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EXECUTIVE SUMMARY 

This deliverable presents the exploitation strategy of the GRIDSOL project, covering both the consortium 

as a whole as well as the individual plans defined by all partners, in order to commercialise the results 

generated during the project in the most effective way. Moreover, a market analysis is performed in order 

to understand the context for this future exploitation of the project results. Therefore, the two main topics 

covered by this deliverable are the exploitation activities and the in-depth market research in order to 

maximize the exploitation success. 

The first part of the report is dedicated to the Market analysis. An identification of the target markets is 

included which shows how the GRIDSOL solution based on Smart Renewable Hubs can address several 

different customers/users in order to cover different needs, thanks to its versatility and modularity. An 

assessment of the current and future state of power systems in the target countries Spain, Italy and 

Greece. In all three, the wholesale electricity market is based on the marginal unit for the settlement of 

price and quantity of energy traded for each hour. Although the three markets are ruled under the same 

concept, all of them show significant differences. Financing resources is also a topic covered in this 

section: the targeted market for GRIDSOL project is the power-generating facilities using renewable 

energy sources, hence renewable energy capacity and renewable energy technologies (the Global Clean 

Energy market). Several analysis and reports show how the levels of investment in renewable energy 

needed to implement the Energy Transformation scenario would vary greatly by region, and different 

investment resources and financial instruments are depicted. Finally, some conclusions about market 

gaps and opportunities allow to affirm that there is a broad market room for the different products 

developed in GRIDSOL, either separately or combined. 

The second part in this document reports the Exploitation strategy followed by the GRIDSOL Consortium. 

The Key Exploitable Results have been identified based on the scientist and technical knowledge 

exploitable from GRIDSOL. The basis for this are not only the specific interest of the Consortium partners, 

based on their own organization strategies, but a solid analysis of the relevance of the technical 

innovation, supported by the results in previous work packages. This analysis is complemented by the 

market identification for each of the results, in line with the market analysis performed in the previous 

section. Some hints are provided about the feasibility of a joint exploitation for those results already 

defined as “GRIDSOL products”. Nevertheless, the joint agreement will be concluded by the end of the 

project and reported in D8.4. 
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1. INTRODUCTION 

1.1. OBJECTIVES 

Exploitation activities are a key activity focusing to achieve a great impact of the project. The consortium 

has defined their exploitation strategies based in the identification of the key Exploitable Results from a 

joint and an individual perspective. In an iterative process, the exploitable results have been refined by all 

partners involved in commercial exploitation. In particular, individual exploitation plans from all the 

Consortium partners are reported, the final list of Key Exploitable Results has been characterized and 

finally the Joint exploitation, IPR management and internal agreements have been defined. 

The market analysis towards the commercialization of GRIDSOL results focuses on the review of the state 

of the art in the solutions, initiatives and stakeholders related to the GRIDSOL scenario and in particular 

for the solutions developed within the project. 

1.2. SCOPE 

This report is the last one produced in the context of WP8  - IPR management and exploitation activities, 

which focuses on the definition of an overall framework for the market uptake of GRIDSOL products. 

Exploitation activities have taken place in this last reporting period to finalize the characterization of the 

project exploitable results, to define the joint exploitation strategy and to provide some preliminary inputs 

about the commercialization of the most mature GRIDSOL results. On the other hand, a market analysis 

has been performed in order to understand the current and future state of power systems in target 

countries and different sources for investment including country-specific funds coming from energy policy 

for increasing the share of RES along national electricity systems. Current market gaps and opportunities 

have been identified. 

D8.3 is closely related to the deliverables from WP7 – Impact, in which policy analysis is also performed:  

 D7.2, after defining the market framework conditions (i.e. how are generators remunerated), 

reports the RES policies in place in the specific geographical site under investigation  

 D7.4 aims at providing a general framework about policies to foster the uptake/implementation 

of SRH, also considering regulatory issues when discussing benefits or barriers for the future 

implementations of SRHs in the future. 

 D7.1 provides a policy brief in which some recommendations are included. 

1.3. OUTLINE 

This document is organised in two main parts: section 2 is dedicated to the market analysis, with an 

identification of target markets where project results will be exploited as well as facts and figures based 

on the main GRIDSOL technologies and possible results. On the other hand, section 3 contains the 

exploitation activities, focusing on the characterization of exploitable results, the Joint Exploitation and 

the Individual Exploitation Plans. Finally, we provide the conclusions in the last section.  
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2. MARKET ANALYSIS 

2.1. IDENTIFICATION OF TARGET MARKETS 

In a first step, this report is analysing the main target areas for a successful deployment of a GRIDSOL 

plant based on the SRH concept and the DOME as the plant management component. Since most of the 

different SRH topologies are mainly based on solar energy, either CSP or PV, the geographical coverage 

will be pretty much determined by the amount of solar radiation of the selected location. In order to 

assess that, the map of Europe’s solar radiation has been obtained from [1]. 

 

FIGURE 1.  GLOBAL HORIZONTAL IRRADIATION -  GHI.  EUROPE.  [1] 

It can be observed at a first sight that for the GRIDSOL’s initially targeted countries (Spain, Italy and 

Greece), the GHI is high enough for this resource not to become a bottleneck in terms of project 

profitability.  

Nevertheless, the fact that these countries have some of the highest solar irradiations in Europe does not  

mean they are the only countries with the potential to commercially adopt GRIDSOL’s hybrid solution. In 

countries with much lower solar irradiation, such as Germany, the installed photovoltaic power and its 

share in the electricity mix can proof that solar energy technologies can play a major role in the electricity 

mix being profitable by themselves. 

Moreover, if the previous map of solar irradiation in Europe from Figure 1 is compared to the map of wind 

resource in Europe, Figure 2, there is some kind of complementary synergy, especially in offshore 

locations, for which when the irradiance diminishes, the wind resource increases. Thanks to the 

adaptability and modularity of the Smart Renewable Hubs, the solar technologies can be substituted by 

wind power, maintaining the DOME management plus SRH products with a different topology. In these 
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northerner locations the DOME system would work identically, dispatching and managing the energy 

according to the algorithm. 

 

FIGURE 2.  GLOBAL W IND ATLAS [2] 

It is also remarkable that Greece, apart from having a high solar resource, also has highly 

wind-energy-dense offshore zones, where the SRH would have a very high potential. Again, the fact that 

in the northern part of Europe, and even more if it is offshore, there is a higher energy wind resource does 

not mean that in the south wind power is not profitable. For instance, in Spain, 20% of the annual 

electricity generation comes from wind power plants. 

In order to assess the market availability of the last primary resource used in the Smart Renewable Hubs, 

the biofuel, the local production of some European countries has been identified, in order to assure a 

renewable origin of the fuel (Figure 3). 2013 is the last year with aggregated record of biogas production 

for all the member states, but later trends in Installed Electric Capacity (IEC) of biogas plants show that 

the dominant countries are still Germany, the United Kingdom, Italy and Czech Republic. 

Thus, when hybridizing the Smart Renewable Hub with solar technologies and CHP fuelled with biogas, 

Italy becomes the most interesting target market due to the high solar resource before mentioned and 

the ease on the availability of local renewable biogas. 

Again, northerner countries with not such a high solar resource, such as Germany or the UK, could be a 

good target when it comes to hybridize wind power (high wind resource zones, especially offshore) and 

CHP fuelled with renewable local biogas. Moreover, if battery energy storage systems are added to the 

SRH, it is worthy to mention that these two countries are probably the most advanced in terms of depleted 

energy storage systems in Europe. In the case of the UK, batteries are even providing ancillary services, 

from secondary reserves to demand-side response services. 
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FIGURE 3.  PRIMARY PRODUCTION OF BIOGAS IN THE EU  IN 2012  AND 2013  (IN KTOE)  [3] 

In terms of market size, at a global level, the renewable energy market is expected to grow up to 

$2,152.9 B by 2025 from $1,469.0 billion in 2017 [4]. Focusing on the European Union, the joint 

commitment is to reduce Greenhouse Gas (GHG) emissions by 80-95% by 2050, through the reduction in 

the energy consumption (energy efficiency) and the increase of renewable energy technologies 

penetration in the electricity system until reaching a 100% decarbonised energy system – electricity, 

transport, etc. At a local level, for the different target markets initially studied for the Smart Renewable 

Hub solution, in Spain and according to the Asociación de Empresas de Energías Renovables (APPA), the 

renewable energy sector will require an investment of between €80 billion and €100 billion by 2030 [5]. 

At the same time, the estimation provided by the European Union goes beyond that, quantifying a total 

of €236 billion, in the period 2021-2030, annually around 2% of GDP, of which 20% would come from 

public sources [6]. A sector that is experimenting a boosted growth. Although in Spain the share of 

renewable energy in the electricity system was of 40% in 2018, country’s target is to depend only of 

renewables for final energy consumption by 2050, being the share of renewable energy sources in the 

total final energy consumption 17.5% in 2017. In a very similar situation there is another initially targeted 

country, Italy. With a share of 40% of the electricity produced from renewable energies in 2018, and a 

share of 17.5% of the total final energy consumption coming from renewable energy sources [7], together 

with the commitments of reaching 55% renewable energy sources share in the electricity system and 28% 
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in the total energy consumption by 2030. Finally, Greece committed to have a share of renewable energy 

in the final energy consumption of 31 to 32% by 2030, needing it to rise up from 16.3% in 2017. Regarding 

investment needs, the draft plan estimates the funding need for energy policy at €34.7 billion for the 

decade 2021-2030 [8]. 

In the case of Germany and the UK the market is also quite large. These are the other two identified and 

mentioned countries, not initially targeted, but also prone to adopt the Smart Renewable Hub solution 

positively due to high penetration of renewable energy sources, favourable legislation and social 

awareness. In the case of Germany, the country is expected to reach 30% of the gross final energy 

consumption coming from renewables by 2030, when the current estate in 2017 is 15.5%. In terms of 

investment needs, Germany will require €50 billion only in electricity transmission infrastructure [9]. A 

similar increase is expected in the United Kingdom, from 10.2% in 2017 up to 27% in 2030 [10]. 

Within these large identified markets, the GRIDSOL solution based on Smart Renewable Hubs can address 

several different customers/users in order to cover different needs, thanks to its versatility and 

modularity. Needs ranging from general requirements of modern smart electricity grids with increasing 

penetration of renewable energy sources, such as the seeking of a dispatchable and reliable renewable 

energy unit, to mere economic benefits, such as a cluster of companies or a trading centre that may adopt 

the solution intending a partial, or eventually total, disconnection from the grid obtaining a reasonable 

payback, to specific needs in islanding solutions to decrease the dependency on the currently used fossil 

fuels to power them, normally gas turbines or diesel ICEs. 

Similar solutions are currently being provided 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. Some of these spotted solutions are: 

 General Electric’s hybrid power portfolio. Which provides a relatively large number of different 

topologies: 

- Gas Turbine + Solar 

- Gas Turbine + Storage 

- Solar + Storage 

- Standalone Storage 

but not all of them provide a 100% renewable energy supply, which, on top of the fact that the 

number of different option available, and thus, the adaptability to the location, is lower than the 

GRIDSOL’s one, makes it a not so suitable solution as the SRH+DOME [11]. 

 Hybrid Energy Solutions Limited product is based on several different option for the size of the battery 

storage system, provided with solar or wind power on demand, depending on the client’s resource 

availability and needs [12]. 

 Hybrid Wizard solution, by Vergnet, is another Wind-or-PV plus storage commercial product focused 

on microgrids for islanding and remote locations solutions [13]. 

 The company Windstream Technologies offers different hybrid renewable energy harvesting 

configurations, all of them based on wind and PV. This solution offers different topologies and power 

ranger, depending on the needs of the clients. It does not include neither a battery storage systems 

nor the possibility of choosing the energy harvesting technologies to be installed. 
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 The company SENER offers different hybridization possibilities through specific hybrid power plant 

models; hybridization of solar thermal (CSP) - photovoltaic (PV) solar power and hybridization of solar 

thermal (CSP) with biomass [14]. 

 The company Siemens-Gamesa offers tailored solutions leveraging the complementary energy 

profiles of wind and solar power. It offers hybrid solutions combining wind, solar and storage 

technologies [15]. 

 Greensmith Energy (GEMS), part of the Wärtsilä technology group delivers hybrid solutions. One 

example is the “Graciosa” hybrid renewable power plant combining solar power and wind power that 

is under construction in Azores. 

 Acciona-Abengoa enter the hybrid power plant market through the construction of the “Cerro 

Dominador” hybrid power plant hybridizing PV and CSP power with tower design [16]. 

2.2. CURRENT AND FUTURE STATE OF POWER SYSTEMS IN TARGET COUNTRIES 

As mentioned before, the three initially targeted countries are Spain, Italy and Greece. In all three, the 

wholesale electricity market is based on the marginal unit for the settlement of price and quantity of 

energy traded for each hour. Although the three markets are ruled under the same concept, all of them 

show significant differences. 

For instance, while in Spain and Italy a nearly real-time market (the Intra-day Market) is used on top of 

the Day-ahead Market in order to better adjust the generation produced to the consumption demanded, 

in Greece there is not such a market, and all bulk energy and ancillary services are offered and cleared in 

the Day-Ahead Market. 

In Spain, the Market Operator, i.e. OMIE, is in charge of the bulk energy services, while the management 

of ancillary services rely on the System Operator, i.e. Red Eléctrica. The definition and clearing of the offers 

is performed using the European algorithm EUPHEMIA [17]. 

Italy has a more ramified system, subdivided in eleven virtual zones, for which eleven different market 

equilibrium points are calculated. After obtaining these nine quantities and prices for the electricity, one 

single price is calculated for the whole system as a weighted average of the prices and quantities at each 

zone, obtaining the National Single Price. The only exception is the case of a congestions in between 

different zones, where a market split is provoked and each zone operates independently [18]. 

Very closely related to this last case of the congested lines, there is another indicator of the status of a 

power network, which is its RES implementation capacity. The more renewable energy distributed sources 

are deployed within a power network, the higher the requirements for energy management and 

interconnection capacity lines are. For the three targeted countries, the renewable energy capacity is 

growing as well as in the European Union as a whole. 

In the case of Greece, by 2018 there were almost 9 GW (8,738.5 MW) of renewable energy power facilities 

installed [19]. Of these 9 GW, 3.4 correspond to hydro power, 2.8 to wind power and 2.4 to PV, with some 

residual biomass thermal installed power. The future country targets are, to increase the photovoltaic 

installed capacity up to 3.3 GW by 2020, up to 5.5 by 2025 an finally up to 6.9 GW by 2030. Such a growth 

is also expected for wind power (up to 6.4 GW by 2030) and for hydropower (up to 3.9 GW by 2030) [20]. 

Furthermore, the country currently offers a feed-in-tariff regime for CSP with a 25-year-term PPA [20]. 
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Nowadays, there is a tower CSP commercial project under construction in Crete [21], and the wind parks 

stock is about 12 facilities along the country owned by TERNA [22]. 

Italy, in 2019, has almost 60 GW (57,160 MW) of renewable energy capacity installed [23]. From these 

almost 60 GW of renewable power installed, 20.25 are from photovoltaic power, and they are 

concentrated in the regions of Lombardia, Emilia-Romagna and Puglia. When it comes to wind power, 

most of its 10.35 GW of capacity are located in the southern half of the country. The renewable energy 

technology with the highest installed power in the country is hydropower, and most of its 21.82 GW are 

concentrated in the north of the country [23]. It is expected that, from 2018 to 2030, a growth in the 

renewable power capacity installed up to 63.4 GW. Italy accounts for three operational CSP power plants 

encompassing both linear-fresnel and tower technology [24], and more than 5,000 wind power plants for 

almost 7,000 wind turbines of various power sizes [23] [25]. 

And in the case of the last considered country, Spain, the renewable power installed in 2019 rises up to 

52 GW, almost half of the total power installed of the country. Out of these 52 GW, 20.3 are installed 

capacity in hydroelectric power (17 in run-of-river and mixed power stations and the other 3.3 in pure 

pumping stations). The predominant renewable electricity source in Spain is, both for capacity and annual 

yield, wind power [26]. With 23.6 GW installed, so far most of it is onshore, except for one 5 MW-wind 

turbine in the Canary Islands financed by the H2020 framework programme. There are more than three 

hundred wind power plants under operation in the country [22]. Nevertheless, there are already some 

commercial projects in the pipeline for the construction of offshore windfarms in the country. In terms of 

solar power, around two thirds of the installed capacity are in photovoltaic technology, 4.9 GW, and the 

other 2.3 GW in solar thermal. The installed power in solar PV is expected to grow in 4 GW more by end 

of 2019 – early 2020, according to [27] [28]. Spain has approximately 33 CSP power plants all operational. 

The parabolic trough technology characterizes by far the power plants stock, representing 31 out of 33 

facilities. Power-tower typology accounts for two installations [24]. 

In other countries of interest solar thermal generation technology is quasi absent, i.e. in Germany a single 

CSP power-tower is operational. This is not the case for wind generation, in the UK there are more than 

seven hundred wind parks deployed and more than two dozen facilities.  

 

 

FIGURE 4.  GLOBAL  CSP  PROJECTS [24] 
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FIGURE 5.  CSP  PROJECTS BY  TECHNOLOGY  [24] 

 

 

FIGURE 6.  CSP  PROJECTS BY  STATUS  [24] 

With these numbers, it is clear that the need for an optimal integration of the renewable energy 

technologies in the grid in order to consume as much renewable energy as possible is becoming one of 

the most important current challenges for all actors of the power network. 

Apart from efforts and innovations in the business models and opportunities related to energy 

management in the grid, most of the European countries are also integrating new transmission 

infrastructure to the system in order to facilitate the effective consumption of renewable energy and 

avoid unexpected congestions that may lead to renewable energy curtailment. ENTSO-E aims to foster 
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the maximum renewable electricity integration in the system, in part by promoting the ten-year network 

plan development (TYNPD-2018) [29], for which several new transmission and storage projects are being 

deployed all around the European Union. 

The following figures show: 

 The projects under construction (in green). 

 The projects in permitting (in yellow). 

 The projects planned but not yet permitting (in red). 

 The projects under consideration (in blue). 

In Spain, out of all the projects in the pipeline, three are related to pumped hydro energy storage, while 

all the rest are transmission lines projects, see Figure 7: 

 
FIGURE 7.  TYNDP  2018  PROJECT PIPELINE,  SPAIN.  [29]. 

In Italy, all the projects forecasted are transmission line construction projects, and many of them involve 

offshore transmission line deployment (see Figure 8): 
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FIGURE 8.  TYNDP  2018  PROJECT PIPELINE,  ITALY.  [29] 

In Greece there are much less ongoing projects than in the other two targeted countries, and these are 

basically related to cross-border transmission lines, except for one pumped hydro energy storage plant. 

See Figure 9. 

 
FIGURE 9.  TYNDP  2018  PROJECT PIPELINE,  GREECE.  [29] 

The extension on the transmission lines must be developed together with updates in the grid codes in 

order to adapt the new needs required by a high penetration on renewable energy sources to the legal 

performance of the system in order to avoid congestions and promote energy management strategies. 
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Another way of avoiding or mitigating congestions is using regional energy management and balancing 

mechanisms such as energy storage, load shifting or demand-side response. 

This last set of actions, the balancing mechanisms are very suitable for GRIDSOL’s Smart Renewable Hub 

for market participation. As SRHs are dispatchable through the DOME management, they can provide 

both a fast response, when integrated with battery storage systems, and a durable response, when 

integrated with a molten salts thermal storage system. 

Thus, GRIDSOL’s solution is able to participate in the primary (usually as a mandatory requirement for 

generators), secondary and tertiary restoration reserve markets. Then, the Hub could be providing, at the 

same time, electricity for the wholesale market and balancing services for grid stability thanks to the 

different energy storage systems with which it is provided. This larger-than-usual flexibility offered by the 

SRH makes it suitable for either downwards reserves, storing the surplus electricity produced to sell it at 

another moment, and large-scale demand-side response, in a very similar way to pumped hydro storage 

plants, absorbing the surplus energy of the system when needed. 

In order to participate in such markets, in Spain any generator can do it, but it is required to provide, at 

least, 5 MW bids for the secondary reserves marker, and 10 MW bids in the case of the tertiary reserves 

market [30]. In the case of Italy, the minimum bid for both cases is 10 MW [31], while in Greece, there are 

no minimum bids in any of the markets but the participation in them as a generator is mandatory [32]. 

2.3. FINANCING RESOURCES 

The targeted market for GRIDSOL project is the power-generating facilities using renewable energy 

sources, hence renewable energy capacity and renewable energy technologies. All this terms may be 

merged into one concept which is widely known as Global Clean Energy market. 

IRENA recently stated that renewables have accounted for more than half of all capacity additions in the 

global power sector since 2011, with their share in total power generation increasing steadily. Total 

renewable power capacity in 2018 exceeded 2,300 GW globally, with most growth coming from new 

installations of wind and solar energy [33]. 

Accounting recent market share, Global Clean Energy investment totalled $332.1 billion in 2018 as 

secured by BNEF’s analysis [34]. Similar figures are published by IRENA which estimates that global 

investment in renewable power came to $309 billion in 2018 [33]. For the same year, the firm REN21 

delivers a slightly similar total amount, pointing to renewable new power capacity is about 65% of the 

total of all new generating capacity including fossil fuel or nuclear power generating plants [35]. By 

technology wind sector was a major recipient of clean energy investment that year with offshore wind 

accounting for $25.7 billion (up 14% of 2017) [34], 48% according to [35]. All analyst firms agree on the 

significantly drop of overall investment in solar sector, despite being a technology which globally 

amounting the second higher investment, 46% of investment [35]. Market analyst firms also agree on a 

double-factor origin for this drop off. On the one hand a reduction due to declining cost of capital (fewer 

dollars/euros were needed to finance given amount of capacity), and on the other hand due to a change 

in policy in China that derive in a slowdown in solar power investment in the country. 
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FIGURE 10.  GLOBAL CLEAN ENERGY INVESTMENT BY SECTOR [34] 

 

 

FIGURE 11.  NEW INVESTMENT IN CLEAN ENERGY EUROPE,  BY SECTOR [36] 
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FIGURE 12.  REN21  ANALYSIS ON GLOBAL NEW INVESTMENT IN RENEWABLE ENERGY BY TECHNOLOGY IN DEVELOPED  EMERGING AND 

DEVELOPING COUNTRIES,  2018  [35] 

By region, China was the clear leader in clean energy investment despite its total investment was down 

32% on 2017’s figure because of the plunge in the value of solar commitments. The U.S. was the second-

biggest investing country according to different analysis. Analyst firms show investment rising in Europe, 

in the Middle East, Africa, Asia (except China and India) and in the U.S. By contrast, this is falling in the 

Americas (excluding U.S. and Brazil) as well as in China and India. Estimations show European investment 

jumping 39% due to: wind projects in Sweden and Norway backed by PPAs, increased investment in solar 

PV and secured prices through PPAs and auctions in Spain, and ultimately due to a rebound in offshore 

wind investment in Belgium, Denmark, the Netherlands and the UK. Among European countries, UK was 

identified as the largest national investor and for Germany was surprisingly shown declining investment 

in renewable power- 45% drop reflecting a contraction in the onshore wind power market. 

 

 

 

Corporate research and development spending slipped 6% to ~$20.9 billion by 2018, while government 

R&D rose 4% to $15 billion [34]. REN21 estimated for these two spending categories, 12% and 8% 

respectively [35].   

There are already published estimates in global renewable investment for the first half of 2019. BNEF’s 

numbers for the first half this year, according to the analysis, show Chinese investment fell 39%. The 

country’s slowdown is thought to be due to shift from fixed public subsidies to auctions. By technology, 

solar and wind investment both suffered in the opening of the year according to the BNEF’s analysis. In 
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summary, there a fall in global clean energy investment despite financial closure for multibillion dollar 

projects including Al Maktoum IV Solar PV and CSP park ($4.2 billion) in Morocco, or two offshore wind 

arrays with generation capacities of 640 MW and 900 MW in Taiwan. The next two biggest renewable 

markets, U.S. and Europe also suffered as BNEF states, where investment volumes fell 6% and 4% 

respectively. Spain is one exception which backed the overall trend with a 235% first-half increase in 

renewable funding to $3.7 billion. Other countries following this trend are Sweden with 212% jump, UK 

with 35% up or Ukraine with a 60% increase. By contrast, France suffers a fall 75% and Germany lost 42%. 

Last but not least, it is reported that global financing for utility-scale renewables projects fell 24% 

attributed mainly to China too. By contrast, investment for small scale systems with less than 1 MW of 

generation capacity- rose 32%. 

Breaking global clean energy investment 

down by type of transaction [37], asset 

finance of utility-scale generation projects 

such as wind farms and solar parks was 

down 24% at $85.6 billion, due in large part 

to the China factor. By contrast, financing of 

small-scale solar systems of less than 1MW 

was up 32% at $23.7 billion in the first half of 

this year. Investment in specialist clean 

energy companies via public markets was 

37% higher at $5.6 billion, helped by big 

equity raisings for electric vehicle makers – 

for example, an $863 million secondary issue 

for Tesla. 

REN21 has also delivered a 2019 investments trend analysis depicting global investment in renewable 

energy- including global asset finance, small-scale solar, public market equity, and VC/PE (Venture Capital/ 

Private Equity). REN21 estimates global investment was $45.4 billion in the first quarter of 2019, down 

29% from the same period in 2018. 

As a plausible picture about the future Clean Energy Investment and what will be the expected market 

share for new renewable energy generating facilities in coming years, it is worth to note a new forecasting 

elaborated by IRENA. Recently, IRENA has unveiled a new report on climate investment which highlights 

how the accumulated global investment in energy matters should revolve around low carbon 

technologies, including those related to renewable energy. For 2019 and beyond, IRENA’s forecast 

establishes that under current plans and policies, investments will need to increase by 50% from recent 

volumes to meet growing global energy demand [38]. More in concrete, IRENA’s position towards climate 

change targets is that it will be required a doubling of current annual investments in clean technologies. 

From now through 2050, cumulative investments in the energy system – including infrastructure and 

clean technologies – would be $95 trillion under the Current Plans scenario (meaning the course set by 

current and planned policies); and $110 trillion under Energy Transformation scenario (the new scenario 

proposed by IRENA). Around $3.2 trillion would have to be invested each year (representing about 2% 

of average global gross domestic product [GDP] over the period) to achieve the low-carbon energy system, 

some $0.5 trillion more than under current plans.  

FIGURE 13.  FUNDING OF GLOBAL NEW RENEWABLES CAPACITY 
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The IRENA’s suggested transition toward a decarbonised global energy system would require scaling up 

investments in the energy sector by a further 16% over Current Plans – an additional $15 trillion by 

2050. Overall, the Energy Transformation case would require an additional investment of $36 trillion in 

energy efficiency, renewable energy, power grids and flexibility, and other technologies. But it would also 

render unnecessary $18.6 trillion in investments in fossil fuels, leaving an overall incremental investment 

need of $15 trillion to 2050 (or USD 441 billion/year), a 16% increase in investment over Current Plans. 

The decarbonisation options of the Energy Transformation scenario would require investment of nearly 

$22.5 trillion in renewable power generation capacity through 2050, almost double the amount under 

Current Plans ($11.7 trillion). Annual investments would double to more than $660 billion per year. 

Much of the total would go into wind (45%) and solar PV (30%), followed by bioenergy (9%), 

hydropower (7%) and concentrated solar power (4%). 

 

FIGURE 14.  AVERAGE ANNUAL INVESTMENTS IN RENEWABLE POWER GENERATION CAPACITY UNTIL 2050-  IRENA ESTIMATES  

 

FIGURE 15.  CUMULATIVE INVESTMENT IN RENEWABLE POWER GENERATION CAPACITY UNTIL 2050,  BY TECHNOLOGY,  IRENA ESTIMATES  

 

Under the Energy Transformation scenario, IRENA forecasts that total installed capacity of wind energy 

would rise from around 564 GW in 2018 to more than 6,000 GW in 2050. Solar PV would rise from and 

480 GW to 8,500 GW during the same period. The scale-up would absorb more than 60% of the overall 

investment in renewables-based power generation capacity in the decades leading to 2050. 
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According to the analysis made, the levels of investment in renewable energy needed to implement the 

Energy Transformation scenario would vary greatly by region. According to IRENA’s forecast the highest 

shares of renewable energy in primary energy supply in 2050 will be reached in sub-Saharan Africa and 

Oceania, with levels far above 80%, followed by Latin America and the European Union (EU), with levels 

above 70%. In contrast, the Middle East and North Africa (MENA) region will have the lowest share, at just 

26%. The highest level of average annual clean energy investments over the period to 2050 will be seen 

in East Asia, at $763 billion, followed by North America, at $487 billion. Sub Saharan Africa and Oceania 

will have the lowest average annual investments in clean energy technology deployments, at $105 billion 

and $34 billion, respectively. (East Asia and North America will require almost 50% of the total energy 

investment in the Energy Transformation case due to increasing energy demand. East Asia and North 

America will require almost 50% of the total energy investment in the Energy Transformation case due to 

increasing energy demand.) 

 

FIGURE 16.  ANNUAL CLEAN ENERGY INVESTMENT FOR ENERGY TRANSFORMATION BY REGION THROUGH 2050,  IRENA ESTIMATES  
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FIGURE 17.  SHARE(%)  OF REGION'S ANNUAL INVESTMENT TOTAL BY SECTOR,  IRENA ESTIMATES  

Trying to find answers to the question on how will be the future renewable energy landscape, some of 

the most relevant market research analyst firms state that a new wave of renewable energy emerges. 

More concretely, hybrid renewable power generating projects emerge as a major trend in the global 

transition to renewable energy. 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. 

One factor that is pushing investment in this kind of projects is that recent hardware price declines make 

large-scale projects economical. Some examples of this kind of projects are a 400 kWh flow battery 

alongside solar and wind generation in Zaragoza (Spain) by Siemens Gamesa, an hybrid wind-solar 

generation with 41 MW by General Electric with 10MW/15MWh battery or the recent announcement of 

Andhara Pradesh’s (India) to procure 5,000 MW of wind-solar hybrid projects through 2023. Some new 

projects around the world are: Mongolia (September 2018, Asian Development Bank-41MW hybrid wind-

solar plant with onsite battery); Australia (The Kennedy Energy Center-43 MW wind, 156 MW solar PV 

and 2 MW/4MWh battery storage); Europe (Vattenfall is building a hybrid power plant in the Netherlands- 

22 MW wind, 38 MW solar PV and 12 MWh battery); US (Portland General Electric-300MW wind, 50MW 

solar PV and 30 MW/120MWh battery storage or the Skeleton Creek project that will integrate 250 MW 

wind, 250 MW solar, and 200 MW battery storage). 

Vendors and developers have noted this trend’s acceleration, but they will have to overcome barriers in 

the market, including the lack of hybrid project accreditation and interconnection processes. Despite 

these barriers a great potential market share is expected for SRHs due to the wide different technologies 

and generation sources that could be combined in order to obtain a 24/7 renewable power output. 

Another key aspects to go deep into are skew of financing in renewable energy, the wide ecosystem of 

funds and characterisation of project portfolios.  

With the aim of giving light on recent past on financing and funds it is quite interesting the conclusions 

reached in the study made by Mazzucato [39] about financing renewable energy, which gives lights on 

the heterogeneity in renewable energy financing decisions of different public and private financial actors 

and, how these affect the technology and risk directions of innovation. The authors identified in the period 

2004-2014 that half of asset finance supported onshore wind power plants, followed by 18% for solar PV 
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power plants; data revealing a clear direction of finance towards those technologies. All other 

technologies received lower than 10% of total investment each. The study identified ten different financial 

actors: private investors- non-financial category( component manufacturers, project developers, fossil 

fuel firms with investment in renewable energy, utilities, and other industrial companies) and financial 

category (institutional investors- banks, private equity firms and pension funds; not-for-profit investors-

foundations or co-operatives). Public investors- government agencies and state-owned entities (state 

banks which include state-owned investment funds, state-owned utilities and other non-financial state-

owned companies).  

With regard to market risk, the study assumes that a drop in LCOE favours the cheaper technology in 

capturing market share and hence having a lower market risk. The study elaborated the following 

historical risk assessment by technology. 

TABLE 2  -  TECHNOLOGY RISK CLASSIFICATIONS 2004-2014  [39] 

Technology Sub-Technology Risk 

WIND   

1 Onshore  Low 

2 Offshore  High 

SOLAR   

3 Crystaline silicon (PV)  High(2004-2006), medium(2007-2009), low(2010-
2014) 

4 Other PV Thin film High (2004-2009), medium (2010-2014) 

 Concentrator PV (CPV) High 

5 Concentrated Solar Power (CSP)  High 

BIOFUELS   

6 First-generation fuels  Low 

7 Second-generation fuels  High 

OTHER TECHNOLOGIES   

8 Biomass and waste Incineration Low 

 Other biomass technologies Medium 

9 Geothermal  Medium 

10 Marine  High 

11 Small hydro  Low 

Main conclusions where the report was deep into are that until 2014 public investors were playing an 

increasingly important role in financing the deployment of renewable energy technologies and were 

the only reason that asset finance had experienced any growth. The authors stated that financial actors 

also differ in the skew of their portfolio. Hence, utilities had a strongly skewed portfolio, while 

government agencies held the most balanced portfolio1. In this time period, state banks invested in the 

second-most balanced portfolio, closely followed by institutional investors and industrial, while 

commercial banks and energy companies and other state corporation hade relatively skewed portfolios. 

This result reinforce the low entropy results for the high-risk technologies identified in Table 2. The study 

also illustrates that the amount of finance a particular high-risk technology received largely depended on 

only a few financial actors; so did the cumulative investment and the experience and ability bring down 

costs. Moreover, they identified that most of the financial actors were only strongly active in one or two 

                                                           
1 They analysed technology direction using entropy-based measures of portfolio balance (Shannon Entropy), and risk direction by the share of finance flowing to high 
risk investments. 



 

 

 

Exploitation strategies and Market uptake  D8.3 25 

high-risk technologies; hence, they were pushing particular directions within renewable energy, with the 

most notable exception being state banks.  

Finally, the authors require more attention needs to be given to the coordination of different types of 

financing in the deployment phase. Public policy has mainly been defined focusing on “market failure” 

justification, hence market failures in the upstream phase of renewable energy projects (R&D) were 

corrected through public agencies in most cases together with making use of VC (Venture Capital). The 

authors claim that equal emphasis should be placed on the deployment phase and suggest to make use 

of “mission-oriented” policies to both catalyse a new sector and to ensure the new technologies are fully 

diffused and deployed, as happened with the IT revolution. 

Nowadays, it is interesting the fact that specialist entities in this arena are yet seeing the bulk of energy 

investment globally being provided by private sources, as IRENA published [40]. In its outlook for 

renewable finance by 2018, IRENA allocates solar power and wind power (both onshore and offshore) 

technologies as the ones dominating the spending in the sector globally. Moreover, the agency states that 

while yearly investment declined, capacity allocations were up; this is partly due to declining costs and 

partly due to the time lag between financial closure and the completion of construction, after which an 

installation becomes operational. The agency believes that falling technology costs will help to boost the 

world’s uptake of renewables- IRENA sees solar PV and wind onshore costs should fall further beyond 

2018. Another main outlook is that wind offshore looks like to continue to grow continuously and CSP 

may also see a boost given cost declines and growing storage capacity. 

With regard to financial instruments, most popular renewable energy generating technologies were 

financed by a mix of commercial debt and private equity, with average debt-to-equity ratios between 

60% and 70% globally. Direct public investment, according to IRENA and by excluding expenditures in 

feed-in tariffs and other policy support measures has typically constituted a small share of total 

renewable energy finance, for example 8% in 2016- more than 90% was financed from private sources. 

About public finance, IRENA agrees with the Mazzucato’s analysis, particularly that this type of finance 

does not favour a particular technology, hence it gives support to a more balanced portfolio and a 

variety of projects. IRENA states that in 2018 development finance institutions have accounted for the 

majority of public investment (73% in 2016). Deeping into public resources, the analysis report identified 

147 countries which had some kind of renewable energy support policies in place at the end of 2016; 

however, because public investment is unlikely to supply more than 15% of the investment needed to 

achieve the energy transition, these instruments are increasingly used to attract private investment in the 

sector.  

Feed-in tariff/premiums continue to be implemented in an increasing number of countries, but 

developments in the sector -including declining costs and grid integration uses- have driven a preference 

for auctions in the past six years. IRENA also stated that renewable energy certificates (RECs) have been 

instrumental in the deployment of renewables in certain countries, but they remain the least widely 

adopted instrument globally. This is mainly due to RECs are tied to quota obligations and because they 

depend on the existence of a market of certificates, which requires a highly robust regulatory and 

institutional framework. 
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FIGURE 18.  NUMBER OF COUNTRIES ADOPTING RENEWABLE ENERGY POLICIES,  BY POLICY TYPE,  2005,2010  AND 2016  [40] 

 

FIGURE 19.  TOTAL EXPENDITURE FOR RENEWABLE ENERGY SUPPORT IN THE EUROPEAN UNION BY SUPPORT SCHEME,  2015  [40] 

In the outlook of renewable finance, IRENA states that more mature markets and technologies are 

financed with private finance, whereas grants and concessional finance are often used to stimulate 

investment in previously untested countries. With regard conventional debt and equity, IRENA shows 

they are likely the most prominent financial instruments because of the private sector’s dominance of 

renewable energy financing. 

The IEA agency by its turn states that by 2018, one-third of energy investment was concentrated in areas 

with both well-developed financial systems and better access to foreign capital (higher-level) [41]. 

Moreover, the IEA’s analysis shows that a quarter of spending was in areas with lower levels of 

development, where state-backed capital plays a stronger role. Identified investment gaps are in areas 

currently with mixed or lower-level financial conditions. The agency estimates about 85% of power 

investments in 2018 were financed on the balance sheets of utilities, independent power producers and 

consumers (for distributed generation). Moreover, it states that project finance (with average debt-to-

equity ratio 80:20) for financing new projects has grown with its largest contribution now in the utility-

scale renewable power sector. 
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With regard to what motivations are fostering energy investment decisions and how do investors behave, 

IEA identifies investment decisions are generally made with an eye towards profitability, but also by 

perceptions of risk and business factors and that these reasons for capital reallocation are: i) to invest 

more in sectors seen as supporting the energy transition, ii) to invest less in areas perceived as riskier. 

Furthermore, most of the power sector investment- 95% was made by companies operating under fully 

regulated revenues or long-term contractual mechanism to manage the revenue risk associated with 

variable wholesale market pricing. The IEA’s outlook [42] shows that in many countries with competitive 

wholesale markets, short-term price signals alone remain too low to trigger investments in the most 

capital-intensive assets. Very significant is the fact that by 2018, around 45% of utility-scale renewables 

spending was in projects whose contractual remuneration is determined by competitive mechanisms.  

These are mostly governance schemes- such as auctions which play an increased role in Europe, India and 

have started in China, among others- but include other arrangements, such as corporate procurement. 

 

FIGURE 20.  GLOBAL POWER INVESTMENT BY MAIN REMUNERATION MODEL AND REMUNERATION MECHANISMS OF RENEWABLE POWER [42] 

 

In short, to date nearly all utility-scale investments benefit from long-term pricing under policy schemes-

e.g. auctions for contracts and feed-in tariffs, and physical PPAs with utilities subject to purchase 

obligations. However, the role of governments are facing to address investor risks and system friendly 

development is very relevant. For example, European market design efforts seek greater integration of 

variable renewables into markets, and there has been policy shift from feed-in tariffs to auctions for 

market premia and contracts-for-differences, which provide revenue certainty, but can increase 

marketing risks. 

By contrast, the current trend today for industry and finance players is they are increasingly required to 

have strategies, beyond subsidies, for solar PV and wind projects to manage potential revenue exposure 

to short-term market pricing over their lifetime. At the same time, there is a growing trend among non-

energy corporations to procure renewable power directly, independent of government plans. 
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How will the future look like, no one knows it. The reality is that some experts are raising their voices 

claiming that the end of cheap funding poses risks for renewable energy developers, and it is coming soon 

[43]. Despite the declining cost of capital has helped to reduce the cost of power generated by renewable 

energy assets, with interest rates beginning to rise from historically low levels, and quantitative easing 

programs2 tapering off as EY firm estimates, this trend also may be coming to an end. On the positive side, 

increasing opportunities are seen for institutional investors, either through debt funds or direct mandates, 

because there is still a very small number of banks who will lend long-term (equivalent to PPAs). 

Under policy perspective, IRENA may be defining the path towards renewable energy scenario through 

2050 [33]. The agency suggests that renewable transformation depends on a policy framework that 

operates on (i) promoting the deployment of renewables both to reduce energy consumption and 

increase energy access, (ii) embedding the deployment of renewables into a broader policy framework 

that makes energy a catalyst of economic, inclusive and sustainable growth. Hence, a suggested policy 

framework rests of several sets of policies: deployment policies, enabling policies and integration policies. 

The first type is aimed at accelerating capacity installation and integrates push policies including pricing 

policies, tradable certificates and renewable energy regulations that create markets for the various 

technologies, fiscal and financial measures (tax incentives, subsidies, grant, concessional financing for 

renewable energy technologies). The second type strengthens policy connectivity and co-ordination 

between energy and the rest of the economy will draw maximum systemic benefits from the energy 

transformation (industrial policy, education and skills policy, and financial policy). 

FOLLOWING,  TABLE 3  SHOWS A SUMMARY OF I NVESTMENT RESOURCES  (SOURCE: OWN ELABORATION FROM [35],  [38],  [39],  [40],  

[42])TABLE 3  -  SUMMARY OF INVESTMENT RESOURCES  

2018-2019 

Leading Investors Type <2016- public investors 

>2016 private investors 

% investment in RES $332.1 billion by 2018  (65% new installed generating capacity) 

Investment by Tech. Wind sector: 48% 

Solar sector: 46% 

Countries where investment 
is rising 

Europe (Spain, UK, Belgium, Denmark, The Netherlands), The Middle East, 
Africa, Asia (Except China and India), the U.S. 

Funding mechanisms Leading schemas are private debt and private equity.  

The remuneration of utility-scale RES spending is determined by competitive 
mechanisms 

RES Policies Feed-in tariff is leading the market. RECs has the lowest market share 

Future 

2050 target X2 current annual investment ($22.5 trillion in new RES power generating 
capacity) 

Countries leading investment East Asia and North America are leaders (50% of total investment).  

Sub Saharan Africa and Oceania will have the lowest average annual 
investments 

Investment by Tech. Wind (45%) 

Solar (30%) 

Bioenergy (7%) 

CSP (4%) 

Funding mechanisms Private Investors (PPAs) 

                                                           
2 Quantitative Easing is an aggressive monetary policy whereby central banks buy significant amounts of assets buy significant amounts of financial 
assets in an attempt to stimulate the economy by directly 'injecting' cash. 
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All this together pretend to give a comprehensive view on the current and future potential market share 

for the exploitable results of GRIDSOL project. Additionally, the Annex includes the RECAI (Renewable 

Energy Country Attractiveness Index) evaluation by Ernst & Young for 2018 and 2019. 

After this review of the renewable energy financing and market, a main conclusion is that as the 

renewable energy market grows, more investors are attracted by the profitability of the sector, and are 

willing to fund renewable energy plants. The constant decrease of their levelized cost of energy, induces 

to a faster return of investment. Moreover, the more and more favourable European policies for the 

development and operation of renewable energy plants provide more stability and security for the future, 

making the sector more attractive to invest in. This increase in the profitability of the renewable energy 

projects is triggering a shift in the source of the investment, from the public to the private sector. 

 

FIGURE 21.  PUBLIC AND PRIVATE INVESTMENT IN RENEWABLE ENERGY FINANCE,  2013-2016.  [44] 

As previously mentioned, according to IRENA [44] in 2016 over 90% of the global renewable energy 

investment came from private sources. Nevertheless, the range of public institutions that are currently 

founding renewable energy projects is quite large. For instance, the European Investment Bank (EIB) 

makes loans above 25 M€ that can be simultaneously received by the beneficiary entity with other 

additional investment. In the three main targeted countries, the EIB has given more than 1000 grants for 

the development of projects in the energy field [45]. In Spain, the Official Institute of Credit, through its 

programme FOND-ICOinfraestructuras II, issues loans from 10 M€ and up to 40 M€ for enterprises and 

entrepreneurs, and up to 12.5 M€ through the regular procedure, the Línea ICO Empresas y 

Emprendedores 2019. Another similar entity that also provides these financing services could be the Inter-

American Development Bank (IDB) [46], publicly owned by 45 estate members, that founds projects to be 

developed in Centre and South America. 

Some other public local institutions also provide funds for the development of renewable energy projects. 

For instance, in Spain, the government of the Balearic Islands was given 40 M€ from the Spanish Ministry 

of Ecologic Transition and the EU Feder funds to promote the investment in renewable energy in the 

archipelago [47]. In Italy, the European Commission approved an investment of 5.4 B€ supports for 

renewable energy scheme [48]. Finally the Greek government, as a part of their Infrastructure Fund of 

Fund initiative, will receive 450 M€ from the European Investment Bank to be lent by National Bank of 

Greece for the local promotion of renewable energy investment [49]. 
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FIGURE 22.  PUBLIC INVESTMENT IN RENEWABLE ENERGY BY INVESTMENT SOURCE,  2013-2016.  [44] 

As mentioned before, most of the financing sources for renewable energy projects funding are private 

entities. These private funders range from households, corporations, project developers, commercial 

financial institutions, institutional investors, to purely economic actors like private equity, venture capitals 

and infrastructure funds, as shown in Figure 23. 

 

FIGURE 23.  PRIVATE INVESTMENT IN RENEWABLE ENERGY BY INVESTMENT SOURCE,  2013-2016.  [44] 

An example of one of the largest private investors that fund the renewable energy sector is Triodos 

Investment Management – Triodos renewable energy Europe Fund, which owns more than 100 M€ in 

assets. Becoming an important player in the 

European market. Moreover, among the 

seven biggest country-markets in which this 

investment fund has its assets, two of the 

initially targeted countries for one of the 

GRIDSOL’s products, the Smart Renewable 

Hubs , Spain and Italy, can be found (see 

Figure 24). This breakdown supports the 

strength of these two countries within the 

European Union in terms of economic 

FIGURE 24.  TRIODOS  RENEWABLES EUROPE FUND 'S PORTFOLIO 

BREAKDOWN BY COUNTRIES [67] 
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attractiveness for renewable energy plants installation. 

Some examples of other similar investment funds are OMNES Renewable Energy [50], Glennmont 

Partners [51] or the Marguerite Fund, an independent European fund investing in infrastructure 

established with the backing of six major European financial institutions (namely the EIB, Caisse des 

Dépôts et Consignations, Cassa Depositi e Prestiti, Instituto de Crédito Oficial, PKO Bank Polski SA, KfW) 

[52]. Similar entities are also GEEREF [53] –in Africa– or Marathon Capital [54] –in the US–. 

One special mention is for the new fund ‘Breakthrough Energy Ventures Europe (BEV-E)’ recently created 

by the European Commission, the EIB (European Investment Bank) and Breakthrough Energy Ventures 

that has established 100 million euros to support clean energy investments. It is a pioneering financial 

instrument, as it unites public and private funds to realize leading projects and boosting the development 

of innovative European companies, bringing disruptive technologies on the market in the field of clean 

energy. The financing for BEV-E will include a contribution of 50 million euros from the European 

Investment Bank, guaranteed by InnovFin, a financial instrument financed through the EU research and 

innovation program, and a contribution of 50 million euros from Breakthrough Energy Ventures, a fund 

run by investors committed to supporting leading companies in the energy sector. The fund will invest in 

five of the main energy-related sectors: electricity, transportation, agriculture, manufacturing and 

buildings. Investments are expected to begin in the second half of 2019, at which time EU Member States 

and countries associated with Horizon 2020 will be able to apply for BEV-E financing [55]  

In the following table, a summary of key singularities, portfolios and risk profile of the aforementioned 

private and public funds is presented. 

TABLE 4  –  SUMMARY OF PRIVATE AND PUBLIC FUNDS  

NAME COUNTRY TYPE 
OF 

FUND 

PORTFOLIO PROVISION 
OF THE 
FUND 

INVESTMENT MECHANISM 

ICO Spain Public Energy asset projects 
(infrastructure) in Spain and 
overseas 

€400 million  Direct: % equity 

 Investment funds: 
subordinate debt  

 Participating Loans (€10M 
to €40M) 

NEW-> Emission of green bonds 

BEI Europe Public Technology projects on renewable 
energy based on both mature and 
innovative technologies. They 
support also R&D. 

In Annex there is a summary of 
recent and oncoming projects (66 
approved, 101 signed and 46 
under evaluation) 

~ €28.8 
billion 

 Loans (main instrument) - 
bank entities or entities that 
manage funds 

 Investment: raise money 
from investment funds 

 Shared R&D risk with 
program InnovFin 

BEV-E Europe Private Groundbreaking and new 
technology projects 

€100 
million 

 % equity of companies  

GEEREF France Private Investment on 15 funds along 
Africa, Asia, Latin America, 
Caribbean 

€222 
million 

 Private equity funds which 
focus on RES and EE 
projects (in countries with 
appropriate regulatory 
framework) 

TRIODOS The 
Netherlands 

Private Listed companies that support 
sustainable solutions in countries: 

€100 
million 

 % equity 
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Spain, Belgium, The Netherlands, 
the UK, Germany, France, Italy 

GLENMONT The UK Private Investment in wind onshore and 
solar projects mainly in PV 
technology in Eurozone and the UK 

€850 
million 

 % equity 

MARGUERITE France Private Key infrastructure investment in 
renewable energy. It supports: 

 Greenfield projects: new projects 
and facilities with typical risk 
largely mitigated (min. 65% fund) 

 Brownfield projects: 
modernisation, replacement, 
capacity enhancement (min. 35% 
fund) 

Countries: Spain (solar PV), 
Northern Sweden (onshore wind), 
Serbia (energy from waste plant), 
Portugal (biomass plant) 

€200 
million 

 Capital deployment 
anticipation (pan_EU equity 
fund) 

As ¡Error! No se encuentra el origen de la referencia. shows, funds backed from R&D skilled EU funds 

have higher risk tolerance or a higher risk profile. This kind of funds support the deployment of 

breakthrough and innovative clean technology projects. Privately funds which articulate % equity 

investment mechanism in most of the cases, by large are investing in the Eurozone countries in projects 

with typical risk profile. Above all, they are pushing onshore wind and PV among other both ‘greenfield’ 

and ‘brownfield’ technology projects. By contrast, public entities support projects in a wider geographical 

area including overseas/international as the same time they articulate a diverse set of investment 

mechanisms such as loans (main instrument), subordinate debt, etc.  

At a commercial-power level, for smaller, cheaper power plants, another model that is trying to be 

introduced in the energy sector, so far in a very successful way, is the crowdfunding through platforms 

like Fundeen [56], Bettervest [57] or Cityzenergy [58]. 

After the construction of the project, for the operation phase, several different support schemes for 

renewable energy can be found across Europe, for instance, in Spain for installations below 100 kW, there 

are simplified procedures for the registration of the plant and the remuneration for the excess electricity 

injected to the grid. Anyhow, that case would not apply to the GRIDSOL’s solutions, for which each plant 

would have to be presented to a tender to obtain a specific compensation regime or premium tariff 

(“Régimen Retributivo Específico”). In Italy, the support schemes are wider, with several different options 

to choose among, like premium tariffs, for which the renewable electricity has a guaranteed minimum 

purchase price, net-metering for self-consumption installations and some tax regulation mechanisms. In 

Greece, a wider range of support schemes can be found, the active support schemes are Premium Tariffs, 

tenders, Feed-in tariffs, tax regulation mechanisms, subsidies and net metering [59]. 

Another remuneration scheme that is boosting among the renewable energy sector for the operation 

phase, is the Power Purchase Agreement (PPA). Large companies have lately been following the trend of 

signing around-20-year contracts with renewable energy power plants as a way of having their energy 

needs cover without the price uncertainty for the mid-term operation. A win-win situation, as these large 

companies are better able to define mid and long-term strategies and at the same time, the renewable 

energy power plant is able to predict their incomes as they will sell the electricity at an agreed price or 

price evolution trend. Moreover, it is not rare that pre-agreements on PPAs are achieved before the total 
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obtainment of the plant’s financing, that eases the obtainment of loans and investors, as the return of 

investment is much more certain. 

A worldwide relevant reference, that may be worth noting, is the Noor Energy 1 hybrid CSP-Tower, PV 

and storage power generating plant. Among global records and singularities are, for instance, no less than 

19 international investors (fully private/commercial lending without premium) from which Chinese 

government and Chinese institutional investors have a great representativeness (they guarantee both 

liquidity and long-term debt/financing), and in the financial landscape this project characterises by its 

consortium forged an innovative PPA structure- the world’s first 35-year CSP PPA [60]. The PPA, as 

market analysis reports state, pertains to power generated between 4 pm and 10 pm which means and 

additional revenue stream could be open to the developers via the sale of daytime generation on the 

wholesale electricity market if the technological capabilities of the plant permit. Additionally, the duration 

of the PPA has fed into ACWA Power’s (leader of the consortium) ability to offer their record-low levelized 

tariff and provided a more attractive financing position for the project’s partners. For the debtors, the 

extended contract helps to de-risk the project by providing a long-term financing perspective. For 

example, speaking to New Energy Update in 2018, Abengoa’s former VP of Business Development Michael 

Geyer explained how the 35-year PPA is one of the most critical levers for cost reduction as it “reduces 

the annual cost of paying back the initial investment”. 

2.4. CURRENT MARKET GAPS AND OPPORTUNITIES 

The current market room for the different products developed in GRIDSOL, either separately or combined, 

is significantly broader. As stated before, the renewable energy installed power pipeline for the next few 

years is fairly large. Several indicators support the necessary increase of renewable energy sources. For 

instance, by 2030 it is expected that around 55% of the electricity consumed in the EU will be produced 

from renewables (up from the current level of 29%), while in 2050 it is expected to be more than 80%. In 

addition, it is also expected an increase of the share of electricity in final energy demand, that will at least 

double to 53%. This increase on the electricity demand will come from an electrification of both the heat 

and the transportation sector. In the specific case of the transportation sector, its increase will not only 

bring a higher demand to the electricity system, but also a higher flexibility, due to the large number of 

EV batteries acting as distributed mobile energy storage units. 

 

FIGURE 25.  GLOBAL DEMAND OF L I-ION BATTERIES TODAY AND IN THE FUTURE.  [61] 

As shown in Figure 25, it is not only the energy storage capacity in EVs that will increase, but also the 

energy storage capacity in stationary applications. In this future expected scenario, GRIDSOL’s distributed 

renewable energy generation technologies plus storage, with the energy management solutions provided, 

are key to a sustainable development of this 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 
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main aspects that currently are more challenging for the RES industry, and it is there where GRIDSOL 

presents a clear advantage against most of its competitors. 

The flexibility to produce and inject to the grid, produce and store, consume from the grid and store, and 

even, produce, consume from the grid and store at the same time provide GRIDSOL solution with a high 

adaptability rate to the upcoming electricity markets, in which, for instance, when residential PV 

installations are ubiquitous, the daily load curve changes, obtaining the so-called “duck-curve”. This 

“duck-curve”, and in general a lot of excess renewable electricity generation, may cause negative prices 

in the electricity market [62]. According to EPEX [63], Negative prices are a price signal on the power 

wholesale market that occurs when a high inflexible power generation meets low demand. Inflexible power 

sources can’t be shut down and restarted in a quick and cost-efficient manner. Renewables do count in, as 

they are dependent from external factors (wind, sun). GRIDSOL’s energy plus storage and management 

solution is able there, to adapt to these new market issues by benefitting from not selling electricity (or 

even buying to store) when prices are not favourable for retailing. 

Closely related to the previous scenario, the balancing markets are another very interesting solution for 

GRIDSOL to trade. The technologies proposed for implementation allow the solution to work on all of 

them, from the primary reserves (e.g. synchronous generators from HYSOL [3]), secondary reserves (e.g. 

battery storage systems) and even tertiary reserves (with, for instance, molten salts, not so fast in 

delivering electricity but more durable in time). 

Another challenge arises from new market entrants which are investing in renewable energy assets. We 

refer to many of the world’s largest oil and gas companies. This reflects a paradigm change in the business 

model of this carbon intensive sector. The difference this time comes from the growing concern about 

climate change- from society in general, and long-term shareholders in particular. Motivations to the 

transition towards a low-carbon economy include concerns about the future demand of transport fuels, 

growth opportunities in low-carbon technologies and the willingness to diversify into power generation 

to secure demand for natural gas. The increasing interest and willingness of this kind of investors is due 

to, as some experts argue, approximately 20% of investment that oil companies plan to make in 

theoretically high-yielding growth projects will return less than 10% when they should return 18% on 

average [43]. As investors are used to making returns of around 20% form their investment in oil and gas 

companies, figures shows this expected 10% is in line with internal rates of return from onshore and solar 

projects. 
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FIGURE 26.  EXAMPLES OF RECENT AND PLANNED CLEAN ENERGY INVESTMENTS BY OIL AND GAS MAJORS  
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3. EXPLOITATION STRATEGY 

3.1. OVERVIEW 

The overall GRIDSOL Exploitation Strategy is shown in Figure 27. As part of it, the elaboration of business 

models has been tackled as part of task 8.2 and reported in D8.2 Innovative Business models and legal 

issues, while the rest of actions are part of task 8.3 and have been performed until the end of the project. 

 

FIGURE 27.  GRIDSOL  EXPLOITATION STRATEGY 

 

The main objective during the last reporting period has been the identification of the project Key 

Exploitable Results as well as the most promising GRIDSOL products to be exploited by project partners 

as part of individual or joint strategies. Therefore, an extensive analysis has been performed to identify 

all the results produced during the time frame of the project, and from them those which can be 

monetized in a way or another have been prioritized. 

Considering a commercial product perspective, the most interesting joint results have been found in the 

context of the target markets as analysed section 2.1 and described in sections 3.3.1 and 3.3.2. On the 

one hand, the scientist and technical knowledge exploitable from GRIDSOL products identifies new or 

enhanced services, relevance of technical innovation, technological and economic advantages from 

previous available process/services, development level at the end of the project, and potential barriers 

for the possible exploitation results transfer. Moreover, the GRIDSOL products market identification 

includes identification of market opportunities, potential end users, companies/sectors potentially 

interested in exploit the results on national or international market. 

The IPR repository has been the main tool used by the GRIDSOL consortium to identify the main project 

results of every nature (public or confidential reports, analysis, models, guidelines or software). This 

repository was described in D8.1 IPR Management procedures and will be reported as part of D8.4 WP8 

Executive Summary. After all the results were included in this repository, a period for analysis took place 
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to identify the marketable results, which are those exploitable results that can be transformed in a 

product to be monetized. The list, extracted from the IPR repository, can be found in Annex II.  

Since joint agreements are needed to consider the exploitation and even the market take-up of several 

results, a deep analysis of IPR related issues has been also performed, to identify possible barriers or the 

need of collaboration among partners. The overall IPR strategy of the project is to ensure that partners 

are free to benefit from their complementariness and are able to fully exploit their market position. This 

will be reported in D8.4 in M38. 

 

3.2. CHARACTERIZATION OF KEY EXPLOITABLE RESULTS 

A list of Key Exploitable Results (KERs) has been produced, after the final analysis which also considers the 

main interest of partners, the evaluation of the project results and how close to the market are the results. 

The list is shown in Table 5. Following, those KERs that are identified as an individual results (see column 

“Partners”), are described by using a KER Characterization Table in which several parameters are used to 

define the result in terms of innovation, potential market and IPR measures.  
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TABLE 5  –  L IST OF KERS  

KER Name Description Type of KER Partners Challenge solved, Added Value Target Market 

Hybrid power 
plant 

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 

 
N/A 

GRIDSOL 
Consortium 

GRIDSOL offers SRHs that are tailored to each 
location in order to optimise the energy 
production according to grid and market 
requirements. This enables the development 
of Hybrid Power Plants with energy storage to 
solve the need of flexibility in the power 
system. By helping to find the optimal size for 
SRHs, the practice can support the substitution 
of conventional power plants by selecting and 
combining the most suitable technologies at 
each individual location and is therefore fully 
transferable to other geographical regions 

The potential market for SRHs with energy 
storage is very high due to its great flexibility 
level which allow its adaptation to any location 
around the world by combining several 
renewable and storage technologies. GRIDSOL 
configuration has a big market in Southern 
Europe and isolated locations with a good 
solar resource worldwide. While SRH 
configuration has a wide market due to its 
more modular scalability worldwide.  

SRH-
Modeller 

The tool that optimally size the 
Smart Renewable Hubs at each 
location, taking into account 
grid and market requirements 

Software IDIE & 
COBRA 

The tool has the capability of optimizing the 
plant’s configuration/energy mix in two steps: 
a screening to identify potential configurations 
within the boundary limits and the “Base Case 
Evolution” search. Moreover, the control 
system integrated in SRH-M tool acts as a 
Reasonably Prudent Operator, using different 
control strategies (price-based vs. demand-
based) and different “market signals” (price is 
intensive, while demand is extensive). 

As part of the methodology to prepare 
Sustainable Roadmaps of Energy Generation 
Systems, two potential branches have been 
identified: developing countries with highly 
interconnected systems that aim to achieve a 
progressive and sustainable renewable 
technologies penetration in their power 
system and poorly interconnected systems 
that aims at an economically viable 
strengthening based on renewable resources. 

DOME 
Prototype 

Software application based on 
the concept of multi-agent that 
manages a laboratory model of 
a GRIDSOL plant built with 
emulators. 

Application TECNALIA The multi-agent approach and agent design 
introduce the flexibility to handle different 
configurations and grow up to provide further 
services. 

 
Plant Operators (O&M contractors) 

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 

Consultant 
service 

CESI Models already consider the main 
assumptions and considerations focused on 
specific optimal GRIDSOL/SRH configurations. 

Mainly developers of renewable power plants 
based on solar energy. 
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KER Name Description Type of KER Partners Challenge solved, Added Value Target Market 

Tool for 
harmonic 
disturbance 
analysis 
(Power 
Quality) 

Tool for the calculation of the 
harmonic distortion caused by 
SRH 

Consultant 
service by 
CESI. 
Not a 
product to 
be sold stand 
alone. 

CESI Useful tool to verify during the feasibility study 
the need of special solutions to minimize the 
harmonic disturbance. Reduces investment 
risks. 

Mainly developers of renewable power plants 
based on solar energy. 

Market 
Simulator for 
GRIDSOL 

Tool for the calculation of the 
optimal dispatching of GRIDSOL 
production to maximize 
revenues 

Consultant 
service by 
CESI. 
Product not 
meant to be 
sold 

CESI Unique tool able to provide the optimal 
dispatching of GRIDSOL/SRH plants on the 
DAM for future scenario. 
Assumption of perfect competitiveness of the 
market, so the resulting value is the optimal 
(maximum) revenues expected in a minimum 
costs environment. 

Mainly developers of renewable power plants 
based on solar energy. 

CSP field 
layout and 
performance 
models 

Software and algorithms for 
optical solar field modelling up 
to thermal output, including the 
following items: 

 Trough performance model 
(synthetic oils) 

 Trough performance model 
(molten salt) 

 Single tower performance 
model 

 Multitower field layout 
algorithms 

 Multitower performance 
model 

Consultant 
service 

SBP New ability to model plants at very low 
computational effort using trained neural 
network. 
New ability to generate multitower heliostat 
field layout and performance modelling 

Used internally for consulting to developers of 
CSP power plants based on solar energy. 
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Characterization of KERs: 

KER#01: DOME Prototype.  

Software application based on the concept of multi-agent that manages a laboratory model of a GRIDSOL 

plant built with emulators. The prototype includes functions to follow up and deliver the active and 

reactive energy schedule at the GRIDSOL power plant connection point. 

Partner: TECNALIA 

Innovativeness introduced compared to 

already existing Products/Services 

The multi-agent technology, the agent platform and the 

applied design permits a high flexibility on the management 

system compared to traditional solutions usually 

customized for each plant needs. 

Unique Selling Point (competitive 

advantages) 

Flexibility 

Product/Service Positioning  Hybrid power plant control systems 

Product/Service Market Size The Hybrid Power Solutions Market is set to grow from its 

current market value of more than $8 billion to over $60 

billion by 2024, according to one study by Global Market 

Insights, Inc., a market research and consulting firm. 

The share on this market for the control system could be 

minimal. 

Market Trends/Public Acceptance Hybrid power solutions is a too wide term accepting 

different combinations of wind power, photovoltaic, 

conventional generation and storage at both industrialized 

and remote rural areas. Each case is different. 

Legal or normative or ethical 

requirements (need for authorisations, 

compliance to standards, norms, etc.) 

Most of the currently deployed hybrid power plants come 

as experimental plants. In most countries hybridation is not 

admitted due to the retribution scheme and legal issues. 

Competitors Large manufacturers and enginery companies providing 

turn-key solutions. 

Prospects/Customers Engineering companies. 

Cost of Implementation (before 

Exploitation) 

The current prototype is far for being a commercial grade 

product. Too many features and components would need 

to be developed. 

Time to market TRL5 

Foreseen Product/Service Price To be defined after the estimation of required development 

efforts. 

Adequateness of Consortium Staff The partners could be sufficient to exploit the result 

External Experts/Partners to be 

involved 

COBRA, IDIE, ETRA 

Status of IPR: Background (type and 

partner owner) 

Owned by TECNALIA 
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Status of IPR: Foreground (type and 

partner owner) 

Owned by TECNALIA as only software developer for DOME 

prototype and laboratory setup responsible. 

Status of IPR: Exploitation Forms (type 

and partner owner) e.g. direct industrial 

use, patenting, technology transfer, license 

agreement, publications, standards, etc. 

TECNALIA: Technology transfer and/or license agreement 

depending on who accomplishes any further development. 

 

Which partner contributes to what 

(main contributions in terms of know 

how, patents, etc.) 

 

Partner/s involved expectations COBRA: Power Plant Engineering 

IDIE: Power Plant Studies and Analysis 

ETRA: Graphical User Interface 

Sources of financing foreseen after the 

end of the project (venture capital, 

loans, other grants, etc.) 

Unknown so far. 

TABLE 6  –  KER#01  CHARACTERIZATION TABLE 

 

KER#02: Market Simulator for GRIDSOL 

Tool for the calculation of the optimal dispatching of GRIDSOL production to maximize revenues 

Partner: CESI 

Innovativeness introduced compared to 

already existing Products/Services 

Calculation of optimal dispatching of the generation based 

on electricity market prices in EU. Allows the optimal 

evaluation of the revenues on the Day-Ahead Market, 

based on marginal costs assumptions in EU market. 

Unique tool tailored on GRIDSOL/SRH configurations with 

the relevant constraints. 

Unique Selling Point (competitive 

advantages) 

Unique tool able to provide the optimal dispatching of 

GRIDSOL/SRH plants on the DAM for future scenario. 

Assumption of perfect competitiveness of the market, so 

the resulting value is the optimal (maximum) revenues 

expected in a minimum costs environment. 

Product/Service Positioning  Consultant service by CESI. 

product not meant to be sold 

Product/Service Market Size Limited size as the CSP technology is small compared to 

others. Size expected to grow thanks to request of 

renewable and flexible energy production. 

Market Trends/Public Acceptance Expected positive acceptance 

Legal or normative or ethical 

requirements (need for authorisations, 

compliance to standards, norms, etc.) 

No clear evidence 
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Competitors Other consultant companies active in long term energy 

price forecasts 

Prospects/Customers Mainly developers of renewable power plants based on 

solar energy. 

Cost of Implementation (before 

Exploitation) 

Low. 

Software development hours 

Time to market Low 

Foreseen Product/Service Price Product not to be sold. CESI sells consultancy 

Adequateness of Consortium Staff Ok (mainly Ea and IDIE) 

External Experts/Partners to be involved No  

Status of IPR: Background (type and 

partner owner) 

MSG is based on CESI background 

(PROMED/PROMEDGRID). It belongs exclusively to CESI 

Status of IPR: Foreground (type and 

partner owner) 

 

- no rights on PROMED/PROMEDGRID 

- possibility to use Market Simulator for GRIDSOL project 

Status of IPR: Exploitation Forms (type 

and partner owner) e.g. direct industrial use, 

patenting, technology transfer, license agreement, 

publications, standards, etc. 

Only Consultant Service. 

Which partner contributes to what (main 

contributions in terms of know how, 

patents, etc.) 

Software developed by CESI based on its Background. No 

other Partners involved 

Partner/s involved expectations Not applicable 

Sources of financing foreseen after the 

end of the project (venture capital, loans, 

other grants, etc.) 

Not foreseen 

TABLE 7  –  KER#02  CHARACTERIZATION TABLE 
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KER#03: tool for harmonic disturbance analysis (Power Quality) 

Tool for the calculation of the harmonic distortion caused by SRH 

Partner: CESI 

Innovativeness introduced compared to 

already existing Products/Services 

Methodology calculation applied during feasibility studies, 

when detailed information on the grid are not available. 

Semi-automated tool which provides conservative 

maximum harmonic disturbance values by SRH in a generic 

grid. 

Unique Selling Point (competitive 

advantages) 

Useful tool to verify during the feasibility study the need 

of special solutions to minimize the harmonic disturbance. 

Reduces investment risks. 

Product/Service Positioning  Consultant service by CESI. 

it is not a product to be sold stand alone. 

Product/Service Market Size Limited size as the CSP technology is small compared to 

others. Size expected to grow thanks to request of 

renewable and flexible energy production. 

Market Trends/Public Acceptance Expected positive acceptance 

Legal or normative or ethical 

requirements (need for authorisations, 

compliance to standards, norms, etc.) 

No clear evidence 

Competitors Other consultant companies active in the evaluation of 

power plant connections to transmission grid. 

Prospects/Customers Mainly developers of renewable power plants based on 

solar energy. 

Cost of Implementation (before 

Exploitation) 

Low. 

Software development hours 

Time to market Low 

Foreseen Product/Service Price Product not to be sold. CESI sells consultancy 

Adequateness of Consortium Staff Ok 

External Experts/Partners to be involved No  

Status of IPR: Background (type and 

partner owner) 

Need for DIgSILENT licence (with harmonic load flow 

analysis) 

Status of IPR: Foreground (type and 

partner owner) 

 

Commercial software required (DIgSILENT PowerFactory) 

with special licence 

Status of IPR: Exploitation Forms (type 

and partner owner) e.g. direct industrial use, 

patenting, technology transfer, license agreement, 

publications, standards, etc. 

Only Consultant Service. 

Which partner contributes to what (main 

contributions in terms of know how, 

patents, etc.) 

Software developed by CESI based on its Background. No 

other Partners involved 
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Partner/s involved expectations Not applicable 

Sources of financing foreseen after the 

end of the project (venture capital, loans, 

other grants, etc.) 

Not foreseen 

TABLE 8  –  KER#03  CHARACTERIZATION TABLE 

 

KER#04: 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 

Partner: CESI 

Innovativeness introduced compared to 

already existing Products/Services 

Model tailored on the GRIDSOL/SRH analysed 

configurations 

Unique Selling Point (competitive 

advantages) 

Models already consider the main assumptions and 

considerations focused on specific optimal GRIDSOL/SRH 

configurations. 

Product/Service Positioning  Consultant service by CESI. 

it is not a product to be sold stand alone. 

Product/Service Market Size Limited 

Market Trends/Public Acceptance Expected positive acceptance 

Legal or normative or ethical 

requirements (need for authorisations, 

compliance to standards, norms, etc.) 

No clear evidence 

Competitors Other consultant companies active in the evaluation of 

power plant connections to transmission grid. 

Prospects/Customers Mainly developers of renewable power plants based on 

solar energy. 

Cost of Implementation (before 

Exploitation) 

Low. 

Software development hours 

Time to market Low 

Foreseen Product/Service Price Product not to be sold. CESI sells consultancy 

Adequateness of Consortium Staff Ok 

External Experts/Partners to be involved No  

Status of IPR: Background (type and 

partner owner) 

Need for PSS/E and DIgSILENT licence (with harmonic load 

flow analysis) 

Status of IPR: Foreground (type and 

partner owner) 

 

- no rigts on data owned by CESI 

- commercial software required (PSS/E) 

Status of IPR: Exploitation Forms (type 

and partner owner) e.g. direct industrial use, 

patenting, technology transfer, license agreement, 

publications, standards, etc. 

Only Consultant Service. 
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Which partner contributes to what (main 

contributions in terms of know how, 

patents, etc.) 

Software developed by CESI based on its Background. No 

other Partners involved 

Partner/s involved expectations Not applicable 

Sources of financing foreseen after the 

end of the project (venture capital, loans, 

other grants, etc.) 

Not foreseen 

TABLE 9  –  KER#04  CHARACTERIZATION TABLE 

 

KER#05: CSP field layout and performance models 

It includes the following items: 

- Trough performance model (synthetic oils) 

- Trough performance model (molten salt) 

- Single tower performance model 

- Multitower field layout algorithms 

- Multitower performance model 

Partner: SBP 

Innovativeness introduced compared to 

already existing Products/Services 

Training of neural networks to estimate field performance. 

Unique Selling Point (competitive 

advantages) 

Low computational effort and high simulation speed 

Product/Service Positioning  Software package and related software tools 

Product/Service Market Size N/A (only for inhouse use) 

Market Trends/Public Acceptance Incorporation of Artificial Intelligence 

Legal or normative or ethical 

requirements (need for authorisations, 

compliance to standards, norms, etc.) 

N/A 

Competitors CSP field technology providers and service providers. 

(owners engineers and lenders engineers) 

Prospects/Customers Improved speed and capabilities of CSP field development 

Cost of Implementation (before 

Exploitation) 

6 person months (from current state to commercial 

application/deployment) 

Time to market Project specific 

Foreseen Product/Service Price N/A (to be used for project acquisition, feasibility studies 

and optimisation) 

Adequateness of Consortium Staff N/A 

External Experts/Partners to be involved COBRA 

Status of IPR: Background (type and 

partner owner) 

Prior know how, known field performance data, CSP field 

configuration experience (inhouse) 
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Status of IPR: Foreground (type and 

partner owner) 

 

Status of IPR: Exploitation Forms (type 

and partner owner) e.g. direct industrial use, 

patenting, technology transfer, license agreement, 

publications, standards, etc. 

Improvement and extension of state of the art software 

capabilities. Protected through  

Which partner contributes to what (main 

contributions in terms of know how, 

patents, etc.) 

N/A 

Partner/s involved expectations SBP, COBRA 

Sources of financing foreseen after the 

end of the project (venture capital, loans, 

other grants, etc.) 

Commercial engineering consulting contracts, 

 

TABLE 10  –  KER#05  CHARACTERIZATION TABLE 

 

3.3. JOINT EXPLOITATION 

3.3.1. EXPLOITABLE SCIENTIFIC AND TECHNICAL KNOWLEDGE FROM GRIDSOL PRODUCTS 

3.3.1.1. Product 1 - HYBRID POWER PLANT  

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. The project has investigated two main configurations: 

 GRIDSOL configuration composed by: 

o Concentrated Solar power (CSP) with Thermal Energy Storage (TES) and HYSOL, a Gas or 

Biogas turbine with a Heat recovery System. 

o Solar Photovoltaics (PV) and/or Wind Energy 

o Battery Energy Storage System 

 SRH configuration composed by: 

o Solar Photovoltaics 

o Wind energy 

o Battery Energy Storage System 
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FIGURE 28.  GRIDSOL  CONFIGURATION  FIGURE 29.  SRH  CONFIGURATION  

 

3.3.1.1.1. New enhanced process and services 

Project Development is a key activity to promote renewable energy installations and thus, the criteria to 

select the best configuration is crucial. The novel methodology for Smart Renewable Hubs 

implementation has been based on a multi-criteria decision making approach.  

In this way, Smart Renewable Hubs select and combine the most suitable technologies to deliver an 

optimal configuration at each location. Every possible solution, considers market and grid requirements, 

providing ancillary services and relieving pressure on the Electricity System Operator. 

At each location, the methodology has been the following: 

 The definition of the scenario including grid and market requirements. 

o Land available 

o RE content (>80%) 

o Grid codes & market rules 

o Minimise Levelised Cost of Electricity (LCoE) 

o Maximise flexibility at an affordable cost 

 Optimisation of Smart Renewable Hubs configuration Profitability assessment 

 

SRH offers new services to the market by providing new power plant options to generators and new 

functionalities to the System Operators among other value streams.  

These new services enable the engineering design and the energy management strategy according to the 

optimal criteria. These new services are:  

 Provision of ancillary services when required by the System Operator 

 Time shifting or energy arbitrage using storage units within the SRH 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 from the hybrid plant to support frequency and voltage control, back-

start response and inertia. 
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 To supply the required power according to the demand profile established by the Electricity 

Market and/or System Operator, in a similar way to conventional power plants.  

 To design new Hybrid Power Plants or retrofit/repower/refurbish existing RES or storage units 

integrating them into a Hybrid Power Plant. 

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

from Generators to System Operators. 

3.3.1.1.2. Relevance of technical innovation 

The holistic approach of GRIDSOL project is a best practice to facilitate RE penetration in a grid-friendly 

manner. Choosing the path to follow for the energy transition is not trivial, as it must find an equilibrium 

between grid stability, security of supply and cost-effectiveness. This equilibrium depends on local factors 

such as demand profiles, availability of renewable resources, infrastructures and policies, so each region 

must find the path that better suits its necessities. 

In this context, GRIDSOL offers SRHs that are tailored to each location in order to optimise the energy 

production according to grid and market requirements. 

This practice enables the development of Hybrid Power Plants with energy storage to solve the need of 

flexibility in the power system. By helping to find the optimal size for Smart Renewable Hubs, the practice 

can support the substitution of conventional power plants. It looks at each individual location to select 

and combine the most suitable technologies and is therefore fully transferable to other geographical 

regions. 

3.3.1.1.3. Technical and economic advantage from existing services/process  

From the technical side, SRHs introduce several advantages to the electrical power system: 

 Flexibility 

The suitable combination and management of several renewable energy technologies (dispatchable and 

non-dispatchable) together with several energy storage technologies, will further increase flexible 

generation from RES-based plants in comparison with stand-alone non-dispatchable renewable energies 

(like Wind and Solar PV), while displacing fossil-fuelled plants to balance generation and demand. 

 Security 

One of the main advantages of SRHs are the capability of the provision of synchronous generation. They 

can provide a base load profile after a black-out, guaranteeing the adequate energy supply during the 

black-start from the storage units of the plants, which can be simultaneously charged from intermittent 

renewable sources until the steam or gas turbine is in full-operation. 

 Stability 

The integration of RES & Storage technologies within a SRH ensure the power system stability against 

disturbances and variability of non-dispatchable RES, allowing to substitute conventional power plants.  

 Increase RE penetration 
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The technical advantage of GRIDSOL concept is the smart energy management of various RES and energy 

storage technologies in the same Point of Common Coupling. This is outstanding and it is a practice that 

will be widely deploy in the coming years. In fact in Spain, there are some initiatives at country level to 

promote this kind of solutions, first to not saturate the grid connection, and second to maximise RE 

penetration and project profitability. 

From the economic side, SRHs introduces also various advantages to the energy system: 

 Reduction of generation cost 

Due to the increase of RE penetration, basically from variable RES (Solar PV and Wind) directly injected to 

the grid or stored, the overall energy system reduces its costs to produce power.   

 Mitigate CO2 cost 

The development of SRH will decrease CO2 emissions facilitating the implementation of the transition to 

a low carbon economy by reducing the Independency of fossil fuels  

 To increase the revenue streams for generators 

SRHs (Hybrid plants with energy storage) introduces new alternatives to mitigate the volatility of the 

electricity market. These power plants can provide ancillary services and implement time shifting or 

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

the revenue streams. 

 To reduce grid cost 

Reduce grid operating costs thanks to energy storage technologies and an integrated energy management 

willing to provide grid services. It also helps to reduce cost of grid infrastructure (lines, transformers, etc.) 

by increasing the hosting capacity and RE penetration in a smart way.   

3.3.1.1.4. Development level at 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 can be in the future operated in an aggregated way though the 

implementation of DOME or a similar software in charge of the optimal dispatch of the plants.  

GRIDSOL result 
Stage of development (TRL) 

3 4 5 6 

SRH – Hybrid 
Power Plant 
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FIGURE 30.  CSP  PLANT IN ALCAZAR DE SAN JUAN (SPAIN) 

3.3.1.1.5. Barriers for the possible result exploitation/transfer  

Hybridisation represents a new concept in the energy ecosystem and thus it reaches some barriers to its 

future exploitation. 

Regulatory: 

 The lack of a proper regulatory framework for Hybrid plants with energy storage makes difficult its 

implementation in the system 

 There are several gaps in the provision of relevant flexibility services from power generators and even 

more from renewable-based plants.  

 Each member state has its own rules and there is not a clear regulatory point of view at EU level. A 

lack of regulatory framework currently exists in some states for the operation of hybrid plants with 

energy storage. 

 Uncertainty about the submission of a single bid for the whole hybrid plant (RES and storage units)  is 

not clearly feasible, as the regulatory framework do not have a specific treatment to these kind of 

plants. 

 International, EU codes and national grid codes under development. 

 Grid connection permit is a barrier but at the same time an opportunity because the massive 

deployment of Variable Renewable Energies will make worthy the hybridisation of existing plants to 

increase RE penetration and also improve project profitability. For example, in Spain COBRA has 

installed a PV plant in the same connection point as the CSP plant. However, the management of the 

energy is initially independent as the connection permit is the sum of both plant. However, if the 

energy management is done in an integrated way trying to maximise RE penetration. The company 

could install more renewable in the same point od f connection, without jeopardizing grid reliability.  

Technological: 
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 A lack of standardisation in several areas of technology operation, for instance, communication 

interfaces between assets. 

 Difficulty to integrate multiple Renewable energy technologies in a common connection point. What 

implies the need of a good weather forecast for each technology: solar radiation for PV, wind velocity 

for Wind, etc. 

 Land availability to construct such large plants due to the land consumption of some of the 

technologies. 

 Increment of project complexity. 

 

3.3.1.2. Product 2 - SIMULATION SOFTWARE  

3.3.1.2.1. New enhanced process and services 

The SRH-M software, developed by IDIE within GRIDSOL’s Work Package 2 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. Several technologies 

have been implemented, including Wind, Solar Photovoltaics, Concentrated Solar Power, Gas Turbine, 

HYSOL, Batteries and Thermal Energy Storage. 

3.3.1.2.2. Relevance of technical innovation 

This tool includes the capability of optimizing the plant’s configuration/energy mix in two steps; a 

screening (based on Monte Carlo method) to identify potential configurations within the boundary limits 

(land available, maximum installed power, etc.) and the “Base Case Evolution” search, a variant of an 

Iterated Local Search over a Steepest Ascent Hill-Climbing method to focus on the deepest attraction 

basins. 

Secondly, the control system integrated in SRH-M tool acts as a Reasonably Prudent Operator, using  

different control strategies (price-based vs. demand-based) and different “market signals” (price is 

intensive, while demand is extensive).  

3.3.1.2.3. Technical and economic advantage from existing services/process  

Unlike conventional approaches, SRH-M concept embraces both the perspective of the project developer 

and the operator.  

SRH-M optimization’s target function can be tailored to each location’s characteristics and stakeholders 

priorities (LCOE, profitability, wealth creation, Renewable Energy content and/or firmness), and including 

relevant factors like use of land, use of water, emissions, Installed power and other social and 

environmental indicators. 

From a operator perspective, the control system allows to balance generation technologies focusing on 

ensure firmness, minimize curtailment and/or optimize financial perform. 

3.3.1.2.4. Development level at the end of the project  

Minor changes to improve the usability and adaptation of user interfaces to potential customers needs 
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3.3.1.2.5. Barriers for the possible result exploitation/transfer  

Small market. A niche market has been identified but differentiation from other tools (SAM, Homer,etc.) 

is imperative. Software service must be provided jointly to a consultancy service, not as a pure SaaS 

(Software as a Service). 

3.3.1.3. Product 3 - DOME  

3.3.1.3.1. New enhanced process and services 

DOME is 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 back in 

MoreMicroGrids R&D project (Advanced Architectures and Control Concepts for More Microgrids, 

January 2006 to December 2009, SES6 -01986). 

The same philosophy is applied at GRIDSOL project by means of the agent based technologies behind the 

scenes: 

 Local device agents hide the complexity of the controlled devices through a set of common 

services that are offered to the remaining agents. 

 Specialized agents deliver the intended functionality; in the case of GRIDSOL ensuring the delivery 

of energy schedule at the power plant connection point to the grid compensating renewable 

generation intermittency. A priority based mechanism is developed but other implementations 

and alternative matching algorithms could also be developed. 

 The modular design of the agents enable adding new functionalities one on top of the other; in 

the case of GRIDSOL performing the medium term commitment of generation resources. 

 A database agent manages every access to the persistent storage. 

 A relational database scheme intended for energy schedules profiles, forecast profiles, etc. has 

been developed. 

In technical terms, 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. This sort of service could be implemented in many other ways and there are several 

commercial products that could be used and adapted to provide it. 

3.3.1.3.2. Relevance of technical innovation 

The most outstanding technical advantage of DOME results from the application of agent based 

technologies. 

DOME is built with adaptability in mind given that it was intended to control an hybrid power plant which 

composition in terms of generation technologies, power and location was uncertain. This is because the 

simulations performed at work package WP2 studied distinct configurations for the smart renewable hub 

under different scenarios and locations and DOME had to be able to operate on any of them. 

Therefore, DOME prototype focused on flexibility through a file based configuration where the same 

software is executed adapted for almost any SRH design. Not every generation technology is supported 

at the current prototype, only those considered for WP2 studies, but further development is relatively 

easy. 
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In comparison, other control systems are usually ad-hoc applications that impose an important 

engineering effort to adapt the standard product to the specific needs of the target plant. 

The agent based design introduces another advantage because agents are intended to be modular and to 

interact among them. As consequence it is possible to develop new functionalities or replace old ones in 

a transparent manner; even on real time,  agents may be deployed onto the control system without 

affecting the rest. 

3.3.1.3.3. Technical and economic advantage from existing services/process  

The main advantage is technical rather than economic and comes from the flexibility given by the agent 

technologies. 

In a conventional design, the hybrid power plant composition of technologies, generation devices 

characteristics, constrains and communication means, the plant location, etc. are known in advance so 

the power plant control is developed ad-hoc but hardly can be deployed to any other plant. 

3.3.1.3.4. Development level at the end of the project  

DOME software is a prototype for a generation management system that includes both, short and 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: 

 Forecasting tools for intermittent generation sources (i.e. Solar Field, PV, Wind…) 

 Forecasting tools for electricity prices 

 Unit commitment and/or economic dispatch tools aimed to calculate the most profitable energy 

schedule for the plant. 

 Interfaces to the bulk energy markets (bilateral contracts, day ahead or intraday to mention a 

few). 

 Unit commitment and/or economic dispatch tools aimed to determine the most profitable 

combination of ancillary services offered by  the plant. 

 Interfaces to the ancillary services markets (frequency containment reserve, frequency 

restoration reserve, etc.). 

It shall be noted that a proper SCADA for power plant control and suitable graphical user interfaces for 

every single module are also required. 

3.3.1.3.5. Barriers for the possible result exploitation/transfer 

The main barrier for the exploitation of DOME as a product is large development needed to evolve from 

DOME current prototype until a commercial grade product is obtained.  

The presence of well stablished suppliers (ABB. GE, Schneider, Siemens, …) with a good variety of products 

and services for power plant control introduces a second important barrier for exploitation. 
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3.3.2. GRIDSOL PRODUCTS MARKET IDENTIFICATION 

3.3.2.1. Product 1 - HYBRID POWER PLANT  

3.3.2.1.1. Market definition and trends 

The widespread deployment of Solar photovoltaics and Wind energy in Europe and worldwide has posed 

the challenge to manage that volatile energy generation in the electricity system. When increasing RE 

penetration above certain levels the security of supply is at risk and therefore the energy system planning 

should be at the forefront to avoid extra costs and increase social economic welfare. 

 It is clear that PV, Wind and battery projects will be strongly developed (especially PV with 

batteries) in South Europe due to an extremely low cost of Solar PV technology and the expected 

dramatic decrease of BESS costs. 

 In addition, the need of baseload power profile from 2030 onwards could make CSP to be 

competitive  in Continental Europe without subsidies. It is clear that the flexibility of Batteries is 

faster than a steam turbine and the main benefit of CSP technology relates to the synchronism of 

its generation and its cheap Thermal Energy Storage (TES), which is in general not enough to 

become the preferable solution in the short term due to its great CAPEX. Nevertheless, CSP based 

solutions are already competitive in certain markets with a good solar resource (high DNI), and 

specific grid and market circumstances where, for example, the need of more than 6 hours of 

storage (in EU Islands) make it still a predominant solution. 

 To sum up, SRH scheme (PV, Wind and batteries)  will be deployed worldwide while GRIDSOL 

scheme (CSP based hybrid plants) will be exploited in locations with a good solar resource and a 

great need of security of supply. 

3.3.2.1.2. Identification of project opportunities  

Global warming and climate change have encouraged the deployment of renewable energy sources in 

most of the EU countries. However, renewable sources that have reached their economic 

competitiveness, like PV and Wind technologies, are intermittent and do not provide dispatchability and 

flexibility to the power system. 

As the need of flexibility will increase in the coming years to cope with the EU decarbonisation target, 

hybrid power plants starts to play a key role by combining several non-dispatchable and dispatchable 

renewable energy sources with energy storage technologies. 

There is a big opportunity for Smart Renewable Hubs to become a great solution of the future. The energy 

transition will need flexibility and SRH can offer that. The goodness of GRIDSOL concept is the openness 

to the combination of different renewable energy sources and energy storage technologies at Smart 

Renewable Hubs. It is important to note that the massive deployment of Solar PV in South Europe will 

requires its hybridisation at a later stage to provide flexible generation to increase profits or to at least 

not decrease them and also to provide grid stability to the energy system as a whole. 

3.3.2.1.3. Potential end-users, customers 

This product can benefit different end-users: 

 Independent Power Producers (IPP), project developers, investors and RES generators 
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This group is the main beneficiary of the practise due to the capability of SRHs to create new business 

opportunities. The assets within the SRH will be owned and managed by them.  

 System and grid operator (SO, TSO, DSO) 

This group are potential users of the flexibility services provided by SRHs (e.g providing ancillary services, 

congestion management, voltage control, frequency control, etc.) 

 EPC companies 

They can implement this product directly in the development of new hybrid plants or 

retrofitting/refurbishing/repowering of existing power plants, even supporting the design phase in the 

functionalities. 

 O&M Contractors/Asset Managers 

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

maintenance approaches to reduce maintenance costs. 

 Consultant companies 

They can offer consultancy services related to new hybrid power plants, 

retrofitting/refurbishing/repowering existing RES and storage plants and supporting O&M of SRHs. 

3.3.2.1.4. Companies/sectors interested in exploitation of results  

Due to the transition to a low carbon economy and the current problems associated to conventional 

power generation technologies (Thermal, nuclear, etc.), public institutions and governments are 

promoting the development and construction of new renewable power plants., with a recent interest in 

the hybridization concept not only as a combination of renewables but also with energy storage 

technologies for intraday and seasonable storage. 

Several sectors and companies would be interested in the exploitation of the SRH (hybrid plant with 

energy storage) results: 

 COBRA and new sister companies like Zero-E and Eleia from ACS group can benefit from the 

project results to plan their investments in Hybrid plants and to optimise the operation of 

renewable based plants. 

 Other Energy companies working in Project Development, Generation business or as Independent 

Power Producer (IPP) can benefit to develop, build and operate hybrid plants. 

 Investors can be interested in participating in the equity of the project company relieving the 

pressure at the development phase. 

 Energy storage manufacturers can see how is the best way to optimise their design to cope with 

the market trends. 

 Prosumers, consumers, aggregators, retailers, Local Energy Communities, Energy cooperatives 

and Energy Service Companies (ESCOs) can learnt from this practice to implement this approach 

for cost savings. 

 Flexibility managers through Virtual Power Plants (VPP) or Virtual storage Plants (VSP) or Demand 

Response (DR) managers  
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 Information & Communication Technology (ICT) providers can develop tailored tools and user 

interfaces to facilitate the automatic operation of hybrid plants. 

 Utilities, System Operators, Distribution System operators (DSOs) and Transmission System 

Operators (TSOs) can be interested in the installation of these hybrid plants to not saturate the 

grid connection and to receive some services from them. 

 Power-to-X technology providers and Gas & Heat suppliers can investigate the way to reach the 

market. 

 Electricity Market experts and Market operators can learnt from this practise to analyse their 

impact in the different  electricity markets 

 Engineering, Procurement and Construction (EPC) contractor and system integrators can use the 

tools and know-how to design new hybrid plants. 

 Operation & Maintenance (O&M) contractor can be interested in the operation of these hybrid 

plants.  

 Governments, Policy makers and regulators can be interested in the preparation of tenders 

covering the requirements proposed in the project to install flexible hybrid power plants.  

 Research Centres & Universities are interested in further research this development and to 

continue the  

 Standardisation working groups can be interested in the development of new norms and rules to 

standardise its implementation at EU level and worldwide. 

3.3.2.1.5. Potential market, national or international 

The potential market for SRHs (Hybrid power Plants with energy storage) is very high due to its great 

flexibility level which allow its adaptation to any location around the world by combining several 

renewable and storage technologies. 

At EU level, according to the last objective of reaching 32% of renewables in 2030, and increase of 10% in 

Renewables is expected from the end of the project to the next 10 years. GRIDSOL configuration has a big 

market in Southern Europe and isolated locations with a good solar resource worldwide. While SRH 

configuration has a wide market due to its more modular scalability worldwide.  

3.3.2.1.6. Potential competitors 

From the very beginning, the project has identified a SRH composed by Solar PV and Wind energy as main 

renewable energy sources and Batteries as energy storage technology as a competitive solution to the 

GRIDSOL base case composed by CSP, TES, PV and HYSOL gas turbine with a heat recovery system. 

Distributed generation can be a competitor to Hybrid power plants but anyhow the solution can be 

tailored to this vision so no major risk can be found. As this solution is fully implementable for example to 

the development of local energy communities or virtual power plants. 
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3.3.2.2. Product 2 - SIMULATION SOFTWARE  

3.3.2.2.1. Market definition and trends 

The progressive penetration of renewable sources in national or supranational power systems poses 

challenges that must be considered by the Roadmaps of Energy Generation and Renewable Energy Project 

Development. Addressing problems like the unpredictability and intermittency of electricity production 

by renewable sources, different energy demands, restrictions on land available, use of water or projects 

financial viability, is a complex a challenging task. 

Methodologies must incorporate in the decision-making process a wide range of additional inputs set by 

the stakeholders, assessing environmental, social and economic impacts of the development plans to 

ensure their sustainability from a holistic point of view. 

3.3.2.2.2. Identification of project opportunities 

The GRIDSOL project has developed a methodology to prepare Sustainable Roadmaps of Energy 

Generation Systems. Two potential branches have been identified at this regard: 

• Developing countries with highly interconnected systems that aim to achieve a progressive and 

sustainable renewable technologies penetration in their power system. 

• Poorly interconnected systems that aims at an economically viable strengthening based on 

renewable resources. 

3.3.2.2.3. Potential end-users, customers 

National and supranational Policy makers, International financial institutions (e.g. development banks), 

Renewable Energy Generators 

3.3.2.2.4. Companies/sectors interested in exploitation of results  

Energy Sector. TSO’s and Regulatory Authorities, 

3.3.2.2.5. Potential market, national or international 

International Market. 

3.3.2.2.6. Potential competitors 

No direct competitor has been identified. Nevertheless, there are tools identified whose capabilities are 

similar, at least partially, to the capabilities of the SRH-M tool: 

• SAM (NREL) 

• HOMER (NREL) 

• ENTIGRIS (Fraunhofer), 

• Enertile (Fraunhofer) 

• REMix (DLR) 
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3.3.2.3. Product 3 - DOME  

3.3.2.3.1. Market definition and trends 

DOME may be understood as a flexible generation management system aimed for any sort of hybrid 

system including hybrid power generation plants and microgrids among other potential target markets. 

There are numerous studies evaluating the potential market size for hybrid power systems (i.e. [64], [65]) 

stating figures from $1.35 Billion to $60 Billion. Even if the range is large it shall be reminded that the 

share available for generation management system will be a minor fraction of the overall market being 

the major part of the market size due to required infrastructure, civil works and the hybrid power plant. 

The general consensus on the found studies is that there is a growing market for hybrid power plants 

including the residential, commercial and industrials sectors and an approximate plant size in the range 

of 10 MW. 

The studies also point to several combination of generation technologies highlighting combinations of PV, 

Wind and BESS. Diesel generation comes into the game when isolated systems are engineered but mostly 

discarded for grid connected applications.  In some cases, the high cost of CSP systems are comparable to 

the BESS cost so a combination of PV for daylight power production and CSP for night power injection 

appearing at some projects. 

3.3.2.3.2. Identification of project opportunities  

There are many key suppliers providing conventional Siemens Spectrum PowerCC or solutions for 

decentralized, renewable systems sometimes termed Virtual Power Plants as Siemens EnergyIP DEMS: 

In some other cases a manufacturer of some generation technology widens the marketed services with 

generation management systems aimed to cover the customer needs.  Examples such as Siemens-Gamesa 

offer for Hybrid systems combining wind, solar and storage and Schneider Electric microgrid controller 

linked to their solar inverters are common. 

Finally, solutions developed for microgrids such as ABB’s Microgrid Plus Control System can also be 

extended to cope with the needs of hybrid power generation. 

Even suppliers from other expertise fields such as ETAP or DNV GL are entering into the generation 

management systems with their own proposals. 

In brief, there is a clear and solid competition for DOME limiting the project opportunities. 

3.3.2.3.3. Potential end-users, customers 

The potential customers for DOME as a product are the engineering companies providing turn-key 

solutions for their clients. 

A second source for potential customers could be the repowering and expansion of existent plants 

creating new needs for the power plant operators. 
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3.3.2.3.4. Companies/sectors interested in exploitation of results  

The development of DOME and early testing has been delivered at the latter stages of the project and 

dissemination activities have not started so far. 

3.3.2.3.5. Potential market, national or international  

Not evaluated. 

3.3.2.3.6. Potential competitors 

The same reports estimating market size provide a large list of stakeholders and competitors.  

For instance, in [16] the mentioned names are: Siemens AG; SMA Solar Technologies AG; Danvest Energy 

A/S; Alpha Power Solutions; and PFISTERER Holding AG 

The equivalent list at [65] identifies: ReGen, GE, Gamesa, Vestas, Vattenfall, Goldwind, Suzlon, Blue 

Pacific, Zenith Solar Systems, UNITRON Energy System, Alternate Energy, Supernova Technologies, Polar 

Power, MPower, SMA Solar, Enel Green, CONTOURGLOBAL and Danvest Holding. 

Other sources mention: Siemens AG, Eltek Power Systems AS, GE Renewable Energy, Huawei 

Technologies Co. Ltd., Danvest Holding A/S, Electro Power Systems SA, PowerOasis Limited, 

Heliocentris/AKT o.N.. SMA Solar Technology AG, ZTE Corporation. 

3.3.3. JOINT AGREEMENTS 

Joint agreements are under discussion among all partners involved in the exploitation and with any kind 

of access rights to the results. This will be reported as part of D8.4 WP8 Executive Summary. 

3.4. INDIVIDUAL EXPLOITATION PLANS 

3.4.1. COBRA 

3.4.1.1. Organizational background 

COBRA Group is a global industry leader with more than 70 years of experience in all fields related to the 

engineering, installation and industrial maintenance of energy infrastructures. Worldwide reference with 

ability and determination to develop, build and operate industrial infrastructures requiring a high level of 

service, based on excellence in integration, technological innovation and financial strength. 

Main developer and contractor EPC and O&M of the Industrial Division of ACS Group. It was created in 

1994 and acquired by ACS Group in 1989.  

ACS is a worldwide reference group for construction, civil works and related services, developing its 

activity in over 54 countries in key sectors such as Oil & Gas, Infrastructures, Mining, Power & Heat (CCGT) 

and Energy (Renewable Energy facilities including onshore & offshore wind, tidal, hydroelectric power 

plants, solar PV and solar thermal –CSP– plants). ACS, through Cobra, is strongly investing in renewable 

energy development; high voltage transmission lines development all around the world; and desalination 

plants development throughout the Mediterranean. 
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In RES technology, ACS-COBRA is a world leader in construction and operation of plants, developing more 

than 1.9 GW (1,7 GW under construction) in PV technology, more than 2GW in Wind technology, more 

than 600 MW in CSP technology, more than 1GW Hydro plants and more than 30 MW in Biomass plants. 

3.4.1.2. GRIDSOL exploitable results 

The development and promotion of hybrid plants with energy storage named as Smart Renewable Hubs 

is one of the key exploitable results. Thanks to GRIDSOL project, COBRA is very-well suited to develop 

these hybrid plants in Europe and world-wide. 

The project has developed tools to assist COBRA in the development of hybrid power plants with energy 

storage. The know-how and the experiences gained reinforced its commitment towards a decarbonised 

energy future. In addition, the project has serve to demonstrate the competitiveness of PV and Wind 

technologies and the great need of battery energy storage to cope with the intermittency of those 

technologies. Moreover, it has shown that CSP technology needs a breakthrough cost reduction to reach 

market uptake in short within Continental Europe. Nevertheless, when requiring a renewable energy 

content above 80% CSP starts to play a key role in the system and could come in substitution of some 

conventional plants (coal and CCGT plants, etc.). 

COBRA is also exploiting the project results  to promote and develop energy communities that integrates 

distributed renewables, demand and storage in a similar holistic approach to GRIDSOL. 

3.4.1.3. Exploitation strategies 

Thanks to GRIDSOL project know-how and experienced gained the company is promoting new renewable 

& energy storage projects. The company has a pipeline of more than 10 GW in renewable projects and 

close to 1 GW energy storage projects. Some of those projects combining RES & storage technologies in 

the same plant as GRIDSOL project proposes. 

COBRA strategy will maximise the flexibility of SRHs to adapt its configuration and functionalities to the 

expected future changes in the regulatory framework and energy ecosystem. In relation with 

partnerships, COBRA will continue working closely with project partners in order to move forward the 

project results. It will be established a strong alliance with Research Centres, Universities, IT companies 

and consultancy companies to implement SRHs (e.g. Hybris power plant sizing, energy management tools, 

etc.) in the energy system. 

Finally, ACS-COBRA is committed to progress by means of a continuous effort in the fields of technological 

innovation, understanding management needs of its customers, and through pursuit of its own 

investments in new techniques and new assets that will establish the foundations for the future growth 

of the renewable energy area. 

 

3.4.2. IDIE 

3.4.2.1. Organizational background 

IDIE was born in 2009 with the goal of providing the technology solutions needed to support the transition 

from fossil to renewable. IDIE is also a company oriented to the development of new products, processes 
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and configurations using renewable energies. Thanks to its strong R&D orientation, IDIE is focused in four 

lines:  

 R&D and Technology development 

 Support to third parties  

 Renewable Grid Integration 

 Energy planning 

Through the participation on R&D projects, IDIE has improved its capabilities and has grown from 

developing solar and thermal components, to the hybridization of renewable energies and the next step 

is to provide the ultimate solutions to increase renewable energy penetration in the grid. 

3.4.2.2. GRIDSOL exploitable results 

The main results for IDIE are: 

 The SRH-M software 

 GRIDSOL’s methodology to prepare Sustainable Roadmaps of Energy Generation Systems 

3.4.2.3. Exploitation strategies 

IDIE´s objective in GRIDSOL is to broaden its modelling capabilities and provide a real solution to increase 

renewable energy penetration at a grid level. The approach is to use its capabilities to provide 

dispatchable and firm hybrid power plants modelling that act as generator and backup systems for other 

stand-alone renewable power plants. 

From Potential end-users like International financial institutions (e.g. development banks) or Renewable 

Energy Generators to companies interested in the exploitation of results like TSO’s and Regulatory 

Authorities, IDIE’s potential customers could incorporate SRH-M software in their decision-making 

process. IDIE will provide software services jointly to a consultancy service, using GRIDSOL’s methodology 

for the preparation of Sustainable Roadmaps. 

 

3.4.3. SBP 

3.4.3.1. Organizational background 

Sbp is an international engineering office and a technology provider with its primary scope including large 

scale solar power generation and niche cutting edge projects. The office has developed a wide range of 

components and systems for both solar thermal and photovoltaic power plants for over 30 years. Sbp’s 

experience and holistic system design approach is enabled by an experienced interdisciplinary team. As 

both an engineering office and a technology provider, our work ranges from early concept development 

to detailed optimization of standard products.  

Sbp is a well known expert in the CSP industry (Concentrating Solar Power) for the development and 

design of parabolic trough collectors, point-focusing dish systems, solar tower power plants and heliostats 

as well as concentrating photovoltaics. We are also active in the photovoltaics mounting and tracker 

industry consulting on structural resilience of utility scale power plants. 
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3.4.3.2. GRIDSOL exploitable results 

The main results for Sbp are:  

 Improved methods and tools for heliostat field layout  

o Added additional functionality to sbpRAY software to include multiple receivers, to conduct multi-

tower-multi-aim (MTMA) simulations  

o Development of a forecasting and decision making tool for a heliostat in a MTMA situation to 

maximise diurnal energy collection.  

o MPAG tool which enables nondimensionalised comparison of a heliostat’s performance in a field  

o Development of two neural networks which estimate both trough and power tower indicative 

thermal performance based on size, location and sun position  

 New insight into multitower heliostat fields 

3.4.3.3. Exploitation strategies 

The MPAG tool and improvements to sbpRAY are utilised in commercial heliostat field optimisation 

strategies to improve our product offerings. 

3.4.4. TECNALIA 

3.4.4.1. Organizational background 

TECNALIA is the largest private Research, Development and Innovation (R+D+i) group in Spain and one of 

the leading ones in Europe, with a staff of over 1,400 people and a turnover of 110 million euros. TECNALIA 

lemma is to develop technologies that can be converted in value and benefits for our clients and the 

overall society.  

3.4.4.2. GRIDSOL exploitable results 

One of the main targets of TECNALIA is the technology development and transfer towards the industry; 

within the scope of GRIDSOL project, DOME prototype was aimed to demonstrate the feasibility of the 

SRH approach as well as to improve the control system for the laboratory equipment. 

It is quite frequent to receive customers requiring a demonstration of one or another technology as well 

as to host researchers from universities and other research centres3 for conducting different tests. DOME 

fits among the set of tools and applications offered for testing purposes. 

On the long term, DOME has been identified as a source for further development enabling many potential 

studies; to mention a few the effect: of renewable forecasting algorithm errors, sensibility studies on 

different plant configurations, alternative dispatching mechanisms to the one already implemented 

(priority based), etc. 

                                                           
3 FP6 # DER-LAB (https://cordis.europa.eu/project/rcn/75907/factsheet/es) 
FP7 # DERRI (https://cordis.europa.eu/project/rcn/91201/factsheet/en) 
H2020 # ERIGrid (https://erigrid.eu/); ERIGrid project provides free laboratory access to engineers working in the 
domain of smart grids and DER. 

https://cordis.europa.eu/project/rcn/75907/factsheet/es
https://cordis.europa.eu/project/rcn/91201/factsheet/en
https://erigrid.eu/
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3.4.4.3. Exploitation strategies 

The first prototype of DOME obtained at GRIDSOL project will surely be used as building block for other 

research and/or development projects in the near future. 

 

3.4.5. DTU 

3.4.5.1. Organizational background 

The Technical University of Denmark (DTU) is recognized internationally as a leading university in the areas 

of the technical and the natural sciences, renowned for the business-oriented approach, the focus on 

sustainability, and the research environment. For almost two centuries DTU has been dedicated to 

fulfilling the vision of H.C. Ørsted—the father of electromagnetism—who founded the university in 1829 

to develop and create value using the natural sciences and the technical sciences to benefit society. Today, 

DTU is ranked as one of the foremost technical universities in Europe, continues to set new records in the 

number of publications, and persistently increases and develops our partnerships with industry, and 

assignments accomplished by DTU’s scientific advice. The international dimension is of vital importance 

to DTU. More than one third of the scientific staff is highly qualified researchers of international 

backgrounds. In addition, the extent and intensity of the collaborations with other leading technical 

universities around the world continue to grow. 

The work in GRIDSOL have been performed by employees of the Sustainability Division, within the 

Department of Technology, Management and Economics. The research group (Energy Economics and 

Regulation) performs research linking energy systems with economics, with the aim to support energy 

system integration, decision making and the development and implementation of new technological 

solutions. The researchers within the group create value for the Danish and international society by 

allowing policy makers and businesses to make efficient decisions based on knowledge about energy-

economy relationships. The overall objective of the group is to study policy instruments, regulatory 

frameworks and energy market designs that facilitate the green transition in a socio-economic efficient 

way, especially with respect to large shares of variable renewable energy in the energy system, energy 

savings, and climate change mitigation. The main scientific challenges include integration of energy 

markets, energy market designs, analyses of support instruments for deploying renewable energy (e.g. 

auctions), flexibility in energy demand, and energy demand forecasts. 

3.4.5.2. GRIDSOL exploitable results 

The main results that DTU considers of exploitation interest are: 

 Master thesis of Elisa Fedato: Feasibility analysis of GRIDSOL technology in Fuerteventura: a case 

study 

 Scientific article, as conference proceeding from Renewable Power Generation 2018: Feasibility 

analysis of GRIDSOL technology in Fuerteventura: a case study (The Journal of Engineering) 

 Master thesis of Andrea Pasquali: Potential of Smart Renewable Hubs with GRIDSOL technology 

in Europe 
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 Conference proceeding from Solar Paces 2019: Feasibility Analysis of Smart Renewable Hubs in 

Non-Interconnected Island Power Systems: A Case Study for GRIDSOL 

 Report: Feasibility of GRIDSOL solutions (D7.4), GRIDSOL impact in summary (D7.4).  

3.4.5.3. Exploitation strategies 

The Technical University of Denmark is a public institution which aim is to educate students and, through 

research, disseminate findings to the public. Hence, DTU will make use of its own database to disseminate 

the findings through scientific articles, conference presentations and conference proceedings. The 

GRIDSOL website, developed within the framework of the project, will also be used as a dissemination 

platform. The findings from the GRIDSOL project have (and will) allowed to deepen the understanding on 

the concept of smart renewable hubs, their functioning, their role and their financial attractiveness in 

future energy systems. Consequently, the analyses developed and the knowledge acquired will provide 

useful insights that will pave the way for the uptake of renewable energy-based solutions and will 

contribute to the decarbonisation of the energy sector, in continental and island locations.  

3.4.6. ETRA 

3.4.6.1. Organizational background 

ETRA Investigation y Desarrollo, S.A. (ETRA I+D) is the hi-tech unit within ETRA Group, one of the leading 

industrial groups in Spain. Its mission is putting in the market the most advanced solutions and services 

either directly or through the 10 companies of the Group. The main market areas of ETRA Group are Spain, 

Portugal, Eastern Europe, LATAM and MENA.  

The activity of the company – with a turnover of 200 M€ and a staff of 1.800 - started in the 70’s and it is 

centred in three main activity lines: smart energy management systems (with more than 50 major public 

and private large clients using ETRA's systems), smart mobility (including EV charging infrastructure 

management) and cyber physical security.  

In addition, ETRA is a subsidiary company of the ACS Group, the largest contractor in the world and a 

global player in the field of renewables, with multi-GW contracts on PV, CSP and wind (both on shore and 

off shore). Energy business area of ETRA currently amounts for a substantial 50% of the company current 

turnover. However, the current strategic master plan of the company foresees that energy will get even 

further at the core of the technical and business interests of ETRA, with a planned annual turnover of 

approximately €100M, expected to grow by a 15% per year over the next 5 years. 

3.4.6.2. GRIDSOL exploitable results 

The main results that ETRA considers of exploitation interest are: 

 User Interface for Operations Control Centres: it is a Web application that runs in the plant 
operator browser and offers it all the information requested. The user interface developed in 
GRIDSOL makes use of the information available in the DOME-DB.  

 Market analysis and know-how on the scenarios for the hybrid power plants, in order to better 
understand the context to offer validated disruptive technology to ETRA’s clients within the 
energy sector. The identification of market trends, segments and targets allows ETRA’s sales force 
to bring new functionalities into the market directly addressing the acquisition of new clients.  
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3.4.6.3. Exploitation strategies 

ETRA’s customers are typically public authorities and large companies who use our large -scale real-time 

control systems and information management services to run complex infrastructures, which require 

huge amounts of energy to operate, and have a direct impact on people’s safety and quality of life. 

ETRA has acquired a relevant market position in the R&D field on renewables and smart grid markets, 

through advanced control systems by means of participation and leadership of H2020 projects 

(NOBELGRID, WISEGRID, CROSSBOW). Therefore, GRIDSOL can enable ETRA to continue developing a new 

market niche composed of RES producers and system operators and to incorporate to its portfolio of 

energy services for system operators extended functionalities as real time data monitoring of RES and 

storage devices. The knowledge acquired as a result of the work carried out to design DOME as well as 

the development, integration and testing of the Graphical User Interface will be used as the basis for the 

development of new tools in the context of the Smart Grid. 

  

3.4.7. CESI 

3.4.7.1. Organizational background 

Established in 1956, since the beginning CESI (Centro Elettrotecnico Sperimentale Italiano 'Giacinto Motta' 

spa) has been an important player in testing, certification of electromechanical equipment and electrical 

power system studies offering its services to electrical utilities, electro-mechanical and electronic 

manufacturers, large-scale users of electric power. 

Since 2000, CESI has enlarged its fields of activity covering all sectors in the electro-energy fields from 

generation to transmission, distribution, end-use of electricity, as well as environment and renewable 

energies. Now CESI is a global power consultant, present in different countries with regional headquarters 

(United Arab Emirates, Brazil and Washington DC), laboratories (Germany) and other owned companies 

in the fields of environmental risk and engineering and power system consulting services (Italy and US). 

Through a strong marketing network in about 40 countries, CESI offers its services world-wide to: 

 Electrical Utilities (production, transmission and distribution) 

 Independent System Operators (ISO) 

 Regulation Authorities 

 Electromechanical and Electronic Manufacturers 

 Industrial Users 

 Public Administrations 

 International Financial Institutions 

CESI is employing about 500 people, with an annual turnover above 90 M€. 

3.4.7.2. GRIDSOL exploitable results 

The main results that CESI considers of exploitation interest, being focused on consultancy and services, 

are: 
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 Methodology, models and tools for the optimization of the production of a power plant with multiple 

sources of energy and with thermal storage and BESS 

 Tool for preliminary harmonic disturbance analysis (Power Quality) 

Tools are tailored on GRIDSOL/SRH configurations and can be used for consultant services by CESI but are 

not meant to be sold. 

3.4.7.3. Exploitation strategies 

The results will be exploited in consultancy activities focused on the optimization of the generation fleet, 

either for analysis of national or European systems, either for the maximization of the revenues of a single 

power plant. The developed methodology and tool will allow the definition of optimal hourly production 

profiles aimed at the best exploitation of the resources and the highest benefit in medium/long term 

scenarios. The outcome of GRIDSOL project gives also CESI a general knowledge and skill regarding the 

integration of the different technologies for power generation (renewables of different kind and 

conventional generators) and storage (batteries and thermal). Even for future needs, the optimum 

development of the power system, in both planning, design and operation will make use of such 

technologies, with particular care to their interaction and joint exploitation. 

With its activity, CESI will contribute to promote the development of beneficial projects with renewable 

energies able to support the grid thanks to synchronous generators and storage systems. Tools and 

models for grid analysis will allow also to identify possible critical issues in an early phase of the project 

development, in order to define proper countermeasures where possible and reduce investment risks. 

 

3.4.8. HEDNO 

3.4.8.1. Organizational background 

HEDNO (Hellenic Electricity Distribution Network Operator S.Α.) was established in April 2012 with the 

secession of the Distribution sector of PPC S.Α. in accordance with Law 4001/2011 and in compliance with 

EU Directive 2009/72/EC. It is a 100% subsidiary of PPC S.Α., however is independent functionally and 

administratively, in compliance with all the requirements of independence incorporated in the above legal 

framework. HEDNO’s tasks comprise the operation, maintenance and development of the electricity 

distribution network in Greece in order to ensure transparent and non-discriminatory access of all 

consumers and more generally of all users of the network. In order to improve service quality as expressed 

by energy quality indices (number of failures, time of restoration, quality of voltage waveforms, etc.) along 

with the reduction of the operating cost and the increase of productivity, important investments in the 

network have been made in order to: 

 Increase network efficiency in order to supply the continuously increasing demand; 

 Enhance network reliability and decrease losses by construction of new lines and substations and 

upgrade of existing ones; 

 Introduce operation automation (installation of remote metering and remote control systems); 

 Construction of networks compatible to societal requirements (taking care of the harmonization 

of new constructions with the natural and built environment). 
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In the Greek Non Interconnected islands HEDNO acts as the Market Operator, the Transmission System 

Operator and the Distribution System Operator.  

3.4.8.2. GRIDSOL exploitable results 

HEDNO and ICCS/NTUA have common exploitable results as for GRIDSOL project, described in ¡Error! No 

se encuentra el origen de la referencia. . Additionally, HEDNO is interested in exploring the pros and the 

cons of the installation of a Hybrid Power Station on the Greek Non Interconnected islands. 

3.4.8.3. Exploitation strategies 

HEDNO is responsible for the management of the electrical systems of Greek Non Interconnected islands 

and it is obliged to distribute high quality energy to all its customers. It is believed that HEDNO will be able 

to use all the knowledge from GRIDSOL project in order to enhance its performance and adapt the 

electrical systems of the Greek Non Interconnected Islands to the lower CO2 emissions policies. The fossil 

fuel consuming power generating units on the Greek Non Interconnected Islands are to be 

decommissioned soon and so the addition of Hybrid Stations on these islands is the most preferable 

power generating alternative. In order to achieve that certain regulations need to be altered, so it is highly 

considered that GRIDSOL’s results will help HEDNO and the Regulatory Authority for Energy to identify 

the benefits of the installation of a Hybrid power station on the Greek Non Interconnected Islands. Hence, 

the general belief is that GRIDSOL will be beneficial both for HEDNO and for Greece. since it will move 

things closer to a more efficient and environmental friendly energy production path.   

 

3.4.9. ICCS/NTUA 

3.4.9.1. Organizational background 

The Institute of Communication and Computer Systems (ICCS) is a private law body associated with the 

Department of Electrical and Computer Engineering of the National Technical University of Athens 

(NTUA). ICCS has been established in 1989 by the Ministry of Education in order to carry research and 

development activities in the fields of telecommunication systems and computer systems and their 

applications in a variety of applications, such as electric power systems, software and hardware 

engineering, control systems and biomedical engineering. ICCS R&D staff of ICCS consists of 40 members 

of staff of NTUA, 20 additional senior researchers and 120 research students. The Electric Energy Systems 

(EES) Laboratory of NTUA has been actively involved in research in the areas of Power System Analysis, 

Planning and Control, Renewable Energy Sources (RES): MORE CARE,EU-Deep, Dispower, More 

MICROGRIDS,IRED ,Integral, BEAMS ,Smart House/SmartGrid Smart Houses. 

3.4.9.2. GRIDSOL exploitable results 

The main results that ICCS considers of exploitation interest are: 

 an analytical model of the market as well as a detailed operation of the selected non-

interconnected power systems. The analysis considers the technical and economic characteristics 

of the thermal units, such as the fuel consumption curves, maintenance schedules etc. 
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Furthermore, it also considers the existing RES units (Wind parks, PV parks) the technical limits 

(e.g. instant RES penetration limit, must run units) and the Market Rules (unit commitment etc.). 

 a detailed analysis and study on the dynamic behavior of the SRH in a non-interconnected island.  

an analytical dynamic model of a non-interconnected island, perform dynamic simulations (short 

circuit, generation outage, voltage issues) and investigate the overall behavior of the system in 

the presence of the SRH.  

3.4.9.3. Exploitation strategies 

The knowledge,  acquired as a result of the work carried out, will be used as the basis for the development 

of new research, tools and projects in the context of the Smart Grid. 

 

3.4.10. EA ENERGY 

3.4.10.1. Organizational background 

Ea Energy Analyses is a Danish consulting company that provides consulting services and undertakes 

research in the fields of energy and climate mitigation & adaption. Ea's scope of work comprises analyses 

of energy systems from a technical, economic and environmental approach, as well as analyses of energy 

and climate policy measures. Our analyses focus on new production technologies as well as savings and 

adaptation of the energy consumption to a more intelligent energy system. 

We use complex mathematical models for simulation of electricity and heat systems in a liberalised 

market, and we use scenario techniques to estimate long-term possibilities of developing sustainable 

energy systems. Moreover, we help companies in the energy sector to adapt to changing conditions. 

The company, founded in 2005, was initially owned by the founding partners until the general assembly 

of 2017, in which the option of company stock acquisition by employees with seniority of more than two 

years was introduced. Today Ea Energy Analyses is owned by 15 shareholders among the employees. 

3.4.10.2. GRIDSOL exploitable results 

Among the main results of the project, Ea Energy Analysis considers as exploitable the following: 

 Power price projection until 2050 for key GRIDSOL countries; 

 Balmorel Model developments as part of GRIDSOL project, including the extension of the model 

to Iberian peninsula and Balkan countries, the inclusion of 2050 deep decarbonization scenarios 

and the modelling of CSP and hybrid power plants. 

3.4.10.3. Exploitation strategies 

The first and most obvious way to exploit the project results is through the knowledge acquired during 

the project regarding the perspectives for CSP and the role of solar PV and batteries in the future energy 

system, which will enrich the expertise and level of insights that we can offer to our clients. 

Developing the model with respect to both the geographical scope and the depth of the technology 

modelling will allow us to offer more detailed analysis and to cover the entire EU28, which we lack before 
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the initiation of the project. Moreover, the modelling of hybrid power plants will be useful for future 

analyses on the topic, which is gaining more and more importance. Finally, the scenario setup including 

the deep decarbonization pathways toward 2050 will enable to offer more analyses within this framework 

in the future. 

Power price projections of GRIDSOL focus countries (Spain, Italy, Portugal, Greece, France), but also for 

other countries in Europe can be used as a basis for offering consulting services on the establishment of 

new power plants or for feasibility studies. 
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4. CONCLUSIONS 

D8.3 goes on a market analysis for assessing the suitability of the future exploitation of GRIDSOL’s results. 

It mainly gives insights and gathers relevant input data to run an external analysis beyond the project’s 

boundaries. An in-depth market research has been carried out in order to understand the current and 

future state of power generation systems in the three initially targeted countries: Spain, Italy and Greece. 

Within these large identified markets, the GRIDSOL solutions based on Smart Renewable Hubs can address 

several different customers/users in order to cover different needs thanks to its versatility and 

modularity-ranging from smart electricity grids aiming at system reliability up to islanded systems aiming 

at the on one hand economic benefit (microgrids) and on the other hand lower fossil fuel dependency 

(geographical islands). It also contributes 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). 

Moreover, the need for an optimal integration of renewable energy technologies in the grid in order to 

consume as much renewable energy as possible is becoming one of the most important current challenges 

for all actors of the power network. Each location under study has ambitious RES targets, so more work 

has to be done. Agreeing with the analysis made in the deliverable D7.2 policy makers should foster 

technology development and tailored remuneration frameworks for hybrid systems, aiming at reducing 

investment costs and increasing the uptake of GRIDSOL solutions. In this way, SRHs will become attractive 

both economically and in terms of generation costs, promoting the role of renewable-based solutions in 

island and continental energy systems.  

In the future, the global market outlook foresees further investment in clean energy technologies – IRENA 

estimating $22.5 trillion investment in new renewable power generation capacity through 2050, which 

will be mainly still concentrated on wind and solar PV. The highest shares of renewable energy in primary 

energy supply in 2050 will be reached predictably in sub-Saharan Africa and Oceania, whilst the highest 

level of average annual clean energy investments over the period to 2050 will be seen in East Asia followed 

by North America. Sub Saharan Africa and Oceania will have the lowest average annual investments in 

clean energy technology deployments. Future outlook also includes no support plans for CSP. Thus, it is 

worth to mention conclusions in this regard from the deliverable D7.2 that states support for hybrid 

systems through tailored remuneration frameworks will likely be needed to boost again the development 

of CSP technologies.   

For a successful market uptake of GRIDSOL results favourable investment sources or funds are the key. 

To date, the bulk of energy investment and financing sources globally provided by private sources/entities 

largely characterised by investments in skewed portfolios with a push in particular directions within 

renewable generation technologies. To manage the revenue risk associated with variable wholesale 

market pricing quasi 95% investment was made by companies operating under fully regulated revenues 

or long-term contractual mechanisms. Most popular renewable energy generating technologies were 

financed by a mix of commercial debt and private equity. By its turn, public investment concentrates in 

more balanced portfolios supporting high-risk technologies and are used to attract private investment, 

where grants and concessional finance are often used to stimulate investment in previously untested 

countries. R&D skilled EU funds have higher risk tolerance or a higher risk profile. This kind of funds 

support the deployment of breakthrough and innovative clean technology projects. Privately funds which 
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articulate % equity investment mechanism in most of the cases by large are investing in the Eurozone 

countries in projects with the typical risk profile. Above all, they are pushing onshore wind and PV among 

other both ‘greenfield’ and ‘brownfield’ technology projects. By contrast, public entities support projects 

in a wider geographical area, including overseas/international, and at the same time they articulate a 

diverse set of investment mechanisms such as loans (main instrument), subordinate debt, etc. For 

capturing market share and having a lower market risk a drop of LCOE is a must. IRENA strongly believes 

that falling technology costs will help boost the global uptake of renewables, so potential declines in the 

CSP, BESS, etc. CAPEX can increase GRIDSOL market share. 

Nowadays policy support schemes for investment in RES technologies are driven a preference for auctions 

or contracts-for-differences, which provide revenue certainty, instead of the traditional feed-in tariff 

schemas. RECs remain the least widely adopted instrument globally. In short, to date nearly all utility-

scale investments benefit from long-term pricing under policy schemes-e.g. auctions for contracts and 

feed-in tariffs, and physical PPAs with utilities subject to purchase obligations. In summary, after this 

review of the renewable energy financing and market, a main conclusion is that as the renewable energy 

market grows, more investors are attracted by the profitability of the sector, and are willing to fund 

renewable energy plants. The constant decrease of their levelized cost of energy, induces to a faster 

return of investment. Moreover, the more and more favourable European policies for the development 

and operation of renewable energy plants provide more stability and security for the future, making the 

sector more attractive to invest in. This contributes to the increase of the profitability of renewable 

energy. 

The competitive landscape is characterised by similar solutions than 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. 

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. Despite market 

barriers, a great potential market share is expected for SRHs due to the wide different technologies and 

generation sources that could be combined in order to obtain a 24/7 renewable power output. The 

expected increase of electricity demand mainly due to electrification of both the heat and the 

transportation sector will drive the GRIDSOL market uptake. GRIDSOL’s distributed renewable energy 

generation technologies plus storage, with the energy management solutions provided, are key to a 

sustainable development of this 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. 

Moving to the exploitation strategy, specific remarks about the development, industrialization and 

commercialization approach at the end of the project have to be considered, in order to guarantee a final 

implementation in real applications under real needs of the market, including the partners needed for 

this future final stage and the methods of commercialization and financing for guaranteeing the success 
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of each product. The main products that result from our analysis are the Hybrid Power Plant, the SRH 

Modeler and the DOME. 

Individual exploitation plans have been prepared by each partner, taking into account their specific 

business needs and company strategy. All GRIDSOL partners are in a position of creating value from a 

certain project results. 

The detailed analysis of IPR is a must in order to determine which type of protection will be applied to 

each product, analysing the interest of each partner in the exploitation rights and property rights, as well 

as the protective scope. This will be provided at the end of the project as part of D8.4. 
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ANNEX II 

Key Exploitable Results extracted from the IPR Repository: 

WP# Name Short description Nature of 
the result 

Organization 
directly 
contributing  

WP2 SRH-Modeller The tool that optimally size the Smart 
Renewable Hubs at each location, taking into 
account grid and market requirements 

Software IDIE & COBRA 

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 SBP  

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 SBP & COBRA 

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 SBP 

WP3 Multitower field 
layout algorithm 

Enhancements to proprietary software. 
Reported in D3.5 

Software SBP 

WP3 Multitower optical 
performance model 

Enhancements to proprietary software. 
Reported in D3.6 

Software SBP 

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 TECNALIA 

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 CESI 

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 CESI 

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 CESI 
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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 COBRA 

 

 


