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LIST OF ACRONYMS AND ABBREVIATIONS
T ABLE 1 - L IST

OF

A CRONYMS AND A BBREVIATIONS

ACRONYM

MEANING

BESS

Battery Energy Storage System

BM

Business Model

BRP

Balance Responsible Party

CAGR

Compound Annual Growth Rate

CBA

Cost Benefit Analysis

CCGT

Combined Cycle Gas Turbine

CSP

Concentrated Solar Power

EPC

Engineering, Procurement and Construction

D

Deliverable

DG

Directorate General

DOME

Dynamic Output Manager of Energy

DR

Demand Response

DSO

Distribution System Operator

EASE

European Association for Storage of Energy

EC

European Commission

EIS

Energy Industry Services

EM

Energy Management

ENTSO-e

European Network of Transmission System
Operators

EPC

Energy Performance Contract

ESTIA

European Solar Thermal Power Industry
Association

EU

European Union

EUAB

End Users Advisory Board

FAT

Activation Time Full

FEED

Front End Engineering Design

FCR

Frequency Containment Reserve

FRR

Frequency Restoration Reserve

GT

Gas Turbine

HLUC

High-Level Use Case

ISCC

Integrated Solar Combined-Cycle Technology
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KPI

Key Performance Indicators

M

Month

MENA

Middle East and North African

MIX

Energy MIX

NC

Network Codes

No.

Number

O&M

Operation and Maintenance Services

PPA

Power Purchase Agreement

PCC

Point of Common Coupling

PV

Photovoltaic

QA/QC

Q/A = Quality Assurance
Q/C = Quality Control

R&D

Research & Development

RE

Renewable Generation

REE

Red Eléctrica de España

RES

Renewable Energy Sources

ROI

Return of Investment

RR

Replacement Reserve

SO

System Operator

SOTA

State of the Art

SRH

Smart Renewable Hub

ST

Steam Turbine

SWOT

Analysis (Strenghts, Weaknesses, SWOT
)Opportunities and Threats

T

Task

TBC

To be confirmed

TES

Termal Storage

TSO

Transmission System Operator

TYNDP

Ten Year Network Development Plan

UC

Use Case

USA

United States of America

VPP

Virtual Power Plant

WG

Working Group

WP

Work Package
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EXECUTIVE SUMMARY
This deliverable presents a novel definition of emerging and innovative business models on the electricity
power generation landscape which are analysed in the framework of national regulations, focusing the
fulfilment of detected constraints while they also facilitate the transition into decarbonised energy
markets. These models must enable the exploitation of Renewable Energy Sources (RES) hybrid power
plants through the Smart Renewable Hub (SRH) concept.
The main objective is to propose new business models that will be materialized in real conditions in
GRIDSOL scenarios. This is important in order to understand the market potential of the GRIDSOL
technologies. This is the first step towards identifying the socio-economic factors that will determine the
adoption of the GRIDSOL’s technologies by providers.
The first part includes a brief introduction to the definition of innovative business models and legal issues
to be addressed at GRIDSOL project in order to promote the development of SRHs.
The second part of the report deals with a complete analysis on the State Of The Art (SOTA) of the main
issues that circumscribe the scope of the project, and that directly impact the definition of viable and
innovative business models. Topics addressed in the SOTA analysis are: Electricity system operation,
Wholesale and balancing markets, impact of RES integration on energy systems and the added value of
hybrid RES generation.
The third part of the report examines the existing legal frameworks that impact on the project. It outlines
existing EU laws and policies that apply to the key project objectives and assesses the level of
implementation of these policies in various national regulations, with particular emphasis on the Member
Countries in which simulations will be run, to study the impacts of the inclusion of the GRIDSOL hybrid
power plants in those energy systems. Within the concept of hybrid power plants, the section starts by
examining, according to the analysis of the GRIDSOL context, the legal basis for the RES integration at
transmission network level in the EU and the requirements for doing so in Member States (targeted
countries) in this regards.
The report goes on to examine the legal framework circumscribing the network codes that define the
connection requirements and the features or technical characteristics of generators. In other words,
regulatory landscape related to the transmission network management and demand response services
directly provided to the TSOs were studied. These last demonstrating the requirements defined by policy
makers for the ancillary services provision and for reactive power and voltage control activities in order
to provide, in an efficient manner, support functions for energy systems together with grid stability and
security of the energy supply. A novel approach was established to analyse national legal frameworks by
which a complete questionnaire about regulatory framework was created and forwarded to relevant
representatives in the energy markets landscape: TSOs, System Operators, legal experts, Governments
and Administrations...
Fourth, a comprehensive view of the business scenarios defined within the GRIDSOL project is detailed in
order to assess the technical and socio-economic impacts of the SRH concept together with the
performance and viability of the technologies and services developed in the project.
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The fifth part of the report provides the cornerstone for the business modelling activities of the GRIDSOL
project. To begin with, it explains our holistic business analysis and evaluation methodology that
comprises 5 steps (see Figure 16):
Step 1. Generic value network generation
Step 2. Economic and business analysis of GRIDSOL use cases
Step 3. Creation of archetype business models for the GRIDSOL tools, services and actors
Step 4. Cost Benefit Analysis
Step 5. Final business models and guidelines for the successful exploitation of the GRIDSOL tools
In the context of this report we present the results of the three first steps, whereas we set the ground for
the next two, to be followed through in WP8 later in the project schedule. The generic value network of
Step 1 (see Figure 16) represents the main players of the Smart Grids and the likely, depending on the
business case, interactions amongst them. Moreover, it introduces the main business roles involved and
the contribution of each one of them in the delivery of a potential product or a service, as well as the flow
of power, information and money between the participants. Based on this network, the second step
analysed thoroughly each HLUC, identifying the participating business roles and which are the actors that
assume them.
Through this important process all GRIDSOL partners explored the different business cases that could
originate from their participation in GRIDSOL and gained a more business-oriented understanding of the
GRIDSOL ecosystem that will help them produce sustainable business plans at the end of the project.
In this deliverable we perform an initial assessment of candidate business models for the main GRIDSOL
actors, namely Power Producers, TSOs, Energy Industry Services Providers, among others. Our starting
point is a “standard” or archetype business model per each actor among the different services derived
from the High-Level Use Cases (HLUCs) defined later in this document that put in value the combination
of functionalities and services detailed in the Use Cases and Scenarios defined in other work packages
WP2, WP5, WP6, WP7.
As previous steps for the business model definition, an abstraction exercise has been made in order to
identify high-level services and High-Level Uses Cases that put in value the combination of functionalities
and services detailed in the Use Cases (UCs) defined in WP2 to WP7. These High-Level Use Cases are in
line with the potential business scenarios that could be exploited and were constructed considering the
portfolio of technologies, energy systems characteristics and RES power plants baseline at the diverse
group of targeted geographical locations to be simulated, additionally the SOTA of the energy market,
core points of the project such as “hybrid RES generation” and anchor points for the European legislation
such as connection requirements at the transmission network level or ancillary services provision to TSOs
and System Operators . All these shaping the way to achieve an increasing base of clean power (RES)
installed in the energy system at the same time that grid stability and security of supply is guaranteed in
an efficient manner.
The analysis of the HLUCs resulted in the creation of 3 archetype business models (BMs). These models
present how the economic value is generated for the participating actors stemming from the GRIDSOL
core technological innovations and tools. The business models are characterized as “archetype”, because
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they aim to account for the entire set of services in which each technology may play a role. The archetype
business models are presented graphically using value networks and business modelling canvas’ that
describe the technologies/products/tools (provided by the project) to be utilized for achieving the
objectives and the anticipated economic gains for each core participating actor. The 3 archetype business
models are the following and are presented in detail in the Deliverable:
1. Building new Hybrid plants.. Cost-Effectiveness
2. Retrofitting of existing plants to maximize RES production. Cost-effectiveness.
3. Virtual Power Plants (VPPs) acting as a Virtual Battery for Cost-Effective RES market’s uptake.
Moreover, two additional BM from a secondary High-level Use Cases that can be applied in all the
aforementioned business cases have been analysed. The results from this analysis are included in the
Annexes. These two additional BM are: (i) Effective Generation Demand Response for system imbalances.
Ancillary Services to TSOs [Continental case], (ii) Effective Generation Demand Response for system
imbalances. Services to System Operators [Island Case].
For all the above, our analysis has provided preliminary insights for the state of the grid in the absence of
the GRIDSOL innovative technologies we will introduce, and consequently the actors’ increased costs or
the limited revenues due to the lack of their sophistication and the advanced capabilities that they will
respectively provide. This process is a prerequisite for identifying the “business as usual case”, which will
be utilized as a comparison basis during the cost-benefit-analysis of the BMs later in the project, targeting
to reveal the source of the added value and to quantify the potential benefits for the actors.
The report proceeds with the prioritization of business models at the different scenarios. For the
elicitation of the business models it has been primarily considered the business interests from the
partners, features and technical potential of the GRIDSOL technologies and the targeted markets. This
information has been completed through the performance of a consultation aimed at getting feedback
from the partners to know their opinion about the business models defined in the project. As a result it
has been identified which business model will be thoroughly analysed in the CBA later on the project.
At the end of the project, WP8 will validate the economic data from the targeted geographical locations
for the SRH deployment and validate the positive outcomes from the elicited business models.
Furthermore, we will be able to examine the impact of some key assumptions on the results obtained,
and study the need for incentive mechanisms (subsidies, grants) for the HLUCs not for a single location,
but for the rest as well. This will provide valuable inputs towards the definition of partner’s final
exploitation plans and producing final business plans fully exploiting the added value of GRIDSOL
technologies. The attractiveness of GRIDSOL HLUCs to providers is subject to the number of generators
willing to rollout GRIDSOL/SRHs concepts. Thus, the incentive schemes towards power generators will
have to carefully defined and evaluated.
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1. INTRODUCTION
1.1. O BJECTIVES
This deliverable presents a novel definition of emerging and innovative business models on the electricity
power generation landscape which are analysed in the framework of national regulations, focusing on
the fulfilment of detected barriers and constraints while they also facilitate the transition into
decarbonizing electricity and grid balancing. These models must enable an increased renewable
generation capacity by incorporating a wide portfolio of renewable energy sources in the electricity
system. At the same time, these models which are aimed at grid stability will be also focused on the
support and the provision of ancillary services through which power producers will be real stabilizers of
the electricity systems, by fostering the upscaling of non-synchronous renewables in such a way, that
they do not disrupt the electricity systems balance, especially in islands and poor interconnected areas.
All these models will be defined on the basis of the GRIDSOL’s properties that can integrate synchronous
generators (CSP+ a fossil or bio-fuelled turbine with a Heat Recovery System (HYSOL) in a Decoupled
Combined Cycle), with PV/Wind and Battery Energy Storage (BESS) under a dynamic control system, to
provide firm and flexible generation on a single output while ensuring operation efficiency and grid
stability with higher RES penetration.
In this deliverable we perform an initial assessment of candidate business models for the main GRIDSOL
actors, namely System Operators, Market Operators, Power Producers (Power Generation),TSOs, DSOs,
BRPs, Aggregators (VPP Aggregators) and Prosumers/Consumers. Our starting point is a “standard” or
archetype business model among the different services derived from the scenarios defined later in this
document that put in value the combination of functionalities and services derived from the main
outcomes and technologies developed within the GRIDSOL project.
Innovations and new tools developed within the GRIDSOL’s framework suppose a significant milestone
in the upscaling of smart grid, operation efficiency of the power system and renewables penetration
across the EU. Thus, to overcome possible constraints due to existing regulatory regimes that may hinder
the market exploitation of this technical advancements in the energy market, a detailed evaluation of EU
and country-specific legal frameworks is required in order to ensure both the successful realisation of the
objectives of the project, and a smooth replication of the project in other locations and Member States.

1.2. S COPE
This document is aimed to report the work done in the definition of new utility business models, linked
with the associated business scenarios and GRIDSOL configurations reported in several work packages
WP2, WP5, WP6 and WP7.
Intended readers of this document are the project partners working in the definition of specifications and
technology design, to understand how the new business models will drive the whole definition process
for the Smart Renewable Hub approach and the GRIDSOL power plant typology approach, and also to be
taken as a reference to provide a detailed view on functional and non-functional requirements.
Moreover, future customers and end users can use the business models’ definition to grasp the intention,
functionality and use of GRIDSOL results to develop novel SRHs.
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1.3. O UTLINE
This report is primarily divided in five sections. After the Executive Summary, a short introduction about
the purpose, scope and structure of the report is giving in Section 1. Section 2 explores the context and
background for the GRIDSOL’s scenarios from which High-Level Use Cases will be derived according to the
business scenarios and Use Cases (plant configurations, generators type) defined within the WP2, WP5,
WP6 and WP7. Section 3 analyses regulation both at EU and Member State level in key areas that may
encourage or threaten both the market uptake and the feasible, secure and cost-effective connection of
the Hybrid GRIDSOL power plant concept (SRH-Smart Renewable Hub) in the power grid. Section 4 defines
GRIDSOL scenarios, where SRHs will be tested. Section 5 explores emerging business models targeting
hybrid RES generation, lower fossil-fuels consumption and increased ROI of power facilities through the
retrofitting together with hybridization, and by promoting new roles as “VPP AGGREGATORs”. We
examine whether there is a valid business case behind each High-Level Use Case (HLUC), create a value
network per each HLUC and define business models of the HLUCs per key GRIDSOL actor involved, using
the Business Modelling Canvas methodology. Finally, Section 6 concludes the present document by
summarising the main findings of the report and addressing next steps to be done in the near-term future
on the innovative business models definition according to the project’s progress.

.
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2. BACKGROUND
This section addresses a complete analysis on the State Of The Art (SOTA) of the main issues that
circumscribe the scope of the project, and that directly impact the definition of viable and innovative
business models.
With regard to the SOTA analysis topics addressed are:
o
o
o

2.1 Electricity System Operation: Balance demand and supply
2.2 Energy Markets: Overview of Wholesale and Balancing markets
2.3 Renewable Generation: Overview of the impact of RES integration on energy systems
and the added value of hybrid RES generation through SRHs

2.1. E LECTRICITY S YSTEM OPERATION
The balance between demand and supply is a dynamic equilibrium. Thermal generation provides stability
(e.g. regulating voltage and frequency, inertia), while VRE (non-synchronous and/or non-dispatchable
renewables such as Wind and PV) might disrupt the balance, especially in islands and poorly
interconnected areas. Then , the main challenge in the use of renewable energy as the basis of an electric
system is timing. In this context, energy storage and hybrid RES dispatchable units trough SRHs are a key
driver to integrate RES.

2.1.1. I NTERCONNECTED SYSTEMS
The operation of power producers in interconnected systems is usually done in an electricity market with
a merit-order decision making approach, like in Continental Europe for Spain, Italy or Greece. All in all, the
system operator of the country (REE, Terna or IPTO respectively) supervise the proper operation of the
electric grid in the different market frameworks.

2.1.2. N ON -I NTERCONNECTED SYSTEMS
The operation of power producers in non-interconnected systems is majority done by the system operator
itself, like in Spanish or Greek Islands, due to the restrictive conditions to guarantee security of supply and
grid stability in isolated systems. In this context, no market is initially put in place to dispatch the electricity
and the system operator (REE or HEDNO respectively) decide what units operate based in the variable
cost of power units. The remuneration of the power plants is usually based on PPAs or specific conditions
linked to the mainland electricity market.

2.2. E LECTRICITY MARKETS
The aim is to raise awareness on the heterogeneous electricity market structures throughout Europe.
Moreover anchor points derived from the European legislation such as connection requirements at the
transmission network level or ancillary services provision both to TSOs and Systems Operators are
reviewed.
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2.2.1. W HOLESALE E LECTRICITY M ARKETS
The national regulation of the electricity markets differs from country to country in timelines, processes
and arrangement. In the following paragraphs value-added data and information about the Wholesale
energy markets at countries of interest in the context of the GRIDSOL project is given.
As an important aspect for GRIDSOL purposes, generation and demand are based on hourly schedules in
many of the countries of interest. In targeted countries such as Spain or Italy the day-ahead wholesale
energy market is the main market for energy procurement and runs 365 days per year. In these kind of
countries, it is a marginal market where energy price and the energy volume for settlement or hiring at
each hour is established from the point of equilibrium between supply and demand. That is, participants
submit offers/bids where they specify the quantity and the minimum/maximum price at which they are
willing to sell/purchase. Bids/asks are accepted after the closure of the market based on the economic
merit-order criterion.
For example, the Spanish electricity market is regulated by the Spanish “Resolución de 18 de diciembre de
2015, de la Secretaría de Estado de Energía” [2]. An overview1 of the processes taken by the Market
Operator (responsible for bulk energy markets) and the System Operator (responsible for ancillary
services markets) is seen in the Annex 7.6. In the Spanish energy market offers are processed jointly with
those of the market players coupled with the MRC (Market Coupling Regions) using an European
algorithm called EUPHEMIA.
Other approach is undertaken in Italy for example, where the transmission grid is divided into several
zones: eleven foreign virtual zones and six geographical zones. In this case, all the supply offers and the
demand bids belonging to foreign virtual zones that are accepted in the day-ahead market are valued at
the marginal clearing price of the zone to which they belong. This price is determined, for each hour, by
the intersection of the demand and supply curves. This is differentiated from one zone to another in case
of congestion. The accepted demand bids pertaining to consumption units belonging to Italian
geographical zones are valued at the “Prezzo Unico Nazionale” (PUN – national single price). This price is
equal to the average of the prices corresponding to the geographical zones, weighted for the quantities
purchased in these zones. In Annex 7.6 an figure depicting an overview of the Italian electricity market is
provided.
Most countries such as these two last aforementioned run a nearly real-time market after the day-ahead
market closure called the intra-day markets allowing buyers and sellers who wish to make offers to buy
and sell electric power to adjust their electricity programs of production and consumption to their best
forecasts of what they will need in real time. And that would make necessary to adjust the day-ahead
market schedule, in order to avoid imbalances. This is the case for Italy and Spain, although this last runs
previously the process of the technical restrictions (See more information on Chapter 2.2.1.2 about this
theme). Greece for instance presents greater differences for having a Wholesale electricity market that is
a mandatory pool in which energy and ancillary services are simultaneously traded in a day-ahead market.
The day-ahead market takes place at the same time for all the dispatch periods of the dispatch day and
its outcome is a 24-h production schedule for each generation unit, for each dispatch period of the

1

For the sake of simplicity information exchanges, international exchanges, nomination of units, assignation of schedules, etc. are not shown.
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dispatch day. Greece does not have a real-time market, and for the Real Time Dispatch operation the bids
of the day-ahead market are in use.
Other singularity for the Greek case is that between the day-ahead and real time dispatch operation, the
system operator receives new declarations from the producers, in case there has been a change in the
availability of their units. The operator executes the dispatch scheduling procedure periodically as needed.
About the intra-day market, in the Spanish case it is worth noting that the condition of maximum energy
allow offer units, which have any restriction on energy availability, to launch offers at all hours but limiting
the value of the cassation process to a global maximum of energy. This condition is needed due to the
volatility of the market prices in the intra-day market between hours, that not allow to know at what
hours production and purchase units may be under cassation process, nevertheless there is a limit of
energy that can be sold, as is the case of pumped generation units.
In the majority of the electricity systems, once the intra-day sessions are closed the balancing markets are
used where the TSOs procure the resources needed to manage, operate, monitor and control the power
system (e.g. relief of intra-zonal congestions, creation of power reserve, real-time balancing,…). For the
Italian case, this market is well known as MSD (Mercato per il Servizio di Dispacciamento-MSD). For
example, in the MSD, the TSO (Terna) enters into purchase and sale contracts with the aim of obtaining
resources for dispatching services and acts as central counterpart to the transactions. Bids/offers must
refer to offer points (i.e. generation units) qualified to provide ancillary services in the MSD and must be
submitted by the respective dispatching users directly (without agents acting on their behalf). All accepted
bids/offers are remunerated at the offered price (pay-as-bid methodology). In the Spanish case all
available production units that are no subject to a physical bilateral contract have the obligation to submit
bids for the daily market.

2.2.2. B ALANCING M ARKETS . A NCILLARY S ERVICES .
Ancillary services consider all “services required by the transmission or distribution system operator to
enable them to maintain the integrity and stability of the transmission or distribution system as well as
the power quality” [6]. They typically address: (1) frequency control, (2) voltage control, (3) black-start
capability, (4) load rejection, (5) capacity mechanism. Traditionally, ancillary services are provided by
generators, however, the integration of renewable generation and the development of smart grid
technologies have introduced new equipment that can be used to provide ancillary services. Moreover,
ancillary services can be mandatory for targeted stakeholders or can be provided on voluntary base and
via a market approach.
Features of interest of ancillary services for GRIDSOL are: (1) Frequency containment reserve, (2)
Frequency restoration reserve, (3) Replacement reserve, (4) Voltage control, (5) Black-start. A compilation
at EU level of what are the different market arrangements in place through Europe regarding to ancillary
services procurement and Balancing market design was performed in the WP5 for the completion of the
deliverable ‘D5.3- Models and scenarios for EU power system market simulations with GRIDSOL
integration’ [7]. Countries of interest were Italy, France, Spain, Portugal, Greece and Germany. The main
findings and conclusions cited in the study were:
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This service is provided by different kinds of units in the selected countries and it is not
mandatory for the majority of selected countries. Other two tendencies are visible for these
countries: the absence of regulated amount of Black Start control in terms of power and the
provision of the service by a part of the generators.
T ABLE 2. C OMPILATION OF A NCILLARY S ERVICES P ROCUREMENT S CHEMES AT EU LEVEL

In conclusion, the heterogeneity of ancillary services mechanism in the different countries is an evidence
at EU level.
Figure below shows a table that provides a summary of general figures regarding volumes and prices of
certain ancillary services for the targeted countries which was elaborated in the Deliverable ‘D5.3- Models
and scenarios for EU power system market simulations with GRIDSOL integration’ [3]. For this purpose,
data was collected through information publicly available from TSOs, market operators and reports
dealing with ancillary services.
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F IGURE 1. O VERVIEW OF VOLUMES A ND PAYMENTS OF A NCILLARY SERVICES FOR TARGETED EU MEMBER COUNTRIES [4]

From the analysis made within the deliverable ‘D5.3- Models and scenarios for EU power system market
simulations with GRIDSOL integration’, Frequency Restoration Reserve (both automatic and manual) and
Replacement Reserve are services that GRIDSOL could provide through the DOME. Another service that
DOME could provide is Black Start through a Diesel generator. Frequency Containment Reserve is the
fastest service provided and it is expected to be delivered by synchronous generators, hence utilizing Gas
and Steam turbines. And another service to be provided by Gas and Steam turbines would be voltage
regulation. Furthermore, the capacity of the PV power plant and BESS would enable its participation to
the Voltage regulation in all the targeted countries. All this represent a substantial portion of the system
profitability within the ancillary service market.
Looking at the operations of GRIDSOL, the following services provided to system and market operators
are expected to be managed: (1) Active power supply (scheduled operation profile); (2) Reactive power
supply; (3) Frequency secondary and tertiary regulation services (restoration process and replacement
process); (4) Black start (restoration service). In order to provide these services, DOME receives inputs
(set-points) from the system and market operators and then it properly coordinates the operations of the
different GRIDSOL power sources.
All this recap information will allow us to define value propositions in the state of the art business models
to be defined, and furthermore to get the outline for the expected economical profit in comparison with
the business as usual case. Has to be noted that at a later stage on the project a quantitative analysis of
GRIDSOL at ancillary services market will be performed for several EU countries within the WP5, so this
information will be of high value for the work to be done within the WP8 for the CBA analysis of the
business models and derived exploitation plans.
In Annex 7.2 a series of maps that illustrate how different approaches have been taken to design elements
(market arrangements for the procurement of Ancillary Services and the Balancing market design) across
Europe is provided based on the analysis performed by the ENTSO-E derived from the Survey on Ancillary
services procurement, Balancing market design 2015 [5].
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Moreover, the specific regulatory framework has to be also taken into consideration to assess the
integration of GRIDSOL into the European Interconnected System. The two main elements in this regards
are: (1) the set of requirements for the connection of generators to the European power system, (2) the
structure, procedures and figures of ancillary services provision (services required by the transmission
systems operators to enable them to maintain the integrity and stability of the transmission system as
well as the power quality) [3].
To assess the opportunity of remuneration of generators by participating to the provision of ancillary
services with focus on GRIDSOL, it is worthwhile to highlight that the current EU member countries
regulatory frameworks may change in the short-medium term. In addition, it should be clarified the
differences between the requirements that can be asked to generators to be accepted for the connection
to the grid, and the fact that a generator is requested to provide primary a certain service, e.g. to provide
primary regulation with a specific reserve amount and on mandatory basis or on voluntary basis through
market bids which is part of the structuring of the ancillary services.
In this regard has to be highlighted that the definition of the regulatory framework of ENTSO-E is currently
on-going with the development and the approval of a set of Network Codes (NCs) [7]. Figure below
represents a table produced at deliverable D5.3 that highlights the NCs that embrace elements pertaining
to the ancillary services theme.

F IGURE 2. ENTSO-E

NETWORK CODES , ENFORCEMENT PROGRESS AND RELEVANCE FOR

GRIDSOL DEVELOPMENT

According to the analysis made in the deliverable D5.3 the Electricity Balancing NC deals directly with the
ancillary services of frequency regulation, highlighting also the roles of ‘balancing service providers’2. It
provides the framework for the definition of common principles for the procurement and the settlement
of frequency containment reserves, frequency restoration reserves and replacement reserves, and a
common methodology for the activation of frequency restoration reserves and replacement reserves.
That is, common principles to be followed by TSOs. Has to be noted that market structures of other
ancillary services such as reactive power control and black-start capabilities are not addressed in this NC
(nor in other NCs), thus leaving each member countries to set-up properly their procurement process.

2

Market participant with reserve-providing units or reserve-providing groups able to provide balancing services to
TSOs.
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This NC also addresses what are the approaches to procure ancillary services by establishing technical,
operational and market rules to govern the functioning of electricity balancing markets. So, one can say
that for understanding the expected future structure of the ancillary services within all EU member
countries, the Electricity Balancing NC is the most important NC. In particular, it provides elements of the
related markets and highlights possible rooms for remuneration for technologies capable to provide these
services [7].
Moreover this NC establishes that balancing service providers (among which generators) have to be
qualified to participate to balancing service (Art. 16). It is also stated that once qualified, balancing service
providers are entitled to participate on dedicated electricity balancing platforms for the provision of
standard products or specific products (Art. 25 and Art. 26). These are differentiated in balancing energy
and balancing capacity products which are defined in the NC by means of a set of characteristics of
standard product bid (Art. 25, par. 4).
In other vein, from the study performed in the deliverable D5.3, the System Operation Guideline has also
relevance with regards to ancillary services regulatory framework, since it provides common principles for
the management of voltage and reactive control. Since it provides the reference structure for loadfrequency control and it provides also high level common principles for the availability assessment,
monitoring and information exchange as regards ancillary services (active and reactive power control).
For example, the System Operation Guidelines states that among the tasks of TSOs about system
operation, each TSO is required to involve third parties (generators, load facilities) to provide ancillary
services also by means of markets. Highlighting the tasks of each TSO. In particular, it is required each TSO
to design, set up and manage the procurement of ancillary services in all available economically efficient
and feasible means, but no further element on how to proceed in this task is provided. Furthermore, the
text also provides important elements as regards the structure, the operational management, and the
technical requirements for the provision of load-frequency control (LFC) thus involving also providing
groups (i.e. generator units and groups).
Last but not least, technical restrictions is also a theme of relevance beyond the ancillary services
provision. After the market closes, some interconnected energy systems runs the market for technical
restrictions resolution beyond the ancillary services provision or balancing market. The solution of the
technical restrictions requires the increase, or where appropriate the reduction, of the planned energy
programs and the application of limitations on them, to guarantee the coverage of the demand and the
fulfilment of the security and reliability criteria established in the operating procedures. Intermittent
renewables in the standard generation model (not GRIDSOL or SRHs) can participate in the solution of
technical restrictions by reducing the production program that they have established, or by limiting the
possible increase of said programs.
The causes of reduction of the amount of energy generated from RES resources for the resolution of
technical restrictions are: existence of congestion in the production evacuation (limitation and, where
appropriate, reduction of the programs foreseen in the PBF and / or in real time). Also insufficient reserve
of power to lower in the system: reduction of the production in real time.
In Spain, for example, renewables participate in the solution of technical restrictions market only when
there is no other means available in the Spanish electricity system (Sistema Ibérico Peninsular Español).
The priority order to participate in is established in the operational procedure P.O.3.2. of the System
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Operator REE (Red Eléctrica de España). This procedure is in force for the reduction of energy production,
as long as the security of the system allows it: ordinary regime, non-renewable special manageable
regime, renewable special manageable regime, special non-renewable non-manageable regime, special
regime non-manageable renewable (wind, PV ...). In situations of lack of power reserve to be lowered
(downward reserve) in the system, it is established in real time:




Thermal groups stop. Merit order of the offers is applied, and in case of different offers at the
equal price, a system based on rotatory turns will be applied.
Lower energy production from dispatchable energy resources (not renewable and renewable) and
from energy resources non-dispatchable and not renewable
Establishment of setpoints of maximum wind production once the RES dispatchable resources
have been exhausted.

For guaranteeing the availability of the reserve of power to be lowered as required in the system due to
the integration of renewable energies, and for the possible use of said power without risk on the operation
of the electrical system, in the Spanish case this said use is managed through a market mechanism: for
the provision to the system of downward reserve, the incorporation of negative prices to be lowered has
been proposed in the bids which are presented by the market participants in services for the management
of deviations and tertiary regulation (economic signal that avoids a pro-rata allocation or rotating shifts
between zero price offers).

2.3. R ENEWABLE G ENERATION
Giving a first insight into the SOTA of non-conventional renewable generation sources, one can say that:
On many occasions, the Non-conventional Renewable Energies are the focus of criticism by defenders of
stability and security of the power system at the expense of maintain generation resources, although
more controllable, also more expensive and polluting. By underestimating the benefits of advanced
control applied to renewable generation systems (such as wind and solar photovoltaic), as well as the
benefits of Power Electronics in the contribution to the flexibility of operation of the power plant itself,
and the advantages that the system operator can take by leveraging this flexibility.
Traditionally the renewable generator had a bad reputation when a failure event on the power network.
Currently, there is technology that helps mitigate this type of problems, to such an extent that renewable
generators to behave like synchronous generators by emulating the transient response of a this last type
of generators driven by any conventional energy source. The current power electronics, together with the
advanced control techniques used for the connection of solar plants or wind turbines to the system, allow
practically total control of on one hand active and reactive power and, on the other hand voltage control
at the connection point. For example, the new generations of photovoltaic inverters allow to inject
reactive power, useful to maintain the stability of the system, which is available for network operators to
use it even when the plant is not generating. The same applies to high-power wind generators connected
to the grid [11]. The contribution to frequency regulation is another aspect to take into account when
evaluating the behaviour of non-conventional RES generators. At present, there are converters of
connection to network that react before the variations of frequency, reducing the generation in case of
over-frequency. Both wind and photovoltaic generators can also perform power reduction (Power
Curtailment) following setpoints or rules from the system operator.
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Moreover, the integration of intermittent sources with energy storage may contribute to a reserve of
available energy in case of needing a response to a drop in the production of renewables. Conventional
generators need a minimum time before giving the required power, therefore, until now this transitory
contribution was made by battery banks to stabilize the difference between the generation and the
energy demand of the system. Another problem that is normally attributed to renewable generators,
given their principle of operation, is "island operation". However, advances at a technical and normative
level, and at international level, have made possible for the generated islands to be detected very quickly
using the power electronics itself and the total control of active and reactive power in the grid connection
inverters.
In summary, the use of advanced control and electronics in renewable generation allows to have a flexible
power system, increasingly smart, that makes the most of the transmission capacity of its lines. [6].
Under a market perspective, Europe is in the need towards an energy system transformation. EU
opportunities relies on climate decarbonisations actions. Decarbonisation can be an advantage for Europe
as early mover in the growing market for energy-related goods and services, since it helps to reduce the
EU energy import dependency and exposure to the volatility of fossil fuel prices. Furthermore, it may bring
significant benefits regarding air pollution and health issues. Challenges at European level related to
power system opportunities are in rationalizing the use of energy while maximizing the available
resources. This may lead not only to energy savings, but also to limited requirements in power generation
installations. With sufficient interconnection capacity and a smarter grid managing the variations of wind
and solar power, the aforementioned goals can be provided wherever in Europe. This could diminish the
need for storage, backup capacity and baseload supply. In turn, increasing RES generation in the grid is
another challenge for Europe. To overcome this challenge it would be required enabling market actors to
drive down renewable energy costs through improved research, technological evolution and more
efficient policies and support schemes. This could require greater responsibilities among producers and
Transmission System Operators (TSOs).
Given this scenario, it is worth asking: what is the future of renewables?
Wind Energy from the northern seas and the Atlantic Ocean basin can supply substantial quantities of
electricity with reduced costs thanks to a high primary resource availability. Solar power installed in
Southern Europe could deliver substantial quantities of energy as well. The excellent seasonal
complementary of wind resources in the North Sea and solar resources in the South of Europe could draw
a scenario in which EU could be supplied at a large extent by these two energy sources at competitive
prices in the future [7]. As some literature states, the EU will encourage and facilitate the development of
renewable and low-emission sources of energy in the southern Mediterranean and interconnections with
European distribution networks.
The biggest challenge for the renewable integration in energy systems is the need of flexible management
of the power system (e.g. flexible generation, storage, demand management) as the contribution of
intermittent renewable generation increases the requirements for backup generation systems. Solutions
to increase flexible generation and reduce backup systems requirements must be found, along with the
market arrangements to provide cost effective solutions to assure pay-off for these solutions.
In conclusion, there are still many obstacles to overcome in order to reach a fully renewable energy system
in Europe. Grid integration strategies, including transport of electricity, new component and
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configurations for renewables must be researched in the next years to reach a safe, secure, sustainable
and affordable energy system for the European Union.
Dispatchable generation and costs for energy generation, though Levelized Cost of Electricity (LCOE), are
key factors that if conveniently managed may lead the successful integration of RES sources in the electric
system. CSP technology and therefore SRH concept (proposed in the GRIDSOL project) are enablers for
meet the aforementioned goals. Dispatchable generation is the key advantage provided by CSP compared
with other renewable sources which are already built with storage systems that enhance dispatchability
capacity in some extent. By contrast, cost competitiveness is a key barrier for CSP technology because of
electricity production costs derived from this technology are still higher than electricity produced from
fossil fuels, being only feasible in regions with high level of solar irradiance and fossil fuel costs. All this,
together with high initial investments are key barriers for the development of CSP technology along
Europe. Thus, it is required further research on new technologies and components and its hybridisation
at large scale to make CSP technology more cost-effective [8].
Currently, the way to reduce electricity costs in renewable plants is to maximize the hours of operation
without taking into account the real needs of the TSO, increasing grid operation and ancillary services
costs.
The development of Thermal Energy Storage (TES) provide to CSP a competitive advantage versus PV and
Wind power. CSP power plant can modify its HTF flows to reduce electricity generation using the excess
of energy to fill the TES, and use it during following hours (even at night). The first power plant to use TES
technology was Andasol I (and the first CSP power plant in Spain), commissioned in 2008 and developed
by COBRA. It was based in parabolic trough technology but including a 7.5 hours TES capacity. When using
TES, CSP has additional advantages beyond dispatchability, such as increased capacity factors compared
with PV, and grid regulation capacity since they use a steam turbine generator (synchronous machine).
However, these advantages have not been notice by stakeholders mainly due to the low RES penetration
levels up-to-date. So, CSP is still struggling to prove its added value to the markets. Although, these
markets are very restricted (nowadays the focus is on Morocco, South Africa, Chile and China), and are
characterised by three factors: good solar irradiance resource, energy dispatchability requirements
(especially during night hours), and high costs of fossil fuels (or high external dependency).
After reviewing the main challenges and threats for renewable generation, it may be quite interesting to
review what is the background on the CSP market and Hybridizing CSP technology. The following figures
show the most popular technologies and options to design an hybrid CSP power plant.
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F IGURE 3. H YBRIDIZING CSP-100% RENEWABLE [14]

F IGURE 4. H YBRIDIZING CSP – F OSSIL FUELS [14]

In this context, GRIDSOL project proposes different SRH configurations for flexible generation at an
affordable cost. GRIDSOL goes beyond the state of the art. The SRH concept put together the most suitable
range of different non-synchronous and synchronous RES generation (CSP, PV, Wind, biogas, biomass…)
and energy storage technologies (TES, BESS…) in order to maximize the power generation capacity and
the highest number of operational hours.

F IGURE 5. M OST PROMISING SRH S CONFIGURATION – 100% RENEWABLE . S ELF -P UBLISHING

F IGURE 6. LCOE R ANGE FOR DIFFERENT G ENERATION T ECHNOLOGIES [9]. N OTE : V ALUES IN USD/MW H (2016). WACC = 8%, 25 YEAR
TECHNICAL LIFE FOR S OLAR
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Under the point of view of systems costs, as figure 6 shows, PV technology is apparently cheaper than CSP
or Hybrid CSP technology. But this is not real true because of systems costs are not reflected at LCOE and,
moreover LCOE does not take into account the value of electricity generated; i.e. solar technology will
produce at midday, when all the solar generation pushes market prices down, making its generation less
valuable. GRIDSOL can instead shift the PV generation, producing more valuable electricity. By analysing
the system costs, it is worth noting that: the energy price is calculated from LCOE adding integration costs:
transmission lines (where) and backup (when). Furthermore, a low capacity factor increases the unit cost
of lines. Of high relevance is that PV or Wind does not usually provide ancillary services. And that there is
a serious risk when there a high amount of renewable energy in the energy MIX so that integration costs
can trump LCOE.
CSP’s strengths, beyond cost breakthroughs, are: cheap storage, demand management capabilities,
ancillary services, etc. Hybridization is the key for the future of CSP; hybridizing CSP with fuels can ease
the path, e.g. by reducing emissions while providing time to amortize plants in operation. If hybridized,
initial investment (CAPEX) may be as low as conventional plants. The risk of investment, when
hybridization is in place, is on the initial investment while in conventional power plants are in operational
costs. Thanks to hybridization a better balance between CAPEX and OPEX is obtained, diluting them.
Last but not least, hereinafter an in-depth of what are the market forecasts for the hybrid power
generation market is provided. The global market for hybrid power generation is poised to expand over
the years. The focus is been shifting from developed nations, where advanced renewable technologies to
curb carbon emissions are already in place, to developing economies, where the demand for cheap,
reliable, and uninterrupted energy is on the rise [10]. The vendor landscape in the hybrid power
generation market is defined by the presence of many large global and regional players. Increased
competition in this market is owing to extensive portfolios of energy management solutions, and regular
investments in research and development activities, among others. Has to be noted that new players will
find it particularly difficult to compete with established companies due to high capital resource
requirements.
In a pessimistic scenario, it has been estimated that the high prices of components for capturing
renewable energy, such as solar panels, act as a major barrier to the large-scale adoption of hybrid power
generation methods. Moreover, the fluctuating cost of natural gas and oil will limit its market.
Nevertheless, studies predict that the demand for hybrid power generation is only slated to grow in the
coming years and any hurdles will be overcome by ongoing technological advancements to bring down
the costs. Market research analysts have predicted that the global hybrid power systems market will grow
steadily at a CAGR of almost 6% by 2020. Market studies state that the use of renewable technologies in
a hybrid form, where the systems use energy storage systems to store the additional electricity generated
for use whenever there is a shortfall in power production, will propel the market’s growth prospects in
the forecast period [11]. Asia Pacific is one of the leading contributors to the growth of the global hybrid
power generation market. It is predicted that this region will likely continue its trend throughout the
forecasted period. In addition to this, the role of the government in supporting standalone hybrid power
systems in several emerging countries such as Indonesia and India is boosting the uptake of this method
of electricity generation. Europe as well as the Middle East and Africa also present a healthy outlook owing
to rising demand for the same in the residential sector. Hybrid power plants are used across these regions
mainly for the generation of thermal power. Across the Americas, the growing need to curb carbon
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emissions and the falling price of technology are supporting the adoption of hybrid renewable power
generation in several large-scale industries [11].
By giving a short SWOT analysis on hybrid CSP power plants. GRIDSOL concept is a forerunner in the
vendors landscape that open the market to provide any possible combination of renewables, nonrenewables and storage technologies for flexible generation and grid stability. Other companies as
GAMESA [12] deployed an off-grid pilot to construct an hybrid Wind plant managed with the Hybrid Power
Controller.

2.3.1. S MART R ENEWABLE H UBS DEVELOPMENT
Renewable energy generation, led by solar photovoltaics and wind energy, has increased significantly,
reaching economic competitiveness against conventional power plants. However, both renewable
technologies are non-dispatchable, which requires, until now, flexible but polluting power plants to
ensure security of supply and guarantee grid stability.
To address these flexibility needs while increasing Renewable Energy (RE) penetration in a grid-friendly
manner, GRIDSOL project presents a new concept: “Smart Renewable Hub”. A Smart Renewable Hub
(SRH) is a flexible hybrid power plant that combines synchronous and non-synchronous generators like
Concentrated Solar Power (CSP), Solar Photovoltaics (PV), Wind, and Biomass; along with Battery Energy
Storage System (BESS), Thermal Energy Storage (TES), and a fossil or bio-fuelled turbine with a Heat
Recovery System (HYSOL).
Thus, the configuration of a Smart Renewable Hub can adopt different shapes depending on the suitability
of each technology for each location. Some possible SRHs are:








CSP+PV
CSP+Biomass
CSP+PV+HYSOL
CSP+PV+HYSOL+BESS
CSP+PV+Wind+HYSOL+BESS
PV+Wind+HYSOL+BESS
PV+Wind+BES

The main stages for the development of a SRH are:




Project development and ownership
Engineering, Procurement and Construction (EPC)
Operation and Maintenance (O&M)
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F IGURE 7. C ORE ACTIVITIES FOR THE DEVELOPMENT OF SRH S

Project Development and ownership
Main activities and capabilities to be provided for the market exploitation of the SRH concept are:




Market Research and Prospection: Identification, selection and analysis of business opportunities;
Development of the Project: Permitting (international regulatory know-how). Layout, design and
basic engineering. Build synergies with strategic partners;
Financial Close &Negotiation of strategic contracts: PPAs, EPC & O&M contracts. Debt and equity
structuring. Development of financial solutions. Technical and financial due diligence
management
Engineering, Procurement and Construction (EPC)

Main activities and capabilities to be provided for the market exploitation of the SRH concept are :





Engineering: Front End Engineering Design (FEED), Basic and detailed engineering. Quality
Assurance and Quality Control (QA/QC) management. Health, safety and environmental
management;
Procurement: Capital equipment and services. Negotiation with suppliers and subcontractors.
Logistic Management. Expediting and Tracking;
Construction: Project management, commissioning and start up. EPC full wrap guarantees
Operation and Maintenance (O&M)

Main activities and capabilities to be provided for the market exploitation of the SRH concept are:





Scheduled and un-scheduled maintenance: corrective and preventive. Condition-based
monitoring and maintenance. Regulatory inspections;
Operating optimization process: Process and plant systems improvements;
Equipment and component warranty management: People under management. Technical advice
to customers;
Full O&M scope capabilities to provide electricity

In this regard, CSP technology is selected as a key driver and as an example of RES dispatchable unit to
develop SRHs.
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F IGURE 8. L IFE CYCLE OF CSP

TECHNOLOGY

[15]

For CSP to be adopted as a large scale electricity generation technology, costs will play an extremely
important role as previously cited. In most of the regions where CSP is being implemented, the cost of
electricity generation through CSP is higher in comparison with cost of electricity generation through
traditional technologies (See figure 9). With large scale implementation and technological advancements,
the cost of generating electricity from CSP is expected to come down [8]. According to a research ERECGreenpeace it was made a study that suggests that electricity produced from CSP plants will be cheaper
than coal by 2030 [16].

F IGURE 9. C OMPARISON OF ELECTRI CITY GENERATING COST

THROUGH ALTERNATIVE TECHNOLOGIES

[13]

The Levelised cost of electricity (LCOE) from CSP can be analysed by evaluating the Initial Investment Costs
(IIC) and the Operating and Maintenance Costs (O&M). According to the study performed by CSP Today
about an overview of CSP in Europe, North Africa and the Middle East [8], the break-up of the cost of an
CSP plant are depicted in the figures below:
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F IGURE 10. B REAK -U P OF INITIAL INVESTM ENT COST

OF

CSP PLANT -2005 (F IGURES ‘000 US $) [8]

F IGURE 11. B REAK -U P OF ANNUAL O PERATION AND M AINTENANCE OF CSP PLANT -2005 (F IGURES ‘000 US $) [8]

As can be seen in the previous figures, labour costs and solar field parts and materials are the largest
components of O&M costs and contribute around 45% and 27.7% of the total O&M costs, respectively
(2007). With increased R&D and technological improvements, solar field parts and materials costs are
expected to decrease more than 20% from the year 2009 as the study states. However, labour costs are
expected to increase as a percentage of the overall costs, accounting approximately 50% of total costs for
the same year, as it is forecasted in the CSP Today study [8]. Despite being old data, these values are of
value as an example of orders of magnitude, specifically values from the 2007-2009 years detailed in the
study. However, as is evident from the same study, it was expected most costs to decrease already by
2015 as plants scale up to 200MW.
As main factors that may improve the cost-efficiency of CSP Plants in the future [8] has to be pointed out:
One option is the adoption of thermal storage: CSP offers the possibility of integrating storage systems,
which allow power generation after the sun sets. With such storage systems, CSP becomes even more
attractive to utilities when compared to other renewable technologies that lack this advantage. Some
references such as initiatives run by the U.S. Department of Energy (DOT) forecasted that investment in
heat-storage technologies will reduce the cost of electricity produced from CSP to be less than 7 US$
cents/kWh with 12–17 hours of heat-storage by 2020 [17].
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Another one is the hybridization: The ability to share generation facilities with biomass and the availability
of storage facility suggests good potential for CSP to replace high capacity, factor fossil fuel plants.
Furthermore, it is also possible to combine solar thermal power plant with conventional thermal power
plants leading to cost reductions. A World Bank assessment of the USA/European solar thermal power
plant market (“Cost Reduction Study for Solar Thermal Power Plants”, Final Report, May 1999), stated
that the estimated total power generation costs range from 10 to 7 € cents/kWh for purely-solar plants
and less than 7 € cents/ kWh for hybrid ISCC plants. This could enable developing countries, where
financing large scale CSP plants is more challenging, to make use of CSP as an electricity generating
technology in conjunction with existing conventional power plants [17].
Looking at the CSP development and its potential between European Countries, Spain and Germany are
among the leaders in the implementation of CSP technology. A number of CSP plants, mainly by Abengoa,
Acciona and ACS-Cobra, are under construction in Africa and the Middle East. Regarding R&D, research
centres such as NREL (USA), CIEMAT (Spain), the German Aerospace Centre (DLR) and the Fraunhofer
Institute for Solar Energy Systems (Germany) have been carrying out numerous initiatives for advancing
CSP technology in Europe. With regard to the current electricity production from CSP has to be noted
that is in nascent stage in Europe, even though electricity production from other renewable energy
sources has gained momentum. This was already the case in 2005 were the CSP accounted with a share
of 14% [18].
Figure 12 shows a comparison between the expected global CSP penetration forecasts coming from
studies and analysis made by GreenPeace_EREC, GreenPeace-ESTIA or MED-CSP. It should be noted that
despite the fact that all the studies coincide in a growing trend over the years, forecasts regarding the
penetration of renewable energy from CSP technology have been reduced in the most recent studies. The
forecasts have been corrected downwards.

F IGURE 12. CSP PENETRATION FORECASTS [8]

About market issues such as subsidies and feed-in tariffs, it has to be pointed out that due to its higher
electricity costs, CSP producers find it difficult negotiating for power purchase agreements (PPAs) with
utilities, which buy electricity and then distribute it to customers. Introduction of government policy
promoting PPAs would ease constraints of utilities that are under pressure to deliver power to the end
customer at competitive rates. For instance, the German feed-in law supports renewable energy projects
using PPAs and thus eventually reduces the initial investment cost. It would also make it easier for utilities
that are obligated in many areas to purchase energy from renewable sources, to enter into PPAs with CSP
companies for electricity production as CSP has a large-scale electricity generation capability. A nationalwide Feed-in Tariff law implementation is also seen as an effective way to aid growth for the CSP
renewable energy market. The Feed-in Tariff (FIT) model for wider adoption of CSP has been implemented
in European countries such as Spain, Italy, Greece and Portugal [8].
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According to European Commission, at maximum penetration in 2020 and 2030, CSP would generate
about 1.6% and 5.5% of the projected EU gross electricity consumption. This is quite similar to the
estimated values for the share of CSP in the electricity mix of 1.5% to 6.5% between 2020 and 2030 which
are shown in figure below.

F IGURE 13. FORECAST OF CSP GENERATION AND ELECTRICITY DEMAND COVERAGE [8]

It is expected that Europe will achieve CSP electricity cost of around 5 € cents/kWh in 2020 for areas with
high irradiation levels due to reductions in electricity generation cost through volume production, upscaling of units and technological innovation. According to TRANS-CSP scenario, this is the expected
electricity MIX in Europe in 2050:




65% European renewable energies
17% solar electricity imports
18% fossil fuelled backup and peak load power plants

Factors that may hinder CSP adoption in Europe are:
Lack of Regulation in some EU countries


In many European countries, concentrated solar power is underdeveloped due to lack of
regulation (e.g. in Greece and Portugal) and non-provision of favourable tariffs. Appropriate
regulation is required for sharing the risk and cost through financing mechanisms for
implementation of higher capacity CSP projects in these countries. There is also a requirement of
regulation for opening up of the EU markets for CSP electricity imports from North Africa and
Middle East.

Fewer incentives for Integrated Solar Combined Cycle (ISCCs)




In some European countries subsidies are only granted to purely solar plants. Granting subsidies
to hybrid plants could encourage the progressive adoption of CSP. Furthermore, solar output is
the same through hybrid operation as a purely-solar plant and also addresses the load
requirements in an efficient manner.
Last but not least, compensation for avoidance of carbon emission may attract investments in CSP
plants. According to ESTIA, by introducing “compensation premiums” for avoidance of carbon
emissions, the share of CSP capacity can be raised to approximately 50% of the total capacity of
ISCC plants.
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3. REGULATION
3.1. I NTRODUCTION
Smart Renewables Hub is a novel concept, and nor a methodology or regulation has been yet approved
for its development. The goal of these hubs is to maximize RES penetration at the generator level by
combination of synchronous and non-synchronous generators, limiting the grid requirements to provide
backup and grid stabilization. Therefore, approval and standardization by stakeholders and policy makers
is required to settle a framework reference scenario, which is one of the main barriers to overcome.
Smart Renewable Hubs use the resources available locally and combines them in a single power plant.
Depending on the available resources, they may be constituted by non-synchronous generators (PV,
wind), renewable and firm synchronous generators (biomass, CSP, biofuels engines, biogas turbines) or,
if the local resources are not enough, fossil fuel synchronous generators (diesel, gas). Legal regulation for
smart renewable hubs development and implementation between power generators and TSOs need to
be taken into account while they are being developed, to ensure a successful exploitation of the RES
infrastructure into the smart grid.
Based on this background, and in line with the technical and market scenarios defined within the project
to run simulations and analysis for assessing what is the expected impact at energy markets and the
economic profit due to the commissioning of a SRH or GRIDSOL plant, the EU regulatory framework and
legal requirements will be analysed in the following key areas:





Connection to the Power Network (connection requirements): Network Codes [26], i.e. by
addressing classification of generators’ type, generators’ requirements for grid connection and
provision of ancillary services,…
Energy Market Rules: Operation and management of Transmission Networks, Wholesale Market
Rules, Balancing Markets,…
Virtual Power Plants. Large Storage Facilities. Demand-Response

Has to be clarified that when the aforementioned topics or areas are well detailed in other deliverables
from other Work Packages just a quick overview will be given.
Regulation analysis will be undertook both at European and National level. For the former a traditional
approach was established for discovering the key legal requirements that affect the market uptake of the
GRIDSOL and SRH plants. For the last, a novel approach was established by which a complete
questionnaire about regulatory framework was created and forwarded to relevant representatives in the
energy markets landscape, TSOs, System Operators, legal experts, Governments and Administrations...
Moreover, synergies with the EU CROSSBOW project (H2020) have been used by recirculating the survey
among the experts, TSOs and System Operators partners of the project in the Balkans Region.
Section 3.3 of this report includes a summary and a compilation of the main feedback received from this
consultation and further information that should be highlighted. The questionnaire template for the
survey is included in the Annex 7.1.
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3.2. C URRENT STATUS AT EU LEVEL
3.2.1. T HE C LEAN E NERGY P ACKAGE
GRIDSOL solution has to be completely aligned with the recent European Commission Energy Package
“Clean Energy for All Europeans” [20], presented the 30th November 2016. This ensures the development
of a solution taking advantage of new technologies for renewable energy integration at the electricity
transmission level, to provide cleaner energy and competitive prices.
The energy sector is important for the European economy: energy prices affect the competitiveness of
the whole economy and represent on average 6% of annual household expenditure [28]. Behind it stands
a prosperous manufacturing industry delivering the necessary equipment and services, not only in Europe,
but worldwide. The development of renewable energy sources and energy efficiency products and
services has led to the creation of new businesses throughout Europe providing new sources of jobs and
growth for Europeans.
The Energy Union is the EU's major vector for and contribution to a global and comprehensive transition
towards a low carbon economy. The Clean Energy for All Europeans [20], also known as Clean Energy
Package is presenting a set of regulatory proposals as an opportunity to speed both the clean energy
transition and growth and job creation. It aims at modernising the economy and boosting investments in
clean energy related sectors by accelerating, transforming and consolidating the EU economy's clean
energy transition thereby creating jobs and growth in new economic sectors and business models.
The Clean Energy for All Europeans legislative proposals cover energy efficiency, renewable energy, the
design of the electricity market, security of electricity supply and governance rules for the Energy Union.
Among them, two texts are of special relevance for GRIDSOL: the Electricity Directive (ED) and the
Electricity Regulation (ER).
About TSOs
Each operator of the transport network will take care of:


ensure that the network can satisfy a reasonable demand for electricity transport in the long term;
exploit, maintain and develop, under economically acceptable conditions, safe, reliable and
efficient transport networks, taking due account of the environment, in close cooperation with
transport network managers and neighbouring distribution network operators;



ensure adequate means to comply with ⌦ their ⌫ service obligations;




contribute to security of supply through sufficient transport capacity and network reliability;
manage the flows of electricity in the network taking into account the exchanges with other
interconnected networks; To this end, the transport network manager shall ensure the safety of
the electricity network, its reliability and efficiency and, in this area, ensure the availability of all
indispensable ancillary services, including those provided in response to the demand and energy
storage provided that said availability is independent of any other transport network with which
its network is interconnected;
provide the manager of any other network with which yours is interconnected sufficient
information to ensure the safe and efficient operation, coordinated development and
interoperability of the interconnected network;
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provide users with the information they need to efficiently access the network, and collect
revenues and payments arising from congestion within the framework of the compensation
mechanism between transmission system operators, in accordance with Article 46 13 of [recast
Regulation (EC) No. 714/2009 under the COM proposal ( 2016) 861/2], granting and managing the
access of third parties and formulating reasoned explanations when denying said access, which
the national regulatory authorities will control; When carrying out their work within the
framework of this article, the transport network managers will facilitate, first of all, the integration
of the market;
obtaining auxiliary services from market participants to guarantee operational security;
the adoption of a framework for cooperation and coordination between centres regional
operatives;
Member States may stipulate that one or more responsibilities listed in paragraph 1, letters a) to
j), are assigned to a network transport other than the manager who owns the transport network
to which, not that being so, the responsibilities in question would apply. The network manager of
transportation to which tasks are assigned will have a certification of separation of property and
meet the requirements set forth in article 43, but it will not be the owner of the transport network
for which he is responsible. The network manager of transport that owns the transport network
will satisfy the requirements established in Chapter VI and shall be certified in accordance with
Article 43;
in carrying out the tasks listed in paragraph 1, the transport network operator shall take into
account the functions performed by the regional operational centres and shall cooperate as
necessary with the managers of neighbouring transport networks.
in the performance of the task described in section 1, letter i), the transport network manager
shall ensure that the obtaining of balance sheet services and, unless justified by a cost-benefit
analysis, auxiliary services not of frequency:
o is transparent, non-discriminatory and based on the market;
o ensure the effective participation of all market participants, including renewable energy
sources, demand response, energy storage facilities and aggregators, in particular by
requiring regulatory authorities or network managers to transportation, in close
cooperation with all market participants, defining the technical arrangements for
participation in these markets based on their technical requirements and the capabilities
of all market participants;
Transmission system operators shall not own assets that provide ancillary services except under
the conditions set forth in Article 54;

A specific chapter is addressing requirements and competences for TSOs when a new power plant is
requiring connection to the electricity grid. The Directive states for the decision-making roles on the
connection of new power plants to the transport network:




the Transport network operator will establish and make public transparent and effective
procedures for the non-discriminatory connection of new power plants and energy storage
facilities to the network. These procedures will be subject to the approval of the national
regulatory authorities;
the Transport network operator shall not have the right to refuse the connection of a new power
plant or energy storage facility due to possible future limitations on the capacity of the available
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network, for example, the congestion in distant parts of the transport network. The network
manager of Transportation must provide the necessary information;
the Transport network operator shall not be entitled to refuse a new point of connection, arguing
that it will cause additional costs linked to the necessary increase capacity of network elements
in the area near the connection point;

About the energy storage facilities’ ownership the TSOs are allowed to (Ownership of storage facilities
and provision of auxiliary services by transport network managers):




it will not be allowed for Transmission system operators to own, manage or operate energy
storage facilities and will not have, directly or indirectly, the active controls that provide auxiliary
services;
Notwithstanding the provisions of paragraph 1, Member States may authorize Managers of
transport networks own, manage or operate storage facilities or assets that offer ancillary services
not of frequency if the following conditions are met:
o other parties, following an open and transparent tender procedure, have not expressed
interest in owning, controlling, managing or operating said facilities storage and / or offer
auxiliary services not of frequency to the manager of the transport network;
o such non-frequency ancillary facilities or services are necessary for Transmission system
operators to fulfil their obligations under this Directive with a view to the efficient,
reliable and safe operation of the transmission network and are not used to sell electricity
on the market;
o The regulatory authority, taking into account the conditions established in letters a) and
b) of this section, assessed the need for such an exception and granted its approval;

Based on the statements collected in the Internal Electricity Markets Regulation: “Article 11”. Generation
dispatch and demand-response:







Power generation dispatch and demand-response activities will be non-discriminatory and will be
based on market rules, unless otherwise provided in sections 2 to 4;
When dispatching electricity generation facilities, Transmission system managers will give priority
to generation facilities that use renewable energy sources or high efficiency cogeneration from
small generation facilities or generation facilities that use emerging technologies as follows
o generation facilities that use renewable energy sources or high efficiency cogeneration
with an installed electrical capacity of less than 500 kW; or
o innovative technology demonstration projects
If the total capacity of the generation facilities subject to priority clearance under paragraph 2 is
greater than 15% of the total generation capacity installed in a Member State, paragraph 2 (a)
shall apply only to additional installations of generation that use renewable energy sources or
high efficiency cogeneration with an installed electrical capacity of less than 250 kW;
As of January 1, 2026, paragraph 2, letter a), will apply only to generation facilities that use
renewable energy sources or high efficiency cogeneration with an installed electrical capacity of
less than 250 kW or, if has reached the threshold of the first sentence of this section, of less than
125 kW;
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Generating installations using renewable energy sources or high efficiency cogeneration that have
been commissioned before [OP: entry into force] and which, when commissioned, have been the
subject of priority clearance pursuant to Article 15, paragraph 5, of Directive 2012/27 / EU of the
European Parliament and of the Council or Article 16, paragraph 2, of Directive 2009/28 / EC of
the European Parliament and of the Council[39] will continue to be subject to priority clearance.
The priority dispatch will cease to be applicable from the date on which the production facilities
undergo significant changes, as will happen, at least, if a new connection agreement is needed or
the generation capacity increases;
The priority dispatch must not compromise the safety of the operation of the electrical system,
should not be used as a justification to restrict the cross-border capabilities beyond the provisions
of Article 14 and will be based on transparent and non-discriminatory criteria;

This last regulation establishes for operation codes for electricity networks that: there must be defined
operation codes for






Standards for the transparent and non-discriminatory provision of non-frequency ancillary
services, including stationary voltage control, rapid injection of reactive current and autonomous
starting capability or inertia;
Demand-response including aggregation, energy storage and rules on restricting demand;
Cybersecurity standards;
Regulations related to regional operation centers;

Connection to the Grid (connection requirements): Network Codes (UE)
Last but not least, it must be highlighted the following legal texts:





Commission Regulation 2016/31 establishing a network code on requirements for grid connection
of generators [22]
Commission Regulation 2017/1485 establishing a guideline on electricity transmission system
operation [23]
Provisional guidelines establishing a guideline on electricity balancing. 2017 [24]
Network code on Emergency and Restoration (ER). 2017 [25]

3.2.2. ENTSO-E
Information about the ENTSO-E framework for the ancillary services provision is detailed in section 2.1 of
this document.
Network codes for connection requirements and type of generator for GRIDSOL/SRH plants are fully
described in other deliverables and documents. Specifically, in the deliverables D4.1_Requirements
Specification for the DOME System [26] and in the report Analysis_GRIDSOL connection
requirements_CESI. Regardless of this, under a legal perspective, it has to be mentioned the work carried
by the EU in drafting rules and requirements or policies in this respect, in concrete, it is worth noting the
Commission Regulation (EU) 2016/631 of 14 April 2016 [22] which establishes a network code on
requirements for grid connection of generators. This common framework was established with the aim
of providing harmonized clear rules for the connection of power generation modules to the
interconnected electrical power system. As stated at [27]: “An EU Network Code pulls all national codes
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in the same direction”. As it is assumed that there are different synchronous electricity systems across
Europe, non-exhaustive requirements are being specified at national level and being provided by each
Relevant Network Operator or Relevant Transmission Operator. Following the distinction made at [27],
non-exhaustive requirements can be classified into two main categories:



Project specific that need to be considered on a case by case basis (i.e. the protection scheme, it
is clear that there should be one).
Synchronous/national specific that differ across Europe (i.e. dynamic response)

The network codes for grid connection of generators text establishes that these requirements will be
applied to any new generation facilities allowing already planned or in operation to be excluded.
Moreover, the regulation creates four different categories for the power plants accordingly to their size
and location leaving open the voltage level to which the plant is connected.

F IGURE 14. L IMITS FOR T HRESHOLDS FOR T YPE B, C AND D P OWER -G ENERATING M ODULES [26]

The network code on requirements for grid connection of generators introduces several important
definitions and distinctions. Accordingly to these definitions, and as it was specified in Deliverable D4.1
Requirements specification for the DOME system [26], a GRIDSOL plant would be considered as a powergenerating facility composed by several power-generating modules. Some of these modules will be
synchronous power-generating modules (i.e. the steam turbine plus alternator, the gas turbine plus
alternator…) and some others will be power park modules (i.e. the PV field).
In line with this, the point 9 of the preamble stipulates: “The significance of power-generating modules
should be based on their size and their effect on the overall system. Synchronous machines should be
classed on the machine size and include all the components of a generating facility that normally run
indivisibly, such as separate alternators driven by the separate gas and steam turbines of a single
combined-cycle gas turbine installation. For a facility including several such combined-cycle gas turbine
installations, each should be assessed on its size, and not on the whole capacity of the facility. Nonsynchronously connected power-generating units, where they are collected together to form an economic
unit and where they have a single connection point should be assessed on their aggregated capacity.”;
Related to the GRIDSOL plant operation and DOME features related to real-time communication with
system and network operators, this Regulation at clause 21 states that an adequate information exchange
between system operators and power-generating facility owners is a prerequisite for enabling system
operators to maintain system stability and security. System operators need to have a continuous overview
of the state of the system, which includes information on the operating conditions of power-generating
modules, as well as the possibility to communicate with them in order to direct operational instructions.
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3.2.3. OTHERS
Regulation UE 2017/1485 on Transmission Network Management
In its part IV- Title 8 the regulatory text establishes that Third parties providing demand response directly
to the TSO, providers of redispatching of power generating modules or demand facilities by means of
aggregation, and other providers of active power reserves shall ensure that the facilities in their portfolio
comply with the requirements of this Regulation. This clause not apply in islanded energy systems.
It should be highlighted some definitions and terms:



‘reserve provider’ means a legal entity with a legal or contractual obligation to supply FCR, FRR or
RR from at least one reserve providing unit or reserve providing group;
‘reserve providing unit’ means a single or an aggregation of power generating modules and/or
demand units connected to a common connection point fulfilling the requirements to provide
FCR, FRR or RR;

About the measures to apply Corrective Actions for network stability. Measures to be applied by TSOs. It
is worth noting:
Voltage and Reactive Power control: Article 22 part e): redispatch transmission or distribution-connected
system users within the TSO's control area, between two or more TSOs; And also epigraphs v) and vi). The
former states “requesting the change of reactive power output or voltage setpoint of the transmissionconnected synchronous power generating modules”; the last in turn “requesting the change of reactive
power output of the converters of transmission-connected non-synchronous power generating modules”.
Moreover, the Regulation at Article 27 talks about the obligations of SGUs concerning voltage control and
reactive power management in system operation:




By 3 months after entry into force of this Regulation, all SGUs which are transmission-connected
power generating modules not subject to Article 16 of Regulation (EU) 2016/631, or which are
HVDC systems not subject to Article 18 of Regulation (EU) 2016/1447, shall inform their TSO about
their capabilities compared to the voltage requirements in Article 16 of Regulation (EU) 2016/631
or in Article 18 of Regulation (EU) 2016/1447, declaring their voltage capabilities and the time
they can withstand without disconnection;
Each SGU which is a transmission-connected demand facility shall maintain the reactive power
setpoints, power factor ranges and voltage setpoints for voltage control in the range agreed with
its TSO in accordance with Article 27;

With regard to the responsibility of the SGUs the Regulatory text states:






Each SGU shall notify the TSO or DSO to which it has a connection point about any planned
modification of its technical capabilities which could have an impact on its compliance with the
requirements of this Regulation, prior to its execution;
Each SGU shall notify the TSO or DSO to which it has a connection point about any operational
disturbance in its facility which could have an impact on its compliance with the requirements of
this Regulation as soon as possible after its occurrence;
Each SGU shall notify the TSO or DSO to which it has a connection point of the planned test
schedules and procedures to be followed for verifying the compliance of its facility with the
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requirements of this Regulation, in due time and prior to their launch. The TSO or DSO shall
approve in advance and in a timely manner the planned test schedules and procedures and the
approval shall not be unreasonably withheld. Where the SGU has a connection point to the DSO
and interacts, pursuant to paragraph 2, only with the DSO, the TSO shall be entitled to request
from the concerned DSO any compliance testing results, which are relevant for the operational
security of its transmission system;
Upon request from the TSO or DSO, pursuant to Article 41(2) of Regulation (EU) 2016/631 and
Article 35(2) of Regulation (EU) 2016/1388, the SGU shall carry out compliance tests and
simulations in accordance with those Regulations at any time throughout the lifetime of its facility
and in particular after any fault, modification or replacement of any equipment, which could have
an impact on the facility's compliance with the requirements of this Regulation regarding the
capability of the facility to achieve the values declared, the time requirements applicable to those
values and the availability or contracted provision of ancillary services. Third parties providing
demand response directly to the TSO, providers of redispatching of power generating modules or
demand facilities by means of aggregation, and other providers of active power reserves shall
ensure that the facilities in their portfolio comply with the requirements of this Regulation;

For the ancillary services management the legal text states:






Each TSO shall monitor the availability of ancillary services;
With regard to active power and reactive power services, and in coordination with other TSOs
where appropriate, each TSO shall:
o design, set up and manage the procurement of ancillary services;
o monitor, on the basis of data provided pursuant to Title 2 of Part II, whether the level and
location of available ancillary services allows ensuring operational security; and
o use all available economically efficient and feasible means to procure the necessary level
of ancillary services.
Each TSO shall publish the levels of reserve capacity necessary to maintain operational security;
Each TSO shall communicate the available level of active power reserves to other TSOs upon
request;

Specifically, for the reactive power ancillary service, the Regulation establishes:




For each operational planning time-frame, each TSO shall assess, against their forecasts, whether
its available reactive power ancillary services are sufficient to maintain the operational security
of the transmission system;
In order to increase the efficiency of operation of its transmission system elements, each TSO
shall monitor:
o the available reactive power capacities of power generating facilities;
o the available reactive power capacities of transmission-connected demand facilities;
o the available reactive power capacities of DSOs;
o the available transmission-connected equipment dedicated to providing reactive power;
and
o the ratios of active power and reactive power at the interface between the transmission
system and transmission connected distribution systems.
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Where the level of reactive power ancillary services is not sufficient for maintaining operational
security, each TSO shall: (a) inform neighbouring TSOs; and (b) prepare and activate remedial
actions pursuant to Article 23;

3.3. C URRENT S TATUS AT N ATIONAL LEVEL
The following sub-sections present a thorough analysis of the regulatory framework status in the
countries of interest.

3.3.1. R EGULATION
Spanish Regulation
The Spanish regulatory framework is characterised for the connection requirements, legal classification
and market conditions for trading energy produced by Hybrid Power Plants with more than one generator
and by SRH as the following:
According to the legal Decree, Real Decreto 413/2014, it is possible for a power plant to have more than
one generator while remaining a single plant for legal purposes. This is allowed only for renewables,
cogeneration power plants and Waste power plants in certain scenarios as stated in the legal text. The
same legal Decree also states that for the same kind of power plant is possible to use different primary
energy sources for each generator, while remaining a single plant for legal purposes. In the Spanish case
it is feasible for some types of hybridization. According to the experts, this last is addressed in minority
chapters of the existing and pending generation profile.
One key question to clarify according to functional characteristics for the GRIDSOL plant and DOME
features is if it is possible that a power plant with more than one generator to have a nominal power
output lower than the sum of all existing generators. The Spanish regulation allows it, as long as all the
generators use the same primary energy source; the RD 413/2014 remarks difference between installed
power and nominal power. In the case that such a kind of power plant uses different primary energy
sources for each generator the conditions to access the Spanish wholesale energy market are that the
different generation technologies within a plant are not considered as independent generators, but they
are considered as a single generation technology.
For the SRH concept has to be noted:
For a SRH composed by different generators and storage technologies be connected to the Transmission
Network or the Distribution Network in the same Point of Common Coupling, in Spain is feasible only for
the case when there power generation with hybridization according to what is established in the RD
413/2014. Analysing conditions for the SRH concept, in the Spanish regulation it is possible to operate a
SRH as a whole plant, with a single PCC, presenting a single bid to the wholesale market and not for each
generator. For example, there is already existing thermal solar plants with their own thermal storage
technology (without electric conversion) and power generation through hybridization, but in both cases
they are unique bidders.
All the previous aspects are the same for islanded electric systems, such as the Islas Canarias case, in the
Spanish regulation.
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With regards to storage technologies has to be clarified that: in Spain all the generation and storage
technologies enter the wholesale energy market on equal conditions, but some plants can be developed
in specific calls with different conditions (i.e. Feed-in Tariff, Power Purchase Agreement (PPA), dispatch
priority, premium over energy price,…). But according to the current regulatory framework it is not
allowed for an hybrid power plant with BESS to use this energy for time shifting purposes (i.e. the plant
stores energy coming from generators in batteries and sells it to the grid later, profiting from the hourly
price difference and/or from the ancillary services market). And it is not possible that a power plant to be
“storage-only” (i.e. no generators, the plant buys electricity from the market, stores it in batteries and
sells it back later, profiting from the hourly price difference and/or from the ancillary services market.
Besides the wholesale energy market there are other energy purchase mechanisms available, such as PPA
with utility/distribution/commercialization company or PPA with consumer, regardless of location
(distribution feed may apply).
Other issues such as what is the possible remuneration of a SRH and the feasibility to operate a SRH with
a single PCC presenting one bid to the ancillary services market for the whole plant and not by every single
generator are not addressed in the regulatory landscape.
Italian Regulation
The Italian regulatory framework is characterised for the connection requirements, legal classification and
market conditions for trading energy produced by Hybrid Power Plants with more than one generator and
by SRH as the following:
According to different Decrees and Legal texts, specifically Annex A to decision n. 99/08; Annex A to
decision n. 280/07; different decrees related to incentives (such as decrees 5th July 2012, 23rd June 2016),
it is possible for a power plant to have more than one generator while remaining a single plant for legal
purposes. The same legal texts also states that for the same kind of power plant is not possible to use
different primary energy sources for each generator, while remaining a single plant for legal purposes.
One key question to clarify according to functional characteristics for the GRIDSOL plant and DOME
features is if it is possible that a power plant with more than one generator to have a nominal power
output lower than the sum of all existing generators. The Italian regulation does not allow it; different
decrees related to incentives (such as decrees 5th July 2012, 23rd June 2016) state that only the total
requested power in injection may be lower than the sum of each nominal power output. In the case that
such a kind of power plant uses different primary energy sources for each generator the conditions to
access the Italian wholesale energy market are that only thermal power plants may have more than one
generator using different sources. In this case, the whole power output would be bundled as conventional
plant if one generator is fed by not renewable sources; the whole power output would be bundled as
renewable programmable plant if all generators are fed by renewable sources. These capabilities are
included in the Annex A to decision n. 99/08; Annex A to decision n. 280/07; decree 23rd June 2016; Grid
code defined by Italian TSO (Terna), chapter 4.
For the SRH concept has to be noted:
For a SRH composed by different generators and storage technologies be connected to the Transmission
Network or the Distribution Network in the same Point of Common Coupling, in Italy is feasible but
separated measures are needed for each power plant: injections must be divided on the basis of
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production measures according to the Annex A to decision n. 99/08; Annex A to decision n. 280/07.
Analysing conditions for the SRH concept, in the Italian regulation it is possible to operate a SRH as a whole
plant, with a single PCC, presenting a single bid to the wholesale market and not for each generator.
Requirements for this are that power plants must be divided in programmable and not programmable
ones. Only power plants up to 10 MVA belonging to the same group (programmable or not programmable)
can be aggregated in order to present just one bid: in this case they must have the same BRP (balance
responsible party). It isn’t possible to aggregate power plants with feed in tariffs and other plants even if
they belong to the same group. All this is recapped in the Grid code defined by Italian TSO (Terna), chapter
4.
With regards to storage technologies has to be clarified that: in Italy, according to the Annex A to decision
n. 99/08; Annex A to decision n. 280/07; different decrees related to incentives (such as decrees 5th July
2012, 23rd June 2016); Grid code defined by Italian TSO (Terna), chapter 4, all the generation and storage
technologies enter the wholesale energy market on equal conditions, but some plants can be developed
in specific calls with different conditions (i.e. Feed-in Tariff, Power Purchase Agreement (PPA), dispatch
priority, premium over energy price,…). Furthermore, according to the current regulatory framework it is
allowed for an hybrid power plant with BESS to use this energy for time shifting purposes even if the
energy comes from both renewable and non-renewable generators (in the respect of the general
regulation described before, in relation to power plant definition and to the possible aggregation in order
to participate to the wholesale market). And it is also possible that a power plant to be “storage-only” (i.e.
no generators, the plant buys electricity from the market, stores it in batteries and sells it back later,
profiting from the hourly price difference and/or from the ancillary services market. This last is included
in the Decision n. 574/2014.
Besides the wholesale energy market there are other energy purchase mechanisms available, such as PPA
with GSE in case of feed in tariff or dedicated withdrawal (Annex A to decision n. 280/07, different decrees
related to incentives (such as decrees 5th July 2012, 23rd June 2016); Grid code defined by Italian TSO
(Terna), chapter 4). Other issues such as what is the possible remuneration of a SRH and the feasibility to
operate a SRH with a single PCC presenting one bid to the ancillary services market for the whole plant
and not by every single generator are characterised by: in the former, it can be the same if all the power
plants participate, through the same BRP or BSP, to the wholesale market; it is different for each source
if they have feed in tariff. All this is stated in the Annex A to decision n. 280/07; different decrees related
to incentives (such as decrees 5th July 2012, 23rd June 2016); Grid code defined by Italian TSO (Terna),
chapter 4
Greek Regulation
The Greek regulatory framework is characterised for the connection requirements, legal classification and
market conditions for trading energy produced by Hybrid Power Plants with more than one generator and
by SRH as the following:
According to Law 3468/2006 as it is currently in force, Transmission and Distribution Network Codes, it is
possible for a power plant to have more than one generator while remaining a single plant for legal
purposes. Where is defined what is a hybrid power station. The same law also states that for the same
kind of power plant is possible to use different primary energy sources for each generator, while
remaining a single plant for legal purposes.
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One key question to clarify according to functional characteristics for the GRIDSOL plant and DOME’s
features is if it is possible that a power plant with more than one generator to have a nominal power
output lower than the sum of all existing generators. The Greek regulation does not allow it. In the case
that such a kind of power plant uses different primary energy sources for each generator the conditions
to access the Greek wholesale energy market are that the RES units of a hybrid station would be bundled
as Variable Renewable Energy (VRE) and the controllable units would be bundled as dispatchable
Renewable Energy (RE) (according to integration rules for hydroelectric plants with installed power more
than 15MW and the Law 3468/2006 as it is currently in force, System Network Code).
For the SRH concept has to be noted:
For a SRH composed by different generators and storage technologies can be connected to the
Transmission Network or the Distribution Network in the same Point of Common Coupling according to
what is established in Distribution and Network Codes. Analysing conditions for the SRH concept, in the
Greek regulation is not overseen to operate a SRH as a whole plant, with a single PCC, presenting a single
bid to the wholesale market and not for each generator.
With regards to storage technologies has to be clarified that: in Greece all the generation and storage
technologies do not enter the wholesale energy market on equal conditions. RE have different conditions
than conventional technologies and VRE have different conditions than dispatchable renewables or
conventional technologies as Law 3468/2006 establishes as it is currently in force. But according to the
current regulatory framework, Law 3468/2006, it is allowed for an hybrid power plant with BESS to use
this energy for time shifting purposes (i.e. the plant stores energy coming from generators in batteries
and sells it to the grid later, profiting from the hourly price difference and/or from the ancillary services
market); always if the energy comes from renewable generators. It also can be absorbed energy from the
Network, but, on an annual basis can’t exceed 30% of the total energy consumed for the filling of the
station’s storage system. And it is no possible that a power plant to be “storage-only” (i.e. no generators,
the plant buys electricity from the market, stores it in batteries and sells it back later, profiting from the
hourly price difference and/or from the ancillary services market.
Besides the wholesale energy market there are other energy purchase mechanisms available, such as PPA
with utility/distribution/commercialization company.
About what is the possible remuneration of a SRH. This is a topic currently under re-evaluation. Proposal
to be submitted to the DG Comp for approval in the context of State Aid Guidelines for Energy and
Environment (2014-2020).
Other issues such as the feasibility to operate a SRH with a single PCC presenting one bid to the ancillary
services market for the whole plant and not by every single generator are not addressed in the regulatory
landscape.
For islanded energy systems, all is the same in most cases. There are several discrepancies regarding the
continental case. For example, the Greek legislation establishes that it is possible that a power plant with
more than one generator to have a nominal power output lower than the sum of all existing generators
for islanded energy systems due to technical stability reasons, and terms are prescribed in PPA of the
power producer.
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With regards to the possibility to operate a SRH as a whole plant, with a single output to the Point of
Common Coupling (PCC), presenting only one bid to the wholesale market, and not one for each generator
has to be note that according to the current regulatory framework: for electricity directly injected into the
grid, hybrid power stations will receive the reference value applicable to the relevant RES installation. For
the energy that comes from the storage system, hybrid power stations will receive a remuneration
corresponding to the reference value applicable to the RES installation multiplied by a correction factor,
set on the basis of the round-trip energy losses of the relevant storage system. This is to be re-evaluated
by DG Comp following a specific proposal by Greek State in the context of State Aid Guidelines for the
Environment and Energy (2014-2020). The aforementioned conditions are included in the SA 44666 legal
text.
Analysing the conditions for a power plant with more than one generator using different primary energy
sources for each generator to access the wholesale energy market, for islanded systems, the "guaranteed"
power output would be handled as dispatchable Renewable Energy (RE) and the power output coming
from the non-controllable units, without participating in "guaranteed" power, would be treated as
Variable Renewable Energy (VRE). This is included in the Law 3468/2006 as it is currently in force, Code of
Non Interconnected Islands.
Regarding ancillary services, it is possible to operate a SRH as a whole plant with a single output to the
Point of Common Coupling (PCC) presenting only one bid to the ancillary services market for the whole
plant, and not by every single generator. Only dispatchable generators of a hybrid station or a CSP with
storage can provide ancillary services. Although even though it is foreseen from the regulatory framework,
there is no ancillary services market in operation on NII yet (Law 3468/2006 as it is currently in force, Law
4414/2016, Code of NII).
Last but not least, the possible remuneration of a SRH is, in the island case: for electricity directly injected
into the grid, hybrid power stations will receive the reference value applicable to the relevant RES
installation. For the energy that comes from the storage system, hybrid power stations will receive a
remuneration corresponding to the reference value applicable to the RES installation multiplied by a
correction factor, set on the basis of the round-trip energy losses of the relevant storage system

3.3.2. C OMPILATION ABOUT N ATIONAL REGULATORY FRAMEWORKS APPLICABLE TO SRH
By following the innovative approach applied for performing an analysis of the status of the regulation at
National level, the table below (table 9) summarizes the compilation among the targeted countries of the
regulatory frameworks applicable to Smart Renewable Hubs. To do so, a questionnaire (included in Annex
8.1) has been sent to National Regulatory Authorities (NRAs) and relevant stakeholders in several EU
member states. As a result, the questionnaire has been completed for three EU countries (Spain, Italy and
Greece).
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REGULATORY FRAMEWORKS FOR SRH OPERATION

COUNTRY
SPAIN (*)

ITALY

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

YES

YES

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

YES

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

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

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

Conditions to access the wholesale energy market for a power plant
with more than one generator:
1.
2.
3.
4.

Each Technology/Energy source separately
Power output is bundled as Variable Renewable Energy (VRE)
Power output is bundled as dispatchable Renewable Energy
(RE)
Power output is bundled as conventional plant

D8.2 – Innovative Business Models and Legal Issues

GREECE
Interconnected systems: YES
Non-interconnected systems: YES

Feasible for
hybridization

some

NO
types

of

Interconnected systems: YES
Non-interconnected systems: YES

YES

YES

It is required hybridization

Interconnected systems: YES
Non-interconnected systems: YES

YES

NO

If all the generators use the same
primary energy source

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

YES

YES

Interconnected systems: NO
Non-interconnected systems: YES
(due to technical stability reasons.
Terms in PPA of the power
producer)
Interconnected systems: NO
Non-interconnected
SPECIAL CASE

As a single generation technology

4) if one generator is fed by not
renewable sources AND 3) as
renewable programmable plant if
all generators are fed by
renewable sources
(*) Only for Thermal plants
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systems:

Interconnected and noninterconnected systems: 2) AND 3)
RES units of a hybrid station would
be bundled as Variable Renewable
Energy (VRE) and the controllable
units would be bundled as

5.

Others

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

Energy purchase mechanisms available besides the wholesale
market:
1.
2.
3.
4.

dispatchable Renewable Energy
(RE)
YES

YES

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

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

1)

and 3)

1)

and 3)

Interconnected systems: NO
Non-interconnected systems: NO

Interconnected and noninterconnected systems: 1)

PPA with utility/distribution/commercialization company
PPA with consumer, direct connection only
PPA with consumer, regardless of location
Others

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

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

Not addressed in the Spanish
regulatory framework

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

NO

YES

Interconnected systems: Not
addressed in the Greek regulatory
framework
Non-interconnected systems: only
dispatchable generators of hybrid
station or CSP with storage can
provide
ancillary
services.
Although there is no ancillary
services market in operation on
Non-interconnected islands yet
Interconnected systems: YES
Non-interconnected systems: YES
Always if the energy comes from
renewable generators

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

Non-interconnected systems: NO

Possible remuneration of a SRH:
1.
2.
3.

As a single plant
Each technology/energy source separately
Other

Not addressed in the Spanish
regulatory framework

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

T ABLE 3. S UMMARY OF N ATIONAL LEGAL FRAMEW ORKS FOR THE OPERATION OF SRH S AND H YBRID P OWER P LANTS EXPLOITATION

(*) The same for Non-interconnected systems (Islands)
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Interconnected systems: Topic
currently under re-evaluation
Non-interconnected
systems:
Hybrid power stations will receive
the reference value applicable to
the relevant RES installations. For
the energy that comes from
storage systems, hybrid power
stations
will
receive
a
remuneration corresponding to
the reference value applicable to
RES installation multiplied by a
correction factor, set on the basis
of the round-trip energy losses of
the relevant storage system

3.4. C ONCLUSIONS
The most relevant issues at the moment revolve around exploiting RES hybrid power plants. It is
generalised the possibility for a power plant to have more than one generator while remaining a single
plant for legal purposes among the studied regional legal frameworks, always under certain conditions
such as a specific type of generation power plant. For example Thermal power plants. Other restrictions
require that generators were located at the same geographical area (very close one to another). By the
contrary, it is not always possible to use different primary energy sources for each generators, while
remaining a single plant for legal purposes, as it is the case for the Italian regulatory framework.
Another important concern, and one of the key question to clarify according to functional characteristics
for the GRIDSOL plant and DOME features is that, if it is possible that a power plant with more than one
generator to have a nominal power output lower than the sum of all existing generators, the most
widespread response is that it is not allowed. Only the Spanish regulation allows it, as long as all the
generators use the same primary energy source. When looking at the diverse conditions to access the
national wholesale energy markets for such a kind of power plant using different energy sources, it is
commonly accepted that the whole power output would be bundled as RES power plants (programmable
or variable). In some cases are required that all generators were fed by renewable sources specifically.
For a SRH composed by different generators and storage technologies be connected to the Transmission
Network or the Distribution Network in the same Point of Common Coupling, this is only not possible in
Greece. In other countries this is feasible but separated measures are needed. For example, in Spain is
possible only for the case when there power generation with hybridization, and in Italy if in the power
plant injections are divided on the basis of production measures. Analysing conditions for the SRH
concept, in the Greek regulation is not overseen to operate a SRH as a whole plant, with a single PCC,
presenting a single bid to the wholesale market and not for each generator.
An additional set of regulatory challenges relate to storage technologies. Only for the Greek case all the
generation and storage technologies do not enter the wholesale energy market on equal conditions. RE
have different conditions than conventional technologies and VRE have different conditions than
dispatchable renewables or conventional technologies. According to the current regulatory frameworks
only in Spain it is not allowed, for an hybrid power plant with BESS to use this energy for time shifting
purposes (i.e. the plant stores energy coming from generators in batteries and sells it to the grid later,
profiting from the hourly price difference and/or from the ancillary services market). In regional zones
where this last is allowed is commonly required that energy comes from renewable generators. It is also
generalised the impossibility for a power plant to be “storage-only” (i.e. no generators, the plant buys
electricity from the market, stores it in batteries and sells it back later, profiting from the hourly price
difference and/or from the ancillary services market). Although there is an exception in the Italian
regulation for this last, this background may hinder the attractive aspect for the market uptake of GRIDSOL
and SRH power plant’s concept.
Furthermore, a significant barrier for the SRH market uptake and Hybrid RES power generation would be
the lack of definition or absence of clarity about what is the possible remuneration of a SRH. The most
novel approaches are that this is a topic currently under re-evaluation in Greece and an option already
possible in Italy, where it can be the same if all the power plants participate, through the same BRP or
BSP, to the wholesale market; it is different for each source if they have feed in tariff. It is therefore critical
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that issues such as what is the feasibility to operate a SRH with a single PCC presenting one bid to the
ancillary services market for the whole plant and not by every single generator were topics that are
generally not addressed in regional regulatory frameworks.
Consequently, the absence of comprehensive technical viable requirements for the SRH connection in the
grid and, vague and undervalued energy markets aspects, (such as remuneration or un-ability of
submitting offers to wholesale or balancing markets from a bundled of energy coming from different RES
technologies as a whole) facilitate the RES curtailment and the stopper for the RES upscaling in the EU
energy system landscape.
In this context, GRIDSOL project recommends to policy makers the definition of common rules to promote
the installation of SRHS (flexible hybrid RES plants). A comprehensive regulatory framework and support
for pioneering projects can make SRHs a reality before the end of the decade.
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4. GRIDSOL SCENARIOS
This section includes a comprehensive view of the business scenarios defined within the GRIDSOL project
in order to assess the technical and socio-economic impacts of the SRH concept together with the
performance and viability of the technologies and services developed in the project.
GRIDSOL scenarios together with functional and technical features of GRIDSOL’s developments have been
directly linked to the regulation and legal frameworks (per country) and also with the potential market
actors to be affected by the novel business modelling definition.
GRIDSOL project assess the development of Smart Renewable Hubs in Continental Europe where there is
an Interconnected System with a unified Electricity Market (generation activity is open to competition)
and in European Islands where there is a Non-Interconnected System with no Electricity Market and just
Power Purchase Agreements (PPAs), and on where generation is generally managed by the system
operator conducting the unit commitment and the economic dispatch of units because of the lack of
enough generation resources and primary supply costs.
1. Continental Europe (Interconnected System)
In a first stage of the project, WP2 designs the SRHs according to the electricity market and grid
requirements to provide cost-effective configurations for flexible generation. In a second stage, WP5
assess the revenues of each SRH configuration for the selected EU countries (Spain, Italy, Greece, France,
Portugal). Finally, at WP7, the project evaluates the profitability of SRH at EU sites for certain demand
requirements aiming to provide dispatchable renewable energy at an affordable cost. In addition a longterm non-marginal analysis will be carried out up to 2050.
2. European Islands (Non-Interconnected System)
In a first stage of the project, WP2 designs the SRHs according to the system operator requirements to
provide cost-effective configurations for firm and secure electricity. In a second stage, WP6 assesses the
performance of each SRH configuration for the selected EU Islands (Crete, Canary Islands, Madeira, Crete)
providing the terms and conditions for the PPA. Finally, at WP7, the project evaluates the profitability of
SRH in the EU Islands aiming to provide dispatchable renewable energy at an affordable cost. In addition
a long-term non-marginal analysis will be carried out up to 2050.
Data coming from the results obtained from the work done in the Work Packages (WP) WP2,WP5,WP6
and WP7 will be used at a later stage on the project in order to perform a CBA Analysis of the Business
Plans for commercially exploiting the business models defined in WP8. This baseline will help us to infer,
define and establish the cost and revenues (income lines) items.

4.1. C ONTINENTAL E UROPE (I NTERCONNECTED S YSTEMS )
This scenario implements the behaviour of European Electricity markets in EU Countries, considering
ENTSO-e scenarios (reported in the Ten Year Network Development Plan - TYNDP 2016 and 2018), grid
(TSO) requirements and market conditions for the selected countries under study (Italy, Spain, France,
Greece, Portugal, etc.). The control implements a price signal to dispatch the plant when it is more
profitable.
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The optimisation of the operation of GRIDSOL or SRH power plants is aimed at maximizing the profits,
concentrating the production (and the sale of energy in the electricity market) in the hours when the
expected price is higher, in order to obtain higher revenues. Moreover, if a Gas Turbine is present, its
production, characterized by a high generation cost due to the usage of fuel, is concentrated in periods
when the electricity price in the market is high enough to cover the production costs (and in this periods,
the GT provides positive margins), or in periods with lower price but when there is no thermal energy
neither from the sun nor from the TES, so the Steam Turbine cannot be operated. The Gas Turbine must
be activated in these conditions even if not economically convenient, to ensure that at least one
synchronous generator is in operation. The operation of the Gas Turbine in such circumstances is not
convenient, and the margins are negative, but it is assumed that the system is “forced” to work in the
described way in order to ensure that in any condition at least one synchronous generator is running, able
to sustain the network with its mechanical and electrical features.
PARAMETER
PV Power
Batteries Nominal Power
Batteries Autonomy
Gas Turbine Nominal Power
Steam Turbine Nominal Power
TES Storage Capacity
Solar Multiple
GRIDSOL Nominal Power
Renewable Energy Content
Land Used

MEASUREMENT
UNIT
[MW]
[MW]
[hours]
[MW]
[MW]
[hours]
[MW]
[%]
[km2]

VALUE
69.4
4.0
3.0
5.0
26.0
5.5
1.87
104.4
93.7
2.1

T ABLE 4. GRIDSOL CONFIGURATION FOR CO NTINENTAL E UROPE

Results can be presented with typical expected operation of the plant, summarized in graphs for instance
like the following one, in which the average operation in working days (left) or the TES level and the
charging/discharging state of the BESS are shown. In both cases, the curve of the average expected price
is shown, to highlight that the production is concentrated in the hours with highest values.

F IGURE 15. E XAMPLE OF TYPICAL EXPECTED OPERATION OF GRIDSOL
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Possible revenues which SRH or GRIDSOL can obtain on the Ancillary Services markets in the countries are
also evaluated, based on historical data and average behaviour. This can support the selection of the best
configuration in case there are solutions with similar margins on the electricity market, which can provide
different Ancillary Services to the power systems, with further possible advantages. The focus is set on
the Frequency Restoration Reserve, both Upward and Downward. The analysis is carried out based on the
data gathered from the past, assuming a possible participation of GRIDSOL and SRH to these markets.
Depending on the requests, different priorities are set in terms of which generator should
increase/decrease the production, in order to ensure the maximum profitability.
The Costs model according to the configuration selected in WP2 and the incomes model resulting from
WP5 simulations will feed the business model of WP8 and the impact analysis of WP7.

4.2. EU I SLANDS (N ON -I NTERCONNECTED S YSTEMS )
This scenario implements the behaviour of the System Operator in EU Islands, considering TSO
requirements for the selected countries under study (Crete, Canary Islands, Madeira, Cyprus, etc.). The
control implements a demand-based control to dispatch the plant when it is more cost-effectiveness and
secure for the whole Island system.
In WP2 a number of different configurations have occurred. One of the most optimum configurations for
a Smart Renewable Hub (SRH) is described in the Table below.
PARAMETER

MEASUREMENT UNIT

VALUE

ST Nominal Power

[MW]

9

GT Nominal Power

[MW]

10

PV AC Target Power

[MW]

22

Wind Design Power

[MW]

20

BESS Nominal Discharge Power

[MW]

15

BESS Nominal Charge Power

[MW]

15

BESS Autonomy

[hours]

8

TES Time

[hours]

13

Solar Μultiple

2

Firmness

[%]

90

CAPEX

[MM€]

164.6

OPEX

[MM€]

5.7
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LCOE
T ABLE 5. THE MOST

[€/MWh]
OPTIMUM CONFIGURATIONS FOR A

161.7

S MART R ENEWABLE H UB (SRH) IN N ON -I NTERCONNECTED S YSTEMS S CENARIO

The results from the scenario of Crete’s power system with the addition of SRH and the scenario of Crete’s
power system without any extra power stations are summarised in the Table below.

CRETE’S POWER
SYSTEM

CRETE’S POWER
SYSTEM WITH
THE ADDITION
OF SRH

DIFFERENCE

2,233,113

2,141,582

-91,531

RES Penetration (%)

23.43%

26.57%

+3.14%

CO2 emissions (tn)

1,638,846

1,550,914

-87,932

Thermal production(MWh)

SRH Energy production (MWh)

n/a

Wind production curtailed (%)

5.65%

90,746
5.2%

n/a
-0.45%

T ABLE 6. R ESULTS FROM S IMULATION IN C RETE WITH AND WITHOUT SRH

The results show that SRH reduces the thermal production in Crete by approximately 91 GWh, RES
penetration of the whole island increases by 3.14% and the CO2 emissions are reduced by approximately
88 ktn. The SRH produces around 90.7 GWh for one year when the overall energy production of the whole
island’s Power System is 2,916.5 GWh. Additionally, the overall wind production curtailment of Crete is
reduced by 0.45% with the addition of the SRH. It has to be noted that the results above are going to be
included in the next deliverable of WP6 “D6.2 - Market performances simulations in the Non
Interconnected System”.
In the pie charts below, the electricity production for a specific day in Crete without and with the addition
of the SRH are shown. It can be observed that the production share of the SRH is 49%, which leads to 1%
reduction of the production from HFO and a 3% reduction of the production from very costly LFO.
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Crete with SRH
4%

6%
25%

6%
50%

19%

HFO

49%

25%

16%

LFO

Wind

PV

HFO

LFO

Wind

PV

SRH

For further detail, the hourly production of Crete with and without the SRH for the specific day is shown.
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The Costs model according to the configuration selected in WP2 and the incomes model resulting from
WP6 simulations will feed the business model of WP8 and the impact analysis of WP7.
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5. BUSINESS MODELLING ANALYSIS
This section introduces a set of archetype business models which investigate the commercial exploitation
of the tools that will be developed in the context of the GRIDSOL project. To this end, the considered
models are totally aligned with their capabilities as described in the related relevant UC and technicalfunctional requirements (as these are defined in the context of WP2,4,5,6,7) and present composite
services that may be realized from the joint utilization of their functionalities. Business models are
characterized as “archetype”, because they aim to cover the entire set of services in which each tool may
participate.
The analysis made in section 5.3 attributes great importance in defining the added value from who
participates in the value network. This process firstly requires to determine their ownership, i.e., who
actor bears their development and operational cost (or pays the relevant license to a third party) and
gains the revenues from their management. To be note that this approach may be extended to capture
hybrid cases, when one actor undertakes multiple roles and consequently bears the cost and gains the
profits related with the management of more than one tools. The objectives of the scenarios are
economically oriented, in the sense that they target to maximize the potential profits for the participating
actors.
For all the business models, our analysis provides preliminary insights of the “business as usual case” that
give a snapshot on how is the case in the absence of the GRIDSOL tools/services and the innovative
technology, and consequently the actors’ increased costs or the limited revenues due to the lack of their
sophistication and the advanced capabilities that they respectively provide. The “business as usual case”
will be used as a reference level and a comparison basis during the cost-benefit-analysis (CBA) of the
business models, to be done later within the WP8 in the deliverable D8.3, targeting to reveal the source
of the added value and quantify the potential benefits for the actors.
For the business modelling we make use of two strategic tools, the Business Model Canvas, based on the
Osterwalder’s3 canvas, as a strategic management tool to describe, design, challenge and pivot business
models. And the second one, we will work with value network graphs. In regards to the graphs of the
value network, it may be clarified that they include only the flows of information and money which are
directly related with the service under investigation. For instance, a prosumer’s self-consumption will lead
to a decreased electricity bill both due to the lower grid-consumption and network charges. In this case,
the graph only includes the money-arrow from the prosumer to the retailer and not the one from the
retailer to the DSO, because the former includes both types of costs. Moreover, the graphs present direct
payments between the actors, even though their agreement for the provision of a service may be feasible
only via the energy markets. Furthermore, they depict the flow of money assuming that the relevant
service is actually realized.
The methodology to be followed to analyse and define GRIDSOL business models has already been proven
and successfully used in other smart grid related projects, such as Nobelgrid [28] and WiseGrid [29].
Figure 16 depicts the whole process, aiming for the reader’s holistic view and understanding of this
innovative approach to economic and business analysis and impact creation.

3

https://strategyzer.com/canvas/business-model-canvas
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F IGURE 16. M ETHODOLOGY FOR BM DEFINITION

This methodology includes the definition, analysis and evaluation of the business models. This deliverable
includes the results from the first three steps and additionally provides preliminary insights of the material
needed for Step 4, while the remaining process will be covered extensively in the context of WP8 later on
this project when Exploitation Plans and market uptake will be assessed.

5.1. METHODOLOGY AND NOMENCLATURE
In order to develop the integrated business model of the project able to best exploit project outcomes,
while identifying barriers and anticipating and putting forward adequate measures for overcoming them,
the following steps need to be followed:
1. SWOT analysis.
2. Business Modelling Canvas methodology adapted in order to include social costs and benefits.
3. Analyse the financial feasibility by performing a business plan analysis
The methodology to be followed to analyse and define GRIDSOL innovative business models includes the
definition, analysis and evaluation of the business models. As figure 16 depicts and it was previously
mentioned, this deliverable includes the results from the first three steps and additionally provides
preliminary insights of the material needed for Step 4, while the remaining process will be covered
extensively in the context of WP8, D8.3 with the validation of the new business plans derived from these
business innovations and the exploitation plans, on where the financial feasibility (for this analysis WP7
outcomes and results will be considered as inputs) and a SWOT analysis will be performed as part of a
business plan analysis.
Figure 16 depicts the whole process, aiming for the reader’s holistic view and understanding of this
innovative approach to economic and business analysis and impact creation. In what follows, we provide
a brief description of each step:
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Step 1: Generic value network generation:

It is the starting point of the analysis and refers to the design of the generic value network, which will
represent the main players of the Smart Grids and, depending on the business case, the interactions
amongst them. This network will introduce the main business roles involved and the contribution of each
one of them in the delivery of a potential product or a service. More specifically, it will present the flow
of power between the participants, the exchange of information which is necessary in order to compose
any new service and the money flow pertaining to their business relationships. The generic value network
will represent all of the GRIDSOL particular use cases that we will analyse subsequently. All this will be
done focus on the GRIDSOL objectives and core technologies.


Step 2: Value Network

Create a value network for each High‐Level Use Case, based on the generic value network for Smart Grids
and examine whether there is a valid business case behind each High‐Level Use‐Case (HLUC) by
o
o
o



Identifying key actors and GRIDSOL products/services involved.
Identifying the value each entity perceives for being actively involved.
Based on the generic value network, this step will analyse thoroughly each HLUC of the
project, including use cases and business scenarios as these are defined in the context of WP2,
WP4 and WP5. This process will identify the participating business roles according to the
scenario of the HLUC and determine which role is undertaken by each of the involved actors.
Have in mind that depending on the scenario, an actor may perform multiple roles and
inversely one role may be undertaken by various actors. The ultimate target of this step is for
all GRIDSOL partners to explore the different business cases that could originate from their
participation in GRIDSOL and gain a more business-oriented understanding of the GRIDSOL
ecosystem that will help them produce sustainable business plans at the end of the project.

Step 3 Creation of archetype business models for the GRIDSOL tools/products, services and
actors:

The analysis of the HLUCs of the previous step will result in a number of archetype business models. These
models will present how the economic value will be generated for the participating actors stemming from
the GRIDSOL core technological innovations. The produced models will be aligned with the capabilities as
described in the relevant scenarios and Use Cases derived from the technical requirements and present
composite services that may be realized from the joint utilization of their functionalities. The BMs are
characterized as “archetype”, because they aim to account for the entire set of services in which each
GRIDSOL outcome may play a role. The archetype BMs are presented graphically using value networks
and business modelling canvas that describe the assets/products/tools (provided by the project) to be
utilized for achieving the objectives and the anticipated economic gains for each core participating actor.
This step in the context of WP8 will be executed at a preliminary level (not all the details of the canvas
will be entered) and elaborated further later in the project where the exploitation of the partners and the
functionality of the products would have been crystalized.
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Step 4 Cost Benefit Analysis:

This step will be performed in the course of WP8-D8.3 Exploitation Strategies and Market Uptake and will
produce a cost-benefit analysis (CBA) of each GRIDSOL business plan, with respect to a set of well-defined
KPIs and by utilising evaluation data from the GRIDSOL scenarios. This will be based on the Smart Grid
Cost-benefit analysis (CBA) [30], methodology developed jointly by the EUs’ Joint Research Centre (JRC)
and the US Department of Energy (DoE), the BRIDGE H2020 project [39] and used previously in H2020
projects such as NOBELGRID [28].
In addition other financial evaluations, such as Net Present Value (NPV) and Interest Rate of Return (IRR)
will be also analysed during the project execution.

5.2. GENERIC VALUE NETWORK AND ACTORS
5.2.1. I NTRODUCTION
The generic value network/chain defines the creation of value with the diﬀerent activities for all involved
stakeholders. Porter [32] developed the concept of Value Chain as the chain of activities creating and
adding value, so called value ﬂow, for all stakeholders involved. Following this, Porter also deﬁned a
broader concept of value including economic, social and environmental values [33] where primary
activities are facilitated by support activities which run in parallel with primary activities. In [34] the
Renewable Energy Supply chain is deﬁned and studied, providing recommendations to stakeholders for
the initiation and overcoming of barriers for the development of renewable energy use.
The proposed generic Value Chain for Smart Renewable Hubs within the smart grid market, inspired in
the Porter’s Value Chain concept [32] [33] and the deﬁnition of a Supply Chain for Renewable Energy [34],
takes into account the diﬀerent stakeholders and how their primary and support activities are creating
and adding value for them and for the costumers or end users, in a broad sense of market, society and
environment welfare. Therefore, the generic value network represents the main players of the GRIDSOL
and, depending on the business case, the interactions amongst them. This network will introduce the
main business roles involved and the contribution of each one of them in the delivery of a potential
product or a service. More specifically, it will present the flow of power between the participants, the
exchange of information which is necessary in order to compose any new service and the money flow
pertaining to their business relationships. It focusses on the GRIDSOL objectives and core technologies
(storage, generators, integrations, etc.).
This process will identify the participating business roles and determine which role is undertaken by each
of the involved actors. An actor may perform multiple roles and inversely one role may be undertaken by
various actors. The ultimate target of this step is for all GRIDSOL partners to explore the different business
cases that could originate from their participation in GRIDSOL and gain a more business-oriented
understanding of GRIDSOL to produce sustainable business plans at the end of the project.

5.2.2. R OLES AND ACTORS
1. Power Production that is responsible for the power generation. It is a role that holds the
ownership of the power generation plant (Owner). This role may include multiple actors
independently of their size, i.e. from large power plants to small distributed premises. – In the
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2.

3.

4.

5.

6.

7.

generic value network this role within the electricity markets is in charge of providing the means
to put in the network all the electric energy consumers demand, that is, it is responsible for the
production of MWh and trade of this commodity in the wholesale/balancing markets. Is the legal
entity which is “the owner-producer” under a legal perspective.
The Energy Industry Services role (Energy Industry Services Provider) may be undertaken by the
relevant companies or organizations, such as the Integrator/EPC, O&M, consultancy or
engineering firms with expertise in: ESCO services (energy efficiency and energy management
services), energy markets and grid connections, EPC and O&M services for construction,
exploitation and operation of power plants. These agents, operate as intermediators between
power producers and other market actors, by offering the necessary equipment, services and
automated operations which allow a consumption/generation schedule to be realized. Under this
role, companies performing active generation management (to power plants) in O&M may be
benefit for added-value services from technology firms and energy-related service companies by
establishing partnerships and arrangements with them, through which to complete their portfolio
of solutions with innovative energy management capabilities. We refer at this last case as
companies such as Siemens, EnerNOC, etc… In the specific case of solving RES integration at
generation level for the SRH deployment, the following sub-roles are identified esteeming from
the Energy Efficiency and Active Generation Management Services role:
a. The Project Development is responsible of achieving a SRH project.
b. The EPC Contracting is responsible of the construction of the SRH project.
c. The O&M Contracting is responsible of the operation and maintenance of the SRH during
the project life.
d. The Energy Markets and Systems Consulting is responsible of technical consultant on
topics related to grid connections and network studies, generation and electricity market
assessment
The Power Transmission grid is operated by the TSOs, and provides High-Voltage transmission
from the generation units and interconnection services between the distribution grids. The TSO
is responsible for the maintenance of the transmission system and must also take the necessary
actions (capacity development) to guarantee its ability to satisfy the evolving demand.
The Power Distribution grid is operated by the DSOs. It is connected with the transmission grid
and provides Low (or Medium) Voltage power to end users. The DSO is responsible for operating
the transmission system and planning the necessary capacity expansion which is adequate to
satisfy the future demand. His role is also crucial for the incorporation of distributed generators
in the smart grid.
The Wholesale Market Operation combines the information of the production cost and demand
forecasting, to compute the wholesale prices and propagate them to the generators, the retailers
and the aggregators.
The Power Retailers, perform the final sale of power to end users. These agents try to forecast in
accuracy the future demand and reserve the adequate amount in the wholesale market, which
resell to their customers.
The Balance Services, provided by the Balancing Responsible Party. Has to be clarified that the
final responsibility for maintaining the instantaneous generation-consumption balance lies with
the Transmission System Operator (TSO). But in most cases, such as in Belgium, the balance
responsibility is passed on to Balance Responsible Parties (BRPs). It means to assure the balance
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in the control area is maintained, the TSO outsources this responsibility to the so-called Balance
Responsible Parties. A BRP is a private legal entity that takes up the responsibility to compose a
balanced portfolio. The portfolio of a BRP may consist of own generation, own consumption,
and/or electricity traded with other BRPs. A Balance Responsible Party can represent one or more
electricity generators, suppliers and/or industrial consumers. However, the physical process of
generating and consuming electricity is still managed by respectively generators and consumers.
As a rule, a BRP is merely an administrative entity intrinsic to the market design, needed to
balance generation and consumption from generators, suppliers and consumers. “An important
issue to be considered, as raised by Belgium, is the impact of the use of flexibility on the
imbalances in the planned schedules. By using flexibility, forecasts of generation or consumption
are disturbed, which causes imbalances in the planned schedules of Balance Responsible Parties
(BRP). These BRP would therefore have to pay a fine to the TSO because the TSO has to ensure
the balance in the whole control area.”
8. The Aggregators offers intermediate services between participants in the Smart Grid. They are
responsible to design and provide the sophistication for the orchestration of multiple appliances,
such that their collective consumption/generation scheduling results to benefits for their owners
and a remarkable positive effect for the grid.
9. Power Consumption, refers to all consumers whether residential or industrial who consume
power for their daily lives, activities and operations.
10. The Energy Storage, refers to the means which capture/store the produced electricity for some
future use. This is because batteries do not literary produce new power but may inject the
previously generated power in the grid, targeting for example to smooth out the negative impact
of peak loads. Additionally, this assignment is aligned with the emphasis that the GRIDSOL project
attributes to the storage means, towards the achievement of the objectives in the effective RES
integration in the energy system and in the Smart Grid context. The stored energy may be utilized
for local consumption (e.g. power plant), or it may be injected in the grid, to be used by others.

5.2.3. G ENERIC VALUE CHAIN
Figure 17 presents a generic value network for Smart Grids. It depicts ten key business roles and their
interaction in terms of power, information and money flows. This generic value network represents a vast
number of scenarios and the most important players, also including those related to GRIDSOL use cases
and scenarios. Its purpose is to serve as a guideline/template for creating and analysing various business
cases and scenarios primarily for the project as well as for the larger energy community, where it will also
be publicly disseminated as an GRIDSOL outcome. In its current form, the generic value network includes
the “core” business roles detailed in Section 5.2.2.
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F IGURE 17. T HE V ALUE N ETWORK FOR S MART G RIDS

Has to be clarified that there is a difference between roles and actors. Actors may undertake a single
business role, or they may undertake a combination of multiple such activities in the market. For instance,
an end-user is a consumer when relying on the grid for the operation of its appliances, but is also a
provider when offering electricity to the grid for the harmonization of the demand. In this latter case, this
agent is considered as a prosumer, a term that may refer to multiple scenarios. Further actors may arise
by the combination of the basic roles. For example, a retailer may decide to undertake aggregation
services, aiming to take advantage of the existing customer basis.
The graph does not include a role for the regulator, because this agent does not offer a distinct
contribution to the composition of a service but is responsible for the supervision of the whole system (to
guarantee the ‘level playing field’, i.e. that all actors are imposed the same set of rules and have access to
equal volume of information). The impact of this role may be implicitly included in the Business Model
Canvas, by means of the entrance barriers due to the regulatory framework in the considered market.

5.2.4. S MART R ENEWABLE H UB
The main flows of data and electricity from SRHs in its operation in the electricity markets are summarised
in the following picture. In the next deliverable (D6.3) the association of each partner with its potential
market role will be explained.
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F IGURE 18: M AIN R OLES IN THE V ALUE CHAIN

5.3. GRIDSOL BUSINESS MODELS
5.3.1. H IGH - LEVEL U SE C ASES FOR THE B USINESS M ODEL DEFINITION
As previous steps for the business model definition, the consortium has analysed not only the case studies
and Use Cases derived from technical requirements but also the basis for impact analysis and simulations
to be run aimed at quantifying the feasibility and viability for the market uptake of the DOME, GRIDSOL
and SRH hybrid power plants. These foundations come from the ongoing work performed along work
packages WP2 to WP7. New business scenarios have been identified in line with the aforementioned Use
Cases and the project's high-level goals defined in the DoA. From these all, High-Level Use Cases have
been inferred from which it will be defined one business model per it.
Table 7 contains the list of High-Level Use Cases that have been defined:
ID

HLUC

Business Scenario

P1

Building new hybrid
power plants

New Hybrid Power Plants.
Maximising energy production.
Roles: power producer, Market
Operator, EM service provider
(O&M) services

RES production. Trade of
renewable generation. High
power plant performance.
Improved O&M and
exploitation activities. GRIDSOL
services and technical features

P2

Retrofitting of
existing plants to
Maximize RES
production

Retrofitting of PV/Gas existing
power plants. Maximising energy
production. Roles: power producer,
Market Operator, EM service
provider (EPC and O&M) services

RES production. Trade of
renewable generation. Avoid
curtailment. High power plant
performance. Improved O&M
and exploitation activities.
GRIDSOL services and technical
features

P3

VPPs

Operation of a Virtual Power Plant
and the subset of those which refer

Energy broker. Distributed
power plants. BESS (storage).
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to the scheduling of explicit
flexibility and DR events for greater
cost-effectiveness in energy
production capacity

GRIDSOL services and technical
features

T ABLE 7. H IGH -L EVEL U SE C ASES

Furthermore, it has been defined in a secondary level other two High-Level Use Cases which are applicable
to the three HLUCs aforementioned. One can define them as Secondary High –Level Use Cases. Table 4
includes a shortening of both :
ID

HLUC

Business Scenario

Services

S1

Effective generation
Demand Response
for system
imbalances.
ancillary services to
TSOs. Continental
Europe

Technical restriction markets.
Adjustment energy markets. Roles:
TSOs/BRPs, power generation, EM
Services. Also, intra-day market

Demand Response to TSOs
requirements. (f, V control). Grid
stability and reliability. GRIDSOL
services and technical features.
Operating Reserves

S2

Effective generation
Demand Response
for system
imbalances.
Ancillary services to
System Operators.
Island case

Cost-effective systems for hybrid
energy systems (SRH) for the energy
system stability and for balancing
purposes
between
energy
production and demand in islanded
energy networks. Services for
system
balancing.
Power
generation according to SO
setpoints and schedules.

Demand Response to System
Operators requirements. Reliable
grid performance and capacity
reserve for energy exchange.
GRIDSOL services and technical
features

T ABLE 8. S ECONDARY H IGH -L EVEL U SE C ASES

These secondary High-Level Use Cases are aligned with the GRIDSOL Scenarios, Continental Europe and
EU Islands, both aimed at obtaining economically profitability of the exploitation of the SRH concept in
these two scenarios by providing ancillary services to TSOs and SOs respectively.
The analysis of these two BM can be accessed at Annexes 8.3 and 8.4 respectively.
Building new hybrid power plants. Cost-effectiveness.
The BM in this section exploits the functionality and services for the optimal operation of an Hybrid Power
Plant and the subset of those which refer to the scheduling of generation, energy storage or explicit
flexibility and DR events for greater cost-effectiveness in energy production capacity. The reason for this
analysis is to provide the complete value chain of the services offered by the main actor in this BM, i.e.,
the EIS service provider (Energy Industry Services Provider) - EPC and O&M contractor with extended
capabilities. For these two last, we want to put value on new services beyond the business as usual case;
ranging from project design up to construction and civil works, plant commissioning or O&M. We focus
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on a wide range of innovative and novel services to be provided, all pursuing the greater RES energy
allocation and production (generation capacity) and the most economic profit. Thanks to the DOME’s
technical features and functionalities, the EIS service provider will be able to offer new consultancy or
value-added energy efficiency services from which state-of-the-art PPA or other arrangements will be
established with the owner or the energy purchaser (utility, distributor, commercialization company or
consumer). According to the basic scenario defined by a new hybrid power plant (GRIDSOL, SRH), a new
ESCO-oriented party will schedule the power plant’s resources, it means, a market stakeholder that
provides energy management services to one extent and that effectively manage the operation and
exploitation of the power plant. Moreover, this party will be also a “broker” for trading energy, for
example in the wholesale market (by bidding at the best price), and therefore acting as a representative
and intermediary with both the market operator and the power plant “owner”.
The BM is built on EPC and O&M activities plus energy efficiency consultancy services, covering from
design to operation, dealing with market and financial strategies for controlling the overall plant costs,
ROI and cost-effectiveness of the energy trading. The provision of all these services will be possible thanks
to the EIS service provider will have the capability to perform a firm energy generation capacity and to
provide capabilities of price hedging, by which it is obtained financing and price coverage in future
markets, minimizing the risk coming from lower energy prices than the expected or a deviation in the
energy production with respect to what was predicted or planned.
The owner (we refer to those who has the ownership of the power plant) will be awarded with an integral
energy-related service offer through a cups of bundled services. Since the design of the power plant (the
best hybridization option based on the plant location and the expected nominal power capacity) up to the
construction, installation and commissioning (including the equipment). Furthermore, the owner will
enjoy a guaranteed capacity in the firm generation of electricity thanks to the SLAs included in the
concession contract, by which he will reduce the risk of the financial investment made and the profitability
of the business in the long term.
The EIS service provider will be benefit from new consultancy services on market and financial strategies
to maximize the profit for the exploitation of the power plant, maximizing revenues from energy trading,
not only in the wholesale market but also in the spot markets (intra-day markets), thanks to the flexibility
provided by different generation technologies on availability, hourly and seasonal basis, etc. Also by the
storage capacity, that allows to give a fast response in case of unforeseen energy demand. Moreover, it
will be maximized the electric power to be traded through a unique bid offer in the markets as an
aggregated pool of RES energy. In the case that this last would not be allowed, or possible, in a certain
country due to the regulatory framework, the maximum profit will be foreseen and it will be generated a
strategy based on the market energy prices to generate the maximum profit from the energy to be traded
in the market. These features are implemented through sophisticated algorithms implemented in the
DOME that deal with market and grid requirements to meet system and or market operator needs at any
time. Thanks to that, it can provide ancillary services and relieve pressure on the Electricity System
Operator. The Energy Management capabilities is joint to a communication system that enable the control
of the main outputs of the SRH to deliver dispatchable RES units. The developed model within DOME for
the hybrid system’s optimal power flow management aims to maximise the energy sold to the grid as well
as the production of the renewable sources subject to the power balance as well as other operational
constraints.
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The EIS service provider will contain and reduce the total costs of the plant since the initial design phase,
by selecting the best combination of synchronous and non-synchronous generation technologies while
run measures to avoid curtailment and therefore a limited capacity to regulate output electricity
according to the TSO requirements. Moreover, this market actor will provide their expertise to define the
most efficient aggregation schemes of the generators to gain maximum efficiency.
The main performance outcomes of the GRIDSOL/SRH power plant are: RES dispatchable generation that
will be able to be turn on/off, so it is increased the “clean” power installed at the power plant level.
Centralised control of the power plant. Aggregated power generated. Surveillance of the power that is
injected into the grid and control and monitoring of the distributed resources. Increased nominal power
24/7 regardless environmental conditions. Minimizes fossil fuel consumption while maximizing profit. Due
to hybridization the daily shut down/startup of the steam turbine is avoided and consequently achieving
greater efficiency from the plant’s infrastructure.
The benefits for the plant operation (SRH,GRIDSOL) are: no curtailment, the best balance between
production with biogas when production cost is profitable in terms of the forecast of business prices and
thus maximize income. In O&M greater control on system to optimize maintenance, production costs
adjusted to expected demand (according to forecasting of the energy demand based on the market) ,
reserve margin capacity for auxiliary services, reduction of CO2 emissions and consumption of non-fossil
fuels, security of produced energy and of the electrical system. Risk associated with non-firm generation
capacity is avoided. Greater use of the land-use planned for the plant. As it was aforementioned,
consulting services are also envisage for wholesale strategies, etc. (or storage scheduling and strategies
based on times when there better sale price of energy or depending on alternative fuel costs).
Construction of a new production plant is another task to be performed.
RES production is maximised thanks to a pool of new services and technological solutions, providing
dispatchable power generation, reducing the dependency of fossil fuel backup, maximising the use of
available local RES resources and technologies, tacking the most profit of synchronous generation,
increasing availability (24/7), integrating ancillary services at generation level, decreasing plant costs and
maximised PV power installed in the GRIDSOL plant.
Has to be clarified that a complete CBA analysis and the profitability assessment of the business model
will be performed at the end of the project, once the market simulations were complete based on defined
scenarios and when concrete exploitations plans will be defined. This work will be perform for the
completion of D8.3_Exploitation strategies and Market uptake.

THE ANALYSIS OF THE VALUE PROPOSITION OF THE BUSINESS CASE
In the table 9, main characteristics that define the value proposition assessment of this BM is presented:
GRIDSOL
products

Actors involved







Smart Renewable Hubs / Hybrid RES Dispatchable plants
DOME
Plant operating simulators within the electric system and in energy markets
(GRIDSOL plant, SRH)
Plant design tools for feasibility studies
Power Generator (Owner)
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Roles involved

Value proposition

EIS provider
o Project Developer
o EPC Contractor
o O&M Contractor
o Energy Markets and Systems Consulting
 TSO
 Power Production and Energy Storage: Role performed by power generators with
BESS installed in its power generation plants
 EIS Services: Role performed by a company based on Energy Management and EPC
and O&M arrangements. Project development, EPC and O&M tasks thanks to the
deployment of a project.
 Power Transmission Role performed by the TSO
Power Generator
 Will be able to schedule its generation (for power generation, power plant
functioning), production and storage capabilities more efficiently.
 Will be able to sell its production surplus to the wholesale, intra-day markets and
means by PPAs and bilateral arrangements with large energy customers
 Will receive additional revenues from its flexibility capabilities and its participation in
explicit DR events.
 Will have the opportunity to give its contribution for the environment protection,
when participating in explicit DR events for the RES curtailment avoidance.
Energy Industry Services Company
 Will decide the optimal schedules of the power plant processes at the local level and
thus increase its revenues (as a portion of the power generators’ profits)
 Will provide consultancy services on energy efficiency, plant performance and market
strategies for bidding energy
o Energy Markets and Systems Consulting: will provide technical support and
advice in electricity market
 Centralised control of the power plant
 EPC services + O&M
o Project developer: Will develop the project including the design and permitting.
o EPC contractor: Will build the new hybrid plant.
o O&M contractor: Will perform and guarantee the operation and maintenance of
the new hybrid plant.
 Increment its clientele for this value added new service portfolio
TSO
 Will be able to receive, in an easier way, support for balancing the grid by means
most reliable RES energy (Synchronized sources, more balanced according to network
constraints). Also to obtain fast response for covering off-peak and peak demands
Power Generator
 Revenues by selling its energy to the wholesale market and ancillary service market.
Also by selling the energy (or surplus) by PPAs and bilateral arrangements with large
consumers/distributors/suppliers.
 From TSOs to provide demand coverage. For example availability service.
Energy Industry Services Company
 Their revenues may be either a portion of the compensation provided to power
generators for their RES energy trading, or a fixed fee paid by the power generators
(or their combination).
 Energy Markets and Systems Consulting: revenues for consultancy services
 EPC services (construction of the plant) and O&M
o Project developer: Revenues by the identification of a business opportunity,
design and permitting.
o EPC contractor: Revenues by building the new hybrid plant.
o O&M contractor: Revenues by the operation and maintenance of the new hybrid
plant.
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TSO



Decreased operational costs by avoiding the grid congestion and system instability.
Decreased cost by improved quality of supply, energy efficiency and increased
hosting capacity
Power Generator
 Part of its revenues will be given to the EM for the optimal schedule of power plant
performance
 Financial coverage for plant construction
Energy Industry Services Company
 Economic investment for the development and operation of the software and
communication channels and technologies aiming to receive flexibility requests and
compute the optimal schedules at power plant level.
 GRIDSOL or SRH cost for construction
 Cost of EPC and O&M services
o Project developer: Cost of personnel in charge of the identification of a business
opportunity, design and permitting.
o EPC contractor: Cost of building the new hybrid plant.
o O&M contractor: Cost of personnel and equipment for the operation and
maintenance of the new hybrid plant.
 New staff for consultancy services and O&M
TSO
 Economic investment for the development and operation of the software and
communication channels and technologies aiming to send flexibility requests.
 Payment to the Generator for provisioning the DR and flexibility services.

Cost streams

T ABLE 9. V ALUE P ROPOSITION OF THE EXPLOITING HYBRID POWER PLANTS BM

Value proposition for Consumers and DSOs are not included in the table for being generalised by the
different BM defined. Consumer will enjoy of lower energy prices due to a greater RES installed capacity
and a higher RES volume in the energy Mix. Also they will be benefit from a most reliable and secure
energy supply. DSOs will be less required to activate demand side and demand response programs and
mechanisms for balancing the power grid.

5.3.1.1.1. GENERIC BM CANVAS
Has to be clarified hereinafter that the Power Producers’ related BM Canvas are not included, because of
their key activities are included in the BM for the EIS Service Provider (Power Plant operation and
exploitation related activities plus energy-efficiency services). Here, it is assumed that the Power
Generator is the owner, thus financing investment is his most input; but also covers the project
development, EPC and O&M tasks.
BM for EIS Provider
Key Partners

Key Activities

 TSO
 Power Generator
 Wholesale Market
Operator
 Large Consumers

 Operates and maintain
the hybrid power plant
 Establishes strategies for
maximizing economical
profit according to signal

D8.2 – Innovative Business Models and Legal Issues

Value
Propositions
 Will be able to
schedule its
generation (for
power
generation,

Relationships
with other
partners

Customer
Segments and
Communication.

 Receives
flexibility
requests from

 The TSO is a
customer of the
EIS Operator as
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 Retailers
 Distributors

prices (market and energy
system conditions) and
cost of generation
 Aggregates the RES
energy from different
technologies and offers
one bid in the electricity
market
 Provides the optimal
schedules for power
generation, power
storage, aggregation
schemes of RES energy
 Project design,
construction and O&M of
hybrid power plant

power plant
functioning),
production and
storage
capabilities
more
efficiently.
 Will be able to
sell production
surplus to the
wholesale,
balancing
markets and
means by PPAs
and bilateral
arrangements
with large
energy
customers
 Will receive
additional
revenues from
its flexibility
capabilities
and its
participation in
explicit DR
events.
 Will have the
opportunity to
give its
contribution
for the
environment
protection,
when
participating in
explicit DR
events for the
RES
curtailment
avoidance.
Firm
synchronous RES
generation

the TSO.
 Collects the
flexibility
capability and
production
forecast of the
power
generators
 Provides the
optimal
utilization of
RES generation
and
instructions for
the explicit DR.
 PPAs with Large
consumers,
distributors,….

the former
requests
flexibility
services.
 The provision of
the services is
feasible by
means of the
communication
between the
participating
GRIDSOL tools.

Value network graph

Barriers

See Figure 20.

 Uncertainty about one bid of aggregated
energy
 In some member states no regulatory
framework currently exists for the operation
of hybrid power plants

Cost Structure

Revenue Model

 Economic investment for the development and operation of the
software and communication channels and technologies aiming to
receive flexibility requests and compute the optimal schedules at
power plant level.

 Their revenues may be either a portion of
the compensation provided to power
generators for their RES energy trading, or a
fixed fee paid by the power generators (or
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 GRIDSOL or SRH cost for construction
 New staff for consultancy services, permitting, project design and
O&M

their combination).
 EPC services (construction of the plant) and
O&M, consultancy services

Societal and Environmental Costs

Societal and Environmental Benefits

 Construction and operation of Hybrid power plant leads to CO2emissions.

 Maximisation of the share of renewable
energy, i.e. pushing the energy transition
 Lower fossil fuel consumption
 Encouragement of RES generators’ active
participation.
 New jobs can be created related to the setup
and operation of hybrid power plant and
market strategies.
 DR reduces the need for reserved capacity,
which results to a premium in electricity
prices

For TSO
Key Partners

Key Activities

Value Propositions

 EIS Provider

 Monitor the
transmission
grid and foresee
the risk of
congestion or
RES curtailment.
 Flexibility
request from
targeting to the
smooth
operation of the
grid and for
balancing
demand.

 The smoothing of
congestion and
power quality issues
(frequency
deviations), lead to
the less costly
management and
operation of the
transmission grid.
Lower investment for
grid reinforcement
and backup power
plants allocation (this
last maybe more
focused on System
Operator
perspective)

Relationships with other
partners

Customer Segments
and Communication.

According to the
considered scenario, the
TSO communicates only
with the EM via the
flexibility market (or
alternatively with
bilateral agreements).

According to the
considered scenario,
the TSO is the
customer of the VPP
Operator. Their
between
communication is
feasible by means of
the GRIDSOL tools:
DOME

Value network graph

Barriers

See Figure 20.

 Regulatory gaps in the provision of the relevant flexibility
services for power generators.

Cost Structure

Revenue Model

 Cost of the advanced metering infrastructure (smart
meters, sensors) needed in order to specify the details
of the required DR event (duration, area, etc.)
 Payment for the provision of the DR services.

 Better management of the peak demand leads to
decreased need for investment in grid capacity.
 Avoidance of potential penalties that would arise in the
case of RES curtailment.

D8.2 – Innovative Business Models and Legal Issues

71

Societal and Environmental Costs

Societal and Environmental Benefits

No societal or environmental costs identified.

 Better use of public infrastructure.
 More secure and stable grid.
 Less investment costs needed by the TSO in prolonging the
useful life of the infrastructure. The money saved can be
used by the TSO for other socially relevant purposes from
other market participants, targeting to eliminate the energy
poverty.

5.3.1.1.2. VALUE NETWORK GRAPH

F IGURE 19. V ALUE N ETWORK G RAPH . EXPLOITING HYBRID POWER PLANTS

Has to be clarified that power consumption role has been depicted to be perform both from the power
generation side and the end consumer (prosumer). The former case represents the internal energy
consumption of the power plant. Moreover, in order to simplify the view of the value network has been
doubled the EM Services Box to clarify the figure.

Retrofitting of existing plants to Maximize RES production. Cost-effectiveness.
This BM is based on retrofitting existing power plants, PV or other plants, and to convert them in hybrid
power plants. So, thanks to hybridization, PV dispatchable will be obtained or it will be consumed less
fossil-fuel as a primary resource. As in the Building new Hybrid Power Plants BM, this BM is based on new
services that are provided for EPC and O&M activities and EM services / ESCO (PPAs). Key activities are on
the retrofitting of power plants, provision of new GRIDSOL systems (DOME) and commissioning and
management activities to maximize the energy production. This BM targets already constructed or
designed power plants although these are from other ownership. The amortization of the initial
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investment will be based on revenues from additional energy traded and from lowering losses due to
curtailment. Economic commissions for the presentation of offers to the market will be rewarded to the
EIS providers. As extended benefits are: existing resources are used (maximize use of existing resources is
made) and plant life time is optimized. In addition the costs of fossil fuels are reduced.
Through this BM EIS providers will establish a new revenues stream. They will offer this bundled offer
(retrofit, generation technology, DOME, consultancy) as a one offer. Financial risk was already assumed
by a third party when the power plant was under construction. Now, due to poor RES performance, the
“owner” decides to reinvest money in the power plant to maximize the RES production and therefore its
profitability. This substitution is valid for PV plants for example, and is based in the following pillars:
reduced dependency on auxiliary fuel thanks to the capacity to store part of the energy contained in the
fuel in TES, leading to increased energy dispatchability, the same regulation capacity as CCGTs (Combined
Cycle Gas Turbine) due to the combination with decoupled synchronous generators and DOME and lower
final costs of electricity.
For more details of consultancy services related to the Hybrid Power Plant cost-effectiveness, see Section
5.3.1.1.
Has to be clarified that a complete CBA analysis and the profitability assessment of the business model
will be performed at the end of the project, once the market simulations were complete based on defined
scenarios and when concrete exploitations plans will be defined. This work will be perform for the
completion of D8.3_Exploitation strategies and Market uptake.
In the table 10, main characteristics that define the value proposition assessment of this BM is presented:
GRIDSOL
products




Actors involved




Roles involved

Value proposition

DOME
Energy storage and RE technologies

Power Generator (Owner)
EIS Provider
o Project developer
o EPC Contractor
o O&M Contractor
o Energy Markets and Systems Consulting
 Market Operator
 TSO
 Power Production and Energy Storage: Role performed by power generators with
BESS installed in its power generation plants
 EIS Services: Role performed by a company based on Energy Management and EPC
arrangements. Project development, EPC and O&M tasks thanks to the deployment
of retrofitting.
 Power Transmission Role performed by the TSO
Power Generators
 Will maximize energy production. Increased plant capacity. Dispatchability
 Will be able to schedule its generation (for power generation, power plant
functioning), production and storage capabilities more efficiently.
 Will be able to sell its production surplus to the wholesale, balancing markets and
means by PPAs and bilateral arrangements with large energy customers
 Will receive additional revenues from its flexibility capabilities and its participation in
explicit DR and flexibility events.
Energy Industry Services Company
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Will decide the optimal schedules of the power plant processes at the local level and
thus increase its revenues (as a portion of the power generators’ profits)
Will provide consultancy services on energy efficiency, plant performance, market
strategies for bidding energy also in grid connections and generation.
o Energy Markets and Systems Consulting: will provide technical support and
advice in electricity market
Centralised control of the hybrid power plant
EPC services (retrofit) + O&M
o Project developers: Will develop the project including the design and
permitting.
o EPC contractors: Will build the hybrid plant (retrofitting).
o O&M contractors: Will perform and guarantee the operation and
maintenance of the hybrid plant (retrofitting).

TSO


Revenue streams

Cost streams

Will be able to receive in an easier way support for balancing the grid by means most
reliable RES energy (Synchronized sources, more balanced according to network
constraints). Also to obtain fast response for covering off-peak and peak demands
Power Generator
 Revenues by selling its energy to the wholesale market and ancillary service market.
Also by selling the energy (or surplus) by PPAs and bilateral arrangements with large
consumers/distributors/suppliers.
 From TSOs to provide demand coverage
 Lower curtailment
Energy Industry Services Company
 Their revenues may be either a portion of the compensation provided to power
generators for their RES energy trading, or a fixed fee paid by the power generators
(or their combination).
 Energy Markets and Systems Consulting: Revenues from consultancy
 EPC services and O&M
o Project developer: Revenues by the identification of a business opportunity,
design and permitting.
o EPC contractor: Revenues by building the hybrid plant (retrofitting)..
o O&M contractor: Revenues by the operation and maintenance of the hybrid
plant (retrofitting).
TSO
 Decreased operational costs by avoiding the grid congestion and RES curtailment.
 Decreased cost by improved quality of supply, energy efficiency and increased
hosting capacity
Power Generator
 Part of its revenues will be given to the EM for the optimal schedule of power plant
performance
 Financial coverage for plant construction
 Annual license fee for DOME high value-added services exploitation. (Long-Term
contract)
 Economic investment for the development and operation of the software and
communication channels and technologies aiming to receive flexibility requests and
compute the optimal schedules at power plant level.
 DOME + infrastructure for hybridizing plant, financing them to the Power Generator
 Cost of EPC and O&M services for the inclusion of retrofit.
 New staff for consultancy services and O&M
Energy Industry Services Company
 Project developer: Cost of personnel in charge of the identification of a business
opportunity, design and permitting.
 EPC contractor: Cost of building the hybrid plant (retrofitting).
 O&M contractor: Cost of personnel and equipment for the operation and
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maintenance of the hybrid plant (retrofitting).
TSO



Economic investment for the development and operation of the software and
communication channels and technologies aiming to send flexibility requests.
Payment to the Generator for provisioning the DR services.

T ABLE 10. V ALUE P ROPOSITION ANALYSIS

OF THE

MAXIMIZING RES PRODUCTION . COST-EFFECTIVENESS. RETROFIT BM

As consumers will enjoy of lower energy prices due to a greater RES installed capacity and a higher RES
volume in the energy MIX. And they will be also benefit from a most reliable and secure energy supply. In
turn, as DSOs will be less required to activate demand side and demand response programs and
mechanisms for balancing the power grid due to the energy system stability. Value propositions for
Consumers and DSOs are not included in the table for being generalised by the different BM defined.
5.3.1.2.1. GENERIC BM CANVAS
Has to be clarified hereinafter that the Power Producers’ related BM Canvas are not included, because of
their key activities are included in the BM for the EIS Provider (Power Plant operation and exploitation
related activities plus energy-efficiency services ). Here, it is assumed that the Power Generator is the
owner, thus financing investment is his most input.
For EIS Provider
Key Partners

Key Activities

 TSO
 Power
Generator
 Wholesale and
Market
Operator
 Large
Consumers
 Suppliers
 Distributors

 Operates and
maintain the
hybrid power
plant
 Establishes
strategies for
maximizing
economical
profit according
to signal prices
(market
conditions) and
cost of
generation
 Aggregates the
RES energy
from different
technologies
and offers one
bid in the
electricity
market
 Provides the
optimal
schedules for
to the power
generation,
power storage,
aggregation
schemes of RES

Value Propositions
 Will be able to
schedule its
generation (for
power generation,
power plant
functioning),
production and
storage capabilities
more efficiently.
 Will be able to sell
the production
surplus to the
wholesale, balancing
markets and means
by PPAs and bilateral
arrangements with
large energy
customers
 Will receive
additional revenues
from its flexibility
capabilities and its
participation in
explicit DR events.
 Will have the
opportunity to give
its contribution for
the environment
protection, when
participating in
explicit DR events for
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Relationships with other
partners

Customer Segments
and Communication.

 Receives flexibility
requests from the TSO.
 Collects the flexibility
capability and
production forecast of
the power generators
 Provides the optimal
utilization of RES
generation and
instructions for the
explicit DR.
 PPAs with Large
consumers,
distributors,….

 The TSO is a
customer of the EIS
Operator as the
former requests
flexibility services.
 The provision of the
services is feasible by
means of the
communication
between the
participating
GRIDSOL tools.
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energy
 Project
development,
design and
permitting
 Construction of
hybrid plant
(retrofitting)

the RES curtailment
avoidance.
 Firm synchronous
RES generation

Value network graph

Barriers

See Figure 21.

 Uncertainty about one bid of aggregated energy
 In some member states no regulatory framework currently
exists for the operation of hybrid power plants

Cost Structure

Revenue Model

 Economic investment for the development and
operation of the software and communication channels
and technologies aiming to receive flexibility requests
and compute the optimal schedules at power plant
level.
 DOME + infrastructure for hybridizing plant. Financing
them to Power Generator
 Cost of EPC and O&M services for new RE and storage
technologies
 New staff for consultancy services and O&M

 Their revenues may be either a portion of the
compensation provided to power generators for their RES
energy trading, or a fixed fee paid by the power generators
(or their combination).
 Revenues by consultancy services
 EPC services (construction of the plant) and O&M
o Revenues by the identification of a business
opportunity, design and permitting
o Retrofitting works
o Revenues by the operation and maintenance of
the hybrid power plant (retrofitting)
 Annual Fee for DOME exploitation

Societal and Environmental Costs

Societal and Environmental Benefits

 Construction and operation of Hybrid power plant leads
to CO2-emissions.
 Lower fossil fuel consumption

 Maximisation of the share of renewable energy, i.e. pushing
the energy transition
 Encouragement of RES generators’ active participation.
 New jobs can be created related to the setup and operation
of hybrid power plant and market strategies.
 DR reduces the need for reserved capacity, which results to
a premium in electricity prices

For TSO

D8.2 – Innovative Business Models and Legal Issues

76

Key Partners

Key Activities

Value Propositions

 EIS Service
Provider

 Monitor the
transmission
grid and foresee
the risk of
congestion or
RES curtailment.
 Flexibility
request from
targeting to the
smooth
operation of the
grid and for
balancing
demand.

 The smoothing of
congestion and
power quality issues
(frequency
deviations), lead to
the less costly
management and
operation of the
transmission grid.
Lower investment for
grid reinforcement
and backup power
plants allocation (this
last maybe more
focused on System
Operator
perspective)

Relationships with other
partners

Customer Segments
and Communication.

According to the
considered scenario, the
TSO communicates only
with the EIS manager via
the flexibility market (or
alternatively with
bilateral agreements).

According to the
considered scenario,
the TSO is the
customer of the VPP
Operator. Their
between
communication is
feasible by means of
the GRIDSOL tools:
DOME

Value network graph

Barriers

See Figure 21.

 Regulatory gaps in the provision of the relevant flexibility
services for power generators.

Cost Structure

Revenue Model

 Cost of the advanced metering infrastructure (smart
meters, sensors) needed in order to specify the details
of the required DR event (duration, area, etc.)
 Payment for the provision of the DR services.

 Better management of the peak demand leads to
decreased need for investment in grid capacity.
 Avoidance of potential penalties that would arise in the
case of RES curtailment.

Societal and Environmental Costs

Societal and Environmental Benefits

No societal or environmental costs identified.

 Better use of public infrastructure.
 More secure and stable grid.
 Less investment costs needed by the TSO in prolonging the
useful life of the infrastructure. The money saved can be
used by the TSO for other socially relevant purposes from
other market participants, targeting to eliminate the energy
poverty.

5.3.1.2.2. VALUE NETWORK GRAPH
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F IGURE 20. V ALUE N ETWORK G RAPH . MAXIMIZING RES PRODUCTION. COST-EFFECTIVENESS. RETROFIT BM

Has to be clarified that power consumption role has been depicted to be perform both from the power
generation side and the end consumer (prosumer). The former case represents the internal energy
consumption of the power plant. Moreover, it should be noted that in this case for the nature of the BM
core activities, the service provision of flexibility capability to TSOs may be managed for a third-party with
aggregator’s role. This market participant may use the EM Service Provider as a channel distributor for its
services.

VPPs acting as a Virtual battery for cost-effective RES market’s uptake
The BM in this section exploits the functionality for the optimal operation of a Virtual Power Plant and the
subset of those which refer to the scheduling of explicit DR events for greater cost-effectiveness in energy
production capacity. That is, to perform Virtual Power Plants as a Virtual Battery for cost-effective RES
market’s uptake. The reason for this analysis is to provide the complete value chain of the services offered
by the main actor in this BM, i.e., the VPP operator. More specifically, the VPP represents a basic
component of an interactive and dynamic power network, as a system that integrates many resources,
such as: renewable energy sources (RES), energy storage systems and flexible/controllable loads (energy
consumption loads/processes). Traditionally this business mechanism (VPP) was targeted for DSOs, on
where the aggregators offers a ‘pool’ of storage from distributed generation facilities at the edge of the
grid. We propose a paradigm change, focusing the business activities at the power generation level (large
power plants) to provide support to TSOs due to there is a great potential in the waste of energy in large
RES generation plants due to for example “energy curtailment” in PV or Wind farms. The proposed BM is
a new way to make use of this novel market mechanism, at the same time profit is taken from the existing
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gap in the regulatory European Framework on where DSOs are not allowed to deploy and operate their
own storage facilities [35].
According to the basic scenario, these resources are scheduled by an ESCO-oriented party, it means, a
market stakeholder that provides energy management services to effectively manage the operation and
exploitation of the power plant. The VPP here defined is aimed at exploiting flexibility of both a single
hybrid RES power plant or a pool of installations distributed geographically which are commonly managed
and orchestrated by a single VPP operator. At the aggregation level, the production capacity surplus
(based on market bids) and consumption flexibility (energy consumption for power plant operation) of
these resources can be pooled and the energy surplus can be utilized to offer additional services. In that
sense, the VPP operator represents an intermediary between the power generators and the energy
markets. The VPP operator can participate in the Day-ahead and Intraday wholesale market for selling
energy surplus, in the balancing markets for offering DR services to other actors of the grid, e.g. TSOs or
System Operators, and in PPAs or bidirectional arrangements with large energy-consumption consumers.
Aiming to maximize the revenues of its participants while satisfying their convenience constraints, the
VPP operator firstly selects the forecasts of the RES production, and combines it with forecasted demand
of its members aiming to compute their surplus. Then, the VPP operator compares the potential revenues
from the different markets and decides the most profitable schedule for its assets: either sell the energy
surplus or store it to cover future local needs and additionally the member that will participate in the DR
events (Power Generation side- power plant). The VPP Operator sends the optimal strategies to each
individual member. In the case of a DR event, the VPP Operator explicitly requests from a subset of its
members their storage/consumption of a specific volume of power within a specific time duration. In the
context of the GRIDSOL project, such requests refer only to power plants whether under retrofit or not
where BESS (Battery Energy Storage Systems) are placed. For instance, the TSO or the System Operator
may request the storage of the RES production to avoid the curtailment or other measures that would
relief its grid from congestion. Depending on the contract with its members, the VPP Operator may offer
a payment for the power generation rescheduling, or may apply direct load control. In the former case,
the VPP operator chooses the most appropriate members to participate in the DR event, according to
their potential in satisfying the DR requirements and the level of compensation that they request. The
individual DOMEs for distributed power plants will compute the optimal rescheduling of the local
generation power plant according to the DR signal, so that the VPP operator will compute the optimal
plan for each member by considering the whole profit of the ‘pooled’ generation facilities and the
assessment of the individual performance capabilities. After that, in each facility, the DOME, in case of a
DR from the VPP operator, will activate the power plant control strategy sent by the VPP Operator. In
both the aforementioned schemes, the participation of the power generators in the DR is quantified by
comparing their actual energy storage during the event with their individual storage baseline (in the
absence of DR request), which are derived by elaborating historical data. The VPP operator manages the
compensation for its members according their involvement and contribution to DR and the flexibility
provided. Concerning his revenue stream the VPP operator may require a participation fee from each
individual member and also keep a portion of their profits from their participation in the wholesale,
balancing or PPA markets. Concluding, the aim of this BM is to investigate the added value by the power
generators from their participation in the VPP, due to more efficient utilization of their
production/consumptions/(storage shifting capabilities both at local and aggregation level, according to
the advices of the VPP Operator). The BM will investigate the added value and additional revenues that
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the VPP Operator will gain through its optimization capabilities that will allow him to decide the optimal
assignment of the requested services among its members and, consequently increase the set of services
that may be offered. Additionally, the optimal advices to the members are expected to extend its clientele
(more power producers to become members of the VPP) and, therefore its revenues.
The role of the ESCO/RESCO in the aforementioned scenario is to reschedule the power
storage/consumption at local level such that the generation/storage pattern communicated by the VPP
Operator is met. The BM include the case when a RESCO owns and operates the RES power plant. For
instance, we may consider a contract between the power producer and the RESCO (PPA) which specifies
the portion of generation that may be consumed locally. Then, if the VPP Operator requires from the
power generator an explicit DR, the power generator may require from the ESCO to consume all the
agreed portion of the local generation during the event, aiming at avoid inconvenience while he earns the
compensation by the VPP Operator. This action may be against the interest of the RESCO if, at the same
time, the wholesale prices is high, because it misses the opportunity to maximize the profits from its
generation.
Giving a quick SOTA analysis, GE offers Digital power plants acting as Virtual Batteries also. The company
adds asset performance, power plant operation and linkages to energy market and financial management
software to allow this flexibility to be built into a company’s entire decision-making process. All told, this
improved asset performance, reduced fuel consumption, decreased unplanned downtime and maximized
operational efficiency should yield up to $230 million over 20 years for one of GE’s next-generation power
plants, according to Steve Bolze president and CEO of GE Power & Water. This is one example, GE is not
only the one that is been working on this kind of flexibility and efficiency in its newest models. Market
research articles also state that VPPs could see the most growth particularly as the cost of battery systems
continues to plummet, and that VPPs make more economic sense in areas with high concentration of
wind and solar where managing hundreds of independent RES energy systems can create logistical
challenges [36], [37]. Moreover, improved grid operational procedures can make the scheduling and
dispatch (or use) of power plants more flexible [38]. The expansion of energy markets, as well as the
creation of markets for flexibility itself, can create strong incentives for power plant owners to make their
plants more flexible. The occasional curtailment (reduction), i.e. of wind output, can also be a very costeffective source of flexibility. Market competition could come from new flexible generation, particularly
natural gas-fired power plants, that can be added to the grid at low cost to provide enhanced flexibility.
Thus, there appears to be a vast quantity of flexible resources that can provide flexibility at lower cost
than energy storage. Instead, it makes more sense for energy storage to be viewed as a system resource
that can help even out the aggregate variability of all generators and all demand on the electric grid, and
not used as a dedicated resource for a single generator or load. Last but not least, capital investments for
TSOs in order to modernize and reinforce the transmission network and reduce network constraints are
lowered.

THE ANALYSIS OF THE VALUE PROPOSITION OF THE BUSINESS CASE
In the table 11, main characteristics that define the value proposition assessment of this BM is presented:
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GRIDSOL
products
Actors involved

Roles involved

Value proposition

Revenue streams




DOME
Simulators of the power plant operation within the electric system(Forecast of
better actions)
 Power Generator (Owner)
 ESCO/ EIS Provider
o Project developer
o EPC Contractor
o O&M Contractor
 VPP operator
 TSO
 Power Production and Energy Storage: Role performed by power generators with
BESS installed in its power generation plants
 Aggregator Services: Role performed by the VPP Operator
 EIS Services: Role performed by the ESCO based on Energy Management and EPC and
O&M arrangements. Project development, EPC and O&M tasks thanks to the
deployment of a VPP.
 Power Transmission Role performed by the TSO
Power Generator
 Will be able to schedule its consumption (for power generation, power plant
functioning), production and storage capabilities more efficiently.
 Will be able to sell its production surplus to the wholesale, balancing markets and
means by PPAs and bilateral arrangements with large energy customers
 Will receive additional revenues from its flexibility capabilities and its participation in
explicit DR events.
 Will have the opportunity to give its contribution for the environment protection,
when participating in explicit DR events for the RES curtailment avoidance.
ESCO/ EIS Provider
 Will decide the optimal schedules of the loads/power plant processes at the local
level and thus increase its revenues (as a portion of the power generators’ profits).
Moreover:
o Project developer: Will develop the project including the design and
permitting.
o EPC contractor: Will build the VPP.
o O&M contractor: Will perform and guarantee the operation and
maintenance of VPPs.
VPP operator
 Will provide a combination of services, thus utilizing more efficiently the
assets(flexibility) of its members.
 Will provide optimal schedules and thus increase its clientele.
 Will manage better its internal resources in order to decide more efficiently if it is
more profitable to store or sell the energy surplus.
 Will be able to provide explicit DR services, thus increasing its earning.
TSO
 Will be able to receive in an easier way support for balancing the grid by means of
the DR services provided by VPP operators.
Power Generator
 Revenues by selling its energy surplus to the wholesale and balancing markets. Also
by selling the energy surplus by PPAs and bilateral arrangements with large
consumers.
 Payments from the aggregator for its contribution in the explicit DR events.
VPP operator
 Revenues for operating as an intermediary between the power generators and the
energy markets (receives a portions of the generators’ profits).
 Revenues for providing DR services to the TSO.
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Cost streams

 Receives flat-fee from the generators for their participation in the VPP.
ESCO/ EIS Provider
 Their revenues may be either a portion of the compensation provided to power
generators for their participation in explicit DR events, or a fixed fee paid by the
power generators (or their combination).
TSO
 Decreased operational costs by avoiding the grid congestion and RES curtailment.
Power Generator
 Part of its revenues will be given to the ESCO for the optimal schedule of power plant
performance.
 Payment to the VPP Operator for becoming a member of the VPP.
VPP Operator
 Economic investment for the development and operation of the software and
communication channels and technologies with the Power Plant Cockpit tool (DOME),
aiming to receive and send flexibility requests and compute the optimal schedules at
aggregation level.
 Payments to VPP participants for their involvement in the DR services realization and
for their power production.
 Payments to the markets operator for market participation (not appearing in the value
network).
ESCO/ EIS Provider
 Economic investment for the development and operation of the software and
communication channels and technologies aiming to receive flexibility requests and
compute the optimal schedules at power plant level. Moreover:
o Project developer: Cost of personnel in charge of the identification of a
business opportunity, design and permitting.
o EPC contractor: Cost of building the VPP
o O&M contractor: Cost of personnel and equipment for the operation and
maintenance of the VPP.
TSO
 Economic investment for the development and operation of the software and
communication channels and technologies aiming to send flexibility requests.
 Payment to the VPP Operator for provisioning the DR services.
T ABLE 11. V ALUE P ROPOSITION ANALYSIS

OF THE

VPP BM

Value proposition for Consumers and DSOs are not included in the table for being generalised by the
different BM defined. Consumer will enjoy of lower energy prices due to a greater RES installed capacity
and a higher RES volume in the energy Mix. Also they will be benefit from a most reliable and secure
energy supply. DSOs will be less required to activate demand side and demand response programs and
mechanisms for balancing the power grid.
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5.3.1.3.1. GENERIC BM CANVAS
For the TSO
Key Partners

Key Activities

Value Propositions

 VPP Operator
 Flexibility
Market
Operator

 Monitor the
transmission
grid and foresee
the risk of
congestion or
RES curtailment.
 Flexibility
request from
the VPP
Operator,
targeting to the
smooth
operation of the
grid.

 The smoothing of
congestion and
avoidance of RES
curtailment, lead to
the less costly
management and
operation of the
transmission grid.
Lower investment for
grid reinforcement
and backup power
plants allocation (this
last maybe more
focused on System
Operator
perspective)

Relationships with other
partners

Customer Segments
and Communication.

According to the
considered scenario, the
TSO communicates only
with the VPP Operator
via the flexibility market
(or alternatively with
bilateral agreements).

According to the
considered scenario,
the TSO is the
customer of the VPP
Operator. Their
between
communication is
feasible by means of
the GRIDSOL tools
Tools: DOME

Value network graph

Barriers

See Figure 22.

 Regulatory gaps in the operation of the VPP and the
provision of the relevant flexibility services for power
generators.

Cost Structure

Revenue Model

 Cost of the advanced metering infrastructure (smart
meters, sensors) needed in order to specify the details
of the required DR event (duration, area, etc.)
 Payment to the VPP Operator for the provision of the
DR services.

 Better management of the peak demand leads to
decreased need for investment in grid capacity.
 Avoidance of potential penalties that would arise in the
case of RES curtailment.

Societal and Environmental Costs

Societal and Environmental Benefits

No societal or environmental costs identified.

 Better use of public infrastructure.
 More secure and stable grid.
 Less investment costs needed by the TSO in prolonging the
useful life of the infrastructure. The money saved can be
used by the TSO for other socially relevant purposes from
other market participants, targeting to eliminate the energy
poverty.

For the VPP Operator (Aggregator)
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Key Partners

Key Activities

Value Propositions

 TSO
 Power
Generator (by
means of the
ESCO)
 Wholesale and
Flexibility
Market
Operator
 Large
Consumers

 Operates as an
intermediate
between the
power
generators and
the wholesale /
balancing
markets.
 Aggregates the
storage capacity
/ production of
the power
generators and
offer flexibility
services in
balancing
markets.
 Provides the
optimal
suggestions to
the power
generators for
the utilization of
their assets at
the aggregation
level.

 The pooling of
generation units and
flexible consumption
loads leads to their
more efficient
utilization.
 The utilization of its
assets for providing
services in two
markets leads to
more profitable
decisions for the VPP
members and thus
also for the Operator.
 The optimal
assignment of
services to specific
assets (prosumers)
allows the VPP
Operator to offer
further services and
thus increase its
revenues.

Relationships with other
partners

Customer Segments
and Communication.

 Receives flexibility
requests from the TSO.
 Collects the flexibility
capability and
production forecast of
the power generators
(by means of the
ESCO).
 Provides to the ESCO
the optimal utilization
of RES generation and
instructions for the
explicit DR.
 Informs the BRP about
the explicit DR events.

 The TSO is a
customer of the VPP
Operator as the
former requests
flexibility services.
 VPP members, power
generators with RES
production and
storage (BESS).
 Communication
through marketing
campaigns.
 The provision of the
services is feasible by
means of the
communication
between the
participating
GRIDSOL tools.

Value network graph

Barriers

See Figure 22.

 Must have enough members in a specific area to be able to
offer significant flexibility.
 Uncertainty about inherent demand flexibility available in
various GRIDSOL typologies and relevant
activities/operations.
 Aggregators must get the prior agreement of BRP, before
contracting with their customers (e.g., the case of Belgium,
as mentioned in Section 4.2.2
 In some member states no regulatory framework currently
exists for the operation of the aggregator

Cost Structure

Revenue Model

 Development and operational cost of the SW VPP tool,
or alternative the license – cost paid to a third party.
 Fee paid to the market Operators for its participation in
the markets.

 Flat-fee paid by the power generator for their participation
in the VPP.
 Keeps a portion of the generator’s income by selling their
energy in the wholesale and market or in PPAs, bilateral
arrangements with large prosumers.
 Keeps a portion of the amount paid by the TSO (bidding
process in the market) for the flexibility request (the rest is
given to the power generators).

Societal and Environmental Costs

Societal and Environmental Benefits

 Manufacturing and operation of VPP assets leads to
CO2-emissions.
 VPPs are in competition with conventional power
stations which might be pushed out of the market
affecting employees working in this business area.

 More awareness/direct link between energy consumption
and production
 Maximisation of the share of renewable energy, i.e. pushing
the energy transition
 Encouragement of RES generators’ active participation.
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 New jobs can be created related to the setup and operation
of VPPs.
 DR reduces the need for reserved capacity, which results to
a premium in electricity prices

For the ESCO/ EIS Provider
Key Partners

Key Activities

Value Propositions

 Power
Generator
 VPP Operator

 Local RES
generation
forecasting
 Demand forecasting
 Forecast of flexible
loads according to
the power plant’s
convenience
constraints (e.g.
machinery/process
constraints).
 Optimal generation
rescheduling.
 EPC + O&M
activities

 The optimal
generation,
consumption
rescheduling
during the
explicit DR event
and the efficient
utilization of the
RES units at the
local level
maximize the
ESCO’s revenues.
 Project
development.
Designs and
permitting
 Performing and
guaranteeing the
operation and
maintenance of
VPPs

Relationships with
other partners

Customer Segments and
Communication.

 Sends to the VPP
Operator the
forecasts about the
local generation and
flexibility capabilities.
 Receives explicit DR
requests and price
signals from the VPP
Operator
 Receives the optimal
suggestions for the
utilization of the RES
generation by the
VPP Operator.

 RES power plants. New
GRIDSOL
 GRIDSOL from retrofit
 SRH
 Information via Internet,
seminars/trainings, fairs,
magazines/newspapers,
and architects.

Value network graph

Barriers

Figure 22.

 Uncertainty about inherent flexibility available in various
GRIDSOL plant typologies and relevant activities/operations
 Limited remuneration from participation in DR campaigns
may not provide sufficient incentive for the hassle for
electricity power producers.
 Power producers may prefer to in-house this expertise and
capacity rather than hiring a third-party (ESCO).

Cost Structure

Revenue Model






 Receives a portion of compensation given from the VPP
Operator to the power producers for their participation in
the explicit DR events.

The license - cost paid to a third party (Software).
Energy management strategy definition per customer.
Operational expenses (payroll, etc.)
Communication, measurement & control infrastructure
(depending on agreement with customer)
 Cost of personnel
 Cost of equipment for the operation and maintenance
of the VPP and its construction
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Societal and Environmental Costs

Societal and Environmental Benefits

 Flexibility may incur inconvenience or operations
degradation and to higher prices, if not properly
managed.

 Flexibility can further reduce emissions and reduce
wholesale energy prices by avoiding generation from
expensive and polluting fossil-fuel plants
 Increased public awareness about green energy, the energy
transition and the internal energy market
 Increased participation of citizens in the energy markets.

For the Power Producer
Key Partners

Key Activities

Value Propositions




 Informs the ESCO
about his
convenience
constraints
 Informs the ESCO
about the
capabilities of the
RES power plant.
 Follows the
optimal
consumption and
generation
schedules as
proposed by the
ESCO.
 Allows the market
qualification of its
assets by the VPP
Operator.

 The participation
of the power
producers in the
VPP, will result in
more efficient
utilization of his
consumption,
production and
storage
capabilities due to
his participation in
the wholesale and
flexibility markets.
 The management
and operation of
the power plant
by the ESCO will
contribute in the
realization of the
efficient
schedules.

ESCO
VPP Operator

Relationships with other
partners

Customer Segments
and Communication.

 Purchases electricity
from the energy
market
 Receives retail prices,
contracts and energy
bills from the market
operator.
 Receives schedules, set
point data, historical
operation data and
billing information
from the ESCO/TSO

According to the
considered scenario
the RES generator is
the client of the ESCO
and of the VPP
Operator.

Value network graph

Barriers

See Figure 22.

 Legal and regulatory aspects regarding the operation of VPP
assets.
 A lack of standardization (e.g. communications interfaces of
VPP assets).
 The offered compensation for the participation in explicit
DR events, may not offer be enough incentives (compared
to the potential inconvenience cost).

Cost Structure

Revenue Model

 Part of its compensation for participating in explicit DR
events (or a flat fee) will be given to the ESCO for the
optimal schedule of the local devices.
 Part of its revenues from energy selling will be given to
the VPP Operator for the provision of the optimal
utilization schedules of the local generation.
 Payment to the VPP Operator for becoming a member
of the VPP

 Revenues by selling its energy surplus to the wholesale and
balancing market. Also via PPAs or bilateral arrangements
with large prosumers
 Payments from the aggregator for its contribution in the
realization of the explicit DR events.

Societal and Environmental Costs

Societal and Environmental Benefits

 No societal or environmental costs identified

 As described for the ESCO
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5.3.1.3.2. VALUE NETWORK GRAPH

F IGURE 21. V ALUE N ETWORK G RAPH . VPP S ACTING AS A V IRTUAL B ATTERY FOR C OST -E FFECTIVE RES MARKET ’ S UPTAKE

D8.2 – Innovative Business Models and Legal Issues

87

6. CONCLUSIONS AND NEXT STEPS
In this deliverable we performed an initial assessment of the economic viability of candidate business
models for the main GRIDSOL actors, namely Power Producers, System Operators, Market Operators,
TSOs, BRPs, DSOs, Aggregators and Prosumers. Τhis study can be considered as the first step towards
identifying the major socio‐economic factors that will determine the adoption of SRH (Smart Renewable
Hub), as well as, the GRIDSOL power plant market uptake, hence a higher installed RES capacity by
alleviating the imbalances and network stability constraints due to the deployment of non-synchronous
renewable generation sources.
In order to accomplish this, we described a generic value network for smart grids taking into account the
distinction between roles and actors. Then, we defined a “standard” business model for each actor with
considering a set of extensions, called High‐Level Use Cases (HLUC). Each HLUC involves several GRIDSOL
technologies and services and provides value to at least one actor. We analysed these HLUCs in order to
detail the key actors, products/services involved and value proposition, and then prepared candidate
value networks for presenting the main interactions between the roles in a comprehensive way. While
these value networks are ideal for giving us a bird’s eye view of the industry, they provide no insight on
the attractiveness of each scenario to each actor involved. For this purpose, we utilized the Business
Modelling Canvas methodology, which was extended to consider social (innovation, sustainability, social
costs, benefits etc.) aspects, as well. In that way, among others, the main value proposition, infrastructure
used, customers, and finances for each HLUC/service and for each one main GRIDSOL actors can be easily
documented, which allows decision makers to quickly understand the business case.
The analysis of the economic and financial viability and feasibility of these candidate business models is a
pending issue to be addressed in the mid-term within the project. In other words, as a part of a wellcontent business plan a Cost-Benefit Analysis should be made. For that end, and in line with the expected
work to be done within the WP7 named Impact on where the feasibility of GRIDSOL/SRHs solutions and
the power system impact and GRIDSOL potentials will be analysed, as one more activity included and
assessed in the deliverable D8.3 – Exploitation Activities and Market Uptake, it will be performed CBAs
for the business plans derived from these business models that will be put on the market through the
diverse exploitation plans defined per GRIDSOL partners in the D8.3.
To sum up, this report identifies technical and legal boundary conditions that circumscribe the business
model for SRH development. In this regard, two kind of GRIDSOL scenarios (interconnected and noninterconnected systems) are explained to exploit SRHs. Moreover, new business models (new hybrid RES
dispatchable plants [SRHs], retrofitting of existing plants and VPPs) have been proposed to enable the
transition towards decarbonising EU energy system thanks to flexible generation.
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8. ANNEXES
8.1. TEMPLATE FOR THE QUESTIONNAIRE ABOUT REGULATORY FRAMEWORK
This QUESTIONNAIRE aims at determining whether connecting a Smart Renewable Hub (SRH) to the grid
is feasible, and how the process should be managed. But first, what is a Smart Renewable Hub?
A Smart Renewable Hub (SRH) is a flexible hybrid power plant that combines synchronous and nonsynchronous generators such as Concentrated Solar Power, HYSOL (a fossil or bio-fueled turbine with a
heat recovery system), Solar Photovoltaics or Wind; along with energy storage systems such as Thermal
Energy Storage or Battery Energy Storage.
GRIDSOL project aims at developing Smart Renewable Hubs capable to provide secure, clean and efficient
electricity by combining primary renewable energy sources and technologies under an advanced control
system called Dynamic Output Manager of Energy (DOME). To make this hybridisation possible, DOME
dispatches the electricity on a single output as shown in ¡Error! No se encuentra el origen de la
referencia.:

F IGURE 22: S MART R ENEWABLE H UB - E LECTRICITY DISPATCH

A SRH can adopt different shapes and sizes depending on the suitability of each technology in order to
deliver an optimal configuration at each location. In addition, a SRH can integrate, hybridise and manage
existing plants (such as Biomass plants, Open or Combined gas cycles, and Diesel/HFO generators). Some
examples of SRH configurations are shown in ¡Error! No se encuentra el origen de la referencia.:
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F IGURE 23: A) S TEAM TURBINE FED BY C ONCENTRATED S OLAR P OWER (CSP) SOLAR FIELD + G AS T URBINE HYSOL + S OLAR
P HOTOVOLTAICS (PV) + B ATTERIES ( LEFT CHART ); B) S OLAR P HOTOVOLTAICS (PV) + W IND FARM + B ATTERIES ( RIGHT CHART ).

Every SRH design is optimized considering market and grid requirements, providing ancillary services and
relieving pressure on the Electricity System Operator. For more information you can consult the Project’s
website (http://www.gridsolproject.eu/).
Collaborator:_________________________________
________________

Country:

Electricity system that you are describing:

□

Interconnected system (Mainland)

1. According to the current regulatory framework in your country, is it possible for a power plant
to have more than one generator, while remaining a single plant for legal purposes?
□ a. Yes, within the existing regulatory framework
□ b. No, but upcoming changes will make it possible in the short term
□ c. No
Please indicate the legal reference documents we should consult:
________________________________________________________________________

2. Is it possible, for a power plant with more than one generator, to use different primary energy
sources for each generator, while remaining a single plant for legal purposes?
□ a. Yes
□ b. No, but upcoming changes will make it possible in the short term
□ c. No
Please indicate the legal reference documents we should consult:
________________________________________________________________________

3. Can a SRH composed by different generators and storage technologies be connected to the
Transmission or Distribution Network in the same Point of Common Coupling (PCC)?
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□ a. Yes, both for Transmission and Distribution networks
□ b. Yes, but only for Transmission network
□ c. Yes, but only for Distribution network
□ d. No
□ e. Other: ____________________________________________________________
Please indicate the legal reference documents we should consult:
________________________________________________________________________

4. Is it possible, for a power plant with more than one generator, to have a nominal power
output lower than the sum of all existing generators?
(e.g. three 50 MW turbines, but only two of them can operate at the same time, so the nominal
power output of the plant (for legal purposes) is 100 MW instead of 150)
□ a. Yes, under any circumstance.
□ b. Yes, as long as all the generators use the same primary energy source
□ c. Yes, as long as all the generators use different primary energy sources
□ d. No, but upcoming changes will make it possible in the short term
(please mark also the option(s) above that the upcoming change would allow)
□ e. No
Please indicate the legal reference documents we should consult:
________________________________________________________________________

5. Is it possible to operate a SRH as a whole plant, with a single output to the Point of Common
Coupling (PCC), presenting only one bid to the wholesale market, and not one for each
generator?
□ a. Yes (single output)
□ b. No, it must be considered divided in the different technologies (different outputs)
□ c. Other: ____________________________________________________________
Please indicate the legal reference documents we should consult:
________________________________________________________________________

6. For a power plant with more than one generator, using different primary energy sources for
each generator, what would the conditions to access the wholesale energy market be?
(if this case is not contemplated in existing regulation, please mention it in the “Other” section)
□ a. Each technology/energy source would access the market separately
□ b. The whole power output would be bundled as Variable Renewable Energy (VRE)
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□ c. The whole power output would be bundled as dispatchable Renewable Energy
(RE)
□ d. The whole power output would be bundled as conventional plant
□ e. Other: ____________________________________________________________
Please indicate the legal reference documents we should consult:
________________________________________________________________________
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7. Do all generation and storage technologies enter the wholesale energy market on equal
conditions?
□ a. Yes
□ b. Yes, but some plants can exceptionally be developed under specific calls with
different conditions (e.g. Feed-In Tariff (FiT), Power Purchase Agreement (PPA),
dispatch priority, premium over market price, etc.)
□ c. No, RE have different conditions than conventional technologies
□ d. No, VRE have different conditions than dispatchable renewables or conventional
technologies
□ e. No, there is no wholesale market, all power plants are developed under specific
calls with different conditions
□ f. No, other reasons: __________________________________________________
Please indicate the legal reference documents we should consult:
________________________________________________________________________

8. Are there other energy purchase mechanisms available besides wholesale market?
(please mark all the options that apply)
□ a. PPA with utility/distribution/commercialization company
□ b. PPA with consumer, direct connection only
□ c. PPA with consumer, regardless of location (distribution fees may apply)
□ d. Other: ____________________________________________________________
Please indicate the legal reference documents we should consult:
________________________________________________________________________

9. Regarding ancillary services, is it possible to operate a SRH as a whole plant, with a single
output to the Point of Common Coupling (PCC), presenting only one bid to the ancillary
services market for the whole plant, and not by every single generator?
□ a. Yes (single output)
□ b. No, it must be considered divided in the different technologies (different outputs)
□ c. Other: ____________________________________________________________
Please indicate the legal reference documents we should consult:
________________________________________________________________________
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10. According to the current regulatory framework in your country, is it possible for an
hybrid power plant with BESS to use this energy for time shifting purposes?
(i.e.: the plant stores energy coming from generators in batteries and sells it to the grid later,
profiting from the hourly price difference and/or from the ancillary services market)
□ a. Yes, always, even if the energy comes from both renewable and non-renewable
generators
□ b. Only if the energy comes from RE
□ c. Only if the energy comes from VRE
□ d.Only if the energy comes from non-renewable generators
□ e. No, but upcoming changes will make it possible in the short term
□ f. No
Please indicate the legal reference documents we should consult:
________________________________________________________________________

11. According to the current regulatory framework in your country, is it possible for a power plant
to be “storage-only”?
(i.e.: no generators, the plant buys electricity from the market, stores it in batteries and sells
it back later, profiting from the hourly price difference and/or from the ancillary services
market)
□ a. Yes, within the existing regulatory framework
□ b. No, but upcoming changes will make it possible in the short term
□ c. No
Please indicate the legal reference documents we should consult:
________________________________________________________________________

12. According to the current regulatory framework, what is the possible remuneration of a SRH?
(please include a short explanation)
□ a. As a single plant.
□ b. Each technology/energy source separately. In this case, please include the
remuneration for Solar Photovoltaics, Wind, Concentrated Solar Power, Biogas,
Biomass and Battery Energy Storage System.
□ c. Other: ____________________________________________________________
Please include the explanation here:
________________________________________________________________________
________________________________________________________________________
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Please indicate the legal reference documents we should consult:
________________________________________________________________________

Electricity system that you are describing:

□

Non-Interconnected Systems (Islands)

1. According to the current regulatory framework in your country, is it possible for a power plant
to have more than one generator, while remaining a single plant for legal purposes?
□ d. Yes, within the existing regulatory framework
□ e. No, but upcoming changes will make it possible in the short term
□ f. No
Please indicate the legal reference documents we should consult:
________________________________________________________________________

2. Is it possible, for a power plant with more than one generator, to use different primary energy
sources for each generator, while remaining a single plant for legal purposes?
□ d. Yes
□ e. No, but upcoming changes will make it possible in the short term
□ f. No
Please indicate the legal reference documents we should consult:
________________________________________________________________________

3. Can a SRH composed by different generators and storage technologies be connected to the
Transmission or Distribution Network in the same Point of Common Coupling (PCC)?
□ f. Yes, both for Transmission and Distribution networks
□ g. Yes, but only for Transmission network
□ h. Yes, but only for Distribution network
□ i. No
□ j. Other: ____________________________________________________________
Please indicate the legal reference documents we should consult:
________________________________________________________________________

4. Is it possible, for a power plant with more than one generator, to have a nominal power
output lower than the sum of all existing generators?
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(e.g. three 50 MW turbines, but only two of them can operate at the same time, so the nominal
power output of the plant (for legal purposes) is 100 MW instead of 150)
□ f. Yes, under any circumstance.
□ g. Yes, as long as all the generators use the same primary energy source
□ h. Yes, as long as all the generators use different primary energy sources
□ i. No, but upcoming changes will make it possible in the short term
(please mark also the option(s) above that the upcoming change would allow)
□ j. No
Please indicate the legal reference documents we should consult:
________________________________________________________________________

5. Is it possible to operate a SRH as a whole plant, with a single output to the Point of Common
Coupling (PCC), presenting only one bid to the wholesale market, and not one for each
generator?
□ d. Yes (single output)
□ e. No, it must be considered divided in the different technologies (different outputs)
□ f. Other: ____________________________________________________________
Please indicate the legal reference documents we should consult:
________________________________________________________________________

6. For a power plant with more than one generator, using different primary energy sources for
each generator, what would the conditions to access the wholesale energy market be?
(if this case is not contemplated in existing regulation, please mention it in the “Other” section)
□ f. Each technology/energy source would access the market separately
□ g. The whole power output would be bundled as Variable Renewable Energy (VRE)
□ h. The whole power output would be bundled as dispatchable Renewable Energy
(RE)
□ i. The whole power output would be bundled as conventional plant
□ j. Other: ____________________________________________________________
Please indicate the legal reference documents we should consult:
________________________________________________________________________
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7. Do all generation and storage technologies enter the wholesale energy market on equal
conditions?
□ g. Yes
□ h. Yes, but some plants can exceptionally be developed under specific calls with
different conditions (e.g. Feed-In Tariff (FiT), Power Purchase Agreement (PPA),
dispatch priority, premium over market price, etc.)
□ i. No, RE have different conditions than conventional technologies
□ j. No, VRE have different conditions than dispatchable renewables or conventional
technologies
□ k. No, there is no wholesale market, all power plants are developed under specific
calls with different conditions
□ l. No, other reasons: __________________________________________________
Please indicate the legal reference documents we should consult:
________________________________________________________________________

8. Are there other energy purchase mechanisms available besides wholesale market?
(please mark all the options that apply)
□ e. PPA with utility/distribution/commercialization company
□ f. PPA with consumer, direct connection only
□ g. PPA with consumer, regardless of location (distribution fees may apply)
□ h. Other: ____________________________________________________________
Please indicate the legal reference documents we should consult:
________________________________________________________________________

9. Regarding ancillary services, is it possible to operate a SRH as a whole plant, with a single
output to the Point of Common Coupling (PCC), presenting only one bid to the ancillary
services market for the whole plant, and not by every single generator?
□ d. Yes (single output)
□ e. No, it must be considered divided in the different technologies (different outputs)
□ f. Other: ____________________________________________________________
Please indicate the legal reference documents we should consult:
________________________________________________________________________
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10. According to the current regulatory framework in your country, is it possible for an
hybrid power plant with BESS to use this energy for time shifting purposes?
(i.e.: the plant stores energy coming from generators in batteries and sells it to the grid later,
profiting from the hourly price difference and/or from the ancillary services market)
□ g. Yes, always, even if the energy comes from both renewable and non-renewable
generators
□ h. Only if the energy comes from RE
□ i. Only if the energy comes from VRE
□ j. Only if the energy comes from non-renewable generators
□ k. No, but upcoming changes will make it possible in the short term
□ l. No
Please indicate the legal reference documents we should consult:
________________________________________________________________________

11. According to the current regulatory framework in your country, is it possible for a power plant
to be “storage-only”?
(i.e.: no generators, the plant buys electricity from the market, stores it in batteries and sells
it back later, profiting from the hourly price difference and/or from the ancillary services
market)
□ d. Yes, within the existing regulatory framework
□ e. No, but upcoming changes will make it possible in the short term
□ f. No
Please indicate the legal reference documents we should consult:
________________________________________________________________________

12. According to the current regulatory framework, what is the possible remuneration of a SRH?
(please include a short explanation)
□ d. As a single plant.
□ e. Each technology/energy source separately. In this case, please include the
remuneration for Solar Photovoltaics, Wind, Concentrated Solar Power, Biogas,
Biomass and Battery Energy Storage System.
□ f. Other: ____________________________________________________________
Please include the explanation here:
________________________________________________________________________
________________________________________________________________________
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Please indicate the legal reference documents we should consult:
________________________________________________________________________

COMMENTS
(please include here other relevant information related to the topic, specifying the applicable regulation
where relevant)

8.2. ENTSO-E SURVEY ON ANCILLARY SERVICES PROVISION ALONG EU
All the following maps are depicted in the analysis report made by the ENTSO-E from a Survey on Ancillary
Services provision along the EU [9]. Starting with the analysis, with regard to the balancing process in
place:

F IGURE 24. M AP OF M OST
B ALANCING P ROVISION

POPULAR

S CHEMAS

FOR

About using Frequency Containment Reserve, it is a mandatory provision for the countries of interest
aforementioned. This mechanism consists of activating operating reserves for stabilizing System
Frequency after the imbalance. The following map presents the different procurement schemes for this
ancillary service along EU countries, revealing what is the background of the offer which is closest to the
real operation time:

F IGURE 25. M AP OF ARRANGEMENTS F OR FCR ( CAPACITY )

The different options are:
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Bilateral Market: A grid user and TSO negotiate a contract regarding the offered service and
price/price system.
Free Offers: Non-regulated offers
Hybrid: Combination
Mandatory Offers: Generators connected to the grid are obligated to offer the remaining
capacity/available capacity
Mandatory Provision: Generators connected to the grid are obligated to reserve a certain amount
of capacity in order to meet TSO requirements, for a fixed price set by TSO, NRA or for free (it is
the case for Spain)
Mandatory Provision without Reservation: It is mandatory for dispatchable units to be able to
provide frequency containment reserve, but these units are not required to reserve capacity to
provide this service
Organised Market: There is no contract or obligation for a grid user to offer the reserve (before
the offer). The grid user can voluntary participate in the market (e.g. tender, auction, market
platform and bid a price or customized his offer (e.g. the volume, timeframe)-. The market result
may lead to a bilateral contract.

Whatever the settlement mechanism, it is widespread that the minimum bid size into the balancing
market to participate in is unit offers lower than 1MW. In other vein, with regards to who is the capacity
provider for Frequency Containment Reserve mechanism, the figure 8 shows the different options running
along Europe:

F IGURE 26. M AP OF P ROVIDERS FOR FCR ( CAPACITY ) S ERVICE

It is also widespread that the upward regulation volume and for downward regulation volume has be
equal. That is, to provide a symmetrical product.
And what is the pricing rules for the settlement?
Options along Europe are:


Pay as bid: Contracted parties who provide a service are paid based on their offer price
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Marginal Pricing: Marginal pricing is the change in total cost that arises when the quantity
produced changes by one unit
Regulated Price: Price for this service is based on a price that is set by the relevant regulatory
authority

F IGURE 27. M AP OF PRICING RULES
SETTLEMENT OF FCR ( CAPACITY ) S ERVICES

FOR THE

And what about the cost recovery scheme? That is, From whom are the costs recovered?



BRP (Balance Responsible Party): Balancing Responsible Party means a market participant or its
chosen representative responsible for its Imbalances
Grid Users: The natural or legal person supplying to, or being supplied with active and/or reactive
power by a TSO or DSO

F IGURE 28. M AP OF
( CAPACITY ) SERVICE

COST RECOVERY SCHEME FOR

FCR

Analysing the type of monitoring in place by the system operator to ensure performance of plant, France
and Greece have established an hybrid schema by combining ex-post check and real-time monitoring. By
contrast, Spain, Germany and Portugal monitors the power plant’s performance through the post-check
method that the monitoring is carried out after the event. See details in Figure 11.
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F IGURE 29. M AP OF
( CAPACITY ) SERVICE

PERFORMANCE

M ONITORING

FOR

FCR

In turn, the FCR (Energy) service, is mandatory in Italy and Greece. The former mandatory provision and
the last mandatory provision without reservation. According to the WGAS Survey 2016, Spain, France,
Portugal and Germany is N/A. The settlement rule is based on regulated price for Italy and France. This
service is provided by generators only in Spain, Italy, Greece and Portugal. In France it can be provided by
generators+ load+ Pump Storage units pumping. According to the analysis report for the German case it
is N/A. In Italy is in force the real-time monitoring process for the surveillance of the service performance.
Greece, Spain and Portugal apply an ex-post event process while France runs a hybrid method.
With regards the Frequency Restoration Reserve (FRR) service, it consists of reserves activated to restore
System Frequency to the Nominal Frequency and, where applicable, power balance to the scheduled
value. FRRa means automatic FRR, FRRm means manual FRR.
Frequency Restoration Reserve:

F IGURE 30. M AP OF F REQUENCY R ESTORATION R ESERVE .
( AUTOMATIC - CAPACITY ) SERVICE . PROCUREMENT SCHEME

Replacement Reserve:…
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F IGURE 31. M AP OF R EPLACEMENT R ESERVE (C APACITY ) S ERVICE P ROCUREMENT S CHEME

Last but not last, with regards to Voltage Control:

F IGURE 32. T YPE

OF REGULATIONS F OR THE VOLTAGE CONTROL

DEMANDED TO THE POWER PLANTS - REACTIVE SETPOINT

F IGURE 33. T YPE

OF REGULATIONS F OR THE VOLTAGE CONTROL

DEMANDED TO THE POWER PLANTS - VOLTAGE SETPOINT AT THE
CONNEXION POINT
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F IGURE 34. I F A POWER PLANT IS A BLE TO PROVIDE
CONTROL , WHICH GRID IT SHOULD BE CONNECTED TO ?

F IGURE 35. V OLTAGE CONTROL IS A

VOLTAGE

SERVICE PAID BY THE

TSO?

F IGURE 36. V OLTAGE C ONTROL SETTLEMENT RU LE
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8.3. E FFECTIVE G ENERATION D EMAND R ESPONSE FOR SYSTEM IMBALANCES . A NCILLARY
SERVICES TO TSO S .
This BM is an extension of the first studied in Section 5.3.1.1. In this case new revenue streams are
established thanks to the management and coordination of activities for giving response and services for
the balancing markets. More specifically, for providing support on technical restrictions and adjustments
services to the TSO. Thus, this BM is aimed at saving the limits on RES integration in Continental regions.
Synchronous energy systems. The BM is focused on the provision of ancillary services to the TSO related
to the market for adjustment services and technical restrictions (tertiary and secondary regulation, and
so on). The GRIDSOL concept and DOME capabilities helps to establish smart decisions on whether
participate or when is most interesting for doing so (ancillary optional services according to the energy
market rules), always on the basis of market prices and energy production forecast. Thanks to the SRH
and DOME features the service provided for technical restrictions is at the same level than carbon power
plants.
On this BM will be assessed the provision of cost-effective systems for hybrid energy systems (SRH) facing
the energy system stability and for balancing purposes between energy production and demand. For that
end, it will be marketed a novel service providing smart technical controls with regards the energy
production based on operating reserves, among others, such as ramp rate control, frequency regulation,
active power reserve regulation, reactive power reserve regulation, reactive power compensation,….
Moreover, the O&M of the plant will assure the avoidance of curtailments due to system imbalances. To
that end, the “generator” will be able to activate demand side actions from setpoints sent by the TSO;
consultancy services will be provided for assessing and calculating the best strategy to be applied. To
provide FRR, FCR, replacement reserve or voltage control when it is most profitable.
Thanks to the added-value features of the DOME system to be developed within GRIDSOL, the TSO is
released to do further investments in new infrastructure or network reinforcement for maintain the
system balance. Both the SRH concept and DOME features allow the network codes fulfilment (such as
reactive power control, load-frequency control , or black start). This is possible due to the control system
capabilities integrated in the DOME design. These last based on operating reserves as it was
aforementioned.
All the previous advantages will be provided as means a coordinated control which its performance is
based on the situational state of the “market prices and generation scheduling and forecasting ”.
Moreover, it is obtained the maximum value of RES energy production.
Furthermore, gaining more value from BESS will be possible by trading energy for shifting purposes. So,
the BM will be based on “firm” energy systems provided to TSO on where the whole portfolio of RES (PV,
Wind, CSP) are hybridized and turning into smart.
The money flows will be on the “generator representative” based on “concession contracts” for
exploitation activities. Also they may be rewarded by the TSO by means tariffs and settlement schemas,
which may differ on one country to another as it has been detailed in Section 2.1.1.
The BM pillars are that through the DOME’s communication channels a continuous open channel is
established with the TSO to confirm and acknowledge the flexibility, assuring a minimum (as well as the
ability to offer them firmness of production/storage when the TSO request it). This all activities and
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services will be provided as in previous cases by EIS Providers. Maintenance services for DOME and related
equipment will be also provided. The EIS Service Provider will provide also consulting services for the
maximum RES production. For this last service more details may be consulted in Section 5.3.1.1.1,
5.3.1.1.2.
In this scenario or BM the case of nominal power at the PCC lower than the power plant capacity is not
under study, because GRIDSOL project considers a Continental Scenario leading by energy market prices.
Unless TSO does not cover the maximum installed capacity at the PCC.
Has to be clarified that a complete CBA analysis and the profitability assessment of the business model
will be performed at the end of the project, once the market simulations were complete based on defined
scenarios and when concrete exploitations plans will be defined. This work will be perform for the
completion of D8.3_Exploitation strategies and Market uptake.
GRIDSOL
products
Actors involved

Roles involved

Value proposition



DOME




Power Generator ( Owner)
EIS Provider
o Project developer
o EPC contractor
o O&M contractor
o Energy Markets and Systems Consulting
 TSO
 Power Production and Energy Storage: Role performed by power generators with
BESS installed in its power generation plants
 EIS Services: Role performed by a company based on Energy Management. Project
development, EPC services and O&M services. Technical Consultancy
 Power Transmission Role performed by the TSO
Power Generators
 Ability to provide ancillary services. To be qualified as a power plant for balancing
services. Extra new revenue incomes
 Will be able to schedule its generation (for power generation, power plant
functioning), production and storage capabilities more efficiently
 Optimize the power traded at wholesale and intra-day market and the reserved for
technical restrictions and adjustments services
 Participating in explicit DR events for the RES curtailment avoidance and grid quality
assurance.
EIS Provider
 Will decide the optimal schedules of the power plant processes at the local level and
thus increase its revenues (as a portion of the power generators’ profits)
 Will provide consultancy services on plant performance and market strategies
o Energy Markets and Systems Consulting
 Calculation on how (price, volume of energy) to submit offers for voluntary ancillary
services schemas and arrangements
 Monitoring of the performance of the power plant’s service provision to be settled to
the TSO
 Centralised control of the power plant.
 EPC services (retrofit or new construction) + O&M
o Permitting, project design
o Retrofitting /or construction- EPC services
o O&M services
 Increment its clientele for this value added new service portfolio
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TSO

Revenue
streams

Will be able to receive in an easier way support for balancing the grid

Power Generator
 Revenues by selling its energy to the balancing markets.
 Lower RES curtailment. Maximum energy sold
EIS Provider
 Their revenues may be either a portion of the compensation provided to power
generators for their support for ancillary services
 EPC services (retrofit, construction of the plant) , O&M services and consulting
services
TSO
 Decreased operational costs by avoiding the grid congestion
Power Generator
 Part of its revenues will be given to the EM for the optimal schedule of power plant
performance
 Financial coverage for plant (construction)
EIS Provider
 Economic investment for the development and operation of the software and
communication channels and technologies aiming to receive TSO’s requests and
compute the optimal schedules at power plant level.
 GRIDSOL or SRH cost for construction
 Cost of EPC and O&M services
 Financial coverage for plant (retrofit)
 New staff for consultancy services and O&M
TSO
 Payment to the Generator for provisioning the ancillary services ( those who are
paid).

Cost streams

T ABLE 12. V ALUE P ROPOSITION ANALYSIS

OF THE

E FFECTIVE G ENERATION DR FOR S YSTEM I MBALANCES . A NCILLARY S ERVICES TO TSO S

Value proposition for Consumers and DSOs are not included in the table for being generalised by the
different BM defined. Consumer will enjoy of lower energy prices due to a greater RES installed capacity
and a higher RES volume in the energy Mix. Also they will be benefit from a most reliable and secure
energy supply. DSOs will be less required to activate demand side and demand response programs and
mechanisms for balancing the power grid.

8.3.1. GENERIC BM CANVAS
BM for EIS Provider
Key Partners

Key Activities

 TSO
 Power
Generator

 Operates and
maintain the
hybrid power
plant
 Establishes
strategies for
maximizing
economical
profit
according to

Value Propositions
 Will decide the optimal
schedules of the power
plant processes at the
local level and thus
increase its revenues (as
a portion of the power
generators’ profits)
 Will provide consultancy
services on plant
performance and
market strategies
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Relationships with
other partners

Customer Segments
and Communication.

 Receives requests
from the TSO.
 Collects the flexibility
capability and
production forecast of
the power generators
 Provides the optimal
RES generation and
instructions for the

 The TSO is a
customer of the EE
and EIS Provider as
the former requests
flexibility services.
 The provision of the
services is feasible
by means of the
communication
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signal prices
(market and
energy system
conditions) and
cost of
generation
 Provides the
optimal
schedules for
power
generation,
power storage,
schemes of
ancillary
services
provision
 Monitors the
performance of
the plant
 Project design
and
construction or
retrofitting of
power plant

 Calculation on how
(price, volume of
energy) to submit offers
for voluntary ancillary
services schemas and
arrangements
 Monitoring of the
performance of the
power plant’s service
provision to be settled
to the TSO
 Centralised control of
the power plant.
 EPC services (retrofit or
new construction) +
O&M
 Increment its clientele
for this value added new
service portfolio

explicit actions for
relieve system
imbalances.

between the
participating
GRIDSOL tools.

Value network graph

Barriers

See Figure 20.

 In some member states no regulatory framework currently
exists for the operation of hybrid power plants

Cost Structure

Revenue Model

 Economic investment for the development and
operation of the software and communication channels
and technologies aiming to receive flexibility requests
and compute the optimal schedules at power plant
level.
 GRIDSOL or SRH cost for retrofit , construction
 New staff for consultancy services and O&M

 Their revenues may be either a portion of the
compensation provided to power generators for their
support for ancillary services
 EPC services (retrofit, construction of the plant), O&M,
consulting services

Societal and Environmental Costs

Societal and Environmental Benefits

 Construction and operation of Hybrid power plant leads
to CO2-emissions.

 Maximisation of the share of renewable energy, i.e.
pushing the energy transition
 Encouragement of RES generators’ active participation.
 New jobs can be created related to the setup and
operation of hybrid power plant and market strategies.
 It is lowered the need for reserved capacity, which results
to a premium in electricity prices
 Lower fossil fuel consumption

BM for TSO
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Key Partners

Key Activities

Value Propositions

 EIS Provider
 Power
Generator

 Request for
primary,
secondary and
tertiary
reserves.
 Request for
voltage control
 Monitoring of
the
performance of
the power
plant’s service
provision to be
settled to the
TSO

 The smoothing of
congestion and
power quality issues
(frequency
deviations),, lead to
the less costly
management and
operation of the
transmission grid.
Lower investment for
grid reinforcement
and backup power
plants allocation (this
last maybe more
focused on System
Operator
perspective)

Relationships with other
partners

Customer Segments
and Communication.

According to the
considered scenario, the
TSO communicates only
with the EM via the
balancing market (or
alternatively with
bilateral agreements).

According to the
considered scenario,
the TSO is the
customer. Their
between
communication is
feasible by means of
the GRIDSOL tools:
DOME

Value network graph

Barriers

See Figure 20.

 Balancing Network Codes under development

Cost Structure

Revenue Model

 Cost of the advanced metering infrastructure (smart
meters, sensors) needed in order to specify the details
of the required event (duration, area, etc.)
 Payment for the provision of the ancillary services.

 Better network balancing and system reliability

Societal and Environmental Costs

Societal and Environmental Benefits

No societal or environmental costs identified.

 Better use of public infrastructure.
 More secure and stable grid.
 Less investment costs needed by the TSO in reinforcing the
infrastructure.

8.3.2. VALUE NETWORK GRAPH
Main interactions between actors and both money and information/power flows are the same of those
composed in the Section 5.3.1.1.2.

8.4. E FFECTIVE G ENERATION D EMAND R ESPONSE FOR SYSTEM IMBALANCES . S ERVICES TO
S YSTEM O PERATORS . I SLAND CASE
This BM is aimed at saving the limits on RES integration in Island regions. On where electricity production
is constrained by internal demands and, in the case that no external connection is available, maximum
power capacity is limited and additional backup systems must be provided. This is a niche market to
address due to its high generation costs and requirements of backup systems for grid regulation. In this
BM will be assessed the provision of cost-effective systems for hybrid energy systems (SRH) targeting the
energy system stability and for balancing purposes between energy production and demand in islanded
energy networks. For doing so, it will be marketed a novel service providing not only balancing but also
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backup for generation facilities. The service will include, when required, retrofitting services for existing
RES plants or the commissioning of new plants. Although the former is the preferred option due to the
constrained land use for RES deployment in Islands. Moreover, the O&M of the plant will assure the
avoidance of curtailments due to system imbalances. To that end, the “generator” will be able to activate
DR (Demand Response) or demand side actions from setpoints requested by the System Operator; lower
energy production in the case of lower energy demand (so to store energy in the BESS)- [ nominal power
output lower than the sum of all existing generators in the PCC (Point of Common Coupling)] or to
increase production in case of peak-demands. Thanks to the added-value features of the DOME system
to be developed within GRIDSOL, in islanded areas, the SO is released to do further investments in new
infrastructure for backup purposes, it means, new power plants as backup units with fast-response
capabilities to cover energy demand and for system stability purposes. Both the SRH concept and DOME
features allow energy backup and network codes fulfilment (such as reactive power control, loadfrequency control , or black start). This is possible due to the control system capabilities integrated in the
DOME design. These last based on operating reserves are: ramp rate control, frequency regulation, active
power reserve regulation, reactive power compensation, power factor control, automatic voltage
regulation, voltage droop control, power oscillation damping.
All the previous advantages will be provided as means a coordinated control which its performance is
based on the situational state of the “island”. Moreover, it is obtained the maximum value of RES energy
production.
Moreover, gaining more value from BESS will be possible by trading energy for shifting purposes. So, the
BM will be based on “firm” energy systems provided to SO on where the whole portfolio of RES (PV, Wind,
CSP) are hybridized and turning into smart. Thanks to that, the system operator will be benefited for the
avoidance of imbalances and no further investments in new infrastructure for providing system backup
(energy reserves) or new power plants for firm generation.
The money flows will be on the “generator representative” based on “concession contracts” for the
exploitation. Also they may be rewarded by the SO by means incentives or subsidies.
The BM pillars are that DOME becomes mandatory for RES power generation facilities, which must have
established a continuous and live open channel with the SO to confirm and acknowledge the reaction
availability, assuring a minimum (as well as the ability to offer them firmness of production/storage when
the SO request it). All these activities and services will be provided as in previous cases by an EIS Provider.
Maintenance services for DOME and related equipment will be also provided. The EIS Provider will provide
also consulting services for the maximum RES production. For this last service more details may be
consulted in Section 5.3.1.1.1, 5.3.1.1.2.
Has to be clarified that a complete CBA analysis and the profitability assessment of the business model
will be performed at the end of the project, once the market simulations were complete based on defined
scenarios and when concrete exploitations plans will be defined. This work will be perform for the
completion of D8.3_Exploitation strategies and Market uptake.
GRIDSOL
products
Actors involved



DOME




Power Generator ( Owner)
EIS Provider
o Project Developer
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Roles involved

Value proposition

o EPC contractor
o O&M contractor
o Energy Markets and Systems Consulting
 System Operator
 Power Production and Energy Storage: Role performed by power generators with
BESS installed in its power generation plants
 EIS Services: Role performed by a company based on: Energy Management and EPC
arrangements. Project development. EPC . O&M services. Consultancy
 Energy System Operation performed by the SO
Power Generators
 Ability to provide ancillary services. To be qualified as a power plant for balancing
services. Extra new revenue incomes
 Will be able to schedule its generation (for power generation, power plant
functioning), production and storage capabilities more efficiently
 Optimize the power traded at wholesale and intra-day market and the reserved for
technical restrictions and adjustments services
 Participating in explicit DR events for the RES curtailment avoidance
EIS Provider
 EPC services + O&M
o Permitting and project design
o Retrofitting (the most desired option) /construction of hybrid power plant
o Operation and maintenance of hybrid power plant
 Increment its clientele for this value added new service portfolio
 Will be able to schedule power generation (for power generation, power plant
functioning), production and storage capabilities more efficiently.
 Will be able to sell power production surplus to the wholesale, balancing markets and
means by PPAs and bilateral arrangements with large energy customers
 Will receive additional revenues from its flexibility capabilities and its participation in
explicit DR events.
 Will have the opportunity to give its contribution for the environment protection,
when participating in explicit DR events for the RES curtailment avoidance.
 Firm synchronous RES generation
 Provides the optimal utilization of RES generation and instructions for the explicit DR.
System Operator
 Monitor the transmission grid and foresee the risk of congestion or RES curtailment.
 Flexibility request from targeting to the smooth operation of the grid and for
balancing demand.
 The smoothing of congestion and avoidance of RES curtailment, lead to the less costly
management and operation of the transmission grid. Lower investment for grid
reinforcement and backup power plants allocation (this last maybe more focused on
System Operator perspective)

Revenue streams

Power Generator
 Revenues by selling its energy to the balancing markets.
 Lower RES curtailment. Maximum energy sold
EIS Provider
 Their revenues may be either a portion of the compensation provided to power
generators for their incomes from ancillary services, or a fixed fee paid by the power
generators (or their combination).
 EPC services and O&M. Consulting services
 Annual Fee for DOME exploitation and annual fee for amortization of devices
(renting)

D8.2 – Innovative Business Models and Legal Issues

115

Cost streams

System Operator
 Less economic investment for backup resources.
 Lower energy system costs
Power Generator
 Part of its revenues will be given to the EM for the optimal schedule of power plant
performance
 Financial coverage for plant (construction)
EIS Provider
 Economic investment for the development and operation of the software and
communication channels and technologies aiming to receive flexibility requests and
compute the optimal schedules at power plant level.
 DOME + infrastructure for hybridizing plant. Financing them to Power Generator
 Cost of EPC and O&M services
 New staff for consultancy services and O&M
 Initially initial investment costs for retrofitting or construction works are not foreseen
System Operation
 Payment to the Generator for provisioning the ancillary services ( those who are
paid).

T ABLE 13. V ALUE P ROPOSITION ANALYSIS OF THE E FFECTIVE G ENERATION DR FOR S YSTEM I MBALANCES . S ERVICES TO S YSTEM O PERATORS .
I SLAND C ASE

Value proposition for Consumers and DSOs are not included in the table for being generalised by the
different BM defined. Consumer will enjoy of lower energy prices due to a greater RES installed capacity
and a higher RES volume in the energy Mix. Also they will be benefit from a most reliable and secure
energy supply. DSOs will be less required to activate demand side and demand response programs and
mechanisms for balancing the power grid.

8.4.1. GENERIC BM CANVAS
BM for System Operator
Key Partners

Key Activities

Value Propositions

 Generators
 TSOs

 Monitor the
transmission
grid and foresee
the risk of
congestion or
RES curtailment.
 Flexibility
request from
targeting to the
smooth
operation of the
grid and for
balancing
demand.

 The smoothing of
congestion and
avoidance of RES
curtailment, lead to
the less costly
management and
operation of the
transmission grid.
Lower investment for
grid reinforcement
and backup power
plants allocation (this
last maybe more
focused on System
Operator
perspective)

Relationships with other
partners

Customer Segments
and Communication.

According to the
considered scenario, the
SO communicates only
with the generators via
the EM Service Provider
via the flexibility market
and TSOs.

According to the
considered scenario,
the SO is the customer
of the service
ultimately. Their
between
communication with
generators is feasible
by means of the
GRIDSOL tools: DOME

Value network graph

Barriers

See Figure 38.

 Regulatory gaps in the provision of the relevant flexibility
services for power generators.
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Cost Structure

Revenue Model

 Payments (incentives or subsidies) to generators for
ancillary services

 Less economic investment for backup resources.
 Lower energy system costs

Societal and Environmental Costs

Societal and Environmental Benefits

No societal or environmental costs identified.

 Better use of public infrastructure.
 More secure and stable grid.
 Less investment costs needed by the SO and consequently
by TSOs in prolonging the useful life of the infrastructure.

BM for EIS Provider
Key Partners

Key Activities

 TSO
 Power
Generator

 Operates and
maintain the
hybrid power
plant
 Establishes
strategies for
maximizing
economical
profit according
to signal prices
(market
conditions) and
cost of
generation
 Aggregates the
RES energy
from different
technologies
and offers one
bid in the
electricity
market
 Provides the
optimal
schedules for
to the power
generation,
power storage,
aggregation
schemes of RES
energy
 Construction
/retrofitting
hybrid power
plant

Value Propositions
 Will be able to
schedule its
generation (for
power generation,
power plant
functioning),
production and
storage capabilities
more efficiently.
 Will be able to sell its
production surplus to
the wholesale,
balancing markets
and means by PPAs
and bilateral
arrangements with
large energy
customers
 Will receive
additional revenues
from its flexibility
capabilities and its
participation in
explicit DR events.
 Will have the
opportunity to give
its contribution for
the environment
protection, when
participating in
explicit DR events for
the RES curtailment
avoidance.
 Firm synchronous
RES generation

Relationships with other
partners

Customer Segments
and Communication.

 Receives flexibility
requests from the TSO.
 Collects the flexibility
capability and
production forecast of
the power generators
 Provides the optimal
utilization of RES
generation and
instructions for the
explicit DR.
 PPAs with Large
consumers,
distributors,….

 The TSO is a
customer of the EIS
Operator as the
former requests
flexibility services.
 The provision of the
services is feasible by
means of the
communication
between the
participating
GRIDSOL tools.

Value network graph

Barriers

See Figure 38.

 In some member states no regulatory framework currently
exists for the operation of hybrid power plants
 Uncertainty in regulatory framework for the BESS use in
power generation for market purposes
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Cost Structure

Revenue Model

 Economic investment for the development and
operation of the software and communication channels
and technologies aiming to receive flexibility requests
and compute the optimal schedules at power plant
level.
 DOME + infrastructure for hybridizing plant. Financing
them to Power Generator
 Cost of EPC and O&M services
 New staff for consultancy services and O&M
 Initially initial investment costs for retrofitting or
construction works are not foreseen

 Their revenues may be either a portion of the
compensation provided to power generators for their
incomes from ancillary services, or a fixed fee paid by the
power generators (or their combination).
 EPC services and O&M
 Annual Fee for DOME exploitation and annual fee for
amortization of devices (renting)

Societal and Environmental Costs

Societal and Environmental Benefits

 Construction and operation of Hybrid power plant or
RES power plants leads to CO2-emissions.
 Lower fossil fuel consumption

 Maximisation of the share of renewable energy, i.e. pushing
the energy transition
 Encouragement of RES generators’ active participation.
 New jobs can be created related to the setup and operation
of firm RES production.
 DR reduces the need for reserved capacity, which results to
a premium in electricity prices

8.4.2. VALUE NETWORK GRAPH
The orders from the SO are depicted such as coming from the TSO who is the last party responsible for
the energy system balancing.

F IGURE 37. V ALUE N ETWORK G RAPH . E FFECTIVE G ENERATION D EMAND R ESPONSE FOR S YSTEM I MBALANCES . T O SO S . I SLAND C ASE

Can be noted that the Balancing Services Actor can manage the activities performed by the TSO in its
control areas. Thus, it has been replicated the DR request for the provision of ancillary services to the SO.
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