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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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1. INTRODUCTION 

 

1.1 Objective 

 

The objective of this deliverable is to summarise the work performed during the development of 

the task 5.1 “Selection of representative and strategic STE projects potentially suitable for 

cooperation”. 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 STE (Solar 

Thermal Electricity) in Europe.  

In addition, corresponding contextual industry and market information is provided together with 

further considerations about the potential development of the stated options related to the 

current framework for procurement of manageable RES power in Europe and other contingencies 

derived from the market experience of ESTELA industrial members.  

The intended reach of this work is therefore to set out a comprehensive set of STE 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; doing so, this should lead to a relaunch of 

the European STE “home market” and make use of the cooperation mechanisms provided by 

European legislation, making possible to sell electricity e.g. from a southern to northern country.  

Besides the best available market knowledge and experience of the industry members of ESTELA, 

the regular consultations with relevant stakeholders, this work stems also from an analytical 

process (described further on) based on desk research. 

However, this deliverable cannot (and 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 (starting by an assessment of pros and cons in the subsequent 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.  
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Some of the reasons for this are (and as it will be elaborated further in section 6) that these final 

configurations will only be clearly defined by the developer(s)/promoter(s) at the moment that 

they respond to a specific call (auction or tender), based on stated requirements expressed by an 

interested party (off-taker) and that project developments are often built not necessarily following 

only techno-economic optimisations, but depending on other factors such as political, social, 

environmental, financial and commercial, among others. 

 

1.2 Structure of the report 

 

This report is structured in 7 chapters. The first chapter provides a general background on the 

objectives, reach, context and the methodology of the work presented.  

Next, Chapters 2 and 3 present contextual aspects of the market situation, in addition to the 

framework conditions that are required (and have also been addressed at various lobbying levels 

by ESTELA) to support or foster the re-launch of a European home market of STE and thus easing 

the development of any new STE project in Europe, including those based on cooperation 

schemes. 

Following, Chapter 4 & 5 present, respectively, the considerations made for developing the task 

(e.g. defining the criteria and variables that would lead to the identification of a set of 

representative projects) and the projects that were selected as good examples of representative 

typologies which could be potentially used as base for future business cases, together with a 

review of them.  

Lastly, Chapter 6 includes comments to the results presented in Chapters 4 & 5, and Chapter 7 

concludes the report by providing final recommendations and things to consider for the parties 

involved in the downstream work of the project. 

 

1.3 Context of the work  

 

Task 5.1 was carried out by ESTELA as task leader, from Month 4 until Month 12, after preparing 

its initial approach to the work (in Months 1 & 2), described in the final version of the Project 

Handbook. 

Deliverable 5.1 is the product of the work carried out in the task 5.1 and it is due by Month 12 of 

the project (September 30th, 2018). 
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For this work, the ESTELA Secretariat was supported by its leading office holders (President), its 

industrial members (including project partner Cobra), Work Package 5 leader (CSIC), and the 

Project Coordination (Natalia Caldés - CIEMAT), as well as some other partners such as CIEMAT-

PSA.  

Links from and to other tasks 

 

a) Expected inputs from other tasks  

 

There is not a straight flow of inputs and outputs from and to the related task. However, this 

task will benefit from the knowledge developed within the WP4 by the responsible entities, 

which constitutes a set of precise analyses of drivers and barriers, cost and cooperation 

mechanisms in STE which lead to a set of lessons learned during the initial deployment phase 

of the technology (roughly between 2005 and 2015). These are: 

 

 D 4.1 An analysis of the barriers to the use of the cooperation mechanisms - M8, 

CIEMAT-UASE 

 D 4.2 Analysis of the cost and performance development of the global and European 

CSP fleet - M8, ETH 

 D 4.3 Analysis of the drivers and barriers to the market uptake of CSP in the EU - 

M10, CSIC 

 

b) Expected outputs for other tasks 

 

Once a selection of representative and strategic STE projects has been identified, the final step 

developed in 5.3 will be the actual evaluation of the selected projects according to the 

assessment variables identified in 5.2. This last task will result in the identification of pros and 

cons of different alternative STE projects with the view of future cross-border STE electricity 

projects in Europe. 

 

As to the role that WP5 plays in the whole project, it is important to note that, contrary to 

WP4, which aims at, based on the past experience, identifying drivers and barriers for cross-

border STE electricity projects in Europe - from both the historical evidence from STE industry 

development and cooperation experiences in Europe -, WP5 focuses on the current situation 

(existing projects) with an eye to assess the future opportunities for STE in Europe. 

 

Despite the different time focus, both WP4 and WP5 are interlinked. For example, the lessons 

learned from past STE industry development and challenges (task 4.2) will be taken into 
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consideration to identify the key configuration variables in task 5.1. Similarly, the work 

developed in task 4.1 aimed at assessing both the drivers and barriers to past renewable 

energy cooperation attempts in Europe will be considered to identify those factors that are 

likely to determine off-taker interests in STE projects.  

 

Similarly, the results from WP5 in combination with the findings from WP6 - which aims at 

assessing the existing policy and market conditions - will be considered in the subsequent WPs 

which focus on assessing the future opportunities for cross-border STE electricity trade in 

Europe. For example, the data gathered and results from WP5 and WP6 will be considered in 

WP7 when conducting the prospective techno-economic assessment of STE plants. Similarly, 

the STE techno-economic data gathered in WP5 will be used in the quantitative assessment (in 

the energy systems as well as in the energy policy modelling exercises) that will be conducted 

in WP8. Also, the identified suitable projects for cooperation in WP5 will be analysed in detail 

from an environmental and socio-economic sustainability point of view in WP9. Finally, the 

findings from WP5 will equally be considered in WP10 when drafting the synthesis and final 

recommendations. 

 

 
Figure 1. MUSTEC project structure 
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1.4 Methodological approach 

 

In this section, the methodological approach followed is described and aspects of the major 

components of the deliverable are explained, including what was done, how and with what aim. 

As described in the Internal Project Handbook, this task was developed in two main stages: 

1. Identification stage. During this stage, the configuration of variables or parameters, 

(together with some proposed values) used to describe/ define the “representative” 

projects were defined. Later, these values were refined as a product of deeper analysis. 

The initial proposal for these values is shown below in table 1:  

 

Table 1. Initial configuration variables 

Location for 

generating 

countries (expected 

mean DNI 

[kWh/m2/year]) 

Generation 

capacity [MW] 

Type of 

technology 

used 

Storage 

capacity 

[hours] 

Hybridization 

Options 

Countries for 

potential 

collaboration/up-

takers 

 Sites with a DNI of 

at least 2050 

 In Spain, Portugal, 

Italy, Greece, 

Cyprus and 

Morocco 

 50 (island 

systems) 

 100 to 200 

(continental 

systems) 

 Central 

Receiver 

(Tower) 

 Parabolic 

trough 

 8 to 15  Standalone with 

storage 

 Fuel-based 

back-up (e.g. 

Gas turbine) 

 PV 

 Local 

Consumption 

 Netherlands, 

Denmark, 

Germany, 

France, 

Luxemburg or 

Belgium 

 

In addition, supplementary preparatory work was done, including a revision of internal 

work documents as reference, a revision of the project documents, organising the 

workgroup, identifying relevant stakeholders to consult and the best way to do it, as well 

as a breakdown of the activities that would be required for stage two.   

  

2. Selection stage. This stage incorporates the internal expertise of the association, which 

means information and views collected from the industrial members and the national 

associations within ESTELA, from related task leaders as well as the from information 

provided by the WP4 deliverables. All this led to the most suitable combinations or sets of 

projects, with the highest feasibility expectation. 

 

It is important to mention that, in order to perform a final selection of the potentially 

representative projects, it is necessary to take into consideration not only geographic and 
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technical aspects, but also the political, financial and regulatory framework, including 

aspects such as: 

 

a. The interest/readiness by Member States and all relevant market actors to analyse 

their upcoming needs for manageable energy and how offers of CO2-free 

dispatchable energy on demand could be remunerated.  

b. The kind of innovative blends of funding resources in Europe that would be 

required for all potentially involved financial institutions and national authorities 

to consider the business cases as viable.  

c. The existence or not of specific national legislation (e.g. EEG in Germany with an 

opening of support schemes up to 5% of the new RES capacity to be installed in 

Germany each year from other Member States) or possible political initiatives to 

promote such a market in Europe.   

 

These aspects were taken into consideration during the evaluation by ESTELA as part of its 

experience and work agenda, adding value to the evaluation criteria that will be later 

developed in task 5.3. 

 

Additionally, during stage two, the main activities carried out were: 

 

1. Clarifying the boundary conditions of the task. 

 

The objective of this activity was to make the necessary considerations that would 

be needed for developing the task, among which the most important were: the 

definition of the meaning of “representative STE cases”, how the concept would 

be used/put in practice throughout the development of the task and the criteria 

under which they would be defined. This activity is described in detail as part of 

the considerations in Chapter 4. 

 

The main outcome of this activity was to establish that these criteria would be 

related to two sub-sets of factors, one related to how do the plants respond to the 

off-taker energy needs (through specific operational profiles), and another related 

to configuration variables that define the attributes of the plant, including the 

operational profile. These needs are also defined within this activity. 

 

This was achieved by taking into consideration the best available knowledge from 

the industry (adapting it to what was considered to yield results for the project 
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that are the closest to market reality) and by exchanging views with the project 

coordination. 

 

2. Definition of a set of operational profiles that match the criteria 

 

After laying out the identified needs, the concept of operational profile is defined 

and a list of the most representative operational profiles which can respond to 

these needs is presented and briefly explained. This work is also presented in 

Chapter 4. 

 

This was done by revising and summarizing content developed by ESTELA and its 

partners (such as presentations prepared for briefing stakeholders about the 

technology, including those such as international delegations of visitors by the 

World Bank), relevant literature and the feedback obtained from consulting with 

relevant stakeholders of the sector. 

 

The aim of this activity is to provide a basic common ground for understanding the 

different options of operational units that today are representative (due to the 

fact that their operation fulfils off-taker needs) and that will be necessary to 

consider for fostering market uptake opportunities.  

 

3. Identification and analysis of projects which exemplify the defined operational 

profiles 

Taking into consideration the different types of operational profiles described in 

the previous activity, a set of examples that demonstrate the operation or 

conceptualization of these typologies is provided. The aim of presenting specific 

cases is to demonstrate how those power plants can fulfil different types of 

requirements by the off-taker, to mention their main characteristics and to explain  

how they can serve as the basis or reference for a future project development.  

The plants/concepts are presented with general information, highlighting their 

technical configuration and operational profile, and whenever possible, their 

respective performance is analysed so to extract valuable insights that can help 

draw recommendations. 

This was done by identifying and selecting, based on the experience of the 

working group from ESTELA and its members, as well as with the help of the 

project partners, power plants or projects that operate (or will operate) under 
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these specific conditions and for which relevant information could be obtained 

(considering that most of the operational information is not public, but that could 

be to some extent shared by the industry). Additional information was also 

obtained from publicly available databases (such as those from the National 

Renewable Energy Laboratory in the USA and CSP.guru) and presented in this 

section (Chapter 5).  

These plants are compared according to the criteria identified in the first activity, 

and then commented in section 6. 

4. Elaboration of final comments 

Taking into consideration all the information obtained and developed in the 

previous activities, final remarks and suggestions were done, as well as a 

presentation of the final recommendation from the industry.  
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Figure 2 below summarises the approach previously described. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

The methodology for acquiring the information that was used to perform the afore mentioned 

activities consisted on a combination of desk research on internal and external databases of 

existing projects, available public information and specialised industry reports, and consultation 

with experts through focus groups or semi-structured interviews (face-to-face meeting or via 

electronic means). 

 

 Using the best available knowledge from 

the industry, supported by exchanging 

views with the project coordination and 

other partners 

 Establish a consistent framework for the 

work 

 Revising and summarizing content 
developed by ESTELA and its partners, 
literature and stakeholder consultations 

 Establish common ground on the options 
that today are representative and that 
will be necessary for market uptake 
 

  

 Definition of the meaning of 
“representative STE cases” 

 How the concept would be used 
throughout the task 

 Criteria under which they would be defined 

Activity 4. Elaboration of final comments 

 

Activity 1. Clarifying the boundary conditions of the task 

 Concept of operational profile 

 List of the most representative operational 
profiles 

 Examples that demonstrate the operation 
or conceptualization of these typologies 

Activity 2. Definition of a set of operational profiles that match the criteria 

 

Activity 3. Identification and analysis of projects which exemplify the defined 

operational profiles 

 

Figure 2.  Summary of methodology 

 Final remarks and recommendation from the industry.  

 

 Demonstrate how those power plants can 
fulfill different types of requirements by off-
taker, main characteristics and how can 
they serve as basis for future developments 

What 

 

How / Why 

 

What 

 

How / Why 

 

What 

 

How / Why 
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Furthermore, ESTELA in its legal form of non-profit association represents the voice of its industry 

and research-oriented members as well as of several national associations. Their input (be it 

industry insights, regulatory, legal, aspects) is duly integrated into daily work of the association 

with special attention to the constraints of confidentiality and competition rules to which its 

members are exposed.  

 

Nevertheless, ESTELA adapted its contact, research and analysis methodology as required 

throughout the development of the task and drew from its own internal experience to determine 

the most convenient assessment framework to use depending on the response obtained from the 

interviewees and other external factors. A such, ESTELA adapted the workplan as needed so to 

obtain the best possible quality of information, analysis performed, and work product developed 

and integrated into the project.                              

 

2. CONSIDERATIONS ON THE CURRENT MARKET SITUATION IN 

EUROPE AND BEYOND 

 

Having in mind that: 

 

 The declared political priority for Europe is to get back to growth and jobs for Europeans. In 

the narrow context of energy policy, the European Commission declared that EU should 

become “Nr. 1 in renewables” by 2030; 

 Growth can be achieved to a large extent as “green growth”, based on a new, integrated 

energy supply model designed around the most efficient combination of renewable sources to 

ensure reliability and cost-efficiency of a system, in which a centralized bulk energy supply to 

energy intensive industries will coexist with decentralized generation serving mostly local 

demand and “circular” or “participative” economy sectors;  

 The energy transition towards renewables is an irreversible process, even if the pace of this 

transition will vary from country to country. It might of course also be accelerated or delayed 

by price swings on raw materials and fossil fuels; 

 the European power system as a highly meshed transmission grid connecting synchronously all 

member states is today a physical entity (more than a single market) that offsets across 

borders any structural unbalance or any abrupt supply disruption in a given country, which is a 

clear advantage for integrating more RES in the system, even if some borders suffer still from 

a too low interconnection capacity (see section 3);  
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Solar Thermal Electricity (STE) is one of the few technology sectors where European companies 

hold technology leadership. This is due to a STE deployment program launched in Spain back in 

2004 that led to the construction of some 50 STE power plants in Spain. However, companies in 

several other EU countries – such as Germany, Italy, Denmark, France, etc. – participated in this 

STE deployment program from 2007 on as developers and suppliers. They represent today an 

industry sector with companies established in at least 9 EU countries holding technology and 

project references worldwide covering the entire STE value chain. 

Unfortunately, the active STE markets are to date outside Europe. 

While according to National Renewable Energy Action Plans (NREAPs) provided by EU member 

states under EU Directive 2009/28/EC, the STE installed capacity in the EU by 2020 should have 

reached 6765 MW (4800 in Spain, 600 in Italy, 540 in France, 500 in Portugal, 250 in Greece and 75 

in Cyprus), with some 20 TWh of output, the situation looks much different in 2018:  

 Spain is still the current STE market leader in installed capacity with 2,375 MW. Most STE 

projects in Spain use parabolic trough technology, but also projects exist using solar tower 

technology (one with molten salts and two with steam), Linear Fresnel reflectors (two 

projects with a combined capacity of 31 MW) and a 22 MW hybrid parabolic trough plant 

with biomass hybridization.  

 Italy: since the completion of a 5 MW parabolic trough pilot plant in Sicily in 2010, no new 

plants were constructed. ANEST, the Italian Association of STE, confirms 17 projects are 

currently in the promotion stage, for a total installed capacity of about 360 MW – 190 MW 

in Sicily, 120 MW in Sardinia and 50 MW in the Basilicata region. The announced plants 

cover all the STE technologies and should have come online by 2017. Of the 17 projects, six 

of the large plants and two of the medium plants were proposed on the mainland. The 

remaining nine projects are smaller than 5 MW and based on Linear Fresnel technologies 

for both electricity production and heat applications. 

 France: Just one STE power plant exists located in Llo in the French Pyrenees with 9 MW 

Fresnel reflector technology. The plant was constructed in 2017.  

 Cyprus: There is one project in under construction with funding from the New Entrants’ 

Reserve (NER 3001) initiative, named the EOS project. This 25 MW facility consists of an 

array of small towers along with innovative graphite storage system. 

                                                      
1 NER 300 is one of the world's largest funding programmes for innovative low-carbon energy demonstration projects. The 

programme is conceived as a catalyst for the demonstration of environmentally safe carbon capture and storage (CCS) and 
innovative renewable energy (RES) technologies on a commercial scale within the European Union. 
https://ec.europa.eu/clima/policies/lowcarbon/ner300_en 
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 Greece: two projects were approved under the NER 300 initiative – MINUS tower in Crete 

and MAXIMUS dish in mainland. It’s unclear whether any of these projects will come to 

implementation given the current political and economic situation.  

 The main reasons for this stop in investments in STE in Europe are:  

 The retroactive changes of the legal framework on renewables in Spain that hit especially 

the STE sector in 2011 and 2013 occurred in the aftermath of the global financial crisis.  

 At the same time, the massive deployment of photovoltaics (PV) especially in Germany was 

a result of the take-over by China’s economy of the entire PV panel production which made 

PV costs (that were substantially higher than STE in 2008) dropping to more than half of 

the STE costs around 2010 by the sole effect of mass production.  

 PV installations became over the last years more ‘attractive’ than STE since no investor 

needed in this period to take into consideration the system value (balancing responsibility) 

of such investment for the whole power system.  

 The motivation for investment decision was essentially to reap the then-existing “feed-in-

tariffs” that led to shorter amortization times and at the same time to substitute local fossil 

generation capacity.  

 Countries – even Northern European countries with very poor solar resources – went on 

adding intermittent generation to the power system, leaving to transmission system 

operators the task to balance at both national and European level the system after sunset 

or in case of sudden variations of intermittent generation.  

 During this period 2000-2010, the grid integration of more and more intermittent 

generation appeared to policy-makers to be still ‘manageable’ in Europe since benefitting 

directly from the highly meshed interconnected European grid and the existing 

overcapacities. However, manageability challenges (so called loop flows and congestion 

management tasks) used to be “exported” to neighbouring systems.   

 Since around 2015, general awareness was achieved about the fact that the further 

deployment of RES technologies would turn to be essentially dependent on the technology 

choices for solving the storage challenges and maintain reliability of the European system. 

The concept of “system value” contrasting to the LCOE approach was established. 

 Nevertheless, most (Western) European countries as well as EU institutions de facto were 

receptive to the gas industry and automotive lobbying efforts and obviously endorsed2 as 

“post-2030 scenario” the vision of a European system built around wind, PV with the 

necessary storage capacities provided by batteries and gas (natural gas or so-called Power-

                                                      
2 Flexible RES are not even mentioned in the proposals and current discussion about the future Market 

Design Regulation; they are also not mentioned in the current preparation of the System Adequacy 
scenarios proposed in common by ENTSO-E and ENTSO-G.  
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to-Gas approach); in some East-European countries, a revival of coal and nuclear for 

Central European countries is promoted instead. 

The above has severe consequences: 

 The European mainly cost-based (LCOE) approach led to ignore the fact that STE with only 

5 GW installed worldwide STE became in 2017 for large projects in countries with good 

solar resources (but still comparable to Southern Spain) competitive against other 

alternatives for producing manageable power. Specifically, STE successfully competes 

against combined cycles and in fact, as it has been proven by the DEWA project in Dubai 

and turned to be slightly cheaper for dispatchable night time base load as well as 

throughout the day.   

 

 All these developments were not even mentioned in the discussions about the  “New Clean 

Energy Package”. In this package (specially the RES and Market Design directives) build on 

the assumption that besides wind and PV, gas power plants and battery-based solutions 

will necessarily achieve at “best cost” the political goal of decarbonizing the EU power 

system by 2050. This means implicitly that Europe would again accept to drop an industry 

sector to non-EU actors where it holds technology leadership with a moderate impact on 

employment compared to deterioration of the activity level in the gas and automotive 

sectors.   

 

 Smarter approaches exist. Several non-EU countries (Morocco, China, South Africa, UAE, 

etc.) that need to create new capacities and ensure at the same time the reliability of the 

system (without the acquired temporary benefits of the highly meshed interconnection in 

Europe) came to a different understanding of the faced challenges over time and provided 

a clear framework for a progressive energy transition at least cost not only for the power 

system, but encompassing macroeconomic benefits (i.e. industry texture, job creation, 

health impacts, etc.), encompassing both the need for new capacity and for the 

replacement of old conventional power plants that will be needed over the next few years 

– also in Europe. 

 

 These countries demonstrate that STE large projects have a longer timespan from decision 

to operation and until effects on the power and on the intrinsic technology cost reduction 

curve (effects of scale due to a deployment program) are measured. This means that 

longer-term planning is key. 

 

 Sustainability: The continued sole deployment of variable generation sources up to a level 

beyond some 30-40 % tables already today the issue of sustainability of the energy 
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transition itself. This means that the importance of choices regarding the “storage 

solutions” increases rapidly, under the pressure of system operators that are concerned by 

the reliability of the power system.  

 

 A continued unbalanced ratio in Europe between manageable and intermittent resources 

is set to trigger further negative effects. Among these: 

 

 Missed business/green growth opportunities: Variable generation pushes power at the 

same time into the power grids. This will happen soon without a corresponding 

demand, lead to more curtailments and therefore severely impact the rentability of 

any investment in renewables, because: 

o on the one hand, investing in variable generation without system value will 

soon no longer generate a return on investment and 

o on the other hand, abrupt energy price peaks for manageable energy will 

occur as soon as demand rebounds or when old conventional power plants 

must be replaced (since there will be not enough capacities for balancing 

the system) that will jeopardize the achievement of the European objective 

of decarbonisation of the power system by 2050 

 Deterioration of industrial knowhow and capacities: Non-EU competitors are 

dramatically stepping up technology and deployment efforts in their respective 

markets. While deprived from an own home market, EU companies will soon no longer 

be able to offer references on STE technology advantages when competing for STE 

projects worldwide.  

 Loss of excellency in STE related R&I activities due to the lack of “a home market”. i.e. 

the limited number of commercial sites where technology performance improvements 

can be validated ahead of achieving bankability in commercial projects.  

 

 Regarding Europe, the combined effects of the demand stagnation, the expected effects of 

energy efficiency targets, the agreed EU-wide 32%-target for RES by 2030, the substantial 

current overcapacities on the European power market as well as urgently needed adjustments 

in the market design (that are currently focused on single technologies instead of system 

needs) may soon put the whole energy transition at threat. The same market forces that have 

triggered the deployment of intermittent technologies up to the current system penetration 

levels by effects of scale will soon achieve a poor return on further RES investment – whatever 

the technology.  

There will be no more value for intermittent power injected in the same timeframes into 

saturated systems and no need for non-intermittent power to facilitate on a CO2-free basis 

the integration of more RES towards the objective of decarbonization. This scenario ends with 
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a system with approx. 30-40% of renewables that a still fossil-fuel based system can just 

manage, without incentive to go further. 

 

 A second scenario kicks in, in case system operators and the demand side would call for a new 

clean and cost-efficient balance between intermittent and non-intermittent generation 

sources. This will be the time where dispatchable generation will reach extreme price peaks 

due to delayed investments and the resulting scarcity of such generation; the energy model 

transition will come to a hold – possibly inverting the energy transition back into fossil fuels.  

 

 Only a third scenario provides a smooth and sustainable energy transition in Europe around 

non-intermittent generation technologies incorporating commercially proven bulk storage 

solutions. However, these capacities should be built now, so to be available in larger volumes 

and at much lower costs when needed. In this scenario gas may be to a certain extent further 

used to increase firmness of deliveries.  

 

 Last, but not least, competitors of EU industries – acting under fully different business 

conditions and in many cases under state-aid – are watching Europe policies and started 

preparing the battle for technology leadership in non-intermittent generation sources. They 

will no doubt take advantage of any hesitation or inconsistency in Europe affecting the ability 

of Member States to work more closely together for an efficient energy transition and the 

European technological leadership in RES technologies. 

 

 

3. FRAMEWORK CONDITIONS NECESSARY FOR THE DEVELOPMENT OF 

A NEW PROJECT (THE INDUSTRY’S PERSPECTIVE) 

In addition to the work developed in WP4 and presented in the deliverable D4.1 “Analysis of the 

barriers to the use of the cooperation mechanisms for renewable energy in the EU” and 

deliverables 4.2 “Analysis of the cost and performance development of the global and European 

CSP fleet” and 4.3 “Analysis of the drivers and barriers to the market uptake of CSP in the EU”, 

where numerous drivers and barriers were explored, this section intends to shed some light to a 

series of factors which also need to be take into consideration for the development of projects, 

regardless of the type of cooperation that triggers it. 

Obstacles and needs for a deployment of STE technology in EU and worldwide  

Among the heterogenous barriers or obstacles to a new deployment of STE in Europe the main 

ones faced by the sector can be wrapped up as follows: 
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Issue 1 : No “smart” auctions 

Obstacle:  

 If EU Member States stick to technology-specific auctions, STE will not be able to 

demonstrate its competitiveness in the European electricity market.  

 Therefore, its development in EU depends essentially on political initiatives and 

technology-specific auctions as done outside EU, aiming at the best technical 

solutions for a specific system need (e.g. the most recent DEWA project in UAE, 

requesting the “best offer for manageable CO2-free energy on demand, about 200 

GWh/y from 4 pm and 10 am whatever the combination between technologies is, as 

long as it is CO2 free, i.e. in line with the 100% decarbonisation goal for the power 

system (like PV+CSP. Wind + CSP, PV + batteries, Biomass, etc.)”.  

 Due to the absence of a wider European market and a better coordination between 

national R&D efforts, R&D remains insufficient to accelerate the ongoing cost 

reduction. 

Policy recommendation:  

 Development of long-term policy frameworks to foster and secure STE technology 

development investments. 

 Development of an integrated EU strategy, aligning both national and European 

initiatives about STE. 

 Introduction of dedicated system needs-focused auctions mechanism instead of 

technology focused auctions for the procurement of flexible RES generation; 

 Use of improved metrics in auctions, as LCOE+, i.d. €/MWh/on-grid availability 

factor  

Issue 2: Financial engineering / Risk-sharing mechanism 

Obstacle  

 Not the access to finance, but the conditions set by European financial institutions (e.g. 

compliance with initial performance of the plant) to European developers for their 

financing offers are no longer acceptable for private companies competing with state-aided 

non-European competitors.  

 Changes (retroactive) in the legal regulatory framework inducing a lack of confidence and 

costs for private investors  

 Absence of dedicated initiatives and incentives for solar thermal process heat for industrial 

applications. 
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Policy recommendation: 

 Definition of long-term political frameworks supported by regulatory schemes.  

 Dedicated EU-supported risk hedging fund or adjustment of conditions for European 

developers.  

 Use of cross-border cooperation mechanisms: Member State should achieve balanced 

agreements regarding financial, infrastructure and operational for implementing projects 

taking advantage of the solar resource in the Southern European countries, that would 

reduce energy dependence on natural gas and create strong business opportunities around 

the deployment of European STE technology around the world. 

 Support to inter-regional initiatives such as S3P that would bridge the interests of various 

European regions that could participate in the deployment of STE generation and share the 

respective benefits (energy provided, business for companies involved, job creation, etc.) 

both. 

 

Issue 3: Interconnexion capacities  

Obstacle: 

 Even if the interconnection capacity between the Iberian Peninsula and the rest of Europe 

does not reach the 15% threshold, it  doesn’t appear to be the primary obstacle to the 

initial relaunch of the sector (since the flows between Iberia and France are mostly into 

Spain, STE exports from Spain would in fact release net capacity on the interconnectors). 

Policy recommendation: 

 Further increase the interconnection connection between Europe and the rest of Europe as 

well and North Africa to facilitate the use of the resources available in these regions.  

 Establishment of a pan-Mediterranean grid infrastructure. The north African potential 

could meet several times the electricity demand of Europe, Middle East and North Africa. 

Issue 4: Standardisation 

Obstacle: 

 Due to the STE deployment stop in Europe, standards could not be further developed and 

are not binding, which prevents mass production of components. 

Need: 

 Development of standards in Europe is already underway within the framework of the 

Spanish AEN/CTN 206 standardisation groups and this standardisation activity should be 

supported as a priority. 
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4. CONSIDERATIONS AND CRITERIA USED FOR SELECTING PROJECTS 

4.1 Considerations 

Defining representative projects 

In order to reach the Task’s objective (Task 5.1, “Selection of representative and strategic STE 

projects potentially suitable for cooperation”), which pursues “the identification of different 

types of STE projects (typologies), that could be deployed at commercial scale, among others, to 

fit under the cooperation mechanisms” (and which was described in detail in section 1), the first 

step that was taken was defining how the feature “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 analysed and used as a base for the proposal of potential 

business cases.  

In fact, one of the ways to approach this “representativeness” is to compute statistical 

representativeness, where based on a database of STE power plants, different characteristics 

are observed (e.g. the most used type of technology and/or technological configuration 

variables, types of financing mixes used, locations and associated solar resource considered, 

power capacity size, energy production, etc.) and identified as “most common” or 

“representative” regarding aspects of interest or selected criteria.  

However, the problem with this type of representativeness is that it would not allow to draw 

any conclusion about: 

 today’s bankability of a project (only possible conclusions on the historical rationale for 

these projects are possible, but useless for the bankability question) 

 even less about the probability of a “business case”, understood as balanced or “win-win” 

undertaking between partners 

 much less regarding the potential use of cooperation mechanisms 

 

The reason for this is that so far, no plant has been ever built under this scheme (i.e. the 

replication of statistical representativeness). Moreover, an interesting result from such a 

statistical approach is to observe that the most constructed plant type in the whole 

development of the sector (i.e. in Spain from 2000 to 2010) was a parabolic trough type 

configuration, without storage (<1 h) and a capacity of max. 50 MW; a type of plant which is 

not anymore bankable nor constructed anywhere in the world, since the improved storage 

capacity has increased the value of STE and allowed to decrease its marginal cost by allowing a 
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higher capacity factor and different operational profiles (besides other advancements in the 

technology and financing aspects). Although other more recent plants which were built with 

storage (7.5 h) in Spain (such as Andasol, Extresol, Manchasol or La Dehesa, the first three 

built by cobra and the other one by Renovables SAMCA) did advance in the right “commercial 

pathway” (based on what today is most valuable in the market), taking them as representative 

would not yield very useful results because they are very similar. 

In addition, through following discussions among the work group established within ESTELA 

(Task 5.1 leader) and with the rest of the Work Package partners, the industry’s representation 

considers that: 

 A new STE power plant today, will only be built in Europe if a series of 

boundary/framework conditions would be met (e.g. political, financial, social, etc., such 

as those found within the results of WP4 and those described in more detail in section 

3)  

 Provided these conditions are in place, the investment will only be justified if the power 

plant is indeed a “best technological response to the needs of an off-taker”, that does 

not engage in a predatory competition with main strategic interests or directions taken 

by the country(-ies) that could go for a STE project; 

 Instead, STE projects may be successful if they add value complementary to main 

stream energy strategies. 

 In the current market and industry situation, the answer to these needs will come in 

the form of providing a specific type of operation (and configuration) of the plant that 

would provide energy (and/or reserved capacity) in a very specific way, according to 

the off-taker requirements.  

Taking all of this into account, it was considered that another way to define the 

“representativeness” of the projects, that could lead to potential business cases, would be 

necessary and it would be fundamental that the underlying criteria take into consideration 

first the needs of the off-takers (i.e. in contrast to a historical, statistical representativeness, 

which does not).  

By identifying the reasons for constructing a plant, analysing the different operational profiles 

currently existing (i.e. the way in which plants operate, also defined by their technological set-

up and other “configuration variables”), and seeing how they match with the identified needs, 

it is possible in fact to elaborate a palette of options equivalent to a realistic “menu” of 

potential business cases. What is more, analysing examples of operating and in-construction 

plants that correspond to these profiles will further support these proposals by demonstrating 

the operational performance and possible adequacy of the intended configurations. 
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In this way, by analysing the best of what is today available and using it to propose solutions 

that could have a real opportunity in the future, this task was developed in line with the 

underlying concept of the project (i.e. past, present & future approach).  

The task workgroup and the work package leader consider that indeed this approach, which is 

derived from the experience of the Industry players and its representation, provides much 

higher value to the project than creating an extense list of optional configurations (e.g. through 

a matrix of all combinatory possibilities of initial parameters) that would be then eventually 

discarded through the analysis process. Also, it helps to use more efficiently human and 

computational resources by reducing the need to assess excess potential projects. In contrast, 

this approach is built up completely by considering more actual and focused needs. 

 

4.2 Criteria for the selection of projects 

 

As mentioned in the previous section, the starting point for the implementation of a project for a 

STE power plant in a southern European country, that would ideally sell its electricity to another 

central European country (within the framework of the Cooperation Mechanisms), would be the 

definition, by the country acting as importer, of the criteria that the project would have to meet. 

Implicitly, these specifications aim at generating extra added-value that fills the gap between 

the developer’s costs and the achievable prices for the off-taker reselling the energy to final 

users. 

Figure 3 below provides a graphical example about possible ways in which the cost gap -defined as 

the PPA of a solar project and the average electricity market pool price- could be reduced using 

different types of support schemes, so that the project becomes bankable. More specifically, two 

alternative (and possibly complementary) types of support schemes are presented: (i) the 

cooperation mechanisms and (ii) available EU financial instruments (Caldés/Díaz-Vazquez, 2018). 
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Figure 3. Filling the viability gap 

Another important aspect to remember is that, when we consider cooperation projects in energy 

(with or without the use of the Cooperation Mechanisms stated in the RE Directive 2009/28/EC 

and preserved in the recast of the directive, RED II), cooperation means essentially industrial 

cooperation about generating and selling bulk amounts of energy. Such industrial cooperation 

(especially across borders) implies that each partner in the deal (country, region) has identified in 

the proposed deal a business case, aligned with national (or regional) industrial policy. These 

business cases build on a balance in the cost-benefit analysis for the partners, in many cases 

integrating separate compensation businesses that – if known at all - can hardly be accounted 

for among the project selection criteria in the context of this study. 

Therefore (and as explained in the considerations in section 4.1), 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  

 

This is, to respond to the needs of the client. As established in the reasoning presented in 

the previous section, this is defined by the operational profile of the plant (i.e. how the 

plant should operate in order to provide what the off-taker needs) and it concerns the 

capacity of the plant for firmness, flexibility (these two factors defining a “manageability” 

feature), the schedule for dispatch and the “products” it can sell in the market (energy and 

or reserved capacity). Some types of operational profiles are: standalone (baseload), 
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peaker, full firmness (with hybrid configuration) and supplementary operation to PV, 

among others. These profiles are described in section 4.  

 

These so-called needs, which are conceptually different and could be addressed by STE 

solutions are for example: 

 

a) 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 of their system. 

 

b) Having a baseload operation as many hours as possible on sunny days as reaction to 

the planned shutdown/decommissioning of conventional power plants (linked for 

example to the planned and expected phase-out of coal in some EU countries). 

 

c) 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 and 

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 STE). 

 

d) Importing manageable (solar) renewable energy at the lowest possible cost, 

considering hybrid PV-STE 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. 

 

e) Ensuring the contribution of STE plants to power supply with absolute firmness in a 

certain number of hours per year, by hybridizing the solar-thermal power plant with 

natural gas (but demanding a majoritarian percentage of the solar contribution 

throughout the year). 

 

f) Fulfilling targets set under the RES Directive 2009 to Member States for renewables 

be it in national energy generation mix (2020 targets) or national contributions to 

the EU-wide 2030 target (32%) 

 

g) Additional considerations are the following: 

 A secondary criterion, complementary to criterion 1 is the need to achieve 
generation costs/unit as low as possible or at least comparable to those of 



 

 

 

30 | P a g e  
 

possible new combined-cycle plants in the period 2025-2030. This approach 
disregards however the issue of the industrial availability (either existing or 
rapidly available supply chain) of other technologies such as P2G or batteries 
for bulk energy amounts and their associated (extrapolated) full costs (CAPEX + 
O&M). This criterion implicitly assumes that the needs for manageable RES 
energy will not emerge before approximatively a decade (time assumedly 
needed to have P2G or batteries able to cover bulk storage needs), which might 
be a too strong assumption.   

 

 In addition, it could be a requirement that the energy production during the six 
months around the winter solstice is as balanced as possible with respect to the 
production in the six months around the summer solstice (this will depend on 
the configuration variables and will be explained in point number 2, below). 

 

These needs are framed within an (assumed) strong political commitment to move towards 

decarbonising the European energy sector (in accordance with EU targets) – which implies 

a sustainable solution to the storage needs for a 100% CO2 free power system, where 

manageable clean energy would be competitive and have a major role to play. 

As expected, even before considering the drivers that foster cooperation and the barriers 

that hinder the development of cooperation (as those explored in other tasks and 

described in Deliverable 4.1: “Analysis of influencing factor to the use of the cooperation 

mechanisms”), the motivation for building today a new power should be (much beyond 

LCOEs) the assumed expectation on global returns for the economy of the participating 

entities. 

In Europe, today (as expressed in section 2), these needs are either not “recognized” in 

most Member States (due to generation overcapacities and stranded investments), or the 

mechanisms for addressing these needs are not in place (such as the lack of adequate 

auctions). However, in other countries/regions, such as Morocco, UAE, and South Africa 

where CSP/STE has developed from 2012 till now, solving these needs has been a strong 

driver for the development of aggressive investment plans that have secured the future 

development of several hundreds of MW of installed capacity, also since there were no 

other competing strategic options to engage in energy transition. 

Therefore, the selection of plants to analyse 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 analysis of 

pros and cons of each case study and the conclusions that could be derived (as to the 

combination of features that could better meet these needs) will be done as part of tasks 

5.2 and 5.3 (and in following Work Packages as well). 
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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.  

For instance, two similar types of baseload power plants will behave differently if they are 

designed with a parabolic trough field or with a central receiver (choice depending, among 

other factors, on the latitude of the site). However, the key point here remains which load 

profile the off-taker requests. 

Also, it is possible to find pure STE plants, those that combine in the same site PV + STE 

generation (co-located, as a “commercial hybrid”, e.g. Atacama or Midelt) and those with 

technological hybridization in the power cycle. The key point remains the intention of the 

off-taker related to its global industry policy (as pure STE plants may be preferred in the 

case of a country that wants to develop basic engineering capabilities (steel, concrete, 

etc.), while hybrid solution may lead to the lowest overall prices for the energy generated. 

Moreover, as part of a techno-economic optimisation, it can also occur that the least costly 
options is preferred for providing a requested given output profile, even if it makes 
necessary that the off-taker trades in a small amount of stability of supply in exchange for a 
cheaper generation cost. 

This second criterion integrates different features of the plants that are also considered as 

sub-criteria:  

i. Size (generation capacity) 

 

It has been demonstrated that the impact on the generation costs due to the 

depreciation of the power block equipment (which is a very significant part of the 

CAPEX) as well as the O&M costs, decrease with the size of the plants. For this 

reason, and although it cannot be specified with scientific rigor/general numerical 

term, now the consensus among the project developers is to propose projects from 

100 MW upwards. 

 

Generation units of above 200 MW (whose costs would continue to reduce, although 

progressively to a lesser extent in the scale factor), are usually not addressed (at least 

in Europe) due to land availability or orographic terrain limitations, due to certain 

technical disadvantages with the handling of fluids or even due to a loss of 

performance in the solar collection (in the case of tower plants).  

 

Although plants with capacities of 100 MW or more have already been /or are being 

constructed, this constitutes a relatively recent market trend. As it was mentioned 
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previously, statistically, most of the power plants constructed globally have had 

capacities of about 50 MW (per unit), which is today no longer enough for building a 

profitable business case.  

 

Therefore, the experience of the industry based on current technological 

developments and industrial/commercial availability leads to retain between 100 

and 200 MW as most convenient (capacity) range for potential projects in Europe.  

Solar thermal power plants could also find niche applications with units of up to 50 

MW (i.e. in small island systems with limited or in existing interconnection capacity 

to mainland) where their manageability and contribution to primary reserve would 

be highly appreciated to guarantee the stability of the network. However, its use 

would serve local consumption purposes; they would not make sense as export 

projects under the Cooperation Mechanisms. The Canary Islands (Spain) subsystem is 

a good example of this, as 85% of the electrical supply comes from conventional, 

diesel-powered plants. When the time comes to substitute the current fossil units 

with RES solutions, these will have to be manageable due to the very limited 

interconnection capacity. The islands have appropriate solar and land resources that 

would allow STE to have a relevant role there, at least for the interconnected 

subsystem between the islands of Fuerteventura and Lanzarote.3 

ii. Type of technologies used and hybridization options  

 

a. Hybridization options 

 

Different technological possibilities can be considered when planning a hybrid 

plant, some of which will be directly dependent on the operational profile and 

some of which can be less restricted. For example, if full firmness needs to be 

achieved, thermal storage can be complemented with either a gas or a biomass 

turbine.  

 

b. Seasonal balance 

 

In the latitudes of the southern European countries that can accommodate solar-

thermal power plants, a substantial difference exists between the winter and 

                                                      
3 https://www.energias-renovables.com/entrevistas/a-las-centrales-termosolares-son-indispensables-para-

20180827 
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summer energy productions of the parabolic trough power plants and the tower 

power plants.  

 

Data from Spain shows a distribution of 23/77% (winter/summer distribution) for 

the parabolic trough plants, which could be considered insufficient in terms of 

capacity contribution for some countries. 

 

At the same time, the tower-receiver solar-thermal power plants with a semi-

circular layout in the north field have distributions of around 38/62%, while 

those with a central tower layout are around 30/70%. North-field power plants 

have performance advantages over circular field power plants up to a certain 

power level (around 50 MW). To reap the economic advantages of a single 

power block while maintaining a good seasonal distribution, north-field multi-

tower power plants with a single turbine and common storage system can be 

considered, depending on the needs of the off-taker. 

 

iii. Storage 

Depending of the type of operation required, the Thermal Energy Storage (TES) 

system can be designed in a range from 6 to 15 hours, for instance. Nevertheless, as 

the storage system is the key asset of STE projects, it is a fundamental part which will 

be included in any potential business case. 

iv. Complementary Criterion: Location 

A complementary criterion that we will apply, albeit in a general way, without further 

development at this stage, will be the selection of preferred locations for the construction 

of the power plants. This factor depends on different conditions, such as:  

 Direct Normal Irradiation (DNI). Sites with at least 2000 kWh / m2 / year of DNI, 

will be preferred, as this threshold allows for an adequate ratio between costs and 

returns from energy production, thus allowing a competitive price and a profitable 

investment. In Europe, the most adequate countries to build a plant would 

therefore be Spain, Portugal, Italy, Greece, Cyprus and Morocco. 

 

 Access to land/land-use permits. The access to the required size of land, which 

depending on the type of power plant, may vary from 200 to 400 hectares, can be 

more difficult in some countries than in others. For example, it might be easier to 

acquire more extensive land properties in Spain or Portugal, which belong to just 

one or two owners, than in other countries like Italy or Greece, where these lands 

might be fragmented in many plots or parcels owned by several owners requiring 
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more agreements and implying more logistical barriers. Also, due to governmental 

restrictions, it might not be feasible to obtain permits for building power plants in 

the desired area (e.g. big extensions of land reserved for agricultural use). 

 

 Access to the transport or distribution system network  

 

 Water use concessions (lack of) 

 

 Political will. This factor, which is crucial when considering cooperation between 

countries, is a very complex one, as the results of Work Package 4 began to show. 

Openness, trust and desire to collaborate with other countries (such as 

neighbouring countries, e.g. cooperation between Denmark and Germany) are 

fundamental (and sensitive) factors that are heavily needed and that can strongly 

vary according to ruling governments/administrations. Following tasks and work 

packages will take into consideration these factors and provide a more thorough 

recommendation about ideal locations for the cases presented in this report. 

 

 Other aspects such as lack/presence of administrative burdens from the 

municipality, social acceptance of the project from the community, etc. 

 

In addition to projects that would imply the use of the Cooperation Mechanisms, other 

projects based on bilateral contracts with PPA schemes could be developed under freely 

agreed conditions between the producer and the off-taker (e.g. large Central European 

utilities, large companies committed to environmental objectives, etc.), which would also 

respond to specific off-taker strategies. as the generation costs of solar thermal power 

plants decrease. Although they would not need the support of the recipient country to fill 

the gap, the rationale behind their needs and the criteria for their selection would be like 

those described above. 

Table 2 below summarizes the criteria considered, including some influencing factors and 

proposed values to consider for a potential business case. 
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Table 2. Summary of selection criteria 

Criteria Categorization Proposed Values 

i. Appropriateness to match 

an off-taker’s needs 

 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) 

6. Complementary dispatch 

to PV 

ii. Configuration variables 
 

  

a. Size/Power output 
(capacity) 

  Between 100 and 200 
MW 

b. Type of technologies 
used 

 Hybridization options 

 Seasonal balance 

 Gas (HySol4), Biomass 

 Central Receiver (Tower) 

 Parabolic trough 

c. Storage   8 to 15 hours 

iii. Complementary criteria   

a. Location  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 

 

 

 

                                                      
4
 Although the “Hysol concept” (which falls within the category of “Hybrid configuration” regarding the technology and which will 

be described in sections 4-5) is not yet implemented in any commercial plant, it has been included in the analysis because it brings 
relevant possibilities for matching an off-taker’s need when it comes to firmness and flexibility in the supply, relying on gas in 
accordance to some mid-term scenarios for energy transition that envision gas a bridge towards a fully decarbonised energy sector.   



 

 

 

36 | P a g e  
 

4.3 Description of operational profiles 

In accordance to what was described in the first part of this section, the different operational 

profiles mentioned before are described in more detail below: 

a) Standalone 

A standalone plant could be understood as a power plant that is not bound to any fixed 

operational regime (e.g. producing only in certain times of the day), but it can adjust its production 

according to preferences or market behaviour, so as to maximise the profit obtained from selling 

its energy or ensuring the required supply. A plant of this type might have a medium sized turbine 

and medium size (e.g. 50 – 100 MW, considering that today a 50 MW turbine would be rather 

small as it would not be economically optimal anymore) and a medium storage capacity (e.g. 8 

hours). 

b) Standalone with baseload profile 

A standalone power plant with a baseload profile represents a sub-category among standalone 

plants, where the plant is conceived to provide electricity during day and night, for as long as 

possible, with a rather low power output (i.e. intended to run continuously at an optimal or full 

load condition). 

A power plant of this type would have a large TES system (e.g. 15-hour storage) which could 

allow to operate around the clock (even for many days in a row) and a rather small turbine 

(which of course will depend on the expected load to cover). It will also have a large solar field for 

enhanced collection. 

Regardless of the large storage system, it may not be able to provide absolute firmness (or 

completely flexible dispatch) due to changing weather conditions between longer seasonal 

periods. 

c) Peaker (time of day premium tariff)  

A “peaker” STE plant is designed to supplement baseload generation when there’s a sudden, high 

spike in energy demand. It is operated for collecting energy during the day time and to produce 

energy for instance during the evening peak (e.g. 6 pm – 11 pm). 

Plants falling in this category would most likely be the South African ones, as they try to 

concentrate the production during the time of day with a high premium of 270% compared with 

the average price of the pool.  

Besides these South-African plants, there is no single plant in the world now operating exclusively 

under this criterion as the low number of operation hours would result in very high costs. The 

industry view is that unless remuneration conditions changed (that more schemes like the South 

African exist), there is no market future for this type of plant, especially in Europe. 
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d) Complementary dispatch to PV 

A power designed with this profile aims at operating during the hours where the variable 

renewables generation (in this case solar PV) stops therefore looking to achieve as much as 100% 

demand coverage with solar energy in most days of the year. The power plants do not necessarily 

need to be co-located nor belong to the same developer/owner/operator, but they operate 

through the day as complementary shifts to PV. 

The most relevant example of this profile, which will be described in more detail in section 5, is the 

DEWA project in Dubai (UAE) which was explicitly created in response to a call for the best 

solution that could provide CO2-free energy from 4 pm to 10 am of the next day.  

It is the opinion of the industry that this kind of profile should receive special attention as it 

appears to be the most promising configuration for the future market complementing wind and/or 

PV.  

e) “Commercial” hybrids or co-located plants (CSP+PV units) 

The terms “Commercial hybrid” or “co-located CSP+PV units” express that co-locating STE and PV 

plants cannot be technically considered as hybridization, but as a single business unit. The 

distinction being that in those plants there is no technological hybridization throughout the power 

cycle, in contrast to the case of full-firmness, hybrid types (described below), where two (or more) 

technologies are used together in the power cycle.  

In the case of these “semi-independent” units of STE and PV, which are usually placed next to each 

other (e.g. in a so-called solar park), their operation can be optimised according to the dispatch 

profile that would match the off-taker requirements. 

Recently, optimal combinations of units and operating have allowed promoters to achieve very 

low prices in such project proposals, as PV allows to achieve very low prices during the day and the 

storage provided by the STE allows the producer to extend its operation into hours without sun, 

when it can outperform other conventional technologies in price, and thus yield a general low 

cost. Hence, their value lies in allowing to promote single projects with low costs (lower than STE 

alone) while providing clean energy for extended times (in a similar way to the “Complementary to 

PV” profile.  

f) Full firmness (hybrid configuration) 

STE plants with storage can produce electricity when required (provided that the sun is shining, or 

the storage is not empty), in contrast to wind and most PV systems. 

However, this might be not enough for places with reduced backup capacity. Therefore, ensuring 

firm supply when required has an important value to the entire electrical system which can be 

done through hybridization. Thus, STE plants using solar radiation plus other available resources 

(biomass, natural gas, etc.) represent a solution for either firm supply on demand or base load. 
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Different concepts of hybridization for STE exist: 

a) Fuel heater in series with the solar field (Shams concept) 

The heater operates when the sun is shining, and it is used to increase the temperature of the 

steam and thus, the efficiency of the turbine. This concept doesn’t provide firmness of supply, 

as it is able to run only when the sun shines. As a result, it competes directly with PV. 

b) Fuel heater in parallel to the solar field  

This was basically the design of most Spanish and USA power plants. The gas or biomass heater 

substitutes or complements the solar resource. If the capacity of the heater is like the solar 

field it could provide firmness of supply but with relatively low efficiency in converting gas to 

electricity. 

For instance, changes in the Spanish regulation eliminate the interest of burning gas for 

electricity production. Therefore, none of the plants today use gas for production in Spain. The 

only remaining hybrid plant in operation is “Borges Blanques”, which is hybridized with a 

forest-waste, wood chip heater.  

                        
Picture 4-1. Fuel heater in parallel to solar field                    Picture 4-2. Borges Blanques Plant (22 MW, 
Spain) 

This plant can provide full firmness of supply, no matter whether the sun shines or not, and it 

could produce an even breakdown between winter and summer if requested by the off taker 

shifting the biomass production to winter months. 

c) Integrated Solar Combined Cycle 

It consists in supplying solar steam to the steam cycle and correspondently saving some gas 

consumption as complement to solar radiation. The advantages are the low investment cost as 

the power block is existing and the relatively high equivalent conversion efficiency of the solar 

energy as it counts as fossil fuel saver for the conventional plant. However, developers report 

integration and control issues as the combined cycles are designed with an optimized waste 

heat recovery heater and the maximum share of the solar part is lower than 10% along the 

year. 

Auxiliary 

Gas  
Heater 
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The industry considers that this concept does no longer have a future in STE given the small (5-

10%) contribution of STE to the energy generation and the amount of problems affecting the 

combined cycles that offset the advantages. 

d) Decoupled Solar-Gas Combined Cycle 

In the current global context of efforts to reduce the dependence on fossil fuels, a more recent 

and promising concept for providing firmness while reducing gas consumption is a decoupled, 

solar-gas combined cycle (CSP plus gas turbine) hybridized through heat recovery for the 

thermal energy storage (TES). This concept has been further developed under the name HYSOL 

configuration, by the project partner ACS Cobra.  

This hybrid STE plant with storage and open cycle gas turbine can offer firm supply at any time 

of the day. A typical design concept could consist of two turbines with similar sizes operating 

only one at any given moment. When peak power is requested, both can operate in parallel. 

The capacity factor of each part should be optimized depending on the specific country 

characteristics (DNI/TMY & gas price) and the relative size of gas and steam turbines should 

also be part of the optimization process. 

The gas-electricity conversion efficiency will be close to the values of the gas combined cycles, 

but the independent operation of both turbines provides much more flexibility. 

The open cycle gas turbine represents a relative low investment as compared to the solar 

plant. In addition, the solar share will be higher than 70 % and the efficiency, when burning 

gas, will be close to the combined cycle standard.  

Picture 4-3 below shows the aforementioned concept, which will be mentioned again in the 

next chapter: 

 

Picture 4-3. Decoupled solar combined cycle 
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5. PRESENTATION OF THE PROJECTS ANALYSED AS EXAMPLES OF 

“REPRESENTATIVE” OR RELEVANT CASES 

In this section, a set of plants that exemplify the operational profiles identified as representative is 

presented. This has been made based on the aforementioned criteria and drawing from the 

experience of the working group established in ESTELA, in collaboration with its industrial 

members, sorting and filtering out relevant power plants from internal databases and open 

databases such as SolarPACES, NREL, and CSP.guru, as described in the methodology part in 

section 2. 

First, table 3 below presents the selected plants and how they relate to the identified operational 

profiles and potential off-taker needs. Afterwards, more details of each power plant are 

presented.  

The relevant aspects of each plant presented here, which correspond to the configuration 

variables defined in section 4,  as well as additional information, are presented in two tables for 

each case, being all consistent to the extent possible, a condition which depends on the availability 

of information. In addition, insights about the operation are provided when possible. 
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Table 3. Selection of power plants that exemplify representative operational profiles 

Operational profile 
Plant selected as 

example 
Relation to off-taker needs 

1. Standalone 

“La Africana”  
(Spain - parabolic 

trough) 
 

Noor III  
(Morocco – central 

tower receiver) 

 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 cross-border exchanges between 
countries to be established by the new 2020-
2030 Renewables Directive (REDII). 

2. Standalone 
(Baseload profile) 

 
Gemasolar (Spain) 

 Having a baseload operation as many hours as 
possible on sunny days, in face of the planned 
shutdown/decommissioning of conventional 
power plants. 

3. Peaker profile 
(time-of-day 
premium) 

Xina Solar One (South 
Africa) 

 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. 

4. Complementary 
dispatch to PV 

DEWA 
(Dubai, UAE) 

 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 STE). 

5. “Commercial 
hybrid” or co-
located CSP+PV 
units 

Cerro Dominador – 
Atacama-1 Project 

(Chile) & Noor Midelt 
(Morocco) 

 Importing manageable (solar) renewable energy 
at the lowest possible cost, considering hybrid 
PV-STE 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. 

6. Full firmness 
through hybrid 
configuration 

HySol concept 

 Ensuring the contribution of STE plants to power 
supply with absolute firmness in a certain 
number of hours per year, by hybridizing the 
solar-thermal power plant with natural gas (but 
demanding a majoritarian percentage of the 
solar contribution throughout the year). 
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5.1  “La Africana” Plant – Standalone (parabolic trough) 

The Africana Energía plant, or “La Africana”, is a 50 MW, parabolic trough STE plant, that spans 

over 270 hectares, and has 550,000 m2 of mirrors and 168 loops. It is located between the 

municipalities of Fuente Palmera, Guadalcázar, Almodóvar del Río and Posadas, in the province of 

Córdoba, Spain. It was promoted by the group formed by Magtel, TSK and Grupo Ortiz. The plant 

incorporates a thermal energy storage system based on molten salts that can provide up to 7.5 

hours of heat storage for electricity production. The complex can be seen in Pictures 5-1 and 5-2 

below, whereas Picture 5-3 shows the storage tanks and Picture 5-4 shows the parabolic trough 

collectors. It produces around 170,000 MWh/year, which is equivalent to the consumption of 

about 100,000 homes. 

 

 

Picture 5-1. Africana Energía Complex (aerial view 1) 

 

Picture 5-2. Africana Energía Complex (aerial view 2) 
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Picture 5-3. Africana Energía - Molten salts storage tanks 

 

Picture 5-4. Africana Energía - Parabolic trough collectors 

To incorporate electricity produced by STE power plants and increase the percentage of 

renewables without a specific dispatch criteria, while taking advantage of the grid stability that 

these plants provide to areas with instability risks due to the large presence of asynchronous 

renewable plants (e.g. PV or Wind), the plants could be designed with intermediate storage 

volumes (6 - 8 hours) and a size of solar field that practically does not require having to fold 

mirrors at any time during summer. 

The plants would produce in spring, autumn and winter, at nominal power as soon as possible in 

the morning and will extend their operation, also at nominal power until the minimum safety level 

of the hot tank is reached. In the case of the Spanish power plants, for example, the power output, 

when operating from the tanks, is usually not the nominal one but somewhat lower, due to the 

design of the tank discharge exchangers. 
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However, during the summer months, these plants would prefer to operate continuously (24/7) 

even if they must reduce the nominal power after sunset. In this way they avoid having to stop 

and start the turbine every day, which has a significant economic impact on maintenance costs. 

The following chart (Picture 5-5) shows the operating profile of the “La Africana” plant in a typical 

series of consecutive days in summer. 

 

Picture 5-5. Dispatch profile of the Africana Energía plant 

 

Configuration variables 

 

Tables 5.1A and 5.1B below summarise the values for the configuration variables stated in the 

criteria developed in section 4, together with additional information regarding the tariff, off-taker, 

cost and jobs created. 

Table 5.1A. Configuration variables La Africana 
Location   Posadas (Córdoba), Spain 
Average DNI of site  1,950 kWh/m2/y 

Power output capacity & energy 
production 

 Turbine Capacity: 50.0 MW  

 180,000 MWh/y (approx.) 
Storage capacity  Storage Type: 2-tank indirect 

 Storage Capacity: 7.5 hours 

 Thermal Storage Description: 
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60% Sodium Nitrate, 40% Potassium 
Nitrate. 

Types of technologies (including 
hybridization options used) 

 Parabolic trough 

 Turbine Output Type: Steam Rankine 

 Cooling Method: Wet cooling 

 

Table 5.1B. Additional information La Africana 
Generation Off-taker(s):  Endesa 

Cost (approx.)  387,000,000 Euros 

Project Type  Commercial 

PPA/Tariff Type  “Real Decreto 661/2007” initially 

PPA/Tariff Rate  27.0 Euro cents per kWh 

PPA/Tariff Period  25 years 

PPA/Tariff Information  Feed-in Tariff 

Annual O&M Jobs  40 

 

 

5.2 Noor III Project – Standalone (Central receiver on tower) 

 

The Noor III project (central receiver on tower with molten salts in receiver and storage) 

completes Moroccan Noor Solar Complex and is considered as the second utility-scale, commercial 

Concentrated Solar Power (CSP) tower with molten salt storage in the world. The realization cost 

will amount to approximately 807 million Euros and it is currently in the finalization phase, 

scheduled to start commercial operations in October 2018. 

Noor III uses tower technology with a gross power of 150 MW and a storage capacity of 7.5 hours, 

it covers an area of 750 hectares and it is expected to supply 500 GWh per year, under the Direct 

Normal Irradiation conditions in Ouarzazate of 2635 kWh/m2/year. Its solar field features 7400 

heliostats of 178 m² each that follow the sun and direct its rays into the central receiver at the top 

of a tower of 250 m. 

This plant is owned and operated by MASEN5. However, the participants involved are ACWA 

POWER as the developer, SENER as main technology provider (solar field, solar receiver, storage 

system and the power block) and China’s SEPCOIII (shares EPC duties with SENER), which is mainly 

involved in all the components and subsystems of the Power Island. Pictures 5-6 and 5-7 below 

show the site and the heliostats. 

                                                      
5 MASEN - Moroccan Agency for Sustainable Energy 
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Picture 5-6. Aerial view of the Noor complex 

 

Picture 5-7. Ground view of a Noor III heliostat 

 

Noor III will deliver 140 MW of net capacity during Morocco’s Peak Hours Time Slot. The remaining 

10 MW supplies power for the site itself (parasitic load). 

With 7.5 hours of storage, Noor III was optimized to meet the demand during five peak hours 

daily, in which the electricity price is 18% higher. The first two STE plants at Ouarzazate, Noor I and 

Noor II, both parabolic troughs, have 3 and 6 hours of storage respectively6. 

                                                      
6 According to a review made for SolarPACES (http://www.solarpaces.org/moroccos-noor-iii-solar-tower-

csp-deliver-power-october/). 

Noor III 

Noor II 

Noor I 
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This solar complex is part of the strategy to increase the share of renewable energies in the 

national energy mix, from around 30% in 2009 to 42% in 2020. Morocco’s 2009 Solar Plan calls for 

the development of 2,000 megawatts of solar energy by 2020. With the approximately 570 MW of 

solar power of the complex (including the future Noor IV, 70 MW PV plant), it will be the largest 

solar complex in the world (until the completion of the DEWA project in Dubai). Additionally, it will 

contribute to the creation of a new green industry, which is in line with Morocco’s objectives of a 

more secure energy supply, energy diversification, CO2 emission reductions and increased 

employment. It is estimated that the complex will produce the equivalent of the annual electricity 

consumption of around 1 157 000 Moroccan households7. 

Configuration variables 

 

Tables 5.2A and 5.2B below summarise the values for the configuration variables stated in the 

criteria developed in section 4, together with additional information regarding the tariff, off-taker, 

cost and jobs created. 

Table 5.2A. Configuration variables Noor III 
Location   Ouarzazate, Morocco 

Average DNI of site  2635 kWh/m2/year 
Power output capacity & energy 
production 

 Turbine Capacity: 150 MW (134 
MWe Net)  

 Estimated Energy production: 550 
GWh/year 

Types of technologies (including 
hybridization options) 
  

 Power tower (central receiver) 

 Turbine Output Type: Steam Rankine 

 Cooling Method: Dry cooling 
Storage Capacity  Storage Type: 2-tank direct 

 Storage Capacity: 7.5 hours 

 Molten salt 

 

Table 5.2B. Additional information Noor III 

Generation Off-taker(s):  ONEE (National Office for Electricity 
and Potable Water) 

Cost (approx.)  807 Million Euros 

Project Type  Commercial 

PPA/Tariff Type  PPA 
PPA/Tariff Rate  USD $0.15 / kWh  

PPA/Tariff Period  25 

Annual O&M Jobs  60 

                                                      
7 As reported by the European Commission, funder of the project through the Investment Grant instrument 

(https://ec.europa.eu/europeaid/blending/noor-iii-tower-plant-ouarzazate-solar-complex_en).  
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5.3 “Xina Solar One” Plant (Abengoa) – Peaker with “time of 
day” premium 

The “Xina Solar One” plant is located close to Pofadder, in the Northern Cape Province in South 

Africa, and next to KaXu Solar One plant. The plant features parabolic trough technology, with a 5-

hour thermal energy storage system using molten salts. 

Xina Solar One is Abengoa’s third solar project in South Africa and has a total installed capacity of 

100 MW. The construction of this plant started at the end of 2014 and became operational 

(commercially) by mid-2017.  

It belongs to a consortium of which 40% is controlled by Abengoa, with 20% of the holdings for 

each of the other members: Industrial Development Corporation, the Public Investment 

Corporation and KaXu Community Trust. Abengoa developed the project on behalf of the 

consortium.  

The project supplies clean electricity to Eskom, South Africa's power utility, under a 20-year power 

purchase agreement and it is expected produce energy to serve more than 90,000 households and  

prevent the emission of more than 398,000 tons of CO2 per year when compared to a natural-gas 

plant. These two 100 MW plants will jointly shape one of the largest solar complexes in Africa. 

In addition, its job creation peaked at over 1,300 positions during construction, and it is expected 

to create 45 permanent positions during plant O&M. This project contributes to South Africa´s 

goals of introducing up to 17,800 MW of renewable energy by 2030 and reducing its dependence 

on oil and natural gas. Pictures of the site can be found below (Picture 5-8 & 5-9). 

 

Picture 5-8. Aerial view of Xina Solar One Plant (South Africa). Source: MottMcDonald 
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Picture 5-9. Xina’s Parabolic trough collectors. Source: Abengoa 

 

The deployment of solar thermal power plants in South Africa has had different support 

frameworks, which justifies the specific design of each of them. 

In rounds 1 and 2, there was a feed-in-tariff, so plants with reduced investment volume and 

specific designs were designed to facilitate their financing, as well as others with a high load factor 

and large storage volume.  

However, in rounds 3 and 3.5 the remuneration was established based on the "time of day" 

scheme, with a premium of 270% of the tariff for the generation between 16:30 and 21:30 hours, 

and not remunerating generation at all between 22:00 and 5:00 of the next day. Figure 4 below 

shows these schemes. 

The Xina plant is a good example of a design typology that responds to a need of maximizing 

income with those conditions. The storage of these type of plants is usually relatively small (5 

hours), but the solar field is oversized to generate the maximum possible during all the days of the 

year, including in winter. However, during summer, they have to shut down a certain percentage 

of the solar field, which at certain times could reach 10%.  
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Figure 4. South Africa tariff structure for STE from round 3 onwards. 

 

The Xina storage system has been designed to run the plant for about 5 hours at full load during 

the PPA’s peak time, between 16:30 and 21:30h. 

Additionally, in figure 5 below, we can see how the dispatch of STE complements the usable PV 

resource to meet the power demand. As it will be further explored during this work, 

complementarity between PV and STE will be one of the key pillars for the continued development 

of the market in the upcoming years. 

 

 

Figure 5. Generation breakdown example for a 96-hour period in South Africa 
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Configuration variables 

 

Tables 5.3A and 5.3B below summarise the values for the configuration variables stated in the 

criteria developed in section 4, together with additional information regarding the tariff, off-taker, 

cost and jobs created. 

 

Table 5.3A. Configuration variables Xina Solar One 
Location   Pofadder, Northern Cape Province, 

South Africa 

Average DNI of site  2,816 kWh/m2/y 
Power output capacity & energy 
production 

 Output: 100 MW 

 Expected energy generation 
380GWh/year. 

Storage capacity  Storage Type: 2-tank indirect 

 Storage Capacity: 5.5 hours 

 Thermal Storage Description: Molten 
salt 

Types of technologies (including 
hybridization options used) 

 Parabolic trough 

 Output Type: Steam Rankine 

 Cooling Method: Dry cooling 

 

 

Table 5.3B. Additional information Xina Solar One 

Generation Off-taker(s):  Eskom (South Africa's power utility) 

Cost (approx.)  880 million USD 

Project Type  Commercial 

PPA/Tariff Type  “Time of day – Peak time tariff” 

PPA/Tariff Rate  270 % over normal rate 

PPA/Tariff Period  20-year power purchase agreement 

PPA/Tariff Information  Peak time (270% of Standard tariff ) 

Annual O&M Jobs  45 

 

5.4 Gemasolar (Torresol Energy) – Standalone baseload 

 

The “Gemasolar” plant is located in the area of Fuentes de Andalucía in the region of 

Andalucía, Spain. It was developed by Torresol Energy, a joint venture owned in 40% by 

MASDAR and 60% by SENER. It is currently operated by Torresol O&M.  
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The plant spans over 195 hectares and features a power tower technology (central 

receiver, 140 m height), has 2,650 heliostats and a 15-hour storage system (2 tank direct, 

5,000 annual equivalent hours, molten salts), which allowed it to become the world’s first 

utility-scale plant to apply a tower receiver with storage for all night operation. It has a 

net power output of approximately 19.9 MW (17 MW registered) and it supplies to the 

network approximately 80 GWh of energy, serves about 27.500 homes and helps to avoid 

the emission of 28.000 tons of CO2/year.  

Due to its efficient operation, accurate predictability, and capacity to produce energy 

around the clock (achieving a record of 36 days uninterrupted), it was selected as a 

representative project from Spain for the COP21 conference in Paris. 

 

 

Picture 5-10. Aerial view of Gemasolar plant. 
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Picture 5-11. View of Gemasolar power tower from the centre road of the plant 

 

Picture 5-12. View of the heliostat field with the first rings in "defense" (flat) position. Source: 
TorresolEnergy 

The Gemasolar plant is an example of a design that, although it was built within the general 

support regime in Spain, it was intended to be presented as a prototype of a solar thermal 

baseload plant. 

The storage system has a large volume (for 15 hours) and the solar field is oversized in order to 

produce the nominal load both during daylight hours and after sunset. 

From May and until the end of September, Gemasolar can chain consecutive days of operation at 

nominal power, 24 hours a day. The continuous operation profile is shown in figure 6 below: 
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Figure 6. Operation profile in summer time 

Moreover, it can produce 24 hours a day during the winter months, provided that it lowers the 

power output for a few hours, as Figure 7 shows below: 

 

Figure 7. Operation profile in summer time 

Configuration variables 

 

Tables 5.4A and 5.4B below summarise the values for the configuration variables stated in the 

criteria developed in section 4, together with additional information regarding the tariff, off-taker, 

cost and jobs created. 
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Table 5.4A. Configuration variables Gemasolar 
Location   Fuentes de Andalucía, Sevilla, Spain 

Average DNI of site  2,100 kWh/m2/y 

Power output capacity & energy 
production 

 Power output: 19.9 MW (17 MW 
registered) 

 80,000 MWh/y 

Storage capacity  Storage Type: 2-tank direct 

 Storage Capacity: 15 hours 

 Thermal Storage Description: 
One cold-salts tank (290ºC) from 
where salts are pumped to the tower 
receiver and heated up to 565ºC, to be 
stored in one hot-salts tank (565ºC).  

 Molten salts. 

Types of technologies (including 
hybridization options used) 

 Output Type: Steam Rankine 

 Cooling Method: Wet cooling 

 

 

Table 5.4B. Additional information Gemasolar 
Generation Off-taker(s):  Spanish Electrical System 

Cost (approx.) 
 

 230,000,000 Euro 

Project Type  Commercial 

PPA/Tariff Type  Feed-in-Tariff  

PPA/Tariff Rate  0.27 EUR/kWh initially 

PPA/Tariff Period  25 

PPA/Tariff Information  “R.D. 661/2007” initially 

Annual O&M Jobs  40 

 

5.5 DEWA-IV Project (ACWA Power) – Complementary 
operation to PV 

 

The DEWA IV (fourth phase of the development) project is a pioneer in realizing the vision of solar 

thermal and photovoltaic energy working in a complementary manner, which may constitute the 

most rational approach to move towards a CO2-free electricity generation in the countries of the 

solar belt. 
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In fact, the solar thermal units are the key part that will allow the incorporation of relevant 

volumes of photovoltaic and wind power plants without the need for gas backup on sunny days. 

What is more, the prices at which solar thermal generation has been offered with this 

operational/dispatch profile are lower than those offered by new combined cycles working a 

reduced number of hours per year. 

The project is located in the Mohammed bin Rashid al-Maktoum Solar Park, which is 

approximately 80 km south from Dubai, and is the largest single-site solar park in the world, with a 

planned capacity of 1,000MW by 2020, and 5,000MW by 2030, with a total investment of AED 50 

billion. 

This fourth phase of development of the energy production in the park is the largest investment in 

a STE project in the world (AED 14.2 billion or some 3.3 billion EUR). The project will bring 

700MWe of power and it is being implemented by Saudi Arabia’s ACWA Power, the “Silk Road 

Fund” and China’s Shanghai Electric. The consortium bid the lowest Levelised Cost of Electricity 

(LCOE) of 7.3 USD cents per kWh (although it is expected that the upcoming development in 

Midelt, Morocco, could be lower than this). The project will feature the world’s tallest solar tower, 

at 260 metres and will be commissioned in stages, starting from Q4 of 2020 (according to official 

sources, DEWA). 

It will be comprised of 3 Parabolic Trough units of 200 MW with 11 hours of thermal storage and 1 

Power Tower unit of 100MW with 15 hours of thermal storage. 

However, the most relevant feature of this project, and one of the reasons why it was selected as 

representative of the relevant operational profiles for potential business cases, is that it was 

conceived to collect the solar heat during the day and only start producing electricity between 4 

pm and 10 am, which  means that the operator can make the most of PV during the day and then 

switch to STE to supply demand after sunset. Typically, night-time energy supply was the preserve 

of fossil fuels, but STE has resulted to be the best renewable alternative. 

The DEWA 700 STE project is part of Dubai’s plans to increase its share of renewable power 

generation to 25% by 2030 and 75% percent by 2050. 

In Figure 8 below, we can see how the STE industry representation (ESTELA through its members, 

such as Protermosolar), have been advocating as part of its work agenda for schemes in Europe 

(namely “competitive specific auctions”) that can take advantage of the complementarity between 

solar technologies and that can bring the best value of them both (such as the call in Dubai). 
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Figure 8. Example of the industry’s perspective on the complementarity of solar technologies 

 

Configuration variables 

 

Tables 5.5A and 5.5B below summarise the values for the configuration variables stated in the 

criteria developed in section 4, together with additional information regarding the tariff, off-taker, 

cost and jobs created. 

 

Table 5.5A. Configuration variables DEWA IV 
Location   Mohammed bin Rashid al-Maktoum 

Solar Park, Dubai 

Average DNI of site  1,850 kWh/m2/y 
Power output capacity & energy 
production 

 700 MWe 

Types of technologies (including 
hybridization options used and storage 
capacity) 
  

 100 MW power tower with 15 hours of 
thermal storage plus three 200 MW 
Parabolic Trough plants with 11 hours 
of TES (7.5GWh) 

 Dry cooling 

 

 

Table 5.5B. Additional information DEWA IV 

Generation Off-taker(s):  Dubai Electricity and Water Authority 

Cost (approx.)  3.9 billion USD 
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Project Type  Commercial 

PPA/Tariff Type  PPA 

PPA/Tariff Rate  $7.3 USD cents per kWh 

PPA/Tariff Period  35 years 

PPA/Tariff Information  Contract 

Annual O&M Jobs  TBD 

 

 

5.6 Atacama-1 project (Cerro Dominador complex, ABENGOA) 
/ NOOR Midelt Project (ACWA) – “Commercial hybrid” 
(CSP+PV)  

 

The “Atacama 1” and the “Noor Midelt” project correspond to the same principle of 

complementarity between photovoltaic and solar thermal generation with storage and dispatch 

after sunset as that of the DEWA project, but conceived at the level of a single business unit in 

which the average generation price of the two plants - PV and solar thermal installed on the same 

site - can be very competitive.  

For instance, the Atacama project has successfully competed against combined cycles for 24/7 

continuous production and the Midelt project, also featuring a combined production unit8, will 

soon reveal its costs (expected to be lower than the DEWA project), that will also compete against 

fossil generation. 

The large-scale deployment, both in combined business units or in separate business units (as the 

DEWA project), is the way to drastically reduce gas back-up. 

The Atacama-1 STE plant is the first concentrated solar plant in Latin America. Altogether, the 

project’s solar field will cover 1,000 hectares (including PV), will have 10,600 heliostats and it will 

prevent the emission of approximately 870,000 tons of CO2 per year, producing base load energy 

(24 hours a day). It will help Chile achieve its aim of producing 20% of its electricity from clean 

energy sources by 2025. 

The Noor Midelt project is part of the Moroccan Noor Solar Plan, which envisions a total capacity 

of 2,000 MW by 2020. Two ~400MW hybrid concentrated solar power (CSP) and photovoltaic (PV) 

plants will make up  the first phase and for each project, 150 to 190 MW would be provided by STE 

with a minimum of 5 hours storage. The tender process was launched In July 2016 and until now, 5 

                                                      
8 Sometimes call hybrid plants although conceptually there is no hybridization but combination of 

productions. 
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consortia have pre-qualified for further evaluations, including those led by: ACWA Power, EDF 

Energies Nouvelles, ENGIE, Innogy SE and JGC, which were invited to answer a Request for 

Proposal (RFP), whose result will be published by the end of 2018. This plant, as a part of the Noor 

solar Plan, will be critical for achieving the country’s goal of producing 52% of its electricity 

through renewable energy by 2030. 

 

Configuration variables 

 

Tables 5.6A and 5.6B below summarise the values for the configuration variables stated in the 

criteria developed in section 4, together with additional information regarding the tariff, off-taker, 

cost and jobs created. 

Table 5.6A. Configuration variables Atacama-1 & Midelt 
Location  Antanofagasta, Chile Midelt, Morocco 

Average DNI of site 3.300 kWh/m2/y 2360 kWh/m2/y 
Power output capacity & 
energy production 

100 MW PV plus 110 MW 
CSP 

600 – 800 MW 

Storage capacity Storage Type: 2-tank direct 
Storage Capacity: 17.5 hours 
Thermal Storage 
Description: Molten salt 

Thermal Storage of 
minimum 5 hours 

Types of technologies (including 
hybridization options used) 

Power tower and PV units Power tower and PV units; 2 
units of 150-190 MW of STE 
and the remained of PV (to 
be defined by the developer) 

 

 

Table 5.6B. Additional information Atacama-1 & Midelt 

Generation Off-taker(s): Sistema Interconectado del 
Norte Grande (SING) 

ONEE (National Office for 
Electricity and Potable 

Water) 
Cost (approx.) 

 
$1.4 billion USD (for the 
whole complex) with $758 
million USD financing 

N/A 
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Picture 5-13. The first heliostat of the Atacama-1 plant         Picture 5-14. Atacama-1 Storage tanks                         

 

             

 Picture 5-15. View of the tower under construction      Picture 5-16. Aerial view of the PV section of the 
complex 
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5.7 The HySol concept – Decoupled solar-gas combined cycle 
with TES 

As introduced in section 4, the HYSOL Configuration aim at delivering “dispatchable and firm 

energy during the whole year regardless the climate conditions, while using 100% renewable 

energy sources for electricity production through is innovative hybrid system”.  

The biomass-derived gas fuel production can be decoupled from the plant location and produced 

thousands of kilometres away from the plant, being transported through the conventional gas 

network if properly upgraded. 

The flexibility of the configuration allows the HYSOL technology to cover peaks in demand as well 

as base load generation, tailoring the hybridization percentage of the plant to match the needs of 

the electrical system. The configuration includes two turbines: a Steam Turbine and a Gas Turbine 

that recovers the exhaust heat in the Thermal Storage; this solution allows the independent sizing 

and operation of the turbines, thus forming a “decoupled” combined cycle. 

The HYSOL Project was developed by a consortium formed by 8 partners from four different 

European Union member countries (Spain, Italy, Denmark and The Netherlands) and it was 

developed with funds from the 7th Framework Programme (FP7). It consists of research partners: 

CIEMAT - Plataforma Solar de Almería (Spain), the Italian National Agency for New Technologies, 

Energy and the Sustainable Economic Development (ENEA, Italy), DTU Department of 

Management Engineering (Technical University of Denmark), Universidad Politécnica de Madrid 

(UPM, Spain) and SDLO-PRI (The Netherlands) as well as industrial partners: Investigación, 

Desarrollo e Innovación Energética SL (IDIE, Spain), Air Industrie Thermique Spain SL (Aitesa, 

Spain), and GRUPO COBRA (Spain). 

Although there is no commercial power plant yet that fully operates with this configuration, the 

project focused on the study, the design, and the optimisation of an innovative configuration 

based on a new Heat Recovery System (gas-molten salt) and biogas-fuelled Aeroderivative Gas 

Turbine, including a pre-industrial scale demonstration of around 2.5 MWth.  

Pictures 5-17 and 5-18 below show the demonstrator facility developed: 
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Picture 5-17.  HYSOL Manchasol demonstrator (1)                     Picture 5-18. HYSOL Manchasol demonstrator (2) 

 

Given that combined cycles are having their operating hours progressively reduced, displaced by 

cheap renewable energy, and that some are reaching the end of their operating life cycles (for 

example in Spain), their reconversion or substitution for a set of STE plants complemented by 

peaker gas turbines in this configuration could be considered. Figure 9 below shows an estimation 

of the evolution of the PPA price of a combined cycle power plant as a function of its capacity 

factor, for a gas price of $6 and $10 per MM btu, which is compared with the average capacity 

factor reached by installed combined cycles in Spain during 2016 and 2017. 
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Figure 9. Estimation of the evolution of PPA price of a CC plant as a function of its capacity factor 

The heat recovered from the GT would increase the capacity factor of the STE, achieving a 

reduction in the generation price compared to conventional CSP along with enhanced firmness in 

the supply. The steam turbine would operate more hours with the recovered energy from the 

exhaust gases of the gas turbine as if the storage tanks would have been charged with the sun. 

In addition, STE plants could offer their storage capacity, with relatively small complementary 

investments, to reduce the curtailments of wind power in days with too much wind and not 

enough sun, by heating the tanks with resistors. The efficiency of this “Power-to-heat” would be 

comparable to the one of “Power-to-gas” but with much less investment. 
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6. COMMENTS TO THE CASES 

In the tables 6A and 6B below, the key factors of the cases under review are linked to the criteria 

established for selecting  “representative projects”.  

 

  Table 6A. Summary of cases 

 
 

Appropriateness to match an off-
taker’s needs (in connection with 

table 6B below) 
Configuration variable 

Plant/Project Operational profile 
Related 

need 

Size/ 
Power 
output 

Technology 
Storage 
capacity 
[hours] 

Location 

1A “La Africana” Standalone A 50 MW 
Parabolic 

trough 
7.5 

Córdoba, 
Spain 

1B Noor III Standalone A 150 MW 
Central 
tower 

receiver 
7.5 

Ouarzazate, 
Morocco 

2 Xina Solar One 
Peaker (time-of-day 

tariff) 
C 100 MW 

Parabolic 
trough 

5.5 
Pofadder, 

South Africa 

3 Gemasolar Baseload (standalone) B 20 MW 
Parabolic 

trough 
15 

Sevilla, 
Spain 

4 DEWA Project Complementary to PV D 

100 MW 
(tower) 

plus 3x 200 
MW (PT) 

units 

Central 
tower 

receiver & 
Parabolic 

trough  

15 (for 
tower 
unit) 

& 11 (for 
PT units) 

Mohammed 
bin Rashid 

al-Maktoum 
Solar Park, 
Dubai, UAE 

6A 

Cerro 
Dominador 
(Atacama-1) 

Project 

“Commercial” hybrids or 
co-located plants 

(CSP+PV units) 
E 

110 MW 
STE (plus 
100 MW 

PV) 

Central 
tower 

receiver plus 
PV 

17.5 
Atacama 
Desert, 

Chile 

6B Noor Midelt* 
“Commercial” hybrids or 

co-located plants 
(CSP+PV units) 

E 
2 units of 
150-190 

MW 

Parabolic 
trough or 

tower* plus 
PV 

Minimum 
5 hours* 

Midelt, 
Morocco 

7 

HySol concept 
(Decoupled 

solar/gas 
hybrid) 

Full firmness (hybrid 
configuration) 

F N/A 

Parabolic 
trough & gas 

turbine 
hybridised 

through TES 

N/A Spain 

 *Specifications yet to be confirmed by the developer 
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Table 6B. Summary of identified needs 

Type Description 

A 

Fulfilling national RES targets in the energy mix (disregarding other conditions or constraints, such as 
cost), established by the recipient country in its annual NREAP (National Renewable Energy Action Plan) 
submitted to the EU Commission to comply with the level of cross-border exchanges between countries 
established by the new 2030 Renewables Directive (REDII). 

B 
Having a baseload operation as many hours as possible on sunny days to offset the planned 
shutdown/decommissioning of conventional power plants. 

C 
Increasing the contribution of renewables to the electrical system in the hours of highest consumption, to 
compensate the lack of flexibility of the variable renewable sources (Var RES) of their system. 

D 

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 and 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 STE). 

E 

Importing manageable (solar) renewable energy at the lowest possible cost, which means considering 
hybrid PV-STE 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 PV system can yield. 

F 
Ensuring the contribution of STE plants to power supply with absolute firmness in a certain number of 
hours per year, by hybridizing the solar-thermal power plant with natural gas (but demanding a 
majoritarian percentage of the solar contribution throughout the year). 

 

The following aspects regarding the results are to be considered: 

Appropriateness to match an off-taker’s needs  

Operational profile & related needs 

Throughout this analysis, it was highlighted the types of need that each of these plants is currently 

fulfilling or (expected to fulfil), as well as the ones that the type of plants they represent could 

resolve through the specified operational profiles.  

Regarding the case of the “peaker” plants, they operate under a very specific remuneration 

scheme, which today is not replicated in any other country as such. Therefore, it is difficult to 

expect a high development of this type of plant. In contrast, project such as the Atacama-1 or 

Midelt, which allow to achieve lower prices by combining CSP+PV and around-the-clock operation 

are much more promising. Moreover, the industry is convinced that the approach followed by 

DEWA to take advantage of the flexibility provided by the TES as complementary operation to 

other RES (not necessarily installed on the same site) is a valid approach, which is today obviously 

a priori discarded  in Europe. 
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Configuration variables 

Size/Power output 

The plants analysed show that those recently constructed, those that are being constructed or 

that those in a planning phase, opted for power output capacities between 100 – 200 MW, in a 

single unit and sometimes grouping more than one of these power units. This is in accordance to 

what was expressed by the industrial members to be a current choice to achieve an optimal 

balance between investment costs and expected revenues (energy generation). However, none of 

these plants are/will be built in Europe. Only the steadily growing markets outside EU made it 

possible that developers supported by R&D could reduce costs while increasing the size of the 

plants. 

Although Gemasolar and “La Africana” do not have the capacities that today would be considered 

representative, they were chosen in the analysis for being pioneers in the use of tower plus 

molten-salt large TES (15 h), being able to achieve a baseload profile (with a “small” turbine that 

can operate at optimal capacity continuously) and due to a successful adaptable, standalone 

operation, respectively. As most of the plants that were built in Spain during the development 

time of industry, they were designed under a capacity limit of 50 MW or less to match the 

regulatory Feed-In-Tarif constraints. 

Technology 

Regarding the type of technology used, three of them used parabolic through and two used 

central tower receiver design concepts (one in combination with PV), while the DEWA project 

combines the two of them; the final design is still unknow at the time of writing. In addition, the 

decoupled gas/solar system was tested in combination with a parabolic trough configuration, but 

it might not be restricted to using only this type. 

Storage capacity  

Except the Xina “peaker” plant (which was designed under very specific remuneration conditions), 

the rest of the plants have a medium to large storage capacity, which in correspondence with the 

intended operational profile, allows to exploit the value of flexible dispatch that today is 

recognized in most countries outside the EU. This is particularly clear in the cases of Gemasolar, 

DEWA Project and Atacama-1, where overnight operation is required. 

Location 

With respect to location, 3 of the plants are located in Spain (which still holds the largest installed 

capacity in CSP, but perhaps not for too long), 2 in Morocco, 1 in Chile and 1 in South Africa. Most 

of them have DNIs of above 2,000 kWh/m2/y and even above 3,000 in the case of Chile, with La 

Africana falling slightly below (1,950) and (interestingly) the DEWA project with close to 1,900. 

Nevertheless, the latter one is still one of the most promising cases, starting with the respective 

auction design (the requirements laid down in the call for tenders). 
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7. CONCLUSIONS 

The intended reach of this work is to map a basic set of STE 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. This could lead to a relaunch of the European STE “home market” making use of the 

cooperation mechanisms already provided by European legislation, making possible to sell 

electricity e.g. from a southern to northern country.  

In order to do this, the concept of representative projects (or “representativeness”) was first 

clarified in the light of today’s market situation. Consequently, the concept of representativeness 

can be understood from other different perspectives (such as “statistical representativeness”).  

However, a limitation of this interpretation is that it does not allow to draw any conclusion about 

today’s bankability of a project (only possible conclusions on the historical rationale for these 

projects are possible, but useless for the issue of bankability), about the probability of a “business 

case” or the potential use of cooperation mechanisms. The reason for this is that so far, no plant 

has been ever built under this scheme (i.e. the replication of statistical representativeness).  

Even more, this “statistical representativeness” (e.g. the most common types of plants built so 

far/what has been done up till now) does not match the existing and expected needs of the 

market, (i.e.: while recent types of plants have the adequate amount of storage required now by 

off-takers, they are not statistically representative).  

Therefore, the best-known needs of the potential off-takers were laid out and it was stated that a 

new project, besides considering required aspects such as the drivers and barriers for cooperation, 

would only come as a “best techno-economical response to those needs”, adding value to main 

stream energy strategies in considered countries or regions. 

In addition, it was established that these answers will come in the form of providing a specific type 

of operation (and therefore technological configuration) of the plant, that would provide energy 

(and/or reserved capacity) in a very specific way, defined as operational profiles. 

These operational profiles, which were identified as: Standalone (demonstrated with both PT and 

CRT), Baseload (standalone), Peaker (time-of-day tariff), Complementary to PV, “Commercial” 

hybrids or co-located plants (CSP+PV units) and Full firmness (hybrid configuration), were then 

considered as the best matching typologies and thus being this the base for defining the 

representativeness of the cases, put in practice in this task via an established criteria, including 

configuration variables and the need that they solve. 

This means that these typologies are today and will be from now on the basic conceptual building 

blocks for any bankable CSP-based solution and could be suitable to fit under the cooperation 

mechanisms. Their main parameters define the basic configurations and operational profiles to be 

used for investigating market uptake opportunities for STE in Europe.  
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By providing examples of a set of power plants or projects (which were selected based on the 

experience of ESTELA and its members, with feedback from the consortium) it was possible to 

demonstrate how each of these plants is currently fulfilling or (expected to fulfil market needs, as 

well how the type of plants they represent could cover the specified operational profiles. In 

addition, it was possible to draw additional conclusions regarding each of the configuration 

variables analysed for each typology. For example, the case of Dubai shows that  under the right 

framework conditions very ambitious projects can be developed even on locations with DNIs of < 

2,000 kWh/m2/y. However, since the current regulatory conditions in Europe and in the UAE are 

very different and unharmonized political choices prevail in Europe, the recommendation of the 

industry would be to stick to the locations mentioned in the initial proposal of variables (Spain, 

Portugal, Italy, Greece, Cyprus and Morocco), with a DNI of at least a mean DNI of 2050 

[kWh/m2/y]. However, the specific choice will depend on many other factors as those identified 

in WP4. 

Regarding generation capacity, it was established that the optimal range would be 100 to 200 

MW per power unit and these would be installed in continental, interconnected systems. 

Although smaller systems in islands, such as the cases mentioned for the Canary Islands in Spain, 

would be suitable options for promoting “any“ project that would “break the ice” and re-launch 

the market, they would not be suitable for the use of cooperation mechanisms due to the required 

local consumption. Thus, more focus should be put on the previous ones. 

The type of technology used, choosing between parabolic trough or central receiver (and its 

corresponding field design), would depend mostly on the latitude of the site and the need for 

seasonal balance in the energy production from the off-taker.   

In addition, it was found that larger storage capacities are very promising, both in standalone 

plants and in hybrid ones (depending on the particular operational profile elected) but will 

certainly be between 8 and 15 hours (the 17.5 hours of the Atacama-1 plant might be too 

ambitious under the current conditions in Europe but would certainly be a stretch in the positive 

direction).  

As explored in the analysis, hybridization with fuel-based back-up (e.g. decoupled gas turbine with 

heat recovery) or PV yields very attractive performances (although addressing different needs). 

However, in a scenario with a strong commitment towards decarbonising the power sector, the 

use of gas turbines may only be used as a bridge towards full renewable sourcing generation and 

with a limited future. Manageability and complementarity of renewables, not conventional back 

up, should lead the way in the close future.  

As for off-taking countries, the Netherlands, Denmark, Germany, France, Luxemburg or Belgium 

continue to be relevant options. However, it will be important to monitor the progress of these 

and other European countries towards the fulfilment of the targets established in the re-cast of 

the RE Directive, as other opportunities could be identified. 
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Finally as next steps (possibly in parallel to the development of academic tools such as KPI for 

some parameters appropriate to get closer to a quantification of benefits for each of the parties in 

given business case), it will be necessary to collect and understand, the potential needs of off-

taking countries, in order to be able to propose concrete solutions and business cases, in parallel 

to performing evaluations of pros and cons of the cases (such as the one in task 5.3) and policy 

recommendations to achieve successful proposals.  

At this point it can by no means be stipulated which case of cooperation is “most likely” to be 

achieved on the European market, nor which parameters the next plant should have so to be built 

in Europe: but the survey provided by MUSTEC of the projects options that today “make sense” is 

a unique basis for both off-takers and developers to elaborate on. 

 

8. REFERENCES 

Abengoa Solar. (2014). South Africa Plants - Xina Solar One. Retrieved from 

http://www.abengoasolar.com/web/en/plantas_solares/plantas_propias/sudafrica/#secci

on_3 

Caldés N., Rodriguez I., Lechon Y., del Río P. (2018). Analysis of the barriers to the use of the 

cooperation mechanisms for renewable energy in the EU.  Deliverable 4.1, MUSTEC 

project, CIEMAT, Madrid. 

Del Río P., Kiefer C. (2018). Analysis of the drivers and barriers to the market uptake of CSP in the 

EU. Deliverable 4.3, MUSTEC project, IPP-CSIC, Madrid. 

Center for Mediterranean Integration (CMI). (n.d.). DEWA CSP 700 MWe project: What we know so 

far. Retrieved from Middle East and North Africa Concentrating Solar Power Knowledge 

and Innovation Program: http://cmimarseille.org/menacspkip/dewa-csp-700-mwe-project-

know-far/ 

EC - DG International Cooperation and Development. (2018, 9 17). Noor III: Tower Plant of the 

Ouarzazate Solar Complex. Retrieved from https://ec.europa.eu/europeaid/blending/noor-

iii-tower-plant-ouarzazate-solar-complex_en 

EIG Global Energy Partners. (2017). Cerro Dominador Project. Retrieved from 

https://cerrodominador.com/proyecto/photovoltaic-plant/?lang=en 

ESI Africa. (2017, 10 4). Morocco pushing renewables boundary with Noor Midelt projects. 

Retrieved from https://www.esi-africa.com/morocco-pushing-renewables-boundary-noor-

midelt-projects/ 



 

 

 

70 | P a g e  
 

ESI Africa. (2018, 6 12). World Bank provides funding for Morocco’s Noor-Midelt complex. 

Retrieved from https://www.esi-africa.com/world-bank-provides-funding-for-moroccos-

noor-midelt-complex/ 

HELIOSCSP. (2017, 6 20). Morocco shortlists 5 consortia for 800 MW Noor Midelt solar hybrid 

Concentrated Solar Power & PV project. Retrieved from http://helioscsp.com/morocco-

shortlists-5-consortia-for-800-mw-noor-midelt-solar-hybrid-concentrated-solar-power-pv-

project/ 

HELIOSCSP. (2018, 5 22). EDF talk on Morocco 800 MW NOOR Midelt Concentrated Solar 

Power+PV hybrid solar project. Retrieved from http://helioscsp.com/edf-talk-on-morocco-

800-mw-noor-midelt-concentrated-solar-powerpv-hybrid-solar-project/ 

International Energy Agency (IEA). (2010). Technology Roadmap: Concentrating Solar Power. Paris. 

doi:10.1787/9789264088139-en 

International Energy Agency (IEA). (n.d.). Feed-in tariffs for electricity from renewable energy 

sources (Special regime). Retrieved from 

https://www.iea.org/policiesandmeasures/pams/spain/name-23929-en.php 

IRENA. (2013). Concentrating Solar Power. Renewable Energy 1. Bonn. doi:10.1063/1.2993731 

Lilliestam, J. (2018): Whither CSP? Taking stock of a decade of concentrated solar power expansion 

and development. Deliverable 4.2, MUSTEC project, ETH Zürich, Zürich. 

MottMcDonald. (2017). Xina Solar One CSP plant completes first month of operation. Retrieved 

from EnergyBlog: https://www.energy.org.za/news/xina-solar-one-csp-plant-completes-

first-month-of-operation 

SolarPACES - CSP Today. (2018, 5 18). Morocco Predicts Price Drop at Midelt CSP-PV Hybrid. 

Retrieved from http://www.solarpaces.org/morocco-predicts-price-drop-at-midelt-csp-pv-

hybrid/ 

Surname, N. (2017). Title of Article. Title of Journal , 78-84. 

Torresol Energy. (2018). Gemasolar. Retrieved from http://torresolenergy.com/gemasolar/ 

 

  



 

 

 

71 | P a g e  
 

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 Country Logo 

Centro de Investigaciones Energeticas, 
Medioambientales y Tecnologicas – CIEMAT 

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 

 



 

 

 

72 | P a g e  
 

 

 

The project has received funding from the European Union’s Horizon 2020 research and 
innovation program under grant agreement No 764626 

 

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, re-

cording 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. 

 


