
 

 

 

 

 

SMART RENEWABLE HUBS 

FOR FLEXIBLE GENERATION 

SOLAR GRID STABILITY 

 

 

 

D8.4 

WP8 EXECUTIVE SUMMARY 

 

 

 

 

The project has received funding from the European Union’s Horizon 2020 

research and innovation programme  under grant agreement No 727362 



 

 

 

WP8 Executive summary  D8.4 0 

DOCUMENT HISTORY 

ID & Title : D8.4 - WP8 Executive Summary Number of pages :  

Version V1.0  60 

Short Description (Max. 50 words): 

The document summarizes and updates the previous deliverables D8.1 IPR management (M6), D8.2 
Innovative business models and legal issues (M18) and D8.3 Exploitation strategies and market uptake 
(M36). By this way, D8.4 covers the work done related to IPR management, business models and 
exploitation activities during the whole project. 

Revision History 

Version Date Modifications’ nature Author 

V0.0 29/10/2019 Table of Contents Eva Muñoz 

V0.1 04/11/2019 Update of legal framework Mª carmen Bueno 

V0.2 05/11/2019 Update of IPR management Eva Muñoz 

V0.3 23/11/2019 Update of business models Mª Carmen Bueno 

V0.4 09/12/2019 Conclusions, executive summary Eva Muñoz 

V0.5 16/12/2019 Revision by COBRA Jose M. Estebaranz 

    

Accessibility: 

 PU, Public 

 PP, Restricted to other program participants (including the Commission Services) 

 RE, Restricted to other a group specified by the consortium (including the Commission Services) 

 CO, Confidential, only for members of the consortium (including the Commission Services) 

If restricted, please specify here the group:  

Owner / Main responsible: 

ETRA / Eva Muñoz Navarro 

Reviewer (s):  

COBRA, IDIE, TECNALIA, CESI 

 

 

 



 

 

 

WP8 Executive summary  D8.4 1 

TABLE OF CONTENTS 

DOCUMENT HISTORY ............................................................................................................................. 0 

LIST OF FIGURES AND TABLES ................................................................................................................... 3 

LIST OF ACRONYMS AND ABBREVIATIONS .................................................................................................... 4 

EXECUTIVE SUMMARY ............................................................................................................................ 5 

1. INTRODUCTION ................................................................................................................................. 6 

1.1. OBJECTIVES ............................................................................................................................................6 

1.2. SCOPE ...................................................................................................................................................6 

1.3. OUTLINE................................................................................................................................................6 

2. IPR MANAGEMENT ............................................................................................................................ 7 

2.1. IPR REPOSITORY .....................................................................................................................................7 

2.2. IPR JOINT AGREEMENT ............................................................................................................................8 

2.3. TECHNOLOGY WATCH ..............................................................................................................................8 

3. INNOVATIVE BUSINESS MODELS AND LEGAL ISSUES ................................................................................... 11 

3.1. LAST UPDATES ON EU ELECTRICITY MARKETS AND REGULATION .................................................................. 11 

3.1.1. Clean Energy Package .............................................................................................................. 11 

3.1.2. ENTSO-E ................................................................................................................................... 15 

3.1.3. National Legal Frameworks ..................................................................................................... 15 

3.2. GAPS, CHALLENGES AND RECOMMENDATIONS FOR GRIDSOL MARKET UPTAKE ............................................. 18 

3.3. REVISION OF INTEGRATED BUSINESS MODELS ............................................................................................ 26 

3.3.1. Core activities in SRH development ........................................................................................ 28 

3.3.2. SRH Value Chain. Main Roles ................................................................................................... 29 

3.4. GRIDSOL VALUE NETWORKS AND ASSOCIATED BUSINESS MODELS .............................................................. 32 

3.4.1. GRIDSOL High Level Use cases ................................................................................................. 32 

3.4.1.1. Building new hybrid power plants. Cost-effectiveness ................................................ 32 

3.4.1.2. Retrofitting of existing plants to maximize RES production. Cost-effectiveness ......... 33 

3.4.1.3. VPP acting as a Virtual Battery for cost-effective RES market’s uptake ...................... 33 

3.4.2. Exhaustive business models per GRIDSOL Actor ..................................................................... 34 

3.4.2.1. Business model for SRH project development, construction and operation (role of 

COBRA) ...................................................................................................................................... 36 

3.4.2.2. Business model for consulting and supporting services (role of IDIE, CESI) ................ 37 

3.4.2.3. Financial viability of GRIDSOL Business Model. Cash-flow analysis ............................. 38 

4. EXPLOITATION STRATEGY ................................................................................................................... 44 



 

 

 

WP8 Executive summary  D8.4 2 

5. CONCLUSIONS ................................................................................................................................. 46 

6. ANNEX 1........................................................................................................................................ 48 

7. REFERENCES ................................................................................................................................... 57 

 

 

 



 

 

 

WP8 Executive summary  D8.4 3 

LIST OF FIGURES AND TABLES 

Table 1: List of Acronyms and Abbreviations ................................................................................................4 

Table 2: Total results of GRIDSOL project, identified in IPR repository ........................................................8 

Table 3. recommendations for improvement in legal framework ............................................................. 18 

Table 4. Summary of national legal frameworks for the operation of SRHs and Hybrid Power Plants 

Exploitation ................................................................................................................................................ 21 

Table 5. recommendations to solve gaps and challenges in legal issues ................................................... 23 

Table 6. Market value per technology. continental locations [12] ............................................................ 41 

 

Figure 1 – Example of GRIDSOL Technology watch newsletter ....................................................................9 

Figure 2 – Feedback on the GRIDSOL Technology watch newsletter ........................................................ 10 

Figure 3. Value chain of RES power plant projects..................................................................................... 26 

Figure 4. Typical segments of RE value chain [11] ..................................................................................... 27 

Figure 5. Solar CSP value chain [11] ........................................................................................................... 28 

Figure 6. Core activities for the development of SRHs............................................................................... 29 

Figure 7. Main ROLES on the SRH Value Chain according to partners’ profiles and exploitable results ... 30 

Figure 8. Solar PV value chain [11] ............................................................................................................. 31 

Figure 9.On-shore wind value chain [11] ................................................................................................... 31 

Figure 10. Business Plan timeline approach ............................................................................................... 38 

Figure 11. Power prices and power prices projections for Island locations [€2015] [12] .......................... 41 

 

 

 

 



 

 

 

WP8 Executive summary  D8.4 4 

LIST OF ACRONYMS AND ABBREVIATIONS 

 

TABLE 1: L IST OF ACRONYMS AND ABBREVIATIONS  

ACRONYM MEANING 

  
BaU Business as Usual 
CSP Concentrated Solar Power 
IRR Internal Rate of Return 
IPP Independent Power Producers  
NPV Net Present Value  
PCC Point of Common Coupling  
RE Renewable 
RES Renewable Energy Services 
ROI Return of Investment 
TSO Transport System Operator 
UI User Interface 

 

 

 



 

 

 

WP8 Executive summary  D8.4 5 

EXECUTIVE SUMMARY 

WP8 is a GRIDSOL horizontal work package in which three tasks have been developed to ensure that the 

knowledge and results generated within the project are brought closer to the market and exploited to the 

best benefit of all partners. In order to enhance the effect of the exploitation activities, the IPR strategies 

of the project have been defined and reported in D8.1 IPR management (M6), focusing on the protection 

of the knowledge generated and the definition of the rights for exploiting the project results. Moreover, 

an innovative business model has been developed in order to commercialize the project results in a cost 

effective manner, which was reported in D8.2 Innovative business models and legal issues (M18). Finally, 

a report on the exploitation strategy and the joint exploitation of the project results was delivered as D8.3 

Exploitation strategies and market uptake (M36). Once GRIDSOL has been completed, there is a need to 

report on the activities that have taken place after the submission of the deliverables as well as to provide 

the whole picture of the WP8 main results, therefore D8.4 is presenting the work done related to IPR 

management, business models and exploitation activities during the whole project: 

 IPR management and ownership of the exploitable results (expressing the view of each project 

partner) has been the main objective of T8.1 during the project. The main strategies and tools in 

this context were described in D8.1 IPR Management, submitted in M6. After 32 additional 

months of project, IPR has been analysed as soon as GRIDSOL results were available and the IPR 

repository has been created to gather all this information. 

 A revision of the legal framework has been performed and the updates on EU electricity markets 

and Regulation are reported, since we are facing a very dynamic and changing energy landscape 

in which Clean Energy Package, ENTSO-E reports and National Frameworks are being adapted to 

the new electricity market needs. Moreover, gaps, challenges and recommendations based on 

the GRIDSOL innovative technologies and configurations uptake are formulated. 

 In D8.2 new business scenarios were identified and three High-Level Use Cases were inferred: 

BM1 is “Building new hybrid power plants. Cost effectiveness”, BM2 is “Retrofitting of existing 

plants to maximize RES production. Cost effectiveness” and BM3 is “VPP acting as a virtual battery 

for cost-effective RES market’s uptake”. A value network was created for all of them, together 

with one business model per key GRIDSOL actor involved, using the Business Modelling Canvas 

methodology. Now this report includes a new analysis of the efficient business models for each 

one of the core GRIDSOL actors. 

 The main findings of the exploitation strategy within GRIDSOL are summarized, focusing on the 

most important conclusions of the market analysis and the three main products that result from 

the analysis of the key exploitable results, as described in D8.3: the Hybrid Power Plant, the SRH 

Modeler and the DOME. 
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1. INTRODUCTION 

1.1. OBJECTIVES 

WP8 IPR management and exploitation activities is a horizontal work package within the GRIDSOL project 

work plan, and accordingly, the related tasks have been performed since the first reporting period until 

the end of the project. Nevertheless, two important deliverables were prepared and submitted earlier in 

the timeline of the project: D8.1 IPR management was submitted in M6 and D8.2 Innovative business 

models and legal issues was submitted in M18. Therefore, once GRIDSOL has been completed, there is a 

need to report on the rest of activities that have taken place after the submission of the deliverables and 

provide the whole picture of the WP8 main results. 

1.2. SCOPE 

The document summarizes and updates the previous deliverables D8.1 IPR management (M6), D8.2 

Innovative business models and legal issues (M18) and D8.3 Exploitation strategies and market uptake 

(M36). By this way, D8.4 covers the work done related to IPR management, business models and 

exploitation activities during the whole project.  

1.3. OUTLINE 

This document is organised as follows: 

section 2 is dedicated to update the main activities in the context of IPR management, focusing on the 

contents of the IPR repository; section 3 contains the last updates on the legal framework and a summary 

of the key findings during the final stage of the project, as well as the revision of the integrated business 

models focusing on the GRIDOSL case and actors; section 4 summarizes the exploitation strategy and 

finally the conclusions are provided in section 5.  
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2. IPR MANAGEMENT 

IPR management and ownership of the exploitable results (expressing the view of each project partner) 

has been the main objective of T8.1 during the project. The main strategies and tools in this context have 

been described in D8.1 IPR Management, submitted in M6. After 32 additional months of project, IPR has 

been analysed as soon as GRIDSOL results were available and the IPR repository has been created to 

gather all this information. At the end of the project, a final IPR agreement among partners should be 

desirable and the GRIDSOL Consortium is currently on the way to formalize the minimum terms at this 

regard.  

The goal of this section is twofold: 

- To discuss the details about the IPR issues for the different exploitable outcomes defined in the 

project 

- To provide general recommendations/remarks about the data IPR management considering the 

commercialization perspective of the GRIDSOL framework. 

Moreover, a summary of the technology watch implemented during the whole project is also provided. 

2.1. IPR REPOSITORY 

GRIDSOL partners should mutually respect each other’s rights on all background IP. Any partner holding 

patents, copyrights or otherwise protected IP that are required for the fulfilment of project should provide 

them to consortium at fair and reasonable conditions.  

The list of GRIDSOL results that have been included in the IPR repository are reported in the table of Annex 

1, in which a description of each result and the public or confidential nature are detailed. One of the key 

aspects which results very important for the IPR management is the identification of background owned 

by partners as well as the possible access rights to use the different results (foreground). 

The following table summarizes the total figures in terms of the project results, classified according to its 

nature and dissemination level. 

NATURE OF THE RESULT DISSEMINATION LEVEL 
 

 
CO PU Within GRIDSOL 

consortium 
Proprietary TOTAL 

Dissemination material 
(infographic, leaflet, video...) 

 
4 

  
4 

Documentation 8 5 
  

13 

Documentation (guidelines report) 
 

2 
  

2 

Documentation (specifications) 5 
   

5 

Documentation (strategy report) 
 

4 
  

4 

Other 5 1 
  

6 

Publications (papers, conference 
proceedings…) 

 
7 

  
7 
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Software 9 
 

3 2 14 

TOTAL 27 23 3 2 55 

TABLE 2: TOTAL RESULTS OF GRIDSOL  PROJECT,  IDENTIFIED IN IPR  REPOSITORY  

 

2.2. IPR JOINT AGREEMENT 

A final document, in the form of a Memorandum of Understanding is being prepared, covering those 

results that are identified as a joint exploitation and identifying who are the GRIDSOL partners that have 

directly contributed to its development. 

 

2.3. TECHNOLOGY WATCH 

GRIDSOL Consortium has carried out since the beginning of the project a task of technology watch and 

monitoring of products and competitors that may be of interest. Market, legal barriers as well as IPR 

protection had to be monitored and updated during the entire life-time of the project. 

The following topics of interest have been the center of this monitoring: 

 European electricity market updates 

 Advanced control systems for electricity dispatch  

 Cost-effectiveness of RES  

 News on CSP technologies  

 Projects about Hybrid generation plants  

 Power analysis software for hybrid power plants  

 RES integration problems for system operators  

 Autonomous electric systems 

 Systems or technologies for energy storage 

Therefore, on a periodic basis, a huge list of “signals” have been detected by a tool based on the 

Competitive Intelligence concept, which has been trained in the surveillance of the above mentioned 

topics of interest, based on the formulation and refinement the correct assumptions (key words and 

relation among them) to obtain the right results. Furthermore, numerous sources were incorporated, 

including the news media, customer and competitor interviews, industry experts, trade shows and 

conferences, government records and public filings. 

This list of “signals” was obtained in form of a link to a resource of interest, available in a website. 

Moreover, some other research was done in the context of academic publishers or open data repositories. 

As a result, several newsletters were generated to be distributed to the GRIDSOL Consortium, in order to: 

- Provide them with interesting information in the context of GRIDSOL 

- Compile and analyse information about competitors and other existing project, to detect any possible 

IP issues 
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- Collect the feedback of the rest of GRIDSOL partners about the topics of interest and the information 

that the tool was progressively finding, to understand whether it resulted useful in the context of WP8 

purposes: the market analysis and the pure technological watch.  

An example of this newsletter is as follows: 

 

FIGURE 1  – EXAMPLE OF GRIDSOL  TECHNOLOGY WATCH NEWSLETTER  

 

Following, the kind of feedback that was received form the GRIDSOL partners used to be in a very practical 

way: 
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FIGURE 2  – FEEDBACK ON THE GRIDSOL  TECHNOLOGY WATCH NEWSLETTER  

This information was used to refine the assumptions used to train the tool, in order to obtain more and 

better results, and on the other hand, to collect usefully references for the market analysis to be 

performed in the context of T8.3. 
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3. INNOVATIVE BUSINESS MODELS AND LEGAL ISSUES 

3.1. LAST UPDATES ON EU ELECTRICITY MARKETS AND REGULATION 

The European Commission, after the last Clean Energy Winter package, has slightly change direction for 

some of the approaches in terms of electricity market and regulation. As new distributed, intermittent 

and normally non-dispatchable electricity generation units are being widely introduced, the grid needs 

adaptation to this new market topology by adapting the market rules and promoting a stronger 

cooperation across borders. The increase in profitability and performance of the renewable energy 

sources, along with the wide depletion of renewable energy plants, lead, according to the European 

Commission, to a market-driven development of the renewable sector, reducing state interventions. 

The path for the energy sector proposed by the European Commission includes: 

 Promotion of investment in storage facilities by providing regulatory support through the new 

disposition for Capacity Mechanisms, like: 

o CMs must be open to all types of resource, including demand response, and subject to a 

carbon emissions limit of 550g CO2/kWh. 

o CMs must be open to direct cross‑border participation. 

o Storage owners not to be subject to any double charge when providing flexibility services. 

o Storage owners to be able to provide different services at the same time if technically 

possible. 

 Equalising the treatment for generation, demand response, storage and aggregators. 

 Establishment of regional coordination centres to carry out capacity calculation analysis, security 

analysis, regional outage planning coordination, regional sizing of reserve capacity and the 

creation of common grid models. 

 The Electricity Regulation will be directly applicable in all EU Member States and will apply from 

1 Jan 2020 while the Electricity Directive will need to be transposed into domestic law by each 

Member State with the majority of provisions required to be implemented by 31 Dec 2020. 

3.1.1. CLEAN ENERGY PACKAGE 

In more detail, it is worth noting: 

Directive (EU) of the European Parliament and of the Council of 5 June 2019 on common rules for the 

internal market for electricity and amending Directive 2012/27/EU [33]. This Directive fosters the 

completion of a well-functioning internal market for electricity, as a key factor enabling the uptake of 

renewable energy so the Union’s renewable energy targets will be met. In general terms, Member States 

are pushed to ensure a level playing field where electricity undertakings are subject to transparent, 

proportionate and non-discriminatory rules, fees and treatment, in particular with respect to balancing 

responsibility, access to wholesale market, access to data, switching processes and billing regimes, and 

where applicable, licensing.  

More closely related to SRH market development, key targeted common rules are specified. Firstly, 

Member States shall ensure the implementation of a system of third-party access to the transmission and 

distribution systems based on published tariffs, applicable to all customers. With regard the authorisation 
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procedure for new capacity, this shall be conducted in accordance with objective, transparent and non-

discriminatory criteria. As key criteria to be considered may be highlighted: the safety and security of the 

electricity system, installations and associated equipment, the protection of public health and safety, the 

protection of the environment, land use and siting, the use of public ground, energy efficiency, the nature 

of primary sources, the characteristics particular to the applicant (technical, economic, financial), the 

contribution towards meeting the overall Union target of at least 32% share of energy from renewable 

sources in the Union’s gross final consumption of energy in 2030, the contribution of generating capacity 

to reducing emissions and the alternatives to the construction of new generating capacity such as demand 

response solutions and energy storage.  

Additionally, simplified and streamlined authorisation procedure shall exist for small 

decentralised/distributed generation. 

The Directive also specifies common rules for the decision-making powers regarding the connection of 

new generating installations and energy storage to the transmission systems. In short, TSOs shall 

establish and publish transparent procedures for non-discriminatory connection which shall be subject to 

approval by the regulatory authorities. Furthermore, TSOs shall not be entitled to refuse the connection 

of new generating installations on the grounds of possible future limitations to available network 

capacities, such as congestions in distant parts of the transmission systems. All this without the prejudice 

TSOs to limit the guaranteed connection capacity or to offer connections subject to operational 

limitations, in order to ensure economic efficiency. By last, TSOs are not entitled to refuse a new 

connection point by arguing it would lead to additional costs resulting from the necessary capacity 

increase of system elements in the close range to the connection point. 

With regard to the procurement of balancing and ancillary services. TSOs shall procure balancing services 

subject to the following: transparent, non-discriminatory and market-based procedures; the participation 

of all qualified electricity undertakings and market participants (including those offering energy from 

renewable resources, those engaged in demand response, operators of energy storage facilities and those 

engaged in aggregation). The Directive also establishes requirements for the provision of non-frequency 

ancillary services by TSOs. In particular, the regulatory framework shall ensure that TSOs are able to 

procure such services from providers of demand response or energy storage and shall promote the uptake 

of energy efficiency measures, where such services cost-effectively alleviate the need to upgrade or 

replace electricity capacity and support the efficient and secure operation of the transmission system. 

Similar disposals are for DSOs. By the former, the Directive establishes that DSOs shall procure non-

frequency ancillary services needed for its systems with non-discriminatory and market based procedures 

too. Secondly, an effective participation of all qualified market participants (including those offering 

energy from renewable sources, those engaged in demand response, operators of energy storage facilities 

and those engaged in aggregation) shall be ensured. 

 

Regulation (EU) 2019/943 of the European Parliament and of the Council of 5 June 2019 of the internal 

market for electricity (recast) [34]. This legal text sets fundamental for well-functioning, integrated 

electricity markets, which allow all resource providers and electricity consumers non-discriminatory 

market access, empower consumers, ensure competitiveness on the global market as well as demand 

response, energy storage and energy efficiency, and facilitate aggregation of distributed demand and 
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supply, and enable market and sectoral integration and market-based remuneration of electricity 

generated from renewable sources.  

With regard balancing markets, this Regulation establishes first of all that, all market participants are 

responsible for the imbalance they cause in the system (‘balance responsibility’). For TSOs or their 

delegate operators it is required they shall publish, as close to real time as possible but with a delay after 

delivery of no more than 30 minutes, the current system balance of their scheduling areas, the estimated 

balance prices and the estimated balancing energy prices. For day-ahead and intraday markets NEMOs 

shall allow market participants to trade energy as close to real time as possible and at least up to the 

intraday cross-zonal gate closure time. Market participants shall be able to trade in energy in time intervals 

which are at least as short as the imbalance settlement period for both day-ahead and intraday markets. 

Very interesting is the fact that NEMOs shall provide products for trading in day-ahead and intraday 

markets which are sufficiently small in size, with minimum bid sizes of 500 KW or less, to allow for the 

effective participation of demand-side response, energy storage and small-scale renewables including 

direct participation by customers. By 1 January 2021, the imbalance settlement period shall be 15 minutes 

in all scheduling areas, unless regulatory authorities have granted a derogation or an exemption. From 1 

January 2025, the imbalance settlement period shall not exceed 30 minutes where an exemption has been 

granted by all regulatory authorities within a synchronous area. With regard forward markets, TSOs shall 

issue long-term transmission rights (or have equivalent measures) in place to allow market participants 

(including owners of power-generating facilities using renewable energy sources), to hedge price risk 

across bidding zones borders. Additionally, market operators shall be free to develop forward hedging 

products, including long-term forward hedging products, to provide market participants, including owner 

of power-generating facilities using renewable energy sources, with appropriate possibilities for hedging 

financial risks against price fluctuations. 

In terms of electricity system operation, this Regulation establishes System Operators shall give priority 

to generating installations using renewable energy sources when dispatching electricity generating 

installations or to apply a lower minimum capacity provided that it has a well-functioning intraday, 

wholesale and balancing markets and that those markets are fully accessible to all market participants. 

For the first case, renewable generating facilities shall use renewable energy sources and have an installed 

capacity of less than 400 kW, or demonstration projects for innovative technologies. For the second, 

Member States may decide to apply a minimum capacity than that set out under the previous criteria. For 

1 January 2026, priority shall apply only to power-generating facilities that use renewable energy sources 

and have an installed electricity capacity of less than 200 kW.  

The resources that are redispatched shall be selected from among generating facilities, energy storage 

and demand response using market-based mechanisms and shall be finally compensated. Balancing 

energy bids used for redispatching shall not set the balancing energy price. Non-market based 

redispatching may only be used where: all available market-based resources have been used, the number 

of available power generating, energy storage or demand response facilities is too low to ensure effective 

competition in the area where sustainable facilities for the provision of the service are located, or the 

current grid situation leads to congestion in such a predictable and regular way that market-based 

redispatching would lead to regular strategic bidding which would increase the level of internal congestion 

and the Member State concerned either has adopted and actional plant to address this congestion.  When 

non-market-based downward redispatching is used, this criteria applies: power-generating facilities using 

renewable energy sources shall only be subject to downward redispatching if no other alternative exists, 
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or if other solution would result in significantly disproportionate costs or severe risk to network security. 

Furthermore, high-efficiency cogeneration process shall only be subject to downward redispatching.  

Where non-market-based downward redispatching is used, it shall be subject to financial compensation1 

by the System Operator requesting the redispatching to the operator of the redispatched generation, 

energy storage or demand response facility except in the case of producers that have accepted a 

connection agreement under which there is no guarantee of firm delivery of energy. 

General requirements about capacity allocation and congestion management can be summarized in: 

network congestion problems shall be solved by means of non-transaction-based methods (that do not 

involve a selection between the contracts of individual market participants), transaction curtailment 

procedures that shall be used only in emergency situations (concretely, when a TSO may act in a expeditus 

manner and redispatching or countertrading is not possible), and for any such curtailment, the 

compensation to market participants that have been allocated capacity. 

In short, the Regulation establishes for capacity mechanisms: TSOs shall recalculate available cross-zonal 

capacity at least after day-ahead gate closure times and after intraday cross-zonal gate closure times.  

Counter-trading and redispatch, including cross-border redispatch, shall be used to maximise available 

capacities to reach the minimum capacity provided. Regional Coordination Centers shall set out 

coordinated remedial actions reducing the cross-zonal capacities accordingly. 

Capacity mechanisms shall be designed to be open to participation of all sources that are capable of 

providing the required technical performance (including energy storage, demand side management). 

Additionally, they may apply appropriate penalties to capacity providers that are not available in times of 

system stress. When a capacity mechanism will be designed as a strategic reserve, the resources are to 

be dispatched only if the TSOs are likely to exhaust their balancing resources to establish equilibrium 

between demand and supply; during imbalance settlement periods (resources of the strategic reserve are 

dispatched) imbalances in the market are to be settled at least at a value of lost load or at a higher value 

than the intraday technical price limit. The Regulation additionally states that the resources taking part in 

the strategic reserve are not to receive remuneration form the wholesale electricity markets or from the 

balancing markets. With regard to range, capacity mechanisms shall be open to direct cross-border 

participation of capacity providers located in another Member State, so Member States shall ensure to 

foreign capacity capable of providing equivalent technical performance to domestic capacities has the 

opportunity to participate in the same competitive process as domestic capacity. Moreover, Member 

States may allow interconnectors to participate directly in the same competitive process as foreign 

capacity for a maximum of 4 years from 4 July 2019, and require foreign capacity to be located in a 

Member State has a direct network connection with the Member State applying the mechanism. A last 

question is about capacity providers shall be required to make non-availability payments where their 

capacity is not available. 

Finally, the Commission is empowered to adopt implementing acts for the implementation of this 

Regulation by establishing network codes in the following areas: (i) network security and reliability rules, 

(ii) congestion management and capacity-allocation rules, (iii) rules in relation to trading related to 

                                                           
1 Financial compensation: it shall be at least equal to the higher of the following elements or a combination of both: additional operating cost 
caused by the redispatching (additional fuel costs in the case of upward redispatching, backup heat provision in the case of downward 
redispatching of power-generating facilities using high-efficiency cogeneration), net revenues from the sale of electricity on the day-ahead market 
that the power-generating, energy storage or demand response facility would have generated without the redispatching request. 
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technical and operational provision of network access services and system balancing, (iv) rules 

implementing in relation to non-discriminatory transparent provision of non-frequency ancillary services, 

(v) rules in relation to demand response (including rules on aggregation, (vi) energy storage and demand 

curtailment rules). Additionally, the Commission shall adopt delegate acts with regard to the 

establishment of network codes in different areas: (i) network connection rules (including requirements 

for grid connection of generators), (ii) data exchange, settlement and transparency rules, (iii) third-party 

access rules, (iv) operational emergency and restauration procedures in emergency, (v) sector-specific 

rules for cybersecurity aspects of cross-border electricity flows. 

3.1.2. ENTSO-E 

Two new ENTSO-E reports on market network codes implementation have been released. The reports 

monitor progress on day-ahead &intraday coupling and forward capacity allocation on the one hand [35], 

and on capacity calculation in the ten capacity calculation regions on the other [36]. These publications 

outline the work done achieved by EU TSOs in implementing the CACM regulation2 and the FCA (Forward 

Capacity Allocation) regulation.  

Additionally, ENTSO-E has recently drafted (May 2019) a study about all TSOs’ proposal on list of standard 

products for balancing capacity for Frequency Restoration Reserves and Replacement Reserves pursuant 

to Article 25(2) of Commission Regulation (EU) 2017/2195 of 23 November 2017 [5]. This proposal defines 

the requirements of standard balancing capacity products for frequency restoration reserves with manual 

activation (mFRR) and replacement reserves (RR). The prequalification process, TSO-BSP settlement, 

monitoring and other obligations related to procurement of standard balancing capacity product bids 

from RR, mFRR and RR are out of the scope of this proposal. 

Defined characteristics for standard capacity products are: (i) balancing capacity validity period, (ii) 

direction of the capacity-upward or downward, (iii) TSO’s maximum delivery duration, (iv) TSOs’ 

restriction on the number of options for the minimum duration between the end of deactivation period 

and the following activation. With regard to product bids, it is worth noting that the minimum bid quantity 

and granularity agreed shall be 1 MW. Furthermore, it is established several additional requirements such 

as product bids shall be submitted in (EUR/MW)/h and must have a resolution of 0.01 /EUR/MW)/h, prices 

shall be positive or zero and the payment shall be from TSO to BSP, the maximum bid quantity shall be 

specified according to the terms and conditions, and last but not least, the location shall be at least the 

smallest of LFC Area or bidding zone in which the providing units and/or providing groups are connected 

to- despite this TSOs may require further locational information in its terms and conditions.  

According to the 2019 planning ENTSO-E has the following pending key milestones: Sept. 2019 (All 

connection codes implemented). Q4 2019 (Balancing platforms for IN and RR to be implemented). 

3.1.3. NATIONAL LEGAL FRAMEWORKS 

SPANISH NATIONAL LEGAL FRAMEWORK 

New CNMC (National Center of Markets and Competition) proposal titled: ‘ CIRCULAR CIR/DE/001/19 por 

la que se establece Metodología y Condiciones del Acceso y de la Conexión a las Redes de Transporte y 

                                                           
2 ‘CACM regulation’ refers to the Commission Regulation (EU) 2015/1222 of 24 July 2015 establishing a guideline on capacity allocation and congestion management 
(Text with EEA relevance) 
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Distribución de las instalaciones de producción de energía eléctrica’ [37] [38]. The text provides for the 

joint processing of access and connection permits (new network connection or modification of an existing 

one) by means of a single procedure, and a simplified or abbreviated application procedure for 

installations with a power of less than or equal to 100 kW- installations of self-consumption that are not 

considered energy production facilities. Requirements set along this legal text are for applicants to 

effectively demonstrate the viability of the proposed project, both at economical and technical level. For 

this last, and to be able to process the file, applicants shall include in their requests a detailed technical 

information together with an economic guarantee equivalent to € 40/kW installed (exception for power 

generation facilities under an abbreviated procedure). This guarantee gives the right to obtain the 

operating authorization and is linked to a specific project. 

Another singularity is the short deadlines for the submission of power proposals. Applications must be 

submitted within a period not exceeding 40 days from the receipt of the validity of the financial guarantee 

from the Administration. If correction is required, the applicant will have a period of 15 days to satisfy it. 

If after another 10 days of submitting the remedy, the network manager does not answer, the request 

will be considered admitted for processing. 

The procedure defines a new concept, ‘complementary power’, by which it is allowed to grant permits to 

maximize renewable energy integration in certain network nodes where the network utilization rate is 

low due to a low simultaneity index. The holders of such permits may only exercise their right of access 

to the extent that all other concurrent installed power at a connection point fully satisfies their right of 

access. The shared use of the connection facilities is also allowed (without affecting the permits already 

granted and without prejudice to the signing of a compensation agreement for a duration from the 

commissioning of the connection facility not less than 10 years in general). The network managers must 

keep monthly on their web pages detailed and updated information on the capacities available in the 

nodes of their voltage networks greater than 1 kV. In cases of non-dispatchable renewables, network 

managers may grant access and connection permits for a value greater than the installed power in those 

nodes of the network in which there a lower rate of simultaneity in the expected production. Under this 

situation, the complementary power may be associated with a different technology from that according 

to which a previous permit was granted in that same location (said complementary power must have its 

corresponding access and connection permits) - under this type of permission the manager will apply as 

many technical requirements are applicable with respect to remote control and any other related to the 

operation and dispatch in conditions of safety and stability, in at least two steps, corresponding to the 

maximum installed power and the sum of this and the complementary power, respectively. Acceptance 

is received in 20 days if the connection point is in a distribution network with a voltage of less than 36 kW, 

or 45 days if the point is in a distribution network with a voltage equal to or greater than 36 kW or in the 

transport network. The manager must respond to the acceptance of the permit conditions (authorization 

issued).  

There is an exception for the temporary priority of requests in the normal procedure. This is the case 

when there is any fact that motivates a supervening increase of available capacity in a node that allows a 

new installed capacity of more than 200 MW. Such a case implies a differentiated treatment of the 

requests associated with said available capacity, which they will not follow the order of general temporary 

priority, as the permits for said capacity will be granted following the order resulting from a competitive 

concurrence procedure (auction). 'The product of the auction will be the installed power for which it is 

intended to obtain access permits and of connection in a certain node '. The auction will be carried out 
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with a marginal system, in which the amount in € / MW that the applicant is willing to offer will be offered 

for a given installed capacity and technology. As a result, the installed power and technology will be 

obtained for each participant, as well as the resulting amount in €/MW (these generated monetary 

resources are considered as income from the electricity system). The result of the auction will be applied 

in the priority order of applications, which must be submitted within a period not exceeding 40 days. 

Once the request is accepted - the network manager must assess the existence or not of access capacity 

and the viability of connection to the requested point. After this assessment the network manager will 

grant the access and connection permit in the case of positive evaluation. 

 

ITALIAN NATIONAL LEGAL FRAMEWORK 

On July 8, 2019, the Italian government signed a ministerial decree that will grant new incentives to 

renewable energy sources (FER1 Decree) [39]. The scheme will apply until the end of 2021 and will provide 

new incentives of about €1 billion per year. The government expects that it will allow for the construction 

of new plants with a total capacity of about 8,000 MW investments estimated to be in the region of € 10 

billion. The key points and aspects of the RES1 Decree are [40]: it is aimed at promoting the deployment 

of clean energy power plants in Italy from 2019 through to 2021. Access to the incentives will either be 

by registration in registers or participation in competitive reverse bid auctions via eight different tenders 

between January 2019 and May 2021.  

The registration and auctions will be divided into four different categories: a) wind and solar PV plants; 

solar PV plants where the relevant modules have been installed to replace eternity or asbestos roof. B) 

hydroelectric, geothermal and gas-powered plants; and C) wind, hydroelectric and geothermal and gas-

powered plants subject to partial or total revamping. The Ministry of Economic Development (MISE) plans 

to allocate 770 MW of installed power for solar PV and wind between 2019 and 2021 through the 

registration/tender procedures and 800 MW to solar PV plant. A further 80 MW will be allocated through 

registration to category B, and 120 MW to category C. In addition, the capacity thresholds to be allocated 

through reverse bid auctions over that three-year period total 5,500 MW for category A, with 110 MW 

and 620 MW to be allocated to categories B and C respectively. 

The law also defines the ‘PPA platform’. In particular, there is a mention of a possible setting up of a 

platform for the negotiation of PPAs.  

 

GREEK NATIONAL LEGAL FRAMEWORK 

New Law 4513/2018 on Energy Communities gives Greek municipalities the right to participate in energy 

communities by producing, storing, distributing and supplying their own energy using renewable energy 

sources [41]. Citizens, municipalities and small and medium-sized local businesses are encouraged to 

directly participate in energy projects, with priority being given to Renewable Energy Sources (Biomass, 

Solar Power, Wind, WTE-WastToEnergy). It defines ‘energy communities’ as civil partnerships with the 

exclusive aim of promoting the social economy, encouraging solidarity and innovation in energy, 

responding to energy needs, promoting energy sustainability in the production, storage, self-
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consumption, distribution and supply of energy and increasing energy efficiency in final consumption on 

the local and regional level. 

The law among other things is aimed at promoting the use of RES and High Efficiency Cogeneration of 

Heat and Power (HECHP). Energy communities should engage in one of the activities such as: production; 

storage; self-consumption; sale of electricity or heating/cooling from RES or HECHP (High-Efficiency 

cogeneration) within the district; management of raw material for production of electricity or 

heating/cooling from biomass, bio-waste, or biofuel; procurement for the members of energy 

communities of appliances and installations with increased energy efficiency as well as electric vehicles; 

distribution of electricity or supply of electricity within the district of the seat of such energy community.  

 

3.2. GAPS, CHALLENGES AND RECOMMENDATIONS FOR GRIDSOL MARKET UPTAKE 

After a thorough review along the project execution of the legal and regulatory texts in force at different 

geographical regions of interest, henceforth the project consortium aims at in an extreme concisely 

manner giving light to those questions that nowadays, on one hand may hinder the market uptake of the 

GRIDSOL’s dispatchable power plant and, at the same time, on the other hand  may threaten the increase 

of the RES capacity generation along Europe. Aspects that may challenge the achievement of the 

objectives established in the Europe’s 2030 climate & energy framework. This undesirable landscape may 

put obstacles in the way on the diversification and increase of the European economy. 

The table below shows gaps, challenges and describe recommendations or actions for improvement 

which have been identified along the project. The legal framework status was conveniently described in 

D8.2 and relevant updates on it have been included in this deliverable. 

TABLE 3.  RECOMMENDATIONS FOR IMPROVEMENT IN LEGAL FRAMEWORK 

LEGAL TEXT GAPS AND CHALLENGES COMMENTS 

CEP1.-Clean Energy 
Package. The 
Electricity Directive 
(ED) and the 
Electricity Regulation 
(ER). 

(Internal Electricity Markets Regulation: “Article 11”. 
Generation dispatch and demand-response:) 

When dispatching electricity generation facilities, 
Transmission system managers will give priority to generation 
facilities that use renewable energy sources or high efficiency 
cogeneration from small generation facilities or generation 
facilities that use emerging technologies as follows o 
generation facilities that use renewable energy sources or high 
efficiency cogeneration with an installed electrical capacity of 
less than 500 kW; or o innovative technology demonstration 
projects. 

GRIDSOL falls within Type D generators and 
hence each GRIDSOL power source (apart BESS), 
being a synchronous or static generator, has to 
comply with Type D RfG requirements (total 
cumulative capacity between 75-150 MW). This is 
further classified according to NCs from ENTSO-E 
as no emerging technology. 

Additionally, GT and ST (GRIDSOL thermal 
section) do not constitute a combined cycle 
according to current technical requirements. 

Recommendations CEP1.-: According to what is established in the new Internal Electricity Markets Regulation, in a future scenario with an 
ever increased number of DRES (which are promoted by EU regulation), GRIDSOL and SRH most cost-efficient configurations will be market-
constrained by being not prioritized in the dispatching of generation facilities, as they are not classified as emerging technologies or innovative 
technology projects. It is recommended to evaluate the chance of include these technologies in the aforementioned criteria.  

CEP2.-Clean Energy 
Package. The 
Electricity Directive 
(ED) and the 
Electricity Regulation 
(ER). 

This last regulation establishes for operation codes for 
electricity networks that there must be defined operation 
codes for: Standards for the transparent and non-
discriminatory provision of non-frequency ancillary services, 
including stationary voltage control, rapid injection of reactive 
current and autonomous starting capability or inertia. 

GRIDSOL and DOME services allows the provision 
of the following services to system and market 
operators: (1) Active power supply (scheduled 
operation profile); (2) Reactive power supply; (3) 
Frequency secondary and tertiary regulation 
services (restoration process and replacement 
process); (4) Black start (restoration service). 
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Commission Regulation 2016/31 establishing a network code 
on requirements for grid connection of generators [22] 

Other system services such as frequency 
containment process (i.e. frequency primary 
regulation) and voltage regulation do not require 
any explicit coordination among the GRIDSOL’s 
generators since they are expected to be 
provided by the synchronous machines. Thus, 
they are out of the scope of DOME. 

Recommendations CEP2.-:. To establish an open dialog with policy makers and energy regulators in order to study if future NCs may include 
the GRIDSOL and SRH characteristics as accepted parameters.  

ENT1.-ENTSO-E 
(Network Codes) 

RfG type D generators, SOG (System Operator Guidelines) Both ENTSO-E Network Codes and TSO grid codes 
have not considered generation modules such as 
GRIDSOL. In fact, the current requirements were 
developed considering traditional generators 
(synchronous), renewables (power parks with 
static converters) and distributed generators 
(mainly small static generators connected at 
distribution level).  

Recommendations ENT1.-:. The new concept of energy hub such as GRIDSOL, requires additional dedicated requirements, or at least 
clarification of the existing ones at each TSO level. 

EU1.-Commission 
Regulation (EU) 
2016/631 of 14 April 
2016 [22] which 
establishes a network 
code on requirements 
for grid connection of 
generators 

The point 9 of the preamble stipulates: “The significance of 
power-generating modules should be based on their size and 
their effect on the overall system. Synchronous machines 
should be classed on the machine size and include all the 
components of a generating facility that normally run 
indivisibly, such as separate alternators driven by the separate 
gas and steam turbines of a single combined-cycle gas turbine 
installation. For a facility including several such combined-
cycle gas turbine installations, each should be assessed on its 
size, and not on the whole capacity of the facility. Non- 
synchronously connected power-generating units, where they 
are collected together to form an economic unit and where 
they have a single connection point should be assessed on 
their aggregated capacity.” 

The network code on requirements for grid 
connection of generators introduces several 
important definitions and distinctions. 
Accordingly to these definitions, and as it was 
specified in Deliverable D4.1 Requirements 
specification for the DOME system, a GRIDSOL 
plant would be considered as a power-generating 
facility composed by several power-generating 
modules. Some of these modules will be 
synchronous power-generating modules (i.e. the 
steam turbine plus alternator, the gas turbine 
plus alternator…) and some others will be power 
park modules (i.e. the PV field). Considering 
GRIDSOL, the ST and the GT cannot be considered 
as operated on the same conversion process 
since the ST is based on the CSP plant while the 
GT is primarily based on biogas. Moreover, the 
thermal energy storage system clearly allows to 
decouple the operation of GT and ST, this being 
one of the peculiarity of GRIDSOL in order to 
exploit the maximum flexibility possible with the 
available power sources. Therefore, the sizes of 
the generators of the GRIDSOL thermal section 
(GT and ST) do not account together for the 
identification of the generator type. 

Recommendations EU1.-: The transposition of the EU grid codes to the national grid codes should enable the development of Smart 
Renewable Hubs 

EU2.-Regulation UE 
2017/1485 on 
Transmission 
Network 
Management 

Voltage and Reactive Power control: Article 22 part e): 
redispatch transmission or distribution-connected system 
users within the TSO's control area, between two or more 
TSOs; And also epigraphs v) and vi). The former states 
“requesting the change of reactive power output or voltage 
setpoint of the transmission-connected synchronous power 
generating modules”; the last in turn “requesting the change 
of reactive power output of the converters of transmission-
connected non-synchronous power generating modules”. 

Moreover, the Regulation at Article 27 talks about the 
obligations of SGUs concerning voltage control and reactive 
power management in system operation: “By 3 months after 
entry into force of this Regulation, all SGUs which are 
transmission-connected power generating modules not 
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subject to Article 16 of Regulation (EU) 2016/631, or which are 
HVDC systems not subject to Article 18 of Regulation (EU) 
2016/1447, shall inform their TSO about their capabilities 
compared to the voltage requirements in Article 16 of 
Regulation (EU) 2016/631 or in Article 18 of Regulation (EU) 
2016/1447, declaring their voltage capabilities and the time 
they can withstand without disconnection.” 

Recommendations EU2.-: No recommendations on this theme 

 

For the case of National Legal Frameworks, the following table shows a compilation of the legal 

requirements that affect the market uptake of the GRIDSOL and SRH plant that was drafted in the 

deliverable D8.2 ‘Innovative Business Models and Legal Issues’ from responses gathered via a 

questionnaire that was created and forwarded to relevant representatives in the energy markets 

landscape, TSOs, System Operators, legal experts, Governments and Public Administrations, etc.  Cells 

highlighted in orange colour are those where a regulatory gap or a relevant challenge for the operation 

of SRHs are identified. 
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TABLE 4.  SUMMARY OF NATIONAL LEGAL FRAMEWORKS FOR THE OPERATION OF SRHS AND HYBRID POWER PLANTS EXPLOITATION 

 

  COUNTRY 

    SPAIN (*) ITALY GREECE 

R
EG

U
LA

TO
R

Y
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R
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EW

O
R

K
S 

FO
R
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R

H
 O

P
ER

A
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O
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Power plants with more than one generator remain a single plant for 
legal purposes 

YES YES Interconnected systems: YES 

Non-interconnected systems: YES 

Power plants with more than one generator which use different 
primary energy sources remain a single plant for legal purposes 

YES 

Feasible for some types of 
hybridization 

NO Interconnected systems: YES 

Non-interconnected systems: YES 

SRH can be connected to a Transmission or Distribution Network at the 
same Point of Common Coupling (PCC) 

YES 

It is required hybridization 

YES Interconnected systems: YES 

Non-interconnected systems: YES 

A power plant with more than one generator is able to have a nominal 
power plant lower than the sum of all existing generators 

YES 

If all the generators use the 
same primary energy source 

NO 

only the total requested power in 
injection may be lower than the 
sum of each nominal power output 

Interconnected systems: NO 

Non-interconnected systems: YES (due 
to technical stability reasons. Terms in 
PPA of the power producer) 

SRH can be operated as a whole plant, with a single PCC, presenting 
only one bid to the wholesale market  

YES YES Interconnected systems: NO  

Non-interconnected systems: SPECIAL 
CASE 

Conditions to access the wholesale energy market for a power plant 
with more than one generator: 

1. Each Technology/Energy source separately 
2. Power output is bundled as Variable Renewable Energy (VRE) 
3. Power output is bundled as dispatchable Renewable Energy (RE) 
4. Power output is bundled as conventional plant 
5. Others 

As a single generation 
technology 

4) if one generator is fed by not 
renewable sources AND 3) as 
renewable programmable plant if 
all generators are fed by renewable 
sources 

(*) Only for Thermal plants 

Interconnected and non-interconnected 
systems: 2) AND 3) 

RES units of a hybrid station would be 
bundled as Variable Renewable Energy 
(VRE) and the controllable units would 
be bundled as dispatchable Renewable 
Energy (RE) 

All generation and storage technologies enter the wholesale market on 
equal conditions 

YES 

but some plants can be 
developed in specific calls 
with different conditions 
(PPAs, Feed-in tariff,…) 

YES 

but some plants can be developed 
in specific calls with different 
conditions (PPAs, Feed-in tariff,…) 

Interconnected systems: NO 

Non-interconnected systems: NO 
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Energy purchase mechanisms available besides the wholesale market: 

1. PPA with utility/distribution/commercialization company 
2. PPA with consumer, direct connection only 
3. PPA with consumer, regardless of location 
4. Others 

1) and    3) 1) and    3) Interconnected and non-interconnected 
systems: 1) 

It is possible to operate a SRH as a whole plant with a single power 
output presenting only one bid to the Ancillary Services market for the 
whole plant 

Not addressed in the 
Spanish regulatory 
framework 

YES 

Only power plants up to 10 MVA can 
be aggregated in order to 
participate to the Ancillary Service 
Market: in this case they must have 
the same BSP (balance service 
provider) 

Interconnected systems: Not addressed 
in the Greek regulatory framework 

Non-interconnected systems: only 
dispatchable generators of hybrid 
station or CSP with storage can provide 
ancillary services. Although there is no 
ancillary services market in operation on 
Non-interconnected islands yet 

A Hybrid power plant with BESS can use the stored energy for time 
shifting purposes 

NO YES Interconnected systems: YES 

Non-interconnected systems: YES  

Always if the energy comes from 
renewable generators 

A power plant can be a “storage-only” facility NO YES Interconnected systems: NO 

Non-interconnected systems: NO 

Possible remuneration of a SRH: 

1. As a single plant 
2. Each technology/energy source separately 
3. Other 

Not addressed in the 
Spanish regulatory 
framework 

It can be the same if all the power 
plants participate, through the 
same BRP or BSP, to the wholesale 
market; it is different for each 
source if they have feed in tariff. 

Interconnected systems: Topic currently 
under re-evaluation 

Non-interconnected systems: Hybrid 
power stations will receive the reference 
value applicable to the relevant RES 
installations. For the energy that comes 
from storage systems, hybrid power 
stations will receive a remuneration 
corresponding to the reference value 
applicable to RES installation multiplied 
by a correction factor, set on the basis of 
the round-trip energy losses of the 
relevant storage system 
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After the preliminary identification of gaps and challenges, herein a more in depth analysis of what is 

enforced in legal texts. Furthermore, the project partners’ comments and recommendations for 

improvement are provided. 

TABLE 5.  RECOMMENDATIONS TO SOLVE GAPS AND CHALLENGES IN LEGAL ISSUES  

GAP & CHALLENGES LEGAL TEXT COMMENTS 

SPAIN 

ESP1.-Power plants with more than one 
generator which use different primary energy 
sources remain a single plant for legal purposes 
only for the case of some types of hybridization 
(article 4) 

Legal Decree, 
Real Decreto 
413/2014 

This is allowed only for renewables, cogeneration 
power plants and Waste power plants in certain 
scenarios. Additionally, considering GRIDSOL, the ST 
and the GT cannot be considered as operated on the 
same conversion process since the ST is based on the 
CSP plant while the GT is primarily based on biogas. 
Hence, GRIDSOL it is not considered a combined cycle 
power plant. 

Recommendations ESP1.:  GRIDSOL concept does not match any type of hybridization defined in the Spanish legal framework. 
By following the current increasing trend of hybrid power plants projects in energy markets globally, and the increasing need 
for further RES capacity as conventional power plants will be shut-down or decommissioned, it is recommended that new 
types of hybridization was defined. 

SP2.-The SRH can be connected to a Transmission 
or Distribution Network at the same PPC (Point of 
Common Coupling) only when for hybridization  

Legal Decree, 
Real Decreto 
413/2014 

According to experts this last is addressed in minority 
chapters of the existing and pending generation 
profile. See comments for ESP1.- 

Recommendations ESP2.-: It is recommended that new types of hybridization was defined so as to include the GRIDSOL 
concept and al feasible SRH configurations. 

ESP3.-A power plant with more than one 
generator is able to have a nominal power plant 
lower than the sum of all existing generators as 
long as all the generators use the same primary 
energy source 

Legal Decree, 
Real Decreto 
413/2014 

The RD 413/2014 remarks difference between 
installed power and nominal power. 

Recommendations ESP3.-: This condition shortens /reduces the market value of GRIDSOL and SRH. Despite this, no 
recommendations are defined  

ESP4.-Conditions for accessing the wholesale 
energy market for a power plant with more than 
one generator is a single generation technology, 
so power output is bundled as conventional plant 

Legal Decree, 
Real Decreto 
413/2014 

In the case that such a kind of power plant uses 
different primary energy sources for each generator 
the conditions to access the Spanish wholesale energy 
market are that the different generation technologies 
within a plant are not considered as independent 
generators, but they are considered as a single 
generation technology. So, only one bid is accepted 

Recommendations ESP4.-: To avoid extra costs in the Spanish electricity system we recommend the Spanish legal framework 
takes advantage of the entire power generation pool – without wasting generation capacity. Recommendations are in the way 
of following the Italian and Greek cases where in this case hybrid stations are bundled such as VRE or RE (dispatchable 
renewable energy. This way, the country would  push for further new investments in RE. 

ESP5.-It is possible to operate a SRH as a whole 
plant with a single power output presenting only 
one bid to the Ancillary Services market for the 
whole plant 

- This topic is not addressed in the Spanish regulatory 
framework. Un-defined topic 

 

Recommendations ESP5.-: We recommend further develop this topic on the Spanish regulation, detailing if some restrictions 
will be applied for some types of hybridization or RES power plants. 
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ESP6.-A hybrid power plant with BESS cannot use 
the stored energy for time shifting purposes 

Legal Decree, 
Real Decreto 
413/2014 

Italian and Greek legal frameworks allow it.  

Recommendations SP6.-: It is recommended that the Spanish legal framework to follow these countries. 

ESP7.-It is not possible that a power plant can be 
“storage-only” facility 

Legal Decree, 
Real Decreto 
413/2014 

i.e. no generators, the plant buys electricity from the 
market, stores it in batteries and sells it back later, 
profiting from the hourly price difference and/or from 
the ancillary services market. 

Recommendations ESP7.-: According to new EU legislation (Clean Energy Package- The Electric Directive) storage owners will 
be able to provide different services at the same time if technically possible. The legal framework also equalises the treatment 
for generation, demand response, storage and aggregators. And for non-frequency ancillary services, the regulatory 
framework shall ensure that TSOs are able to procure such services from providers of demand response or energy storage and 
shall promote the uptake of energy efficiency measures, where such services cost-effectively alleviate the need to upgrade or 
replace electricity capacity and support the efficient and secure operation of the transmission system. Main recommendation 
is to follow this guideline for lowering energy costs and shortening investment for electrical systems operation and 
transmission network management operations. 

ESP8.-Remuneration of a SRH is not addressed in 
the Spanish regulatory framework 

-  

Recommendations ESP8.-: It is recommended that new legal texts will be released specifying remuneration of hybrid power 
plants. 

 

ITALY 

IT1.-Power plants with more than one 
generator which use different primary energy 
sources do not remain a single power plant 
for legal purposes 

Annex A to decision n. 
99/08; Annex A to 
decision n. 280/07; 
different decrees related 
to incentives (such as 
decrees 5th July 2012, 
23rd June 2016 

 

Recommendations IT1.-: It is recommend to further investigate the feasibility to expand the range for the definition of hybrid 
power plants and its ability to participate in both wholesale and ancillary services markets. 

IT2.-A power plant with more than one 
generator is not able to have a nominal power 
plant lower than the sum of all existing 
generators 

Different decrees related 
to incentives (such as 
decrees 5th July 2012, 
23rd June 2016) 

The Italian legal framework establishes that 
only the total requested power in injection may 
be lower than the sum of each nominal power 
output. 

Recommendations IT2.-: It is recommended new regulatory framework to enable the development of hybrid plants. 

IT3.-In the case that such a kind of power 
plant uses different primary energy sources 
for each generator the conditions to access 
the Italian wholesale energy market are that 
only thermal power plants may have more 
than one generator using different sources. In 
this case, the whole power output would be 
bundled as conventional plant if one 
generator is fed by not renewable sources; 
the whole power output would be bundled as 
renewable programmable plant if all 
generators are fed by renewable sources. 

Annex A to decision n. 
99/08; Annex A to 
decision n. 280/07; 
decree 23rd June 2016; 
Grid code defined by 
Italian TSO (Terna), 
chapter 4. 
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Recommendations IT3.-: To avoid extra costs in the Italian electricity system we recommend the Italian legal framework takes 
advantage of the entire power generation pool – without wasting generation capacity. Recommendations are in the way of 
following the Greek case where in this case hybrid stations are bundled such as VRE or RE (dispatchable renewable energy). 
This way, the country would  push for further new investments in RE. 

IT4.-It is possible to operate a SRH as a whole 
plant with a single power output presenting 
only one bid to the Ancillary Services market 
for the whole plant 

Annex A to decision n. 
280/07; different decrees 
related to incentives (such 
as decrees 5th July 2012, 
23rd June 2016); Grid 
code defined by Italian 
TSO (Terna), chapter 4 

Only for power plants up to 10 MVA can be 
aggregated in order to participate to the 
Ancillary Service Market. In this case they must 
have the same BSP (Balance Service Provider). 
Configurations for GRIDSOL and SRH according 
to simulations (best configurations)- quasi all 
GRIDSOL components have more than 8.5 MW; 
the exception is the GT capacity that is 
estimated be worth 5 MW 

Recommendations IT4.-: Electricity markets should enable the participation of hybrid plant with energy storage 

 

GREECE 

GRC1.-A power plant with more than one 
generator is not able to have a nominal 
power lower than the sum of all existing 
generators in interconnected electricity 
systems 

Law 3468/2006 as it is 
currently in force, 
Transmission and 
Distribution Network 
Codes, 

It is feasible for non-interconnected electricity 
systems due to technical stability reasons. 
Terms are defined in PPA of the power producer 

Recommendations GRC1.-: As the Greek regulation allows to use storage for time-shifting purposes, recommendation is about 
to extend the feasibility range from non-interconnected electricity systems up to continental electricity systems. 

GRC2.-Is not overseen to operate a SRH as a 
whole plant, with a single PCC, presenting a 
single bid to the wholesale market and not 
for each generator 

This is to be re-evaluated by 
DG Comp following a 
specific proposal by Greek 
State in the context of State 
Aid Guidelines for the 
Environment and Energy 
(2014-2020). The 
aforementioned conditions 
are included in the SA 44666 
legal text. 

There is discrepancy for islanded electricity 
systems: for electricity directly injected into the 
grid, hybrid power stations will receive the 
reference value applicable to the relevant RES 
installation. For the energy that comes from the 
storage system, hybrid power stations will 
receive a remuneration corresponding to the 
reference value applicable to the RES 
installation multiplied by a correction factor, set 
on the basis of the round-trip energy losses of 
the relevant storage system.  

Recommendations GRC2.-: Recommendation is about to extend the feasibility range from non-interconnected electricity 
systems up to continental electricity systems. 

GRC3.-For interconnected and non-
interconnected electricity systems, 
conditions to access the wholesale market 
for a power plant with more than one 
generator are: (i) power output is bundled 
as Variable Renewable Energy (VRE), (ii) 
power output is bundled as dispatchable 
Renewable Energy (RE) 

 RES units of hybrid station would be bundled as 
Variable Renewable Energy (VRE) and the 
controllable units would be bundled as 
dispatchable Renewable Energy (RE) 

Recommendations GRC3.-: It is recommended to define a new power plant typology according to GRIDSOL and SRH concepts, 
so that all generating units from hybrid power stations could be bundled as dispatchable Renewable Energy. 

GRC4.-It is not allowed that all generation 
and storage technologies enter the 
wholesale market on equal conditions 

Law 3468/2006 RE have different conditions than conventional 
technologies and VRE have different conditions 
than dispatchable renewables or conventional 
technologies 
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Recommendations GRC4.-: No recommendations are set by the moment. This topic may be under revision when transposition 
of the new EU Electricity Directive takes place. 

GRC5.-It is not allowed a power plant be a 
“storage-only” facility 

Law 3468/2006 i.e. no generators, the plant buys electricity 
from the market, stores it in batteries and sells 
it back later, profiting from the hourly price 
difference and/or from the ancillary services 
market. 

Recommendations GRC5.-: According to new EU legislation (Clean Energy Package- The Electricity Directive) storage owners 
will be able to provide different services at the same time if technically possible. The legal framework also equalises the 
treatment for generation, demand response, storage and aggregators. And for non-frequency ancillary services, the regulatory 
framework shall ensure that TSOs are able to procure such services from providers of demand response or energy storage and 
shall promote the uptake of energy efficiency measures, where such services cost-effectively alleviate the need to upgrade or 
replace electricity capacity and support the efficient and secure operation of the transmission system. Main recommendation 
is to follow this guideline for lowering energy costs and shortening investment for electrical systems operation and 
transmission network management operations. 

GRC6.-For interconnected electricity 
systems the possible remuneration of a SRH 
is currently under re-evaluation. 

This is to be re-evaluated by 
DG Comp following a 
specific proposal by Greek 
State in the context of State 
Aid Guidelines for the 
Environment and Energy 
(2014-2020). The 
aforementioned conditions 
are included in the SA 44666 
legal text. 

For non-interconnected systems hybrid power 
stations will receive the reference value 
applicable to the relevant RES installation. For 
the energy that comes from the storage system, 
hybrid power stations will receive a 
remuneration corresponding to the reference 
value applicable to the RES installation 
multiplied by a correction factor, set on the 
basis of the round-trip energy losses of the 
relevant storage system. 

Recommendations GRC6.-: No recommendations on this topic because of after the re-evaluation process future changes are 
expected in this regard. 

 

3.3. REVISION OF INTEGRATED BUSINESS MODELS 

As a typical RE3-project, the general value chain of a RES power plant is divided into several phases during 

the development, construction and operation phase until the end of facilities life time. An overall view of 

the complete value chain over a whole RES power plant project life cycle is given below.  

 

FIGURE 3.  VALUE CHAIN OF RES POWER PLANT PROJECTS  

                                                           
3 Renewable 
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FIGURE 4.  TYPICAL SEGMENTS OF RE  VALUE CHAIN [11] 

Along the project lifecycle, different types of companies are active as Figure 2 shows. Key companies are 

listed below: 

 Project development company:. The project development company does not generally own the 

project, but is responsible for the project management. This company is responsible for the 

coordination and quality assurance of all preliminary works, permits, pre-engineering and the 

different necessary environmental analysis. 

 EPC-company: This company is primarily responsible for the engineering and construction of the 

plant. Apart from this, it is also responsible for the quality and performance of the plant. All the 

component manufacturers are chosen by this company. 

 Component manufacturer: Many component manufacturers based in different industrial sectors 

are active along the value chain. Either as complete product manufacturer (e.g. gear boxes for 

wind), as manufacturer under license (e.g. PV-support structures) or even as sub supplier for 

specific parts (e.g. steel tubes for the absorber tubes of CSP). 

 Logistics and construction companies: For the preparation of the infrastructure and the site of 

the plant construction companies are required. During the construction phase of the plant a lot 

of raw and semi-finished material and pre-fabricated components must be delivered to the site, 

requiring companies with logistic experience and local know-how. 

 Operation and maintenance: This company is responsible for the operation and maintenance of 

the plant over its whole lifetime. The O&M company is often supported by local service providers. 

For the specific case of CSP power plants, the solar CSP value chain includes many different industrial 

sectors. The CSP-plant consists of three main parts: the solar field with the mirrors and the solar receiver, 

the thermal storage system as buffer storage for a heat surplus and the power block for the electricity 

production. The three main technologies (tower, parabolic trough and linear-Fresnel) show differences 

along the value chain, nevertheless is possible to create a common value chain, show below: 
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FIGURE 5.  SOLAR CSP  VALUE CHAIN [11] 

For the specific case of CSP power plants, Operation and Maintenance is similar to conventional 

powerplants. The operation of a CSP-plant requires a staff of people during operation. Typically, a 24/7 

team is necessary for the operation of the solar field, the thermal storage and the power block. Additional 

staff is required for regular maintenance like the cleaning of the mirrors. The training of the staff is 

provided by the O&M-company. 

The most value of the CSP-plant is generated with the construction and preparation of the solar field. 

Nearly half of this value is not dedicated to the equipment costs, but based on labour work.  

3.3.1. CORE ACTIVITIES IN SRH DEVELOPMENT 

The main stages for the development of a Smart Renewable Hub (SRH) are: 

 Project development and ownership- Main activities and capabilities to be provided for the 

market exploitation of the SRH concept are: 

o Market research and prospection- identification, selection and analysis of business 

opportunities. 

o Project development- permitting (international regulatory know-how), layout, design and 

basing engineering and project management. 

o Financial close & Negotiation of strategic contracts-PPAs, EPC & OM contracts. Debt and 

equity structuring. Development of financial solutions. Technical and financial due 

diligence management. 

 Engineering, Procurement and Construction (EPC)- Main activities for the exploitation of SRH 

concept are: 

o Engineering- Front-End engineering design (FEED), basic and detailed engineering. Quality 

Assurance and Quality Control (QA/QC) management. Health, safety and environmental 

management. 

o Procurement- Capital equipment and services. Negotiation with suppliers and 

subcontractors. Logistic Management. Expediting and tracking. 
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o Construction- Project management, commissioning and start up. EPC full wrap 

guarantees. 

 Operation & Maintenance- Main activities and capabilities are: 

o Scheduled and un-scheduled maintenance- corrective and preventive maintenance. 

Condition-based monitoring and maintenance. Regulatory inspections. 

o Operating optimization process- improvement of the plant’s process and systems. 

o Equipment and component warranty management- people under management. 

Technical advice to customers. 

o Full O&M scope capabilities to provide electricity. 

 

FIGURE 6.  CORE ACTIVITIES FOR THE DEVELOPMENT OF SRHS 

 

3.3.2. SRH VALUE CHAIN. MAIN ROLES 

According to a traditional or standard RE-project value chain, Figure 5 depicts the different roles 

performed by the partners of the GRIDSOL project. From the project development phase up to O&M till 

the power generation plant’s lifecycle time, the different roles are mainly distributed in categories: 

consultancy, project management, engineering and construction, O&M, electricity market operation, etc. 
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FIGURE 7.  MAIN ROLES  ON THE SRH  VALUE CHAIN ACCORDING TO PARTNERS’  PROFILES AND EXPLOITABLE RESULTS  

 

Roles and activities within boxes in yellow colour are those matching the traditional ones performed by 

the different industrial sectors/companies in a RE project value chain. In grey colour secondary industrial 

sectors, or auxiliary service companies, are represented and identified. According to the GRIDSOL 

project’s main innovation and exploitable results, it is worth noting: 

Project Development Phase: 

 Auxiliary Service Companies- Consultancy: 

o CESI- Consultancy in GRIDSOL/SRH models for grid studies and Power Quality of power 

plants (Harmonic disturbance analysis). 

o EA Energy – Consultancy in electricity systems models. Power price projections and 

extended Balmorel energy model. 

o ICCS – Consultancy of the GRIDSOL/SRH power plant performance in non-interconnected 

electricity systems  by applying dynamic simulations under a market perspective. 

EPC Phase : 

 Auxiliary Service Companies – Subsystems Suppliers (as a ‘component manufacturer role’) 

o TECNALIA: Supply of the DOME exploitable result. 

 Auxiliary Service Companies- OEMs and SW developers (as a ‘raw materials role’). The following 

results will be integrated into the DOME exploitable result. 
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o ETRA: DOME interfaces with both market and electricity system operation entities. 

Tailored software development. UI. 

o COBRA + IDIE: Algorithms and SRH-M software that optimally sizes SRHs at each location 

taking into account grid and market requirements. 

O&M Phase: 

 Auxiliary Service Companies- Consultancy: 

o CESI- Consultancy for the optimal dispatching strategy to maximize GRISDOL production 

and derived economic revenues, through a market simulator designed along the GRIDSOL 

project. 

 

According to the most cost-efficient and profitable GRIDSOL / SRH configurations and the results from 

WP7, WP5 and WP6 further details can be provided. The two most profitable hubs configurations among 

BIOGRIDSOL, GRIDSOL and SRH are GRIDSOL and SRH. SRHs are built from PV+Wind+BESS. By its turn, 

GRIDSOL configuration is built from CSP+HYSOL+PV+BESS. So, RE value chain for PV and Wind 

technologies characterises by: 

 

FIGURE 8.  SOLAR PV  VALUE CHAIN [11] 

 

 

FIGURE 9.ON-SHORE WIND VALUE CHAIN [11] 
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3.4. GRIDSOL VALUE NETWORKS AND ASSOCIATED BUSINESS MODELS 

In previous deliverables new business scenarios were identified in line with the project’s Use Cases and 

high-level goals defined in the DoA. From these all, three High-Level Use Cases were inferred: BM1 is 

“Building new hybrid power plants. Cost effectiveness”, BM2 is “Retrofitting of existing plants to maximize 

RES production. Cost effectiveness” and BM3 is “VPP acting as a virtual battery for cost-effective RES 

market’s uptake”. A value network was created for all of them, together with one business model per key 

GRIDSOL actor involved, using the Business Modelling Canvas methodology. This analysis was reported in 

D8.2 Innovative Business Models and Legal Issues in M18. 

In this section the efficient business models for each one of the core GRIDSOL actors are summarized 

according to the analysis performed in D8.2.  

3.4.1. GRIDSOL HIGH LEVEL USE CASES 

3.4.1.1. Building new hybrid power plants. Cost-effectiveness 

The objective of this high-level use case is to exploit the functionality and services for the optimal 

operation of an Hybrid Power Plant and the subset of those which refer to the scheduling of generation, 

energy storage or explicit flexibility events for greater cost-effectiveness in energy production capacity. 

Value is put on new services beyond the business-as-usual case for the construction and operation of RE 

generation power plants ranging from project design, construction & commissioning, up to O&M. It is 

pursed the greater RES energy allocation and production (generation capacity) and the most economic 

profit. New services are built onto EPC and O&M activities plus consultancy services for energy and market 

efficiency, covering from design to operation and dealing with markets and financial strategies for 

controlling the overall plant costs, ROI and cost-effectiveness of the energy trading.  

Below, the business models for the TSO and the EIS (Energy Industrial Service Provider), the main roles 

involved in this HLUC, are summarized. The business model canvas can be consulted in D8.2 in order to 

get a deeper understanding of these BMs. 

Business model of the TSO 

The positive business case lays down that the TSO will be able to receive, in an easier way, support for 

balancing the grid by means most reliable RES energy (synchronised sources, more balanced according to 

the network’s constraints). Also, TSOs will obtain fast response for covering off-peak and peak demands 

and they will be benefited by decreased operational costs by avoiding congestion events in the grid and 

system instability, and decreased costs by improved quality of supply, energy efficiency and increased 

hosting capacity.  

Business model of the EIS Provider 

By its turn, the EIS provider will benefit from new consultancy services on markets and financial strategies 

to maximise the profit for the exploitation of the power plant (maximising revenues from the energy 

trading taking the most of SRH flexibility potential provided by different generation technologies and from 

the storage capacity). Maximum profit will be expected thanks to optimised strategies based on electricity 
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energy prices and, where possible, by a maximum aggregated pool of RES energy for bid offers too. Under 

the scope of project design and engineering, it will reduce the total costs of the power generation plant 

since the initial design phase by selecting the best combination of synchronous and non-synchronous 

generation technologies. With regard O&M activities, EIS providers will run measures to avoid curtailment 

and therefore a limited capacity to regulate output electricity according to the TSO requirements. Greater 

control to optimise maintenance, adjust production costs to expected demand (according to forecasting 

of the energy demand in the market) and reduce CO2 emissions and fossil-fuel consumption. Risk 

associated to non-firm generation capacity is avoided. Increasing availability (24/7). Finally, about market 

consulting EIS will provide an optimised strategy for trading energy in the wholesale /flexibility markets 

based on times when the energy price is better or alternative fuel costs are higher. 

3.4.1.2. Retrofitting of existing plants to maximize RES production. Cost -effectiveness 

The objective of this high-level use case is to exploit benefits derived of the retrofitting of existing power 

plants, PV or other plants, and to convert them in hybrid power plants. This BM is based on new services 

that are provided for EPC and O&M activities and EM services / ESCO (PPAs). Key activities are on the 

retrofitting of power plants, provision of new GRIDSOL systems (DOME) and commissioning and 

management activities to maximize the energy production. The amortization of the initial investment will 

be based on revenues from additional energy traded and from lowering losses due to curtailment. As 

extended benefits are: existing resources are used (maximize use of existing resources is made) and plant 

life time is optimized. In addition, the costs from fossil fuels consumption are reduced. EIS providers will 

offer this bundled offer (retrofit, generation technology, DOME, consultancy) as a one offer. 

Below, the business models for the TSO and the EIS (Energy Industrial Service Provider), the main roles 

involved in this HLUC, are summarized. The business model canvas can be consulted in D8.2 in order to 

get a deeper understanding of these BMs. 

Business model of the TSO 

TSOs will be able to receive in an easier way support for balancing the grid by means most reliable RES 

energy (synchronised sources, more balanced according to network constraints). Also, to obtain fast 

response for covering off-peak and peak demands. TSOs will gain further new revenue streams thanks to 

decreased operational costs by avoiding the grid congestion and RES curtailment. And decreased costs by 

improved quality of supply, energy efficiency and increased hosting capacity.  

Business model of the EIS Provider 

Main activities are related to optimal scheduling for the power plant processes at local level, consultancy 

services on energy efficiency, plant performance, market strategies for bidding energy also in grid 

connections and generation, furthermore technical support and advice in electricity markets. EIS 

providers will also manage the centralised control of the hybrid power plant. Revenues will come from 

the compensation provided to power generators for their RES energy trading or a fixed fee paid by them. 

Further revenues will come from consultancy services and for O&M activities.  

3.4.1.3. VPP acting as a Virtual Battery for cost-effective RES market’s uptake  

This BM focus on VPP acting as a virtual battery for cost-effective RES market uptake, on the power 

generation side, aiming at contributing to the electricity systems stability and reliability through 
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supporting services to TSOs. The VPP is aimed at exploiting flexibility of both a single hybrid RES power 

plant or a pool of installations distributed geographically which are commonly managed and orchestrated 

by a single VPP operator. At the aggregation level, the production capacity surplus (based on market bids) 

and consumption flexibility (energy consumption for power plant operation) of these resources can be 

pooled, and the energy surplus can be utilized to offer additional services. For instance, the TSO or the 

System Operator may request the storage of the RES production to avoid the curtailment or other 

measures that would relief its grid from congestion. Concluding, the aim of this BM is to investigate the 

added value by the power generators from their participation in the VPP, due to more efficient utilization 

of their production/consumptions/(storage shifting capabilities both at local and aggregation level, 

according to the advices of the VPP Operator). It is offered digital power plants acting as Virtual Batteries 

also.  

Below, the business models for the TSO, VPP operator and the EIS (Energy Industrial Service Provider), the 

main roles involved in this HLUC, are summarized. The business model canvas can be consulted in D8.2 in 

order to get a deeper understanding of these BMs. 

Business model of the TSO 

TSOs will be able to receive in an easier way support for balancing the grid by means of the flexibility 

services provided by VPP operators. VPP operators will receive revenue streams for operating as an 

intermediary party between power generators and the energy markets (receives a portions of the 

generator’s profits). Furthermore, revenues for providing flexibility services to TSOs and flat-fees from the 

generators for their participation in the VPP will be received by VPP operators.  

Business model of the VPP Operator  

This business role will provide a combination of services in order to efficiently manage the flexibility assets 

of its members. The VPP operator will guarantee optimal schedules and better management of internal 

resources in order to decide more efficiently if it is more profitable to store or sell the energy surplus, and 

consequently they design the best flexibility service offers. Revenues will come for their intermediary role 

between electricity markets counterparts (generation and energy markets), for providing flexibility 

services to TSOs and from flat-fees paid by its members- whether a portion of the compensation to power 

generators for their participation on flexibility request events, or a fixed fee paid by the power generators 

(or a combination).  

Business model of the EIS Provider 

It will decide the optimal schedules of the loads/power plant processes at the local level and thus increase 

its revenues (as a portion of the power generator’s profits). The project developer will be responsible of 

the design and permits, the EPC contractor will build the VPP and the O&M operator will perform and 

guarantee the operation and maintenance of VPPs. 

3.4.2. EXHAUSTIVE BUSINESS MODELS PER GRIDSOL ACTOR 

As the EIS provider role encompasses several sub-roles covering the entire RE project value chain, and 

each one addresses some specific markets, this section focus on extending the business models analysis 

in order to assess the viability and positive business cases deriving from the GRIDSOL project’s exploitable 

results that shape new value propositions from every BaU case. 
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In line with simulations, analysis and forecasts made in other WPs, the extended analysis is made on the 

‘Building new hybrid power plants’ HLUC. For this case it is envisage hybrid RES power plants with storage 

capabilities to achieve 100% controllable production together with stable and reliable power. This solution 

will meet the TSOs’ requirements to be recognised as a dispatchable, firm and fully flexible power plant 

and will substitute the fossil fuel backup systems while increasing RES power generation. The business 

case is defined by non-dispatchable RES technologies which are clustered and internally orchestrated in 

new configurations of power plants using storage and advanced control technologies, with the ensemble 

being considered as dispatchable plants connected to the grid at a Point of Common Coupling (PCC). 

Hybrid RES power plants will contribute to the bulk power system through hybrid utility-scale projects by 

increasing the hosting capacity of renewables through a controllable power output that increases the 

penetration of variable renewables (e.g. PV and Wind) with a nominal output below the installed power 

thanks to energy storage (e.g. Battery energy storage) and an integrated energy management (i.e. DOME). 

To sump-up, the main objective of SRHs is to enable flexible generation and the provision of grid stability 

from generators to System Operators. 

SRHs offers new services to generators and System Operators that are built on top of novel engineering 

design and energy management strategy pursuing optimal criteria. These new services are: 

 Provision of ancillary services when required by the System Operator. 

 Time shifting using storage units to adapt the energy supply to the higher electricity prices (that 

correspond to the more demanding time to ensure security of supply). 

 To provide quality services to support frequency and voltage control, black-start and inertia. 

 To supply power in a similar way to conventional power plants. 

 

GRIDSOL/SRHs would provide economic advantages for generators and electricity systems. The former 

will be provided with the capability to provide ancillary services and implement time shifting or arbitrage 

strategies according to the wholesale electricity prices, aiming at increasing the market value and the 

revenue streams while contributing to mitigate volatility of the electricity market. For electricity systems, 

the reduction of generation costs due to the increase of renewable energy penetration directly reduces 

the power production costs. Additional grid operation costs would be cut thanks to energy storage 

technologies and an integrated energy management willing to provide grid services. It also helps to reduce 

costs of grid infrastructure by increasing the hosting capacity and renewable energy penetration in a smart 

way. 

As stated in the deliverable D8.3 ‘Exploitation strategies and market uptake” several actors may be 

interested in the exploitation of GRIDSOL/SRH concept. Energy companies working in project 

development, generation business or as independent power producers (IPP) can benefit to develop, build 

and operate these plants. EPC contractors and system integrators can use the tools and know-how to 

design new hybrid power plants. O&M contractor can be interested in the operation of these hybrid 

plants. And investors can be interested in participating in the equity of the project company relieving the 

pressure at the development phase. Indirectly, other stakeholders may be impacted for the GRIDSOL/SRH 

markets uptake. Energy storage manufacturers can infer the best way to optimise their design to cope 

with the market trends. Flexibility managers though VPP or VSP. Grid operators to avoid grid congestion 

and to receive some services. Electricity market experts and market operators can learnt from this practice 
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to analyse their impact in the different electricity markets. Other stakeholders can be benefited by cost 

saving s in the electricity system. 

Potential customers are independent power producers (IPP), project developers and RES generators (the 

assets within the SRH will be owned and managed by them), EPC companies (they implement the hybrid 

power plant event supporting the design phase in the functionalities), O&M contractors (they can 

implement control strategies and tools to optimise the operation of the plant and predictive maintenance 

approaches to reduce maintenance costs) 

Herein, the business model canvas related to the main GRIDSOL actors are defined. 

3.4.2.1. Business model for SRH project development, construction and operation 

(role of COBRA) 

Key Partners 

 TSOs: can 
help to adapt 
the SRH core 
tools to the 
system 
requirements 
to stabilize 
and improve 
it as much as 
possible 

 Generators: 
can 
implement 
the product 
to manage its 
hybrid 
renewable 
power plants 
and gain 
revenue 
 

Key Activities 

 Product 
customization to 
changes in 
legislation, electric 
system and operating 
conditions. 

 Project development 
& construction 
activities 

 O&M of Hybrid 
Power Plants 

 Strategies for 
maximum 
economical profit 
according to signal 
prices (market and 
energy system 
conditions) and cost 
of generation 

 Aggregation of RES 
energy from 
different 
technologies and one 
bid offer in the 
electricity market 

 Optimal schedules 
for power generation 
and aggregation 
schemes of RES 
energy 

 Value Propositions 

 Optimal SRH sizing per location, 
optimal project geographical 
location and the best grid 
connection arrangements. 

 Optimal operation of new 
renewable energy sources in 
combination with storage systems 
to maximise the renewable 
penetration with high 
dispatchability and offer support 
for balancing the grid by avoiding 
grid congestion. It can improve the 
stability and firmness levels 
required by electric system. 

 Automated and optimal 
scheduling of power generation, 
power plant functioning, while 
optimising storage capabilities. 

 Firm synchronous power 
generation 

 Trade of power supply to the 
wholesale, balancing markets and 
by bilateral arrangements through 
PPAs. 

 Contribution to the avoidance of 
RES curtailment by providing 
response to TSO’s flexibility 
requests. 

 Consulting service in hybrid power 
plants 

Relationships 

with other 

partners  

 Sales stage: 
direct 
customer 
interaction 
which allows 
customization. 

 After sales 
stage: 
operation and 
maintenance 

 Receives 
flexibility 
requests from 
the TSO 

 Provides the 
optimal 
utilization of 
RES 
generation 
and 
instructions 
for flexibility 
requests 

 PPAs with 
large 
consumers, 
etc. 

Customer 

Segments and 

Communication. 

 RES 

generation 

companies 

 Storage 

companies 

 TSOs 

 Market 

operators 

 

Cost Structure 

 Initial fixed costs: designing, development and test of the 
platform 

 Operational and maintenance cost: considering one 
product operator, setting up and maintaining the 
computer and servers and marketing costs. 

 GRIDSOL/SRH cost for construction 

 Economic investment for the development and operation 
of the SW and Communication channels and technologies 

Revenue Model 

 Training and workshops for customers who buy the 
product 

 Development of engineering services to size/configure 
optimal  new hybrid power plants according to system 
requirements 

 Fees from additional revenues obtained by RES generator 
due to the use of the product 

 EPC services (construction of the plant) and O&M, 
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aiming to receive flexibility requests and compute the 
optimal schedules at power plant level (ICT, weather 
forecasts) 

 New staff for consultancy services, permitting, project 
design and O&M 

 Charges to partners /third-parties. Service providers 

consultancy services 

 Their revenues may be either a portion of the 
compensation provided to power generators for their RES 
energy trading, or a fixed fee paid by the power 
generators (of their combination) 

3.4.2.2. Business model for consulting and supporting services (role of IDIE, CESI)  

Key Partners 

 Entities 
issuing 
permits 

 TSOs, ENTSO-
E (models 
and 
projections) 

 ACER 

Key Activities 

 Product and Service customization 
that is adapted to changes in 
legislation, electric system and 
operating conditions. 

 Consultancy- (analysis of the best 
power plant 
configuration/geographical area, 
optimum project location 
according to market prices, 
feasible energy production and 
analysis of electricity systems & 
grid connections 
configuration/performance) 

 Consultancy  (maximum power 
plant’s performance, maximum 
profit, optimum scheduling). 
Power quality. 

 SW development for advanced 
simulation and algorithms 

 Value 

Propositions 

 Better power 
plant 
configuration by 
location 

 Maximum energy 
performance 

 Optimized SRH 
for grid stability 

 Wholesale prices 
forecast 

 Lower 
dependency for 
other IT software 
developers and 
third-
parties/start-ups. 
Lower costs 

Relationships with 

other partners  

 Sales stage: 
direct customer 
interaction which 
allows 
customization. 

 After sales stage: 
results retention, 
maintenance 

 Other SW 
companies 
targeting grid 
modelling or 
power plant 
performance. 
Complementary 
products 

Customer 

Segments and 

Communication. 

 Power plant 

developers 

(IPPs, project 

developers 

and RES 

generators) 

 Engineering  

companies  

 EPC and O&M 

contractors 

 Other clients 

from the 

company’s 

portfolio 

Cost Structure 

 Personnel, human capital. Analysts 

 SW license for running models and studies 

 Ownership of raw data for studies 

 SW development for new modelling tools 

 Marketing and commercial activity 

Revenue Model 

 Charge to be applied for the project’s duration/release (consultancy 
service) 

 Software licenses 

 Fees from additional revenues obtained by RES generator due to the 
use of the product/service (e.g. optimization of the power 
production) 

 Reduced costs for not hearing IT firms for software development. Or 
deployment/organisation of hackathons (to infer new solutions) 

 Software development for third parties 

Consultancy services would be provided during all the project’s lifecycle (from the design phase to O&M), 

so project developers up to engineering companies are direct customers of these services.  Consultant 

companies can offer consultancy services related to new hybrid power plants (new, retrofitting, storage) 

and supporting O&M of SRHs. So, on the one hand potential customers will be power plant developers 

and engineering companies and EPC contractors, and on the other hand O&M contractors. New 

customers would be found in the already existing customers’ portfolio of the firm. 

Potential partners would be software vendors and software providers of complementary products for the 

consultancy service. That is, their commercial offer forms part of the overall IT software infrastructure for 

simulation and analysis computing. So, these firms can be part of the distribution channel of the 

service/product as a complement of their own commercial offer. 
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Considering revenue streams, direct charge for the project’s release is the main way to retain the client 

and guarantees the commercial relationship established with the customer. The service provisioning is 

built on the knowledge and skills regarding the integration of the different technologies for power 

generation and storage. Optimization of the generation pool while maximising revenues and the analysis 

of electricity system expansion together with new capacity studies and performance of electricity systems 

are provided. Assessment of the GRIDSOL energy production and electricity market prices are provided 

together with transmission network studies for selected hours and defined scenarios/contingencies, in 

order to verify that the proposed design with its technical characteristics does not affect the reliability 

and quality of the electricity system. Possible expected performances in the wholesale electricity market 

would be provided focused on the evaluation, on the one hand, of the profitability of the GRIDSOL 

technology, and on the other hand on the benefit which GRIDSOL can bring to the overall market system, 

impacting the overall electric energy price.  

Further revenues would come from software development to third parties thanks to the background and 

knowledge acquired along the project. 

 

3.4.2.3. Financial viability of GRIDSOL Business Model. Cash-flow analysis 

A preliminary common business plan is presented as follows, identifying the main exploitation lifetime of 

the project as a whole: 

 

FIGURE 10.  BUSINESS PLAN TIMELINE APPROACH 

 

In a general basis, the exploitation of the results will be enabled trough different avenues as it was shown 

in deliverable D8.3: 

 Through direct delivery of GRIDSOL integrated solution and related professional services to target 

clients 

 Through the utilization of individual results in the partners’ own solutions and commercial 

products 

 Through a range of consultancy or training services offered to other interested parties 
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For the case of the HLUC 1 (New Hybrid Power Plant) which is under study, and where hybrid power plants 

are based on the combination of different primary energy sources and technologies under and advanced 

control system providing flexible and firm electricity supply to TSOs and DSOs, revenues come from the 

sales of electricity and ancillary market services. The added value of flexible generation provides cost 

savings in terms of grid costs and balancing costs. The potential market are countries with a great 

renewable energy source or with weak electrical grid or with a favourable regulatory framework for RES.  

 

It is assumed that GRIDSOL/SRH will have a gradual market penetration over the years, starting 1 year 

after the end of the project (demo stage), period of time expected for the readiness of the commercial 

product. A booming in the number of potential customers, or a relevant increase in the market growth 

rate, is expected by following the evolution of investment in clean technologies along European countries 

in the coming years. As stated in deliverable D8.3, IRENA estimates $22.5 trillion investment in new 

renewable power generation capacity through 2050, which will be mainly still concentrated on wind and 

solar PV. 

The market for hybrid power plants is currently reduced, however, recently the number of this type of 

power plants, combining at least 2 different technologies is increasing. The number of direct purchases 

for the full platform will be reduced in the first years of the cash-flow due to low number of commercial 

project. After 2030 it is expected that the number of hybrid power plant was increased in order to reduced 

RES curtailment and increased grid flexibility.  

With regard to pricing policy and marketing strategy, prices are established by considering the estimated 

additional incomes and new revenues/cost savings due to the services provided by the overall commercial 

offer. Additional incomes considered mainly come from curtailment avoidance, energy time shifting and 

ancillary services provision which also encompasses quality services contributing to reduce average 

interruption time and energy not supplied, i.e. black-start (after a black-out) and inertia services (during 

outage).  

Two different approaches are defined for the marketing strategy. During the first years of 

commercialisation and due to the lack of previous references of the GRIDSOL/SRH under real 

environment, it would be easier to maximize the market share based on licensing option for the 

Renewable Dispatchable Unit software platform. Based on the experience obtained from the first projects 

and results it is expected to offer: (i) consulting services about optimising hybrid power plants for a specific 

location, market, weather and restrictions, (ii) overall project execution covering all the activities in the 

RE project value chain- design, EPC and O&M, (iii) O&M with novel services optimising operations of 

hybrid power plants. For this last, it will be provided all together better energy management, optimal 

generation scheduling (strategy for arbitrage, bidding offers) and orchestration of ancillary and quality 

services (power plant operation and market participation). The price of a license also includes the costs 

associated to configuration, customisation, training, etc..., concepts the customer do not have to pay for 

them separately. 

According to this strategy, operations for the business plan require an internal structure that shapes 

cost/revenues streams that are characterised by: 

 GRIDSOL/SRH (overall project) 
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o COBRA will be responsible for all the activities of the project’s lifecycle. 

o COBRA will pay a license fee for the DOME technology 

o COBRA will hire consulting services at a special price more advantageous than the 

commercial offer on the market. 

o COBRA will pay taxes for market participation 

o Partnerships: consulting companies would sign a partnership/arrangement which 

establishes exclusive service provisioning to COBRA in this kind of projects. COBRA would 

have the right to exclusively market of the DOME technology within their projects. 

 Consulting services 

o COBRA would lead the commercial activity. Engineering service 

o COBRA would pay a SW license fee per project development to consulting companies 

which owns the IPR of the results (SRH modelling and configuration). For the case of 

GRIDSOL modelling for grid studies, COBRA would hire consulting services with a more 

advantageous price.  

o Partnership: maybe COBRA can enjoy exclusive commercialisation rights for the SRH 

modelling software in the power generation market niche. This would not be the case for 

other target markets such as electricity system operation, where the product brand would 

not be the same. 

 O&M with novel services 

o COBRA will deploy tools, subsystems and will operate and maintain the power plant. 

Additionally, it will perform activities related to market agent. 

o COBRA will hire consulting services for the best power plant performance in terms of 

market conditions 

o COBRA will pay a license fee for the DOME technology 

o COBRA will pay taxes for market participation 

Main assumptions and guesses done in the business case are detailed as follows. 

In order to estimate the changes of profitability of the investment according to the target market size, 

two market penetration scenarios were analysed (optimistic, pessimistic). We consider the potential costs 

(CAPEX, OPEX) and potential revenue according to the two scenarios in order to calculate the potential 

cash flow over the considered time horizon. For calculations, the nominal capacity of a hybrid power plant 

which was considered is 100 MW. Additionally, storage technologies are used to inject energy from non-

dispatchable RES into the grid in time of the day with better prices. 

The potential curtailment without considering the integration of hybrid power plants based on the 

GRIDSOL/SRH concept and related technologies is estimated in a 10% of the annual energy generation. 

The difference among the price at the moment of generation, and the moment of injection is 10€/MWh. 

It is assumed that 5% of the energy conventionally injected in the wholesale market can be injected for 

providing ancillary services. 

Costs assumptions for the business case are: 

 Main investment costs or CAPEX assumed are: software licenses, information and 

telecommunication equipment, software development costs, materials/subsystems for the 

construction of power plants. 
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 With regard to OPEX costs it is worth to clarify: 

o Operational cost associated to marketing and commercial activities has been considered. 

o SW license fees for software simulation tools from partners which are needed for 

consulting services are considered as fixed costs, so they directly not depend on the sales 

volume. 

o A yearly cost due to taxes for market participation (broker) for trading energy in the 

energy market is considered. 

o Consulting services for maximum performance of the power plant both in operations and 

profit will be worth around 1.5% of the expected annual benefit per hybrid power plant. 

For evaluating profitability key financial parameters were considered: NPV (Net Present Value), IRR 

(Internal Rate of Return), ROI (Return of Investment). It has to be clarified that an estimate of a discount 

rate of 10% was made to calculate the NPV. 

Other considerations and assumptions that were taken for the analysis are: 

 

FIGURE 11.  POWER PRICES AND POWER PRICES PROJECTIONS FOR ISLAND LOCATIONS [€2015]  [12] 

For the continental locations, power prices resulting from energy system analyses performed by project 

partners (WP5) on the European power system were under consideration. 

TABLE 6.  MARKET VALUE PER TECHNOLOGY.  CONTINENTAL LOCATIONS [12] 

Configuration  YEAR 2020 
(€/MWh) 

YEAR 2030 

ITALY BioGRIDSOL PV: 50 PV: 40 

BESS:51 BESS:64 

GT HYSOL:52 GT HYSOL:79 

CSP-ST: 51 CSP-ST: 66 

GRIDSOL PV: 50 PV: 40 

BESS:51 BESS:64 

GT HYSOL:52 GT HYSOL:79 

CSP-ST: 51 CSP-ST: 66 

SRH Wind:51 Wind:62 

PV:50 PV:40 

BESS:51 BESS:78 

FRANCE BioGRIDSOL PV: 52 PV: 46 

BESS:54 BESS:51 

GT HYSOL:56 GT HYSOL:60 

CSP-ST: 50 CSP-ST: 51 

GRIDSOL PV: 52 PV: 46 

BESS:54 BESS:51 

GT HYSOL:55 GT HYSOL:60 
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CSP-ST: 52 CSP-ST: 51 

SRH Wind:52 Wind:51 

PV:50 PV:46 

BESS:52 BESS:60 

SPAIN BioGRIDSOL PV: 49 PV: 26 

BESS:50 BESS:50 

GT HYSOL:52 GT HYSOL:62 

CSP-ST: 50 CSP-ST: 50 

GRIDSOL PV: 49 PV: 26 

BESS:50 BESS:50 

GT HYSOL:51 GT HYSOL:66 

CSP-ST: 50 CSP-ST: 50 

SRH Wind:50 Wind:44 

PV:49 PV:26 

BESS:50 BESS:58 

 

Summary of the main results: 

According to the analysis made for a 25-years period, and considering the business case explained before 

where only 1 new hybrid power plant under construction, but there new and advanced software-based 

services for the cost-effective management of hybrid generation facilities, the chance of investment is 

really attractive.  

For the optimistic scenario, with a market value of the power produced of 50€/MWh, 100€/MWh the unit 

price in ancillary services market and, the IRR is worth 11.58%, the NPV amounts for 37,141,483 € and the 

ROI is 121.07% for a discount rate of 10%. For discount rates of 5% and 7%, the NPV is 221,955,680€ and 

132,224,884€ respectively.  

For the pessimistic scenario characterised by 25% less market share on average and 40€/MWh as a market 

value for the power produced, the IRR is worth 8.90%, the NPV is -24,427,214€ and a ROI of 92.57%. This 

translates in a non-attractive investment (non-profitable investment), obviously the IRR < discount rate. 

If other values for discount rates are considered, 5% and 7%, the NPV is amounting respectively 

123,698,094€ and 51,794,717€.  

For the elicitation of the best geographical locations to perform the analysis for the most cost-effective 

GRIDSOL hub configurations, some considerations are made. First of all, according to studies and analysis 

performed by WP5 and WP7, GRIDSOL configuration will be elected as it will be profitable enough in the 

2020 up to 2050 time horizon, not the case for SRH in 2050 in all locations due to the expected lowering 

of technology costs. According to regulatory frameworks. The use of batteries for time-shifting purposes 

is allowed in Italy and Greece. Furthermore, Italy allows a hybrid power plant to be a storage-only facility. 

Hybrid power plants are well-suited remunerated in Italy and Greece when remunerated in wholesale 

markets as they are considered as variable renewable generation power plants or renewable power 

plants.  
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As stated in D7.2 where average discount rates will hold to 7.5% in Spain, 6.8% in Puglia and 5.4% in 

Marseille, the two cases, the optimistic and pessimistic one, will be attractive investment options. 
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4. EXPLOITATION STRATEGY 

This section summarizes the main finding of the exploitation strategy within GRIDSOL. 

One of the main findings of the market analysis performed in T8.3 was that the competitive landscape is 

characterised by similar solutions to GRIDSOL/SRH but most of them include in their portfolio 

non-renewable electricity generation technologies, normally diesel engines. Moreover, no commercially 

available solution has been found with a wider range of renewable energy generation technologies 

offered for installation. Many of the projects are using the complimentary generation profiles of PV solar 

and wind together with storage aiming at achieving 24/7 renewable energy output. 

On the other hand, one of the main barriers and challenges threatening the future exploitation of GRIDSOL 

results to be overcame includes the lack of hybrid project accreditation and interconnection processes. In 

this document, several recommendations have been provided at that regard in section 3.2.  

GRIDSOL’s distributed renewable energy generation technologies plus storage, together with the energy 

management solutions, are key to a sustainable development of electricity offer and demand, as they will 

introduce more dispatchability in the way the electricity is handled and also flexibility for grid issues. These 

are the two main aspects that currently are more challenger for the RES industry, and there is where 

GRIDSOL presents a clear advantage against most of its competitors.  

The main products that result from the analysis of the key exploitable results, as described in D8.3, are 

the Hybrid Power Plant, the SRH Modeler and the DOME. 

 The hybrid power plant is proposed as a Smart Renewable Hubs, a flexible hybrid plant that 

combines primary Renewable Energy Sources (RES) and storage technologies under a Dynamic 

Output Manager of Energy (DOME) that dispatches the electricity on a single output according to 

the availability and cost-effectiveness of each technology. By the end of the project, GRIDSOL and 

SRH Hybrid Power Plant has reached TRL 5, being technology validated in TECNALIA lab. This 

validation has demonstrated the suitable electricity dispatch on a single output according to the 

availability and cost-effectiveness of each technology. Simultaneously to the project, ACS-COBRA 

has developed and built a new PV plant nearby to the existing CSP plant in Alcazar de San Juan, 

Spain. Due to regulatory barriers, the plants operate independently and have their own permits 

to the grid but in the future can be operated in an aggregated way though the implementation of 

DOME or a similar software in charge of the optimal dispatch of the plants. 

 The SRH-Modeler software, developed by IDIE, is a tool capable of simulating, hourly and sub-

hourly, the production of renewable and non-renewable power generation technologies, as well 

as TES (Thermal Energy Storage) and BES (Batteries Energy Storage) systems. It has been 

demonstrated and validated in WP7 and only needs minor changes to improve the usability and 

adaptation of user interfaces to potential customers needs. 

 The DOME (Dynamic Output Manager of Energy) DOME has been built from scratch based on a 

previous application for secondary frequency control of microgrids either isolated or grid 

connected and also developed as an agent based application. DOME ensures the energy schedule 

service delivery through the follow up of renewable intermittent generation sources and 

dispatching of controllable generation sources at hybrid power plants. At the end of the project, 

DOME software is a prototype for a generation management system that includes both, short and 
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medium term dispatch aimed to fulfil an aggregated energy schedule at the point of common 

connection between the electricity network and the hybrid power plant. There are a large number 

of modules that should be still added in order to achieve a hybrid power plant control. 

 

In terms of the exploitation of these results, the analysis of GRIDSOL value networks and associated 

business models carried out in section 3.4 of this document already provides a clue on the main channels, 

value proposition and actors that need to be involved. Moreover, the figures provided in 3.4.2.3 give 

reasons to continue working on this line and consider the technologies developed in GRIDSOL as a 

reference framework to enhance the generation of renewables according to the objectives set in the 

project. 
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5. CONCLUSIONS 

IPR Management is completely linked to the exploitation strategy, thus reinforcing the idea of an iterative 

exploitation approach that has been followed during the execution of GRIDSOL project. After a preliminary 

analysis conducted in the early stage of the activities to detect potential exploitable results, the definition 

of the business plan was initiated with the identification of High Level Use cases which allowed to finally 

focus on the possible exploitation of the GRIDSOL hybrid plant. An in-depth market research was also 

carried out in order to maximize the exploitation success and to contribute to strengthen the European 

industrial technology base. 

All GRIDSOL partners have actively contributed to the identification of the project results, to detect the 

access rights to them in terms of their role in the project, and a special care has been taken to identify 

background to be protected according to the previously signed CA. A Memorandum of Understanding is 

being prepared, covering those results that are identified as a joint exploitation and identifying who are 

the GRIDSOL partners that have directly contributed to its development. 

Moreover, a refinement of the SRH value chain already presented in D8.2 has been done, in which the 

different roles performed by the partners of the GRIDSOL project have been allocated. From the project 

development phase up to O&M till the power generation plant’s lifecycle time, the different roles are 

mainly distributed in categories: consultancy, project management, engineering and construction, O&M, 

electricity market operation, etc. All the GRIDSOL partners are matched within this value chain, and 

accordingly, have a role in the definition of the business models associated to GRIDSOL -mainly in a BM 

for SRH project development, construction and operation (role of COBRA) and a BM for consulting and 

supporting services (role of IDIE, CESI)-. The analysis has been extended in order to assess the viability and 

positive business cases deriving from the GRIDSOL project’s exploitable results that shape new value 

propositions from every case.  

In line with simulations, analysis and forecasts that have been carried out in the rest of work packages, 

the extended analysis is made on the ‘Building new hybrid power plants’ High Level Use Case. The 

assumptions and considerations for this analysis are: 

- Hybrid RES power plants with storage capabilities to achieve 100% controllable production together 

with stable and reliable power.  

- This solution will meet the TSOs’ requirements to be recognised as a dispatchable, firm and fully 

flexible power plant and will substitute the fossil fuel backup systems while increasing RES power 

generation.  

- non-dispatchable RES technologies which are clustered and internally orchestrated in new 

configurations of power plants using storage and advanced control technologies, with the ensemble 

being considered as dispatchable plants connected to the grid at a Point of Common Coupling (PCC).  

- Hybrid RES power plants will contribute to the bulk power system through hybrid utility-scale projects 

by increasing the hosting capacity of renewables through a controllable power output that increases 

the penetration of variable renewables (e.g. PV and Wind) with a nominal output below the installed 

power thanks to energy storage (e.g. Battery energy storage) and an integrated energy management 

(i.e. DOME). 
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Finally, the main figures for the business case can be summarized in the following table: 

 Discount 
rate 

IRR NPV  

(€ million) 

ROI 

Optimistic 
scenario 

10% 11,58% 37 121 % 

5%  222  

7%  132  

Pessimistic 
scenario 

10% 8,90% -24 93 % 

5%  124  

7%  52  

For the optimistic scenario, we consider a market value of the power produced of 50€/MWh, and 

100€/MWh the unit price in ancillary services market. The pessimistic scenario is characterised by 25% 

less market share on average and 40€/MWh as a market value for the power produced.  
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6. ANNEX 1 

IPR repository 

WP# Name Short description Nature of the result Dissemination 
level 

Organization directly 
contributing to 
development 

Background 
needed to use 
this foreground 

Rights to use 
the foreground 

WP1 Consortium 
Operating 
procedures (D1.1) 

Consortium operation procedures that 
set the framework for a successful 
project management and monitoring. 

Documentation 
(guidelines report) 

PU COBRA 
  

WP1 Project 
Management Plan 
(D1.5) 

This deliverable provides a detailed 
Project Management Plan. For this aim, 
a Gantt chart and a Work Breakdown 
Structure (WBS) is prepared. 

Documentation 
(guidelines report) 

PU COBRA, All partners 
  

WP1 Set-up of Advisory 
Board and regularly 
feedback 

Formal/organisational management of 
advisory boards. 

Other CO COBRA, IDIE, HEDNO, 
NTUA 

  

WP1 Collaborations with 
EU projects (BRIDGE 
Group, etc.) 

Collaboration with other EU H2020 
smart grid & energy storage projects. 
Partcipation within the Business  model 
working group. 

Other CO COBRA 
  

WP1 Technical 
monitoring 

Technical coordination of Project tasks. Other CO COBRA, All partners 
  

WP1 Financial 
monitoring 

Administrative, legal and financial 
coordination and management 

Other CO COBRA, All partners 
  

WP2 Technical 
requirements for 
WP2 tool 

Modelling of renewable energy and 
energy storage technologies  

Documentation 
(specifications) 

CO COBRA, IDIE, 
TECNALIA, CESI, 
HEDNO, NTUA 
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WP# Name Short description Nature of the result Dissemination 
level 

Organization directly 
contributing to 
development 

Background 
needed to use 
this foreground 

Rights to use 
the foreground 

WP2 SRH-Modeller The tool that optimally size the Smart 
Renewable Hubs at each location, 
taking into account grid and market 
requirements 

Software CO IDIE & COBRA IDIE's & COBRA's 
background 

Within 
GRIDSOL Joint 
Agreement 

WP2 Costs of 
technologies and 
financial 
assessment 

Cost Analysis of Smart Renewable Hub 
configurations and financial model 

Software CO COBRA 
  

WP2 
& 
WP5 

Electricity prices for 
Continental Europe 

Data of electricity prices from ENTSO-E Documentation 
(specifications) 

CO COBRA, CESI 
  

WP2 
& 
WP6 

Demand curves for 
European Islands 

Demand curves of the selected Islands 
under the scope of GRIDSOL project 
from REE, project partners and 
Advisory Board members  

Documentation 
(specifications) 

CO COBRA, NTUA, 
HEDNO 

  

WP3 COBRA's molten 
salt test loop 

Benchmarking for CSP Parabolic trough 
model 

Software CO COBRA 
  

WP4 DOME 
requirements 

Description of DOME requirements 
coming from generation and storage 
technologies, network codes and other 
boundary conditions, reported in D4.1 

Documentation CO TECNALIA, IDIE, 
COBRA, CESI, NTUA 

- - 

WP4 DOME design 
document 

DOME design document describing 
adopted control techniques and 
algorithms as well as software 
architecture for the implementation, 
reported in D4.2 

Documentation CO TECNALIA, IDIE, ETRA Yes, TECNALIA's  
and COBRA's 
background 

Within 
GRIDSOL Joint 
Agreement 
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WP# Name Short description Nature of the result Dissemination 
level 

Organization directly 
contributing to 
development 

Background 
needed to use 
this foreground 

Rights to use 
the foreground 

WP4 DOME system The DOME prototype consists of a 
software application  based on the 
concept of multi-agents. It manages a 
laboratory model of the GRIDSOL plant 
built with emulators of its main 
elements. Delivered as a result of T4.3 
and T4.4 

Software CO TECNALIA Yes, TECNALIA's 
and COBRA's 
background 

Within 
GRIDSOL Joint 
Agreement 

WP4 User Interface for 
Operations Control 
Centre 

Web application that runs in the plant 
operator browser and offers him all the 
information requested. 
The user interface makes use of the 
information available in the DOME-DB 

Software CO ETRA ETRA Within 
GRIDSOL Joint 
Agreement 

WP5 Ancillary service 
provision 

ENTSO-E data and Italian market data 
for the analysis of ancillary service 
provision. 

Documentation 
(specifications) 

CO COBRA, CESI 
  

WP6 Data collection for 
Isolated electrical 
systems 

Excel files with hourly and annual 
power data, short description of 
Regulatory framework and 
characteristic of each selected location, 
Deliverable 6.1 (report) 

Documentation CO NTUA,HEDNO, 
COBRA 

  

WP6 Market 
performance 
simulations in Non 
interconnected 
systems 

Simulation results, report including 
comments and conclusions of GRIDSOL 
operation, Deliverable 6.2 (report) 

Documentation CO NTUA,HEDNO, 
COBRA, IDIE, 
TECNALIA 

  

WP6 In depth 
assessment in Non 
interconnected 
systems 

Further analysis and evaluation of 
simulation results and comparison of 
the results for each different scenarios, 
Deliverable 6.3 (report) 

Documentation PU NTUA,HEDNO, 
COBRA, IDIE, 
TECNALIA 
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WP# Name Short description Nature of the result Dissemination 
level 

Organization directly 
contributing to 
development 

Background 
needed to use 
this foreground 

Rights to use 
the foreground 

WP6 GRIDSOL technical 
performance, 
analysis and 
evaluation of 
results  

Simulation of dynamic simulation of 
each scenarios, Deliverable 6.4 (report) 

Documentation PU NTUA,HEDNO, 
COBRA, IDIE, 
TECNALIA 

  

WP6 Regulatory 
framework for 
Canary Islands 

Information about the regulatory 
framework, market rules and grid 
requirements for Canary Islands 

Documentation 
(specifications) 

CO COBRA 
  

WP7 Papers and 
publications: 7th 
International 
Conference on 
Renewable Power 
Generation 

Feasibility analysis of GRIDSOL 
technology in Fuerteventura: a case 
study 

Publications 
(papers, conference 
proceedings…) 

PU DTU, EA, COBRA 
  

WP8 IPR strategy Action plan for IPR management during 
GRIDSOL, at whole-project level, 
defining tools and procedures. 
Reported in D8.1 

Documentation 
(strategy report) 

PU ETRA, WP leaders None None 

WP8 IPR repository Excel file in COLABORA Cloud to include 
results from GRIDSOL WPs, aiming at 
being the living IPR database during the 
project’s implementation  

Documentation CO ETRA, WP leaders None Within 
GRIDSOL 
Consortium 

WP8 Exploitation plan Action plan for exploitation of project 
results, both at individual and at a joint 
consortium level, reported in D8.3 

Documentation 
(strategy report) 

PU ETRA, All partners None None 

WP8 IPR Joint Ownership 
Agreement (JOA) 

Separate agreement in which GRIDSOL 
joint owners, if opportune, will set forth 
the terms and conditions of the 
resulting joint ownership 

Documentation CO ETRA, partners 
involved in joint 
ownership 

None Within 
GRIDSOL 
Consortium 
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WP# Name Short description Nature of the result Dissemination 
level 

Organization directly 
contributing to 
development 

Background 
needed to use 
this foreground 

Rights to use 
the foreground 

WP8 Business Model Integrated business model able to best 
exploit project outcomes, reported in 
D8.2 and D8.4 

Documentation 
(strategy report) 

PU ETRA, COBRA, IDIE, 
TECNALIA, CESI 

None None 

WP8 Market analysis In-depth market research, reported in 
D8.3 

Documentation PU ETRA, COBRA, IDIE, 
TECNALIA, CESI 

None None 

WP8 BRIDGE tool for 
business models 

Tool developed by Technofi for 
business models related to energy 
storage 

Software CO COBRA 
  

WP9 Visual identity and 
collaterals 

Project logo, templates, etc. Project 
deliverable D9.1. 

Dissemination 
material 
(infographic, leaflet, 
video...) 

PU COBRA 
  

WP9 Website GRIDSOL website and regularly update 
of information. Project deliverable 
D9.2. 

Dissemination 
material 
(infographic, leaflet, 
video...) 

PU COBRA 
  

WP9 Dissemination 
material: Poster 
and Leaflet 

This deliverable consists in the 
production of standardised, high 
quality printed material for 
dissemination purposes. Project 
deliverable D9.3. 

Dissemination 
material 
(infographic, leaflet, 
video...) 

PU COBRA 
  

WP9 Communication & 
dissemination plan 

This document summarizes the 
dissemination and communication 
strategy of GRIDSOL. Reported in D9.4. 

Documentation 
(strategy report) 

PU COBRA 
  

WP9 Workshops and 
Final Event 

Events to keep the end-user 
community and interested 
stakeholders well informed about the 

Other PU COBRA 
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WP# Name Short description Nature of the result Dissemination 
level 

Organization directly 
contributing to 
development 

Background 
needed to use 
this foreground 

Rights to use 
the foreground 

project and gain their feedback on the 
project progress and results. 

WP9 Dissemination 
movie 

Media release, a GRIDSOL video and 
media support will be created, in order 
to raise social awareness of the project, 
etc. Project deliverable D9.5. 

Dissemination 
material 
(infographic, leaflet, 
video...) 

PU COBRA 
  

WP9 Papers and 
publications: 
SolarPaces 2017 

Smart Renewable Hubs: Multi-
hybridization to increase renewable 
energy penetration in a grid-friendly 
manner. (Cost Analysis of competitive 
technologies vs. GRIDSOL initial case to 
achieve 80% RES penetration in Crete) 

Publications 
(papers, conference 
proceedings…) 

PU COBRA, IDIE, 
TECNALIA, CESI, 
HEDNO, NTUA 

  

WP9 Papers and 
publications: Solar 
Integration 
Workshop 2017 

Smart Renewable Hubs: Solar 
hybridisation to facilitate renewable 
energy integration (Electricity Market 
Analysis of GRIDSOL initial case for 
Continental Europe and a European 
Island) 

Publications 
(papers, conference 
proceedings…) 

PU COBRA, IDIE, 
TECNALIA, CESI, 
HEDNO, NTUA 

  

WP7 Power price 
forecast for Spain 
(FOIK) 

Analysis developed for Cobra with 
power price projections in the Iberian 
peninsula until 2050. Power point 
presentation and excel with hourly 
results delivered for internal use. 

Documentation CO EA 
  

WP7 Power price 
forecast for 
Continental Europe 

Power price projection in the scenarios 
analysed for continental Europe will be 
shared in Excel format with DTU (WP7) 
to be used for the feasibility and cash 
flow analysis of the plant. 

Documentation CO EA 
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WP# Name Short description Nature of the result Dissemination 
level 

Organization directly 
contributing to 
development 

Background 
needed to use 
this foreground 

Rights to use 
the foreground 

WP7 Report on Power 
system integration 
and potentials 
(D7.3) 

Main outcome of the energy system 
modelling subtask of WP7 (7.1.3). A 
report detailing the simulations and 
results from the continental European 
system and island system of Crete 
assessments up to 2050. 

Documentation PU EA 
  

WP7 Conference 
paper(s) 

Conference papers regarding the 
results of the power system analysis 
part of WP7, lead by Ea Energy Analyses 

Publications 
(papers, conference 
proceedings…) 

PU EA 
  

WP7 Journal Articles Journal article on "The Journal of 
Engineering" (soon available online) 
based on the 7th International 
Conference on Renewable Power 
Generation 

Publications 
(papers, conference 
proceedings…) 

PU DTU, EA, COBRA 
  

WP7 Conference paper Conference papers regarding the 
results of the feasibility analyses part of 
WP7, lead by DTU 

Publications 
(papers, conference 
proceedings…) 

PU DTU 
  

WP7 Report on 
Feasibility of 
GRIDSOL solutions 
(D7.2) and GRIDSOL 
impact in summary 
(D7.4) 

Main outcome of the economic 
assessment and feasibility analyses, 
subtasks of WP7 (7.1.1-7.1.2). A report 
detailing the background market 
framework conditions and the results 
of the feasibility analyses of Gridsol 
configurations for relevant island and 
continental locations. 

Documentation PU DTU 
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WP# Name Short description Nature of the result Dissemination 
level 

Organization directly 
contributing to 
development 

Background 
needed to use 
this foreground 

Rights to use 
the foreground 

WP5 Market Simulator 
for GRIDSOL 

Tool for the calculation of the optimal 
dispatching of GRIDSOL production to 
maximize revenues. Reported in D5.3 
and D5.4 

Software CO CESI CESI background 
(PROMED/PRO
MEDGRID 
software and 
data) 

- no rights on 
PROMED/PRO
MEDGRID 
- possibility to 
use Market 
Simulator for 
GRIDSOL 

WP5 Tool for harmonic 
disturbance 
analysis (Power 
Quality) 

Tool for the calculation of the harmonic 
distortion caused by SRH. Reported in 
D5.5 and D5.6 

Software CO CESI commercial 
software 
required 
(DIgSILENT 
PowerFactory) 
with special 
licence 

commercial 
software 
required 
(DIgSILENT 
PowerFactory) 
with special 
licence 

WP5 GRIDSOL/SRH 
models for grid 
studies 

Models of GRIDSOL/SRH power plants 
to be used in the PSS/E software for the 
grid analysis. No EU network provided. 
Reported in D5.5 and D5.6 

Software CO CESI - CESI 
background 
(data and other 
models) 
- commercial 
software 
required (PSS/E) 

- no rights on 
data owned by 
CESI 
- commercial 
software 
required 
(PSS/E) 

WP3 Conference paper Conference paper at SolarPaces 2018 - 
On analysis of multitower systems 

Publications 
(papers, conference 
proceedings…) 

PU SBP 
  

WP3 Trough 
performance model 
(synthetic oils) 

Neural network to estimate heliostat 
field thermal performance based on 
size, position, time and meteorological 
conditions. Reported in D3.2 

Software Within 
GRIDSOL 
Consortium 

SBP basic input data 
only 

Within 
GRIDSOL 
Consortium 
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WP# Name Short description Nature of the result Dissemination 
level 

Organization directly 
contributing to 
development 

Background 
needed to use 
this foreground 

Rights to use 
the foreground 

WP3 Trough 
performance model 
(molten salt) 

Neural network to estimate heliostat 
field thermal performance based on 
size, position, time and meteorological 
conditions. Reported in D3.2 

Software Within 
GRIDSOL 
Consortium 

SBP basic input data 
only 

Within 
GRIDSOL 
Consortim 

WP3 Single tower 
performance model 

Neural network to estimate heliostat 
field thermal performance based on 
size, position, time and meteorological 
conditions. Reported in D3.2 

Software Within 
GRIDSOL 
Consortium 

SBP basic input data 
only 

Within 
GRIDSOL 
Consortium 

WP3 Multitower field 
layout algorithm 

Enhancements to proprietary software. 
Reported in D3.5 

Software proprietary SBP sbpRay software Within 
GRIDSOL 
Consortium 

WP3 Multitower optical 
performance model 

Enhancements to proprietary software. 
Reported in D3.6 

Software proprietary SBP sbpRay software Within 
GRIDSOL 
Consortium 

WP7 Hybrid power plant 
- FOIK project 

GRIDSOL project proposes Smart 
Renewable Hubs, a flexible hybrid plant 
that combines primary Renewable 
Energy Sources (RES) and storage 
technologies under a Dynamic Output 
Manager of Energy (DOME) that 
dispatches the electricity on a single 
output according to the availability and 
cost-effectiveness of each technology 

Other CO COBRA 
 

Within 
GRIDSOL Joint 
Agreement 
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