93, 35-51.
Lamnatou, C., & Chemisana, D. (2017). Concentrating solar systems: Life Cycle Assessment (LCA)
and environmental issues. Renewable and Sustainable Energy Reviews, 78, 916-932.
Lee, H.-C., & Chang, C.-T. (2018). Comparative analysis of MCDM methods for ranking renewable
energy sources in Taiwan. Renewable and Sustainable Energy Reviews, 92, 883-896.
Ling-zhi, R., Xin-xuan, Y., & Yu-zhuo, Z. (2018). Cost-benefit evolution for concentrated solar power
in China. Journal of Cleaner Production, 190, 471-482.
Pappas, C., Karakosta, C., Marinakis, V., & Psarras, J. (2012). A comparison of electricity production
technologies in terms of sustainable development. Energy conversion and management, 64, 626632.
Saenz, J. M., Vantsiotis, G., Collins, R., Mutschler, M., Bailey, F., Gadney, G., & Muller, G. (2018).
Multi criteria decision making (MCDM) application for the feasibility study of a potential CSP
project in Namibia. Paper presented at the AIP Conference Proceedings.
Simsek, Y., Watts, D., & Escobar, R. (2018). Sustainability evaluation of Concentrated Solar Power
(CSP) projects under Clean Development Mechanism (CDM) by using Multi Criteria Decision
Method (MCDM). Renewable and Sustainable Energy Reviews, 93, 421-438.
Terrapon-Pfaff, J., Fink, T., Viebahn, P., & Jamea, E. M. (2017). Determining significance in social
impact assessments (SIA) by applying both technical and participatory approaches: Methodology
development and application in a case study of the concentrated solar power plant NOORO I in
Morocco. Environmental Impact Assessment Review, 66, 138-150.
For reasons of academic rigor and in order to facilitate an industry-friendly data collection, a
distinction was made between “assessment variable” and “indicator”; the former referring to a
scientific concept to be studied for specific CSP projects, and the latter to a quantifiable
measurement. Generally, a quantifiable indicator exists for each assessment variable. However,
there are two exceptions: The assessment variable “system value” has no associated quantifiable
indicator as neither the scientific, policy, nor grey literature have brought forward a corresponding
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measurement. However, in this report, the off-taker needs have been taken as a proxy of system
value (see table 10). On the other hand, more than one quantifiable indicator exists for some
assessment variables. In such cases, they have been maintained.
In total, 215 assessment variables and quantifiable indicators were identified in previous
literature. Those were grouped along the generally accepted categories of Technical, Economic,
Social/sociopolitical, Environmental and Risk-assessment variables. For the category of technical
variables, the sub-categories of technology maturity, storage, dispatchability and site selection
were included.
In a second step, and in order to reduce this large number to a more manageable number of
variables, the following selection process was defined. All assessment variables and indicators
were evaluated based on the criteria of parsimony, easiness of measurement and data availability.
As for parsimony, equal and highly similar or redundant concepts were excluded, following the
principle that “If two explanations account equally well for a phenomenon, the one with fewer
criteria is preferred”. As for easiness of measurement, it was assessed if a measurable quantitative
or qualitative indicator existed or, if not, how easily one could be created. As for data availability,
it was considered if public data were available, for example from publicly-available databases (e.g.,
CSP Guru and NREL), or if private data could be available through the industry members of the
MUSTEC consortium. This triple evaluation with equally weighted criteria resulted in an overall
“traffic light categorization” (red, yellow, green). Green assessment variables and indicators were
maintained, while yellow was preliminarily maintained and subject to discussion. Red was
excluded (see figure 2 for an illustration of this process and Annex I for a complete assessment of
all potentially relevant variables).
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Figure 2. Illustrating the variable selection evaluation process.

Source: own elaboration.

Details on the results of the suitability of the assessment variables and on the corresponding
indicators maintained from the previous literature review are provided in the following table.
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Table 5 Overview of the number of initial assessment variables and indicators after “traffic light”
categorization.
Category
Assessment variable
Quantifiable indicator
Technical
11
18
Technology maturity
4
4
Storage and dispatchability
6
13
Site selection
1
1
Economic
5
5
Social/sociopolitical
8
8
Environmental
3
3
Risk-assessment
16
48
Source: own elaboration. Notes: The assessment variable “system value” has no associated indicator. The riskassessment variables have three indicators each (probability, impact and availability of corrective actions).

In a third step, and in order to reduce this still large number of assessment variables and
indicators, the list was carefully analyzed. For each item (variable and indicator), the suitability and
applicability to this specific WP was checked. Specifically, it was checked for the contribution of
relevant information and data for the evaluation of different kinds of CSP projects in the context of
this WP5, including the perspective of potential suitability for European cooperation. This was
done by academic experts. In parallel, an industry expert evaluated the feasibility and data
availability for each item. In most cases, the academic experts’ and the industry expert’s
judgement coincided regarding the exclusion of items. As there were differing opinions on a few
items, we decided to consult experts outside this WP (an expert in CSP and European policy and
another expert in CSP technology). Their opinion helped to reach a consensus on a final list of
assessment variables and indicators (Table 6). Although publicly available quantitative indicators
would be preferable, some of them are available, most notably the socio-economic indicators. In
this case, we had to rely on qualitative indicators.

Table 6 Overview of the final assessment variables and indicators.
Category
Technical

Cost

System value

Subvariables and indicators
-DNI (kWh/m2/year)
-Innovativeness of plant
-Technology maturity of main components (MW installed)
-Storage hours (h)
-Capacity (MW)
-Load factor (0-1)
-Expected generation G h y
-Investment (CAPEX, €)
-O&M (OPEX, €)
-Specific investment cost [Euro2017/kW; de ated
-LCOE 5% ACC (25y) in € k h (2017)
-LCOE 10% ACC (25y) in € k h (2017)
Off-taker needs (Standalone, Standalone baseload profile, Peaker,
Complementary dispatch to PV, Commercial hybrid (CSP+PV), Full firmness)
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Environmental

-Field Size (m3)
-Water use (m3/year)
-Visual impact (Max.height of plant)
Socio-economic
-Direct long-term employment: Staff working in the plant (Number of
workers)
-Annual O&M jobs
-Local employment (Total staff from the country where the plant is located
(%))
-Low-skill employment (Low-skill jobs (% of total staff without secondary
education))
-Local manufacturing (components) (HTF being sourced from firms located in
the same country as project location (Y/N))
-Local manufacturing (components) (Mirrors being sourced from firms located
in the same country as project location (Y/N))
-Local manufacturing (components) (Turbine being sourced from firms located
in the same country as project location (Y/N))
-Local manufacturing (components) (Receiver being sourced from firms
located in the same country as project location (Y/N))(only ST)
Source: Own elaboration.

The levelized cost of electricity (LCOE) is a well-known, traditionally used economic indicator in the
field of energy studies. It is a standard, commonly used metric to calculate and compare the
(direct) generation costs from different electricity generation technologies. An advantage of LCOE
is that it is relatively easy to calculate, since only the direct costs are included 10, relatively easy to
understand and to track overtime (IEA-RETD 2016). The LCOE is a simplification of a complex
reality.
However, it is the fact that the LCOE only includes the direct generation costs which has triggered
criticism to the concept. The LCOE does not consider changes in the system costs related to the
integration of RES in the grid. Integrating a growing share of intermittent RES-E (wind and PV) may
lead to additional system integration costs, mostly related to grid costs and balancing services. As
stated in OCDE IEA (2016), the LCOE is blind with respect to “when”, “where” and “how”
electricity is generated. “ hen” refers to the time profile of electricity generation, “where” refers
to the location of the plant and “how” refers to the implications of different generation
technologies for the electricity system. Ignoring the variability undervalues the costs of
intermittent RES-E in the electricity sector, especially with high levels of penetration (Edenhofer et
al 2013). Joskow (2011) argues that the LCOE is a flawed metric to compare the economic
attractiveness of intermittent RES-E with respect to dispatchable electricity generation
technologies since it treats all electricity generation as if it was a homogenous good with a single
price. Since electricity prices change, the revenues from the sale of intermittent RES-E depend on
the moment when the electricity is produced. In order to assess the economic attractiveness of
10

The system-related generation costs of RES-E deployment can be disaggregated into direct and indirect costs. While direct costs
include all the costs that are directly related to electricity generation such as installation, operation and maintenance of
renewable energy technologies. Indirect costs include balancing costs, profile costs, grid costs and transaction costs (Breitschopf
& Held, 2014).
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different technologies, the LCOE of a technology should be compared to its marginal economic
value. Therefore, the usefulness of LCOE is limited, both for public decision makers as well as
investors and this is especially the case with CSP.
Furthermore, as commented by ESTELA, available LCOE data for CSP projects might not be reliable
enough as a basis to elaborate valid comparisons between projects without putting these into a
wider perspective than the one provided by LCOE figures. Their validity or appropriateness
strongly decreases when comparing CSP projects to other technologies. It is important to
remember that most of publicly known costs figures for CSP projects are a mix and as such a
compromise indication reflecting several factors, such as: size, type of technology used, storage
capacity, cost of capital, duration of contracts (25 vs. 35 years), degree of innovation in the plant
under review and EPC contractor risks, solar resource and particular framework conditions of the
location (fiscal benefits, support schemes, political and regulatory aspects), among others.
Therefore, a very differentiated use of such numbers for the comparison/analysis of projects
under a thorough apprehension of the contextual factors consideration is mandatory to avoid
distorted results.
For instance, the relatively frequent comparison between PV plants and CSP plants exclusively
based on an LCOE basis will rank PV as first choice in terms of lower costs. However, such a
method does not at all take into consideration the storage capability inherent to CSP plants (e.g.
up to 17 hours): if this term (storage capacity) is duly included in the comparison and the
additional costs for the equivalent storage capacity by means of electrochemical battery storage
capacity, PV would no longer result systematically as a first choice. This simple fact illustrates the
importance of considering the “value” that a project can bring to a specific system taking into
account all induced costs resulting from the respective technology, beyond a pure LCOE approach.

5. DATA.
After the assessment variables and their corresponding indicators were finally selected, a search
for data was performed. This consisted in two separate search strategies. On the one hand,
publicly available data was searched for. This search included databases such as CSP Guru and
NREL and also CSP news and blog websites such as CSP Today or SolarPaces. A first search was
carried out between October and November 2018. All data were checked again and updated in
April 2019. Regarding “non-confidential” data, i.e., type of plant, DNI, storage hours, energy
capacity, cooling or height of tower (for solar tower), the search yielded complete results for each
project. Regarding economic variables, especially related to cost, LCOE and investment,
information for some but not all projects could be obtained. For instance, it was not possible to
retrieve any OPEX and socio-economic data from public sources. This was to be expected, as such
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information requires expert study and judgement because it is not directly observable or
measurable. On the other hand, despite the efforts made by one of the industry partners of this
WP (ESTELA) to gather socio-economic data from their CSP-industry associates, no responses were
received from them. It should be taken into account that for variables such as investments
(CAPEX) or OPEX (O&M and other costs), LCOE and cost outlooks, industrial stakeholder
consultations result very sensitive since cost indications have a direct impact on competition on
global CSP markets. This is especially true regarding financial or operational details. This is due to
the specificities of the CSP sector: one is the small number (5-6) of therefore easily identifiable
companies acting worldwide as project developers/promoters; another is the limited number of
EPC companies and component manufacturers along the supply chain as compared to more
deployed technologies.
The following table provides information on data availability.
Table 7 Data availability per project.
Projects / Indicators
La Africana
Noor III
Gemasolar
Xina Solar One
DEWA
Cerro Dominador Atacama 1
Noor Midelt
HySol Concept – Kingdom of Saudi Arabia
Case study

Data availability
High (all besides OPEX and socio-economic)
High (all besides OPEX and socio-economic)
High (all besides OPEX and socio-economic)
Medium (all besides field size, OPEX and socio-economic)
Medium (all besides field size, OPEX and socio-economic; LCOE estimate
at unknown rate)
Low (all besides economic and socio-economic)
Low (all besides field size, load factor, economic and socio-economic;
LCOE at unknown rate)
High (all besides LCOE and socio-economic)

The following tables (8-12) provide the data for the different projects and variables.
TECHNICAL
Table 8 Technical assessment variables and indicators.
Projects
/
Indicators

DNI
(kWh/m2/year)

Innovativeness
of plant

La Africana

1950 (CSP Guru,
2019, p. 9)
2635 (CSP Guru,
2019)
2100 (CSP Guru,
2019)
2816 (CSP Guru,
2019)
1850 (Lilliestam

MEDIUM
(PT
with storage):
HIGH (ST)

Noor III
Gemasolar
Xina
Solar
One
DEWA

Technology
maturity
of
main
components
(MW installed)
TRL-8 or 9
TRL-8 or 9

HIGH (ST)

TRL-8 or 9

MEDIUM
(PT
with storage)
HIGH (ST)

TRL-8 or 9
TRL-8 or 9

Storage
(h)

hours

7,5 (CSP Guru,
2019)
7,5 (CSP Guru,
2019)
15 (CSP Guru,
2019)
5,5 (CSP Guru,
2019)
15 + 11 (Center

Capacity (MW)

Load
(0-1)

50 (CSP
2019)
150 (CSP
2019)
19,9 (CSP
2019)
100 (CSP
2019)
100
+

0,3881 (CSP
Guru, 2019)
0,3805 (CSP
Guru, 2019)
0,6279 (CSP
Guru, 2019)
0,4338 (CSP
Guru, 2019)
0,56

Guru,
Guru,
Guru,
Guru,
600

factor

Expected
generation
[GWh/yr]

10506 (CSP
Guru, 2019)
5746 (CSP
Guru, 2019)
17229 (CSP
Guru, 2019)
8800 (CSP
Guru, 2019)
-
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(CR+PT)

&
2018)

Cerro
Dominador
Atacama 1

3300 (HelioCSP,
2019;
SolarPACES,
2019)
2360
(New
Energy Update,
2019)
2210
(COBRA,
2019)

Noor Midelt

HySol
Concept
–
Kingdom of
Saudi Arabia
Case study

Pitz-Paal,

for
Mediterranean
Studies, 2019)

(NREL,

(Government of
Dubai,
2019;
New
Energy
Update,
2019;
SolarPACES,
2019)
100 (NREL, 2019)

(Lilliestam
Pitz-Paal,
2018)

&

0,8
(KfW
Development
Bank, 2019)

-

HIGH (ST)

TRL-8 or 9

17,5
2019)

HIGH (ST)

TRL-8 or 9

5
(HelioCSP,
2019)

600-800
(HelioCSP, 2019)

-

-

VERY HIGH Hysol
concept (first)
(COBRA, 2019)

From
commercial
stage up to
TRL 7 (COBRA,
2019)

14
2019)

100
+
80
(COBRA, 2019)

0,51 (COBRA,
2019)

-

(COBRA,

Source: Own elaboration based on a combination of sources as indicated in the table.

The expected generation provides useful information on the degree of potential contribution of
each project to RES target fulfillment in the importing country.
The degree of innovativeness of plants is based on the S-shape curve in diffusion theory: number
of parabolic trough, solar tower, Fresnel or Stirling projects. In trough, a further distinction is made
between plants with and without storage. Therefore, four degrees of innovativeness have been
considered: low (trough without storage, 44 plants out of the 84 plants in operation as of May
2019 in the Guru database), intermediate (trough with storage, 28 plants), high (solar tower, 8
plants, and Fresnel, 3 plants) and very high (first-of-a kind, FOAK).
COST
Table 9 Cost assessment variables and indicators.
Projects /
Indicators

Investment
(CAPEX, €)

O&M
(OPEX, €)

La Africana

387 million
€ (CSP Guru,
2019; NREL,
2019)
763 million
€ (CSP Guru,
2019)
230 million
€ (CSP Guru,
2019; NREL,
2019)
779 million
€ (CSP Guru,
2019; NREL,
2019)
AED
14.2
billion ($ 3.9
billion)(Cent

-

10506 (CSP Guru, 2019)

0,265 (CSP Guru, 2019)

-

5746 (CSP Guru, 2019)

0,148 (CSP Guru, 2019)

0,215 (CSP
Guru, 2019)

-

17229 (CSP Guru, 2019)

0,269 (CSP Guru, 2019)

0,392 (CSP
Guru, 2019)

-

8800 (CSP Guru, 2019)

0,199 (CSP Guru, 2019)

0,289 (CSP
Guru, 2019)

-

-

0,073 USD at unknown rate
(Center for Mediterranean
Studies, 2019; Government

-

Noor III

Gemasolar

Xina Solar
One

DEWA

k

eci c in estment cost E ro
de ated

LCOE 5% WACC (25y) in
€ k h(
)

LCOE
10%
WACC (25y)
in
€ k h
(2017)
0,386(CSP
Guru, 2019)
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Cerro
Dominador
Atacama 1
Noor
Midelt
HySol
Concept –
Kingdom of
Saudi
Arabia
Case study

er
for
Mediterran
ean Studies,
2019;
Governmen
t of Dubai,
2019; New
Energy
Update,
2019;
SolarPACES,
2019)
-

of Dubai, 2019; New
Energy Update, 2019;
SolarPACES, 2019)

-

-

-

-

-

-

-

866.672.040
€ (COBRA,
2019)

18.380.218
€ (COBRA,
2019)

-

0,07 at unknown rate (New
Energy Update, 2019)
-

-

Source: Own elaboration based on a combination of sources as indicated in the table.

SYSTEM VALUE
Table 10 System value assessment variable and indicator.
Projects / Indicators
La Africana
Noor III
Gemasolar
Xina Solar One
DEWA
Cerro Dominador Atacama 1
Noor Midelt
HySol Concept – Kingdom of Saudi Arabia Case study

Offtaker need
Standalone
Standalone
Standalone baseload profile
Peaker
Complementary dispatch to PV
Commercial hybrid (CSP+PV)
Commercial hybrid (CSP+PV)
Full firmness

ENVIRONMENTAL
Table 11 Environmental assessment variables and indicators.
Projects / Indicators
La Africana
Noor III
Gemasolar
Xina Solar One
DEWA

Cerro Dominador Atacama 1
Noor Midelt
HySol Concept – Kingdom of

Field Size (m2)
550000
(CSP
Guru, 2019)
1312000 (CSP
Guru, 2019)
304750
(CSP
Guru, 2019)
850000
(CSP
Guru, 2019)
-

Water use (m3/year)
wet (CSP Guru, 2019)

Visual impact (Max. height of plant)
---

dry (CSP Guru, 2019)

250m (NREL, 2019)

wet (CSP Guru, 2019)

140m (NREL, 2019)

dry (CSP Guru, 2019)

---

1484000 (NREL,
2019)
1370694

dry (NREL, 2019)

260m (Center for Mediterranean Studies, 2019;
Government of Dubai, 2019; New Energy Update,
2019)
243 m (NREL, 2019)

dry (KfW Development Bank, 2019)
250.000 m3 (mirror cleaning and

205m (COBRA, 2019)

Dry (Center
Studies, 2019)

for

Mediterranean
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Saudi Arabia Case study

(COBRA, 2019)

rankine make-up) (COBRA, 2019)

Source: Own elaboration based on a combination of sources as indicated in the table.

SOCIO-ECONOMIC
Table 12 Socio-economic assessment variables and indicators.
Projects /
Indicators

Direct longterm
employment:
Staff working
in the plant
(Number of
workers)

Ann al
O
obs

Local
employment
(Total staff
from
the
country
where the
plant
is
located (%))

Low-skill
employment
(Low-skill
jobs (% of
total
staff
without
secondary
education))

Local
manufacturing
(components)
(HTF
being
sourced from
firms located
in the same
country
as
project
location (Y/N))

Local
manufacturing
(components)
(Mirrors being
sourced from
firms located
in the same
country
as
project
location (Y/N))

Local
manufacturing
(components)
(Turbine being
sourced from
firms located
in the same
country
as
project
location (Y/N))

La Africana

-

-

-

-

-

-

Noor III

-

-

-

-

-

-

-

Gemasolar

-

-

-

-

-

-

-

Xina Solar
One

-

-

-

-

-

-

-

DEWA
Cerro
Dominador
Atacama 1
Noor
Midelt
HySol
Concept –
Kingdom of
Saudi
Arabia
Case study

-

40
(NREL,
2019)
60
(NREL,
2019)
40
(NREL,
2019)
45
(NREL,
2019)
-

Local
manufacturing
(components)
(Receiver
being sourced
from
firms
located in the
same country
as
project
location
(Y/N))(only ST)
-

-

-

-

-

-

-

-

-

-

-

-

-

-

-

44 (COBRA,
2019)

-

44 (COBRA,
2019)

25% (COBRA,
2019)

N
(COBRA,
2019)

N
(COBRA,
2019)

N
(COBRA,
2019)

N
(COBRA,
2019)

Source: Own elaboration based on a combination of sources as indicated in the table.
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6. RESULTS: AN ASSESSMENT OF THE PROS AND CONS OF DIFFERENT
ALTERNATIVE CSP PROJECTS IN THE FRAMEWORK OF EUROPEAN
COOPERATION.
As suggested by figure 1, the assessment variables are deemed instrumental in the analysis of the
pros and cons of different CSP project types for cooperation. They are not intended to be used to
directly compare projects, but their influence is mediated by their effects on drivers and barriers
(DBs) to CSP cooperation, context factors and policy goals. Given the DBs and policy goals, a
specific project type, i.e. with certain features, may be deemed more suitable for cooperation,
given that it is more likely to: 1) meet policy goals; 2) activate drivers to CSP cooperation; 3)
mitigate barriers to CSP cooperation.
The aim is to identify which types of projects will be more attractive for CSP cooperation in the
future, and our empirical analysis illustrates this with data for specific projects. However, the aim
is not to identify which projects are “best”.
Indeed, our results show that the CSP projects are very similar in terms of the assessment
variables that have been chosen and for which we have data. This is so because a whole set of
projects which are currently operating have not been included as potentially suitable for
cooperation (parabolic trough without storage). These are the projects which do not have storage,
i.e., those first parabolic trough projects which were deployed in Spain in the 2000s, and were not
considered suitable for cooperation from the start (i.e., task 5.1), although these projects are the
large majority of those which are currently operating (44 out of 84, according to CSP Guru). The
Spanish CSP fleet currently amounts to 2.3 GW, broken down in 1/3 of plants with at least 7 hours
of storage and 2/3 of plants without storage.
When identifying the pros and cons of different CSP project types for cooperation, the policy goals
in the importing and exporting countries, which partially depend on the context conditions in
these countries, should be taken into account. These include dispatchability (minimization of
system costs or security of supply), compliance with RES targets at the lowest costs and high socioeconomic benefits and low environmental impacts (in the exporting country).
When combined with thermal storage, solar electricity exports can contribute to the stability of
the electricity system and reduce the need for fossil fuels as back-up technologies to balance the
increasing intermittent sources of electricity. Therefore, if dispatchability is the goal in both
potential exporter and importer countries (in this case, under the existence of physical transfers),
then those projects with a greater storage capacity would be more attractive. It is not only an
issue of “number of hours of storage” but rather of the off-taker needs in both types of countries.
In Spain, a high penetration of intermittent RES, and particularly PV, makes it recommendable to
have low-carbon dispatchable power when the sun starts setting and until the morning of the next
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day, which indicates a main role to be played by CSP. With a high penetration of non-dispatchable
renewables, there will always be a missing part of the demand curve (between sunset and sunrise
next day) that will require back-up. By dispatching STE/CSP plants when the sun is starting to set
until the capacity of the storage tank is exhausted, a dramatic displacement of fossil fuel back-up
(CCGTs) can be achieved. This dispatch profile complements PV production in sunny days and
avoids the need to respond to the evening ramp, when the production of PV plants quickly goes
down. Therefore, the project typologies with the largest storage capacities would be particularly
suitable.
Dispatchable power would also be needed in the importing country, pointing out in the same
direction: the greater the storage capabilities, the better. Although, in Germany, the current need
for dispatchable (renewable) electricity seems to be relatively moderate, at least from a cost
perspective, future needs for dispatchable electricity are likely to rise (see section 2). Importing
CSP could be one option to fulfill these needs (in case proper interconnection capacity exists,
making physical transfers possible). A high-renewables scenario requires a high amount of
balancing in the importing country, which might indicate a potential market/need for CSP.
In contrast, if the aim is to fulfill the RES targets at the lowest costs in the importing countries (in
the absence of physical transfers, i.e., only virtual cooperation), then the importer country would
more likely look for those projects which generate more energy and do so at the lowest costs (in
terms of LCOE). In this context, higher plant sizes would be better and parabolic trough
technologies, which are able to achieve larger plant sizes, might be more advantageous in this
regard.
Having CSP at lower costs can be attractive for both the host and the off-taker countries since this
could entail a lower support level for both countries as well as for the EU. Higher investment costs
require support to make the projects bankable (Caldés & Díaz-Vázquez, 2018). Table 9 (in the
previous section) shows that some projects have higher investment costs and LCOEs than others.
However, those projects are not necessarily less suitable for cooperation when the overall picture
(i.e., all policy goals, all DBs and all context factors) is taken into account. The capacity to generate
electricity irrespective of its value to the system would be a searched feature by the importing
country under the mechanisms of article 8 and 9 of the new RES Directive 2018/2001/EU
(statistical transfers and joint projects between MS). However, the exporter country should also
take into account such value, because this is different depending on the time of the day when the
electricity is produced. In principle, if only an amount of electricity is searched for, these projects
would not necessarily minimize system costs in the exporter country. The reality is that, given the
types of projects considered in this report, in which all have a considerable storage capacity and
are thus able to dispatch electricity in a flexible manner, large differences between them are
unlikely. High-cost projects (in terms of LCOE) would be particularly unattractive in this regard.
Some of the projects considered in this report are CSP/PV hybrids. The hybridization of CSP with
PV can entail a reduction in production costs compared to CSP-only.
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In addition, note that projects with high storage capabilities may also be the ones with the lowest
costs, since CSP generation costs may decrease with the size of storage given that, despite a
greater solar field, the power block would be the same and a greater number of operation hours
would result (Dowling, Zheng et al., 2017; Gauché, Rudman et al., 2017). This suggests that there
might be synergies regarding the choice of certain project configurations to fulfill two policy goals
at the same time.
If the aim is to encourage local socio-economic development in the exporting country, then those
projects which contribute more to employment creation and to the industrial supply chain would
be more attractive. Only data on O&M jobs for some projects have been obtained. Obviously, the
greater the amount of O&M jobs, the better for the local economy where the plant is located.
Unfortunately, we have not been able to obtain reliable data on the rest of socio-economic
variables (see section 4) and, thus, we cannot state that a given project type or specific project
scores better than others in this respect. This will need to be the focus of future research.
However, given the absence of hard data, we anticipate that it will be a hard task.
Innovative projects are essential to demonstrate the technical and commercial viability at
industrial scale of new generations of energy technologies and solutions to achieve a costcompetitive, sustainable and secure energy sector by 2050 (Caldés & Díaz-Vázquez, 2018). CSP EU
and Spanish industries could greatly benefit from innovative projects, which allow them to
maintain leadership in CSP.
An interesting issue is whether more innovative projects are more suitable for cooperation. This
might depend on whether the perspectives of exporting or importing countries are taken into
account. From the point of view of the importing country, mature, tested, proven project
configurations might be more attractive than innovative ones, especially if the main goals of the
importing country are to fulfill RES targets and do so at the lowest costs. However, from the point
of view of exporting countries, more innovative projects contribute more to its technological
capacity, generating spillovers and, maybe, opportunities to export the technology in the future.
Caldés and Díaz-Vázquez (2018) find out that Extremadura (a less developed region in Spain)
could, under the right framework conditions, host a European cross-border solar electricity FirstOf-A-Kind (FOAK) project. Some of the immediate benefits for the exporting country (Spain)
include the possibility to maintain Spanish CSP industry and research leadership. Southern
European countries and Spain in particular host the majority of research facilities and capabilities
in Europe. Furthermore, it would be possible to contribute to reduce costs and increase the
performance of a technology that is expected to play a key role in the future Spanish system
without compromising public funds or affecting the final electricity consumer prices. Similarly,
investments in R&D may trigger new investments opportunities in other sectors. At the regional
level, the authors argue that such a FOAK project would entail R&D investments that increase R&D
capacity and is a driver for new investments (op.cit., p.11).
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On the other hand, the exporting country might be interested in minimizing the environmental
impacts from CSP generation. Despite being renewable and, thus, not emitting CO 2 or other GHG
during electricity production, CSP projects have three main local environmental impacts: land
occupation, water consumption and visual intrusion (only for solar tower). Scoring well in this
“environmental impacts” variable is not only an end in itself, but it is also a main factor driving the
social acceptability of any energy project (i.e., the NIMBY). Therefore, those project types and
specific projects which have more environmental impacts, as shown in Table 11, would be less
attractive with respect to this particular criterion.
In addition to policy goals, there are some barriers to the use of the cooperation mechanisms to
which different features of the projects may contribute more or less, i.e., which can be mitigated.
Therefore, those CSP projects which activate drivers or remove barriers to cooperation are more
likely to be suitable for cooperation.
In this regard, as mentioned in section 2 and in deliverable D4.4 (Pablo Del Río et al., 2018), the
most relevant drivers to the use of the cooperation mechanisms for CSP in the future include the
dispatchable nature of CSP, complementarity with PV, new domestic jobs and industrial
opportunities, and policy ambition (renewable energy targets) (in descending order of
importance).
The above discussion on policy goals has already explained how different project types could
contribute to dispatchability. The complementarity with PV is a driver which is directly related to
the aforementioned dispatchability of CSP and off-taker needs, in the context of a high
penetration of this intermittent renewable energy technology. Regarding the contribution to
domestic jobs and industrial opportunities, lack of appropriate data prevents us from carrying out
an assessment of how different project types and specific projects contribute to this driver. On the
other hand, it is difficult to foresee how the features of specific project types may activate some
drivers. This is the case with policy ambition, which is an exogenous factor to which different
project designs are unlikely to contribute.
While the above are the most relevant drivers, there are others which are also relevant (although
less so) and to which different project types can make a difference. For example, two of them are
“contribution to improve technological performance and cost reductions in CSP” and “costs
savings in MS target achievement”. The latter is closely related to the policy goal of lower costs.
The project types considered in this WP5 can have an influence on the former. In particular, highly
innovative designs like the “commercial hybrids or co-located plants (CSP+PV units)” project type
(such as the Noor Midelt project) and the “full firmness (hybrid configuration)” type (such as the
HySol concept) can make a significant contribution in this context. In contrast, it is unclear how
different project types affect other relevant drivers, which seem to be rather exogenous to project
design, including “EU guidance in implementing the cooperation mechanisms”, “move towards
creation of internal energy market”, “obligation to open support schemes” and “alignment with
the Paris objectives”.
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Regarding the barriers to CSP cooperation, (see section 2 and D4.4 of MUSTEC, see Pablo Del Río
et al. (2018), “the higher costs of CSP compared to other renewables (on an LCOE basis)”,
“heterogeneous regulated energy prices and support schemes”, “resistance to lose sovereignty
over the energy market” and “existing interconnections capacities” are regarded as the most
relevant barriers. However, some of these barriers are of a general nature and unrelated to
project design (heterogeneous regulated energy prices and support schemes, resistance to lose
sovereignty over the energy market and existing interconnections capacities).
The most relevant barrier (higher costs of CSP on an LCOE basis compared with other renewable
electricity generation technologies) indicates that, as it has been discussed in the case of the “low
cost” policy goal, those projects with lower costs would be more attractive for cooperation.
Although less relevant, other barriers to CSP cooperation suggest that some project types might
be more attractive for cooperation. For example, there might be a public reaction in importer
countries due to investing tax-payers´ money abroad. This reaction can be mitigated if the
importing country spends less money per unit of electricity generated (€ M h), which makes lowcost projects more attractive in this regard. The same conclusion can be inferred from the barrier
“low levels of deployment support in the exporting country”, which would encourage the
deployment of low-cost projects.
On the other hand, there might be a public reaction in exporting countries due to the NIMBY
syndrome which is caused by renewable energy projects in general and CSP projects in particular.
This problem would be mitigated by projects which lead to higher local socio-economic
contributions and lower environmental impacts. Finally, other barriers are not meaningful in the
context of this study, since in addition to being less relevant cannot be easily influenced by the
design of the project (“difficulties in communicating benefits, “first mover risk” and “public
reaction in transit country”).
The answers of experts to the questionnaire are broadly in line with this analysis. Interviewees
were asked about the features of a CSP project that would be more attractive for Spain as an
exporting country and Germany as an importing country to be involved in the cooperation
mechanisms in two different types of situations, one in which transfers of electricity between
Spain and Germany are not possible due to lack of sufficient interconnection capacity and only the
virtual transfers of articles 8 and 9 of the Directive are possible (situation 1) and, another in which
physical transfers of electricity between Spain and Germany, in addition to the virtual transfers of
articles 8 and 9, are possible (situation 2). The results are shown in figures 3 and 4.
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Figure 3. Scores on the features of a CSP project that would be more attractive for Spain as an
exporting country to be involved in the cooperation mechanisms in two different situations.
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Figure 4. Scores on the features of a CSP project that would be more attractive for Germany as
an importing country to be involved in the cooperation mechanisms in two different situations.
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According to the interviewees, dispatchability would be the most relevant feature of a CSP project
for the exporter country (Spain). One interviewee mentions that, “since the plant would be in
Spain, the better its dispatchability, the easier its management by the Spanish grid operator will be
and the less perturbation the plant will introduce in the Spanish grid”. Another interviewee argues
that “dispatchability is very important because the electricity will be produced and consumed in
Spain. Since there is overcapacity and there will be an even large deployment of variable RES
generation in Spain, it is important to provide stability flexibility to the Spanish system”. Finally,
one respondent claims that “projects should be adapted to the requirements of off-takers.
Dispatchability is the differentiating feature that CSP provides against other cheaper RES, for
instances CSP can complement PV production”. One respondent raises an important issue: “low
interconnection causes higher flexibility needs of power plants. This will increase the market value
and reduce support costs”. This is probably the reason behind the higher score attached to
dispatchability in situation 1 compared to situation 2.
The relevance of dispatchability for the exporting country is closely followed by high socioeconomic benefits in Spain. One respondent notes that “(CSP cooperation) will help to preserve
current employment and to create new employment near the sites”. For another, “the more jobs
and industry creation are induced by the project, the more beneficial it is for Spain’s local
economy, and therefore the project will be more interesting for Spain due to the currently high
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unemployment rate”. A third one claims that “this is very relevant because besides the
dispatchability advantage over other RES technologies, CSP is, as of today, one of the RES
technologies that has an industrial interest for Spain and creates many jobs”. Finally, another
argues that “the impulse of socio-economic benefits (especially in the exporter, but also in the
importer country) is, in my opinion, a basic reason to promote cooperation mechanisms around a
renewable technology such as CSP”.
According to the interviewees, “low environmental impacts in Spain” would be the least relevant
characteristic that CSP projects should have in order to be attractive for Spain as part of the
cooperation mechanisms. This result does not change much in situation 2 compared to situation 1.
In situation 2, dispatchability continues to be relevant, but only second to the “cost of the project”
(see above). One interviewee believes that “(the cost of the project) would be the most important
factor for statistical transfers”. Two other mention that “cost is an important factor in any
cooperation project” and that “projects should be competitive to alternative RES projects in other
countries”. Finally one argues that “reduced CAPEX and OPEX are very relevant. Even if the LCOE is
not competitive for the long term levelized costs, CSP should provide competitive prices at peak
demand hours”. Interestingly, one respondent points out a relationship between both features in
the future: “If physical transfer is possible. CSP could play an essential role in Europe to increase
RE share and to enhance grid operation. The CSP market will significantly increase and therefore
the cost will be reduced because of economies of scale”. “Low environmental impacts in Spain” is
also the least relevant CSP project feature.
Concerning the features that a future CSP project should have in order to be attractive for
Germany as part of the cooperation mechanisms, the cost of the project receives the highest score
(most relevant)(figure 4). As argued by one interviewee, “since Germany will have to pay for the
plant in order to get the rights for virtual import of electricity, the cost will be a major parameter”,
whereas “costs maybe the determinant criteria for the importer” for another. In contrast,
dispatchability is not so relevant in this context. According to one interviewee, “in an
interconnected system dispatchability is less relevant for the market value of the project and
therefore less relevant for support costs”. One respondent argues that “since the electricity
import will be only virtual, the plant dispatchability will not affect the management of the German
grid”. The second most relevant feature is “high socio-economic benefits in Germany”. One
respondent claims that “some companies in Germany could have benefits by being involved in the
project”. As it could be expected, “high socio-economic benefits in Spain” are the least relevant
feature in this case. This ranking does not change in situation 1 compared to situation 2.
Apart from these scores, one interviewee questions whether the existence of physical transfers
makes a difference (situation 1 with respect to situation 2), i.e., whether this distinction is
relevant. “Honestly, I do not think that it is feasible that anyone will undertake a physical transfer
of electricity but, if it happened, it is so irrelevant that a small quantity of electricity would not
have an impact neither on the Spanish nor the German power mix. Therefore, I do not see any
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difference between physical or only virtual transfers”. In contrast, another interviewee suggests
that such distinction might be important, arguing that “I think the existence of the interconnection
will not create a major difference, except for the lower value of dispatchability for the market. The
interconnection reduces the value of dispatchability as it is a competing flexibility source”.

7. CONCLUSIONS.
The goal of MUSTEC is to assess the opportunities that renewable energy cooperation may bring
to the future market uptake of CSP in Europe. The aim of WP5 is to provide a bottom-up
comprehensive analysis of alternative types of CSP projects which are potentially suitable for
cooperation. A preliminary evaluation of the pros and cons of different types of CSP projects in the
framework of European cooperation is carried out.
This document summarizes the research activities undertaken in tasks 5.2 and 5.3 of the MUSTEC
project. It provides an analytical/methodological framework to assess the pros and cons of
different types of CSP projects which are potentially suitable for cooperation, as mediated by their
impact on a set of assessment variables and intermediate factors (drivers and barriers to CSP
cooperation, policy goals and context factors). It analyses the pros and cons of different types of
CSP projects potentially suitable for cooperation and identifies some policy implications. The
analysis is based on the gathering of hard data on the assessment variables as well as intermediate
factors (drivers and barriers, policy goals and context factors) and stakeholder interviews.
Our findings allow the identification of those project features which may make them more
attractive for CSP cooperation in the future, illustrating this with data for specific projects. The aim
is not to identify which projects are “best”. Indeed, our results show that the CSP projects are very
similar in terms of the assessment variables that have been chosen and for which we have data.
When identifying the pros and cons of different CSP project types for cooperation, the policy goals
in the importing and exporting countries, which partially depend on the context conditions in
these countries, should be taken into account. In addition to policy goals, there are some barriers
to the use of the cooperation mechanisms to which different features of the projects may
contribute more or less, i.e., which can be mitigated. Therefore, those CSP projects which activate
drivers or remove barriers to cooperation are more likely to be suitable for cooperation.
Taking those aspects into account, projects which are particularly suitable for cooperation are
those which provide dispatchable electricity, i.e., are equipped with considerable storage
capacities. This is the case for exporting and (in case of physical electricity transfers) importing
countries taking into account future electricity systems in Europe with a significant share of
variable renewable electricity generation. However, which project types are more suitable for
cooperation, i.e., the features that they should have in order to be attractive for importing and
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exporting countries in this context also depends on the policy priorities of these countries. For
example, if the aim is to fulfill the RES targets at the lowest costs in the importing countries (in the
absence of physical transfers, i.e., only virtual cooperation), then the importer country would
more likely look for those projects which generate more energy and do so at the lowest costs (in
terms of LCOE). If the aim is to encourage local socio-economic development in the exporting
country, then those projects contributing more to employment creation and to the industrial
supply chain would be more attractive. Unfortunately, we have not been able to obtain reliable
data on this variable (see section 4) and, thus, we cannot state that a given project type or specific
project scores better than others in this respect. If the exporting country is interested in
minimizing the local environmental impacts from CSP generation (land occupation, water
consumption and visual intrusion), then those project types and specific projects with more
environmental impacts would be less attractive for the exporting country to be part of CSP
cooperation.
On the other hand, although those CSP projects which activate drivers or remove barriers to
cooperation are more likely to be suitable for cooperation, it is difficult to foresee how the
features of specific project types may activate some drivers or mitigate barriers which are rather
exogenous factors to which different project designs are unlikely to contribute or can only do so
marginally.
The answers to the expert survey which has been carried out as part of this WP broadly confirm
those results. According to the interviewees, dispatchability would be the most relevant feature of
a CSP project for the exporter country (Spain), closely followed by high socio-economic benefits in
Spain. Concerning the features that a future CSP project should have in order to be attractive for
Germany as part of the cooperation mechanisms, the cost of the project receives the highest score
(most relevant).
Although the focus of this WP has been on features of CSP projects which activate drivers or
remove barriers to cooperation and, thus, are more likely to be suitable for cooperation, our
results allow to identify some policy implications which derive from this analysis: valuation of
dispatchability, policy interventions to encourage costs reductions through deployment support
and a technology/industrial policy which provides demonstration and R&D support for CSP, and
specific policy initiatives which mitigate barriers to the use of the cooperation mechanisms (i.e.,
not specifically for CSP).
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If the aim is to encourage the participation of CSP projects in the cooperation mechanisms, our
findings indicate that the dispatchability of projects should be a main feature of these projects, but
this is not enough and the dispatchability of renewable electricity from CSP should also be
appropriately valued in public support measures as well as electricity systems. Therefore, the
promotion of these projects should focus on the dispatchability of the energy generated, with an
appropriate valuation of the added services provided by CSP to the power system. Indeed, a main
feature of CSP plants with storage is that they can produce high-value, dispatchable power on
demand. The value added that CSP combined with thermal storage is to strengthen the reliability11
of energy systems, especially with high penetration of fluctuating power from certain RETs, should
be recognized by policy makers (Frisari and Stadelmann, 2015, p. 21). This can be done with
particular instruments or with design elements within these instruments. This issue will be
addressed in subsequent WPs of the MUSTEC project12.
Our results suggest that if low compliance cost is a main policy goal in RES cooperation, then the
higher costs of CSP on an LCOE basis compared to other renewable energy technologies (e.g., PV
or wind on-shore) may be a barrier for using these projects in RES cooperation13. Further cost
reductions for all CSP project types will thus be required. CSP expansion will only materialize if
deployment of the technology is publicly supported with appropriate framework conditions and
instruments and costs are substantially reduced. And costs will be reduced with increased
deployment. There is still some leeway for cost reductions as a result of learning effects with
increased deployment for this technology. Although cumulative CSP capacity grew tenfold
worldwide between 2006 and 2016 due to incentive schemes in key markets (IRENA, 2018), it lags
behind other renewable electricity technology (RETs) in terms of installed capacity. Its costs have
been substantially reduced in the last ten years from USD 0.3/kWh ten years ago to US 0.12/kWh
today (Lilliestam & Pitz-Paal, 2018), but it is still a higher-cost gap technology (in terms of LCOE)
which needs to be supported14.
On the other hand, it is well-known that investments in research, development and demonstration
(RD&D) represent a relevant source of improvement and cost reductions in the technologies.
Beyond specific instruments, the definition of long-term political frameworks supported by
regulatory schemes is a crucial element to encourage private R&D investments. Within RD&D
11

The reliability of bulk electrical systems consists of two fundamental concepts: a) system adequacy, i.e. the ability of the electric
system to supply the aggregate electric power and energy requirements of the electricity consumers at all times, taking into
account scheduled and reasonably expected unscheduled outages of system components b) operating reliability (security), i.e.
the ability of the electric system to withstand sudden disturbances such as electric short circuits or unanticipated loss of system
components (NERC, 2007, p.234).

12

The policy interventions may need to go beyond adopting specific instruments, and may encompass more critical aspects, e.g., a
redesign of electricity markets which takes the dispatchability of the technology into account. However, discussing these designs
is beyond the scope of this paper.

13

As mentioned above, it should be taken into account that CSP may be more expensive in terms of LCOE, but not necessarily in
terms of system costs, which are more relevant from a social perspective).

14

Recent prices offered by CSP bidders in auctions are well below such figure, however, including Dubai ($ 0,073 / kWh), Australia
($ 0,060 /kWh) and Chile ($ 0,050 /kWh).
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support, support for demonstration projects stands out. Lilliestam et al. (2018, p. 193) argue that
policy supporting demonstration plants in order to test new components could facilitate a more
rapid rate of to-scale experimentation and technological learning. Indeed, the EU research
programs have financed demonstration projects in the Mediterranean region. On the other hand,
finding an adequate balance between RD&D and deployment support is still a great challenge for
policy makers. Therefore, a combined technology and industrial policy, aimed at those
improvements and cost reductions, can be recommended.
Finally, some policy interventions may mitigate barriers to the use of the cooperation mechanisms
(i.e., not specifically for CSP) and, thus, to CSP cooperation. Work carried out in WP4 of the
MUSTEC project suggests that policies will probably need to be implemented at two different
policy levels, i.e., they should include appropriate framework conditions and specific instruments.
Different government levels (EU, national and regional) may be relevant to tackle specific drivers
and barriers. Taking into account the drivers and barriers to the use of the Cooperation
Mechanisms, specific instruments can be considered. They can be grouped in five main categories:
(1) Information provision, (2) Legislative initiatives, (3) Access to finance, (4) Public awareness
campaigns and (5) International cooperation. In addition, there are broader types of policies which
are taken for other reasons, or are part of general policy decisions, but which would indirectly
have a positive effect on the use of the Cooperation Mechanisms, because they either activate a
driver or mitigate a barrier15.
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ANNEX
ANNEX 1. COMPLETE VARIABLE SELECTION EVALUATION PROCESS.
Criteria for the selection of the variables

Parsimony

Indicator

“If two
explanations are
equally well, the
one with fewer
criteria is
preferred.”

Easiness of
measurement
in multi-criteria
analysis
How easily can the
indicator be
measured in a
quantitative way
(hard data) or
qualitative way (soft
data).

Data availability

Comment

For hard data:
availability of
statistical, firm or
plant data (both
public data or
through consortium
partners).
For soft data:
availability of
expert, stakeholder,
etc. opinions.

WP
partners’
comments.

Decision

TECHNICAL INDICATORS

MAIN COMPONENT LEVEL
– Technology maturity of
main components
– Technological feasibility
– Reliability
– Scalability
– Level of complexity
– Technical compatibility
– Storage hours
– Hybridization
– Operation temperature
– Freezing point of HTF
–
Availability
of
components, technology
and resources
– Number of suppliers
–
Innovativeness
of
components
– Durability of technology
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Energy project comparison/selection (total plant configuration)
– Reliability
– Scalability
– Level of complexity
– Technical compatibility
–
Availability
of
components, technology
and resources and security
of supply incl. price
– Number of suppliers
– Durability of technology
– Technological feasibility
(plant)
– Capacity factor
– Load factor
– Peak load response
– Lead time
– Operating hours
– Operating profile
– Dispatchability
– System services
– (Technological and
technical) efficiency
–
Continuity
and
predictability
of
performance
–
Potential
power
generation
– Safety in covering peak
demand
–
Electricity
supply
availability
– Self-consumption of
electricity rate
– Duration of plant power
outages
– Safety of energy system
– Deployment time
– Ease of decentralization
– Innovativeness of plant
–
Reliability
and
availability
– Water consumption /
water efficiency
Evaluation of hybrid energy systems
–

Efficiency

/
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Performance
- Daily hours under
operation (hours CSP vs.
Hours XX)
– Technology maturity
– Level of complexity
– Integration simplicity
Site selection for energy projects
– Resources (DNI)
– Grid connected distance
(and
connectivity
/
integration)
change to
general grid connection
issues
– Transmission Loss
– Distribution loss
– Micro grid suitability
– Network stability
– Proximity to load
– Logistical feasibility
(transport) and security of
supply
– Accessibility of terrain
– Proximity to water
network
– Availability of telecom
services
ECONOMIC INDICATORS

Main components
– Costs of components
– Operational life
– Fuel cost (if hybrid)
– Fuel saving (if hybrid)
– Sensitivity to price
volatility (supply in the
future)
Energy project comparison/selection (total plant configuration)
–
Costs,
including
investment cost, initial
capital outlay, capital
costs, construction cost,
O&M
cost,
specific
generation costs, and so
on
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– NPV (net present value)
– NPVR (net present value
rate) = NPV / initial
investment = unit of
investment profitability
– Return on investment
(ROI)
– Internal rate of return
(IRR)
– Long-term loan rate
– Tax rate (VAT)
– Additional taxes
– Income taxes
– Depreciation period and
discount rate
– Insurance cost
– Payback period
– LCOE and average cost
of electricity
– Aptitude to respond to
peak load events (costs)
– Economic feasibility
– Economic sustainability
– Financial Performance
– Operational life
– Offsetting infrastructure
cost
– Site advantage (related
to i.e., DNI)
– Business continuity
(firm business)
– Product performance (or
configuration
performance, i.e., certain
PT configurations)
– Government incentives /
support
–
Economic
value
generated
–
Technology
competitiveness
– Commercial maturity
– Availability of funds
– Delivery time
– ECC lead time
– Land procurement
–
Availability
and
affordability of regional
infrastructure and services
– Technology transfer to
local firms (also sociopolitical aspect)
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Energy/electricity mix options assessment
– Electricity cost
– Fuel cost (national?)
– Trade balance (imports,
exports?)
– Competitiveness of
economy
(imports,
exports?)
SOCIAL INDICATORS

Main components
– Job creation and
employment in the supply
chain
– Impact on the local
economy
direct
and
through the supply chain
(value, jobs, ...)
– Salaries in the supply
chain
Energy project comparison/selection (total plant configuration)
– Job creation and
employment
– Impact on the local
economy
– Contribution to the
national economy
– Impact on human health
– Impact on life quality
– Competition for land use
(i.e., with agriculture)
– Social effects on food
security
– Public support
– Salaries
– Fatalities
–
Eliminating
social
inequality
– Energy security of
households (grid issue?)
– Compatibility with
political,
legislative
framework
– Shaping new energy
culture
– Social governance
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–
Stakeholder
participation
–
Improved
Service
Availability
– Capacity development
– Skill development and
knowledge
transfer
(particularly among the
youth)
–
Educational
qualifications
– Fair and equal labour
conditions
–
Regional
socioeconomic
and
infrastructure
development
– Provision of transparent
and
comprehensive
information
– Community engagement
and
participation
in
decision-making processes
– Preservation of land as a
culturally
important
resource
Energy/electricity mix options assessment
– Job creation and
employment
– Impact on the local and
national economy
Site selection for energy projects
– Impact on the local and
national economy
– Public support
–
Local
government
support
– Effect on progress of
surrounding region
–
Share
of
local
manufacturing of total
manufacturing
– Economic participation
of local SMEs and microSMEs
– Poverty alleviation,
income
generation,
healthcare and improved
standards of living in the
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region
– Regional prosperity and
added value
–
Preservation
of
subsistence
farming
activities
in
adjacent
villages
– Price stability of local
commodities
(for
stakeholders)
– Public interest in
renewable energy
– Local and regional
reputation
–
Preservation
of
community
atmosphere
and cultural identity
–
Inclusion
of
marginalised communities
and social groups
– Social peace and
community cohesion
– Improvement in living
conditions in adjacent
communities
– Maintaining sufficient
water supply in nearby
cities or for other use
(agriculture...)
Market aspects
– Market maturity
– Jobs / labour market
– Market size
– Fuel reserve years
–
Net
import
consumption

of

SOCIO-POLITICAL INDICATORS

Energy project comparison/selection (total plant configuration)
– Social and political
acceptance
– Compatibility with the
national energy policy and
benefits
–
Maintain
leading
position as energy supplier
– Government support
– Possible proliferation or
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misuse
National energy security/energy independency
–Energy/electricity
mix
options assessment
–Contribution to energy
independence
Site selection for energy projects
– Social and political
acceptance
– Roads and public safety
– Technology transfer to
local firms
ENVIRONMENTAL INDICATORS

Energy project comparison/selection (total plant configuration)
– Emissions, pollutants
(GHG emission, incl.
CO2, NOx, SO2, fine dust
emissions)
– Land use
– Water use
– Land transformation
–
Landscape
impact
(visual)
– Interference in the
landscape
– Area requirements
–
Biodiversity
and
ecological impact
– Noise and light pollution
– Air quality in the region
– Soil quality degradation
– Risk of contamination
– Risk of failure/accident
– The impact of local
economy and tourism
– The impact of local
residential life
– Human health impact
– Loss/increase of life
expectancy
– Transportation condition
– Acidification potential
– Archaeology heritage
– Use of chemicals and
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chemical disposal
– Need for waste disposal
–
Preservation
of
biodiversity in adjacent
communities
Energy/electricity mix options assessment
– Emissions, pollutants at
energy system level
– Safety of supply
– Nuclear waste (avoided)
– Contributions to the
fight
against
climate
change
RISK INDICATORS
(These are separately identified, although inherent to the aforementioned indicators)

Energy project comparison/selection
– Financing risks
– Accident mitigation
– Political risk
– Risk of plant or natural
disaster
– Country risk
– Change in energy policy
– Water supply risk
– Resource risk
– Proximity to power line
– Land price
– Technology availability
risk
Site selection for energy projects
– Social risk
– Political risk
– Risk of plant or natural
disaster
– Economic risk
– Environmental risk
– Time delay risk
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ANNEX 2. QUESTIONNAIRE

Invitation to participate in a survey of the MUSTEC project.
MUSTEC = Market Uptake of Solar Thermal Electricity through Cooperation.

This survey is carried out in the context of the MUSTEC project. The MUSTEC project, funded under
the European Union’s Horizon 2020 research and innovation program, aims to explore and propose
concrete solutions to overcome the various factors that hinder the deployment of CSP projects in
Southern Europe capable of supplying renewable electricity on demand to Central and Northern
European countries.
The aim of this survey is to identify your perception on the most relevant features that CSP projects
should have in order to be attractive to be used as part of the cooperation mechanisms of the RES
Directive (for both potential importer and exporter countries).
Please, fill in the questionnaire below and send it back to us (pablo.delrio@csic.es or
rd
christoph.kiefer@csic.es) before Thursday, May 23 .
Completion will take you not more than 10 minutes.
If you have any question or would like to discuss any aspect, please feel free to contact us at either
16
+34 9160225660 (Pablo del Río) or +34 916022657 (Christoph Kiefer).

Thank you very much for your cooperation.
Pablo del Río and Christoph Kiefer
CSIC

16

PRIVACY STATEMENT: All answers will be strictly confidential, in accordance with EU and Spanish data protection regulations,
and will only be published in aggregate. The results of this study will only be used for purposes of scientific research. They will not
be made accessible to any third party.
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BRIEF INTRODUCTION
The aim of this survey is to identify your perception on the most relevant features that a future
CSP project should have so that it would be attractive to be used as part of the cooperation
mechanisms of the RES Directive (for both potential exporter and importer countries).
When you answer the questions, please think about all relevant information. Also, within your
field of expertise, please think about CSP and European cooperation in broad terms, instead of a
unique case or example. We are interested to get a realistic picture of the field of CSP projects for
cooperation.
Two specific cooperation mechanisms are being considered (in a 2030 timeframe): article 8 and 9 of the
RES Directive:
 Under article 8 (Statistical transfers between Member States), renewable electricity which has been
produced in one Member State (MS) is virtually transferred to the RES statistics of another MS,
counting towards the national RES share of that MS.
 Under article 9 (Joint Projects between EU MS), an EU MS may finance a RES project jointly with
other MS, thus sharing the costs and benefits of the project and developed under framework
conditions jointly set by two or more MS (i.e., a specific new plant is identified and the output of
the plant is shared (statistically) between two cooperating MS). The involved Member States define
which share of the energy production counts towards which MS share of RES.

We are considering one specific potential exporter county (Spain) and one specific potential
importer country (Germany).
Finally, two different situations are considered: one without physical exports (only virtual transfers
through the articles 8 and 9 of the cooperation mechanisms) and another one with physical
transfers between countries (export of electricity in addition to the use of articles 8 and 9
cooperation mechanisms).
As part of the MUSTEC project, the following features of CSP projects have been considered
relevant because they may make these projects attractive to be used as part of the cooperation
mechanisms (by either the importing or the exporting country): technical, cost, dispatchability (in
relation to off-taker needs), environmental impacts and socio-economic impacts. Please, find
below a short description of these variables.

Variables
Technical aspects of the project

Cost of the project

Description
They cover the technical configuration of the CSP plant, including
capacity (MW), load factor, generation capacity (GWh/yr) and also
technological maturity of the main components and innovativeness of
the plant
They cover costs including investment cost (CAPEX), O&M cost (OPEX)
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Dispatchability capacity of the project
Low environmental impacts in Spain
High socio-economic benefits in Spain
or Germany (job and industry
creation)

and Levelized Cost of Electricity (LCOE)
Storage hours
They cover field size, water use and visual impact/max. height of the
plant (for solar tower)
They cover job creation, including direct long-term employment, local
employment, high vs. low skill employment, as well as local
manufacturing of components
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QUESTIONNAIRE
Please indicate the main features that a future CSP project should have so that it would be
attractive for potential importer and exporter countries to be used as part of the cooperation
mechanisms of the RES Directive (articles 8 and 9) in two different situations (physical electricity
transfers and only virtual transfers).

SITUATION 1: TRANFERS OF ELECTRICITY BETWEEN SPAIN AND GERMANY ARE NOT POSSIBLE BECAUSE OF
LACK OF SUFFICIENT INTERCONNECTION CAPACITY. THEREFORE, ONLY THE VIRTUAL TRANSFERS OF ARTICLES
8 AND 9 OF THE DIRECTIVE ARE POSSIBLE.
In this context, what features of a future CSP project would be more relevant for Spain as an exporter country?
In other words, which characteristics should a future CSP project have so that it would be attractive for Spain as
part of the cooperation mechanisms (articles 8 and 9). Please, put an X on the appropriate cell (5=most relevant,
4= somehow relevant; 3= neither relevant nor irrelevant; 2=somehow irrelevant; 1=very irrelevant). Please also
shortly explain the reasoning for your score.
PROJECT FEATURES

RELEVANCE
Please, indicate your score
5
4
3
2
1

Please, explain your score

Technical aspects of the project
Cost of the project
Dispatchability capacity of the project
Low environmental impacts in Spain
High socio-economic benefits in Spain
(job and industry creation)

In this context, what features of a future CSP project would be more relevant for Germany as an importing
country? In other words, which characteristics should the CSP project have so that it would be attractive for
Germany as part of the cooperation mechanisms (articles 8 and 9). Please, put an X on the appropriate cell
(5=most relevant, 4= somehow relevant; 3= neither relevant nor irrelevant; 2=somehow irrelevant; 1=very
irrelevant). Please also shortly explain the reasoning for your score.
PROJECT FEATURES

RELEVANCE
Please, indicate your score
5
4
3
2
1

Please, explain your score

Technical aspects of the project
Cost of the project
Dispatchability capacity of the project
Low environmental impacts in Spain
High socio-economic benefits in Spain
(job and industry creation)
High socio-economic benefits in
Germany (job and industry creation)
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Is there any other aspect (CSP project feature) missing from the above lists? If yes, which one? _______________
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SITUATION 2: PHYSICAL TRANFERS OF ELECTRICITY BETWEEN SPAIN AND GERMANY, IN ADDITION TO THE
VIRTUAL TRANSFERS OF ARTICLES 8 AND 9 OF THE DIRECTIVE, ARE POSSIBLE.
In this context, what features of a future CSP project would be more relevant for Spain as an exporter country?
In other words, which characteristics should a future CSP project have so that it would be attractive for Spain as
part of the cooperation mechanisms (articles 8 and 9). Please, put an X on the appropriate cell (5=most relevant,
4= somehow relevant; 3= neither relevant nor irrelevant; 2=somehow irrelevant; 1=very irrelevant). Please also
shortly explain the reasoning for your score.
PROJECT FEATURES

RELEVANCE
Please, indicate your score
5
4
3
2
1

Please, explain your score

Technical aspects of the project
Cost of the project
Dispatchability capacity of the project
Low environmental impacts in Spain
High socio-economic benefits in Spain
(job and industry creation)

In this context, what features of a future CSP project would be more relevant for Germany as an importing
country? In other words, which characteristics should a future CSP project have so that it would be attractive for
Germany as part of the cooperation mechanisms (articles 8 and 9). Please, put an X on the appropriate cell
(5=most relevant, 4= somehow relevant; 3= neither relevant nor irrelevant; 2=somehow irrelevant; 1=very
irrelevant). Please also shortly explain the reasoning for your score.
PROJECT FEATURES

RELEVANCE
Please, indicate your score
5
4
3
2
1

Please, explain your score

Technical aspects of the project
Cost of the project
Dispatchability capacity of the project
Low environmental impacts in Spain
High socio-economic benefits in Spain
(job and industry creation)
High socio-economic benefits in
Germany (job and industry creation)

Is there any other aspect (CSP project feature) missing from the above lists? If yes, which one? _______________
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EXPERT SELF-ASSESSMENT
Please indicate how familiarized you are with CSP technology and with the Cooperation Mechanisms of the RES
Directive. Please, put an X on the appropriate cell (10=top expertise; 8=high expertise; 5=average expertise;
2=low expertise; 0=no expertise).
ASPECT
10

9

EXPERTISE
Please, indicate your score
8
7
6
5
4
3
2

1

0

Comment
(optional)

CSP technology
Cooperation mechanisms of
the
Renewable
Energy
Directive.
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WHO WE ARE
The MUSTEC consortium consists of nine renowned institutions from six European countries and
includes many of the most prolific researchers in the European energy policy community, with
very long track records of research in European and nationally funded energy policy research
projects. The project is coordinated by Centro de Investigaciones Energeticas, Medioambientales y
Tecnologicas-CIEMAT.

Name
Centro de Investigaciones Energeticas,
Medioambientales y Tecnologicas –
CIEMAT

Country

Logo

ES

University of Piraeus Research Center –
UPRC

GR

Eidgenössische Technische Hochschule
Zürich - ETH Zürich

CH

Technische Universität Wien - TU WIEN

AT

European Solar Thermal Electricity
Association – ESTELA

BE

COBRA Instalaciones y Servicios S.A –
COBRA

ES

Fraunhofer-Gesellschaft zur Förderung
der angewandten Forschung e.V. –
Fraunhofer

DE

Agencia Estatal Consejo Superior de
Investigaciones Cientificas - CSIC

ES

Fundacion Real Instituto Elcano de
Estudios Internacionales y Estrategicos –
ELCANO

ES
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LEGAL NOTICE
The sole responsibility for the content of this publication lies with the authors. It does not
necessarily reflect the opinion of the European Union. Neither the INEA nor the European
Commission is responsible for any use that may be made of the information contained therein.
All rights reserved; no part of this publication may be translated, reproduced, stored in a retrieval
system, or transmitted in any form or by any means, electronic, mechanical, photocopying, recording or otherwise, without the written permission of the publisher.
Many of the designations used by manufacturers and sellers to distinguish their products are
claimed as trademarks. The quotation of those designations in whatever way does not imply the
conclusion that the use of those designations is legal without the content of the owner of the
trademark.
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