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This Research and Innovation Roadmap (RIR) motivates and describes the 2017-2026
priorities for the European Technology and Innovation Platform for “Smart Networks for the
Energy Transition” (ETIP SNET). It is proposed for approval in the 9th of December 2016
meeting of the ETIP SNET Governing Board. This Final 10 year ETIP SNET R&l roadmap
covering 2017-26 is the update and a very significant extension of the previous EEGI roadmap
2013-2022: the specified research and innovation (R&I) activities cover a scope larger than
the electricity system, encompassing interactions with the gas and heat networks and focusing
on the integration of energy storage technologies into the power system.

The contents of the RIR (R&I activities for the decade to come) synthesize consolidated and
balanced stakeholder views for the future R&I needs of the electricity (and the energy) system
and rely on a monitoring and review of national, European and international projects. The
consolidated stakeholders’ views have been obtained with first round consultations (with the
ETIP SNET 2, the ERA-NET Smart Grid plus and the EERA), a public consultation and a series
of nine regional workshops involving national stakeholders. The monitoring of the projects has
been ensured by a generic methodology where nearly 123 EC and national projects have been
analysed together with 54 international projects. The monitoring process has been used to
make sure that the specified R&I activities correspond to research and innovation work which
was not (or partially) covered at the time of analysing the projects whereas the consultations
have been used to fine-tune the different draft versions of the RIR, taking into account the
remarks and suggestions for improvement coming from key stakeholders of the power system
community (and the energy system community as a whole).

The RIR has been constructed with three main building blocks. The first building block is a
mapping of the main guidelines of the EU climate and Energy Union policies: this analysis
yields a set of impacts of these policies on the future energy system, with a focus on the power
system for the decade to come. The impacts are then translated into the main and most
probable evolutions of the power system in the decade to come, as a result of the “policy push”
framework. These evolutions are listed in terms of issues related to generation, loads, network
infrastructures, digitalisation of the network, cooperation between network operators,
technologies, integration within the energy system and market.

The second building block is the definition of the future challenges for the system operators as
a result of the evolutions of the power system. The network operators, together with the other
stakeholders of the power (energy) system, will face many challenges increasing the need for
flexibility options and which can be classified into four major trends:

« More intermittent generation at different spatial scales sometimes far from the main
consumption centres;

« New loads as a result of the electrification of the transport sector and the energy efficiency
policies in the building sector;

« The integration of the pan-European transmission electricity network with a regional
management layer as well as new links in the energy system;

2 This first round consultation process was extended following exchanges during the third governing board of the ETIP SNET (September 16, 2016)
with the associations representing the flexible thermal power generation sector (COGEN-Europe, EPPSA, ETN, EUGINE and EUTurbines).
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» The internal energy market where market makers (network operators) will have to manage
an increasing number of interactions with market players while ensuring adequacy and
security.

The development rates of these trends will be conditioned by public acceptance: grid
expansion with overhead lines is less and less accepted by the general public, which forces
network operators to use more expensive and challenging technological options, and deploy
fast new solutions to operate the network within the suitable security margins.

The third building block is a mapping between the future challenges to be addressed by system
operators, together with the other stakeholders of the power (energy) system, and the structure
of the RIR. The description of the R&l activities has been organized with a two-level (clusters
and functional objectives) tree-like structure as in the previous EEGI roadmap 2013-2022, with
several important modifications. For the transmission system R&I activities, both the clusters
and functional objectives (FOs) were reshuffled. For the distribution system R&I activities, most
the existing clusters and FOs were kept whenever possible and the R&l activities were
specified in terms of cross-cutting challenges (upgrading of the network, power system
flexibility, power system reliability, ICT and digitalization, market design, DSO regulatory
environment).

R&lI activities relative to the coordinated activities of the system operators (transmission and
distribution) have been specified in each of the relevant functional objectives for the
transmission and distribution systems. Contrarily to the previous roadmap (the EGGI 2013-
2022 roadmap), since there should be a seamless integration between these two levels in the
overall system, there is no longer a need to specify R&I activities in a specific cluster.

Storage integration R&I activities have been mainly specified in two dedicated functional
objectives for both the transmission and distribution systems. However, due to the cross-
cutting dimension of storage integration, R&I activities have also been defined in other clusters
and functional objectives when appropriate. After the extended consultation process (ETIP
SNET), two functional objectives for flexible thermal generation have been added for the
transmission and distribution systems, addressing the R&l activities for integration (i.e.
improvement of the flexibility).

A tentative appraisal of the resources (budget) needed for the implementation of the specified
R&I activities is provided. For transmission system R&l activities, the budget has been built
with a bottom-up approach by summing up the estimated amounts for each FO within each
cluster. For distribution system R&l activities, the budget has been constructed by estimating
the necessary amounts to cover the gaps identified in the monitoring process (and therefore
the new R&I activities).

For each functional objective, the expected impacts of the R&I activities of the RIR have been
listed in terms of the main targets of the Energy Union and the relevant dimensions of the key
actions of the SET Plan. For the sake of consistency, this analysis has been summarized per
cluster.

KPIs have been defined to reflect the overarching goal of the RIR and to provide quantifiable
estimates of the outcomes of the projects relative to the specified R&l activities. For
transmission system R&l activities, it is proposed to apply the KPIs used for the previous EEGI
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2013-2022 roadmap. For distribution system R&I activities, new KPIs and slight modifications
of the existing KPls are put forward.
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The purpose of this introductory chapter is to map the main guidelines of the EU climate and
Energy Union policies in order to list the impacts of these policies on the future energy system,
with a focus on the power system for the decade to come. From this list of impacts, the main
challenges to be overcome by the power system, and more especially the electricity network
operators, are presented in

The energy policies of the European Union (EU) have three main drivers: long-term climate
goals, i.e. reduce Europe’s green-house gases (GHG) emissions and consequently
decarbonize the European economy, security of supply and economic growth. Since the early
nineties, the European Commission (EC) has designed and implemented a regulatory
framework which has paved the way for an integrated European energy market, in order to
provide the energy consumers (households, businesses and industries) with secure,
sustainable, competitive and affordable energy. Three rounds of EU energy market legislation,
known as energy packages, have been enacted to improve the functioning of the internal
energy market and resolve structural problems, viz.

» during the nineties, directives addressing the unbundling of the energy sector (gas and
electricity) known as the first energy package,

« in the early two thousands (second energy package), the promotion of renewables and
cross-border electricity exchanges as well as an update of the rules for the energy markets
(gas and electricity),

« and in 2009 (third energy package), specific directives updating the common rules for the
internal market in electricity and gas as well as for regulations on, e.g., the conditions for
access to the network for cross-border exchanges in electricity.

This set of energy packages has deeply changed the landscape of the energy system and
more especially the electricity system: new market players have emerged (generators, traders,
retailers, service providers) together with regulated market makers (transmission system
operators and distribution system operators), NRAs (National Regulatory Authorities) in
Member States (MS) and ACER (the Agency for Cooperation of Energy Regulators) at the
European level. The renewable energy directives (second energy package and the update in
the third energy package) have been important drivers for research and innovation (R&l)
relative to the power system: the progressive integration of non-dispatchable generation
(mainly wind and PV power) challenged network operators which proposed the first technical
and organisational solutions to operate the electricity grids within the stability limits and at
affordable costs.

In 2011, a long-term perspective was communicated by the EC3 to reach very ambitious goals

in terms of decarbonisation of the European economy (80 to 95 % below the 1990 levels by
2050) insisting on energy efficiency, the development of renewable energies, and new energy

3 European Commission, Communication “Energy Roadmap 2050”, COM(2011) 885 final, Brussels, 15/12/2011.
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infrastructures and storage capacities as well as research and development (R&D) and
technological innovation. This long-term perspective was framed in coherence with the 2020
climate and energy targets which were effective since 2009, i.e. 20% share of renewables in
the energy mix, 20% in energy efficiency improvements and 20% in GHG emissions reductions
compared to the levels of 1990. The previous 2013-2022 EEGI roadmap was designed in this
framework with no clear view on the long-term end levels of renewables integration and energy
efficiency targets to be expected to meet the ambitious 2050 goals. Such long-term signals are
key elements for the power sector stakeholders since they allow the appraisal of the expected
level of intermittent generation in the generation mix and the future profiles of the residual
loads, and consequently the long-term planning of the electricity network infrastructures (since
the lead times can be very long, e.g. it can take more than a decade between the decision for
instance for network reinforcements and the full implementation and commissioning of the new
overhead lines and/or cables).

Since the publication of the 2013-2022 EEGI roadmap, policy makers adopted, in October
2014, the 2030 climate-energy package which sets new targets in line with the Roadmap for
moving to a competitive low carbon economy in 20504, the Energy Roadmap 20501 and the
Transport White Paper5. These 2030 targets, i.e. 27% share of renewables in the energy mix,
27% in energy efficiency improvements and 40% in GHG emissions reductions compared to
the levels of 1990, define a more ambitious plan, e.g. a revision of the ETS (Emission Trading
Scheme) and a new governance scheme to coordinate the energy policies of the MS. This
coordination initiative which involves a clear regulatory framework for investors is the Energy
Union strategy6. This renewed policy framework aims at strengthening the plausibility of the
2030 targets as agreed by the EU leaders. It puts forward five mutually reinforcing and closely
intertwined dimensions:

« Energy security, solidarity and trust: this first dimension addresses the gas supply policies
at European level,

« A fully integrated European energy market: this second dimension addresses the lack of
efficiency of the current market designs. So far, the existing electricity markets have not
reached their objectives: the short-term market prices failed to send accurate signals to
investors with long-term perspectives, as a result of the strong increase of generation “out
of the market” (feed in tariffs). These issues led the MS to choose different national
measures, threatening the integration process of the European electricity markets. In
addition to the price signal issue, market concentration, weak competition, and insufficient
investments still remain an issue. The main propositions for the wholesale electricity
markets are to reach higher targets in terms of cross-border connections (from 10% to 15%
of the installed electricity production capacity of the MS) and an increased integration of the
market makers (regional coordination centres for Transmission System Operators -TSOs-
as CORESO to effectively plan and manage the cross-border electricity flows)7. For the
retail electricity markets, the main proposition is to empower customers so that they have a
favourable environment to choose their electricity suppliers and to better control their
electricity consumptions.

4 EC, “A Roadmap for moving to a competitive low carbon economy in 2050”, COM(2011) 112 final, March 2011.

5 EC, “White Paper: Roadmap to a Single European Transport Area — Towards a competitive and resource efficient transport system”, COM(2011)
144 final, Brussels, March 28 2011.

6 EC, “A Framework Strategy for a Resilient Energy Union with a Forward-Looking Climate Change Policy”, COM(2015) 80 final, February 25 2015.
7 Here, the role of ACER should be significantly reinforced so as to carry out regulatory functions at EU level regarding the market rules.
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Energy efficiency contributing to moderation of demand: this third dimension deals with the
effective implementation of ambitious market design initiatives so as to efficiently promote
energy efficiency and demand-side response, especially in the building and transport
sectors where electrification (e.g. heating via heat pumps and electric mobility) is foreseen.
Decarbonising the economy: the true market value of emission allowances should be
determined by a revised ETS in order to increase electricity production from decarbonized
and low-carbon sources in a sustainable way, allowing for economic growth.

* Research, innovation and competitiveness: this fifth dimension emphasises the need
for a new strategy for R&l so as to implement the framework set out in the four other
dimensions. It specifies that the EU energy technology and innovation strategy is an integral
part of the EU energy policies. The EU R&l strategy relies on a core instrument, the SET
(Strategic Energy Technology) Plan 8, which defines the overall framework for promoting
strengthened cooperation in R&l between the EU, MS and stakeholders (research and
industry), in order to step up the efforts to bring new, efficient and cost-competitive low-
carbon technologies faster to the market and deliver the energy transition in a cost-
competitive way. The SET Plan R&l strategy is defined in the SET plan integrated roadmap
(IR) 9, 10.

During the summer 2015, the EC released an updated SET plan communication 11 defining
the new European R&I strategy for the EU for the coming years. This new integrated SET plan
(building synergies between national and European -e.g. H2020- R&l programmes) defines a
new management structure and ten key actions to accelerate the energy system
transformation and meet the priorities of the Energy Union. Two of these key actions have a
direct impact on the development of the electricity system and the present roadmap:

Create technologies and services for smart homes that provide smart solutions to energy
consumers (key action 3): energy consumers (including small businesses and the tertiary
sector) should be able to control and optimise their energy consumptions (and productions
in the case of prosumers) through (new) services provided by (new) market players. This
key action will result in the full digitalization of the distribution networks.

Increase the resilience, security and smartness of the energy system (key action 4): this
action defines two features which are important for the structure of the present roadmap:
flexibility options so as to operate the electricity network with a large share of non-
dispatchable generation units and evolving demand profiles, and the digitalization of the
electricity system. The flexibility options that should be investigated are storage, demand-
response, new transmission and distribution technologies (power electronics for instance),
flexible thermal generation, flexible renewable generation (monitored -curtailment,
contribution to system services), and the synergies between energy networks, i.e. how to
couple the electricity networks with the gas and heat networks. Digitalization of the
electricity network mainly concerns the physical and cyber security of the infrastructures as
well as the use of data mining (big data), IoT (Internet of Things) and HPC (High
Performance Computing) so as to better operate the network, manage the assets and plan
the future developments.

8 EC, “Energy Technologies and Innovation”, COM(2013) 253 final, May 2nd 2013.
9

10 In the present road mapping exercise, compatibility between the RIR and the SET Plan IR is always ensured.
11 EC, “Towards an Integrated Strategic Energy Technology (SET) Plan: Accelerating the European Energy System Transformation”, COM(2015)
6317 final, September 15 2015.
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The other key actions have also indirect impacts on the present roadmap, e.g. the
electrification of transports (key action 7), the promotion of energy efficient solutions in
buildings (key action 5) and in the industry (key action 6) which will modify the load patterns in
the years to come. Key action 1 (industrial leadership in renewables) and 2 (e.g. reduce the
cost of key technologies such as off-shore wind power components, including HVDC
technologies) are in line with the expected targets in terms of wind and PV power penetration.

As matters stand, the EC has engaged in a broad consultation with the relevant stakeholders
(public and private sector stakeholders as well as MS) on the way to practically implement
these ten key actions. On the basis of the SET Plan IR and the Energy Union priorities, “issues
papers” have been prepared in order to come up with “agreements with stakeholders on
strategic targets and priorities in each of the action areas, as well as on implementation plans
that will aim to deliver the agreed targets and priorities”. These implementation plans will
contain recommendations for R&I activities and policy measures at different levels (European,
national and regional) so as to efficiently coordinate the funding sources in Europe (and avoid
double funding). These implementation plans should be finalized by the end of year 2016—
early 2017, after the publication of the present roadmap: as a consequence, for the current
road mapping exercise, the latest (draft) available versions of issue papers 3 and 4 have been
taken into account 12. The main elements are:

. for issue paper 3, the deployment of smart solutions empowering consumers, i.e. lower
energy bills by participation in energy and system services markets via (new) market
players,

« and for issue paper 4, (main focus) the integration of the electricity network in the energy
system by e.g. coupling with the heat and gas networks at different spatial scales and thus
providing additional flexibility options. Other important goals are sustainability (to maximise
efficiency and clean energy generation), flexibility (to enhance the grid hosting capacity for
renewables using all flexibility options), to be customer centric (so as to ensure fair market
conditions for all players, including the end consumers), and economic efficiency (for the
market and the regulated players).

Three other policy frameworks impact the present road mapping exercise: the summer

package 2015, the EU strategy for heating and cooling and the winter package 2016:

« The summer package 2015 proposed two documents relevant for the energy (electricity)
sector. A first communication 13 which stresses the need to better link the wholesale and
retail energy markets by empowering end-consumers, i.e. make sure that consumers can
easily access to the retail market (switch supplier, participate in demand-response, produce
energy) with the necessary environment (data protection and privacy as well as fully
interoperable smart solutions) and a second communication which proposes the associated
market mechanisms so that flexibility is fairly rewarded and investments in flexibility options
are fostered 14.

« A communication on the EU strategy for heating and cooling 15 which clearly highlights the
flexibility generated by coupling heating and cooling with the electricity grid (through e.g.

12

13 EC, “Delivering a New Deal for Energy Consumers”, COM(2015) 339 final, July 15 2015.

14 This should help prepare legislative proposals due for end of 2016, following a public consultation.
15 EC, “An EU Strategy for Heating and Cooling”, COM(2016) 51 final, February 16 2016.


https://setis.ec.europa.eu/towards-an-integrated-SET-Plan
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heat pumps or CHP producing heat in district heating networks) and taking advantage of

thermal storage.

« The winter energy package 2016 with three components of importance for the present road
map:

- Retail energy markets: market participation of the consumers with specific issues related
to data privacy and ownership so as to foster market efficiency;

« Improved electricity market design so as to provide the right investment signals for
investment decisions (need for flexibility, new players and new infrastructures in the
power system for instance);

« The interactions and the roles of the different (and new) market players (access to and
exchange of standardized data) and market makers (for instance the regional approach
for TSOs with regional coordination centres);

In the present section, the main climate and energy policies impacting the energy system (with
a focus on electricity) have been reviewed. In the next section, these main elements are
summarised so as to anticipate on the probable evolution of the power system for the decades
to come.

The listed policies in section imply that the paradigm shift foreseen in the previous 2013-
2022 EEGI roadmap might happen faster, probably in the decade to come, thus calling for
ambitious R&Il activities. Traditionally, the electricity network operators have managed grids
with large centralised and dispatchable units with unidirectional flows supplying stochastic
loads: tomorrow (and already today in some control zones in Europe), these network operators
will have to manage (are managing) stochastic and distributed generation units (small to
medium power), bi-directional flows with so far limited part of the demand becoming
controllable (but with sometimes negative residual loads).

The main evolutions of the power system in the decades to come, as a result of the “policy
push” framework, will be:

« An ever increasing penetration of intermittent renewables with probably no control on the
spatial location and the size of the generation units (mainly for PV) and far from the main
consumption centres (mainly for wind power) thus calling for the development of new
network infrastructures (e.g. HVDC grids in the North Sea), in a context where social
acceptance for new overhead lines is an issue;

« New loads resulting from the electrification of transport (electric vehicles -EVs-, tramways)
and efficient solutions in the heating and cooling sector (e.g. heat pumps in private homes
and district heating systems). The new loads will change the load profiles and possibly
increase the share of electricity in the overall energy consumption;

« Controllable distributed loads, as a result of ambitious demand response policies, by relying
on technologies and services for smart homes that provide smart solutions to energy
consumers;

- New technologies providing flexibility options to the electricity network operators, i.e. e.g.
storage, new transmission and distribution technologies (power electronics for instance),
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flexible thermal generation, flexible renewable generation (e.g. wind power providing
reactive power), and flexible demand;

« Fullintegration of the power system in the energy system by coupling the electricity network
with the gas and heat networks;

« A well-meshed pan-European electricity transmission network resulting from a significant
increase of the capacity of cross-border connections (this deployment must be planned by
TSOs through extensive cost benefit analyses at the European level, with a common and
continuously improving methodology 16);

« Modified management and organisational schemes: regional coordination centres for TSOs
(to manage the cross-border flows);

» The full digitalization of both the transmission and the distribution networks with new ICT
infrastructures with their associated software layers. This will create threats (cyber security)
and opportunities (use of big data and data mining, loT and HPC for network management);

« New market mechanisms and market players to promote energy efficiency and demand
response to be traded in electricity markets (including system services);

« Retail electricity markets empowering customers (favourable environment to choose
electricity suppliers and to better control consumptions through new services provided by
new market players).

These evolutions are summarized in the Table hereafter with a focus on the evolutions of the
power system in the decade to come.

Fewer large centralised and
dispatchable units with an increasing
share of distributed generation, partly

Large centralised and
dispatchable units

Generation Spatial location and .
stochastic.
rated power under . . .
sl Decreasing control on spatial location

and rated power

Evolving load profiles due to the
electrification of transport and
Stochastic demand with heating/cooling in the building sector

Load controllable industrial Controllable distributed loads with
loads demand response
Residual loads will be sometimes
negative
Few cross-border Significantly increased cross-border

Network infrastructures . . o
connections connections capacities

Full digitalisation in both transmission
and distribution networks: monitoring,
Digitalisation of the Partial digitalization at automation and control
network TSO level Cybersecurity issues
Use of big data, IoT and HPC to manage
the network

16 A first target of 15% of the installed electricity production capacity of the MS has been mentioned by the EC although further analyses are needed
to actually discuss how this target should be applied in practice.
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Two regional o :
Network operators — Several coordination centres covering all
(TSOs) ORI centres the ENTSO-E control zones

(CORESO and TSC)

ol S Distribution network expansion and
NGTES CESEWNS | OFEMEC i in\?estr%e?wts baesec(i) on ea F?zlorsmoect :nd
(DSOs) investments based on a

Technologies

Integration within the
energy system

‘fit-and-forget’ approach

AC technologies with low
penetration of PE-based
devices

Weak coupling with heat
pumps in district heating
networks

manage’ approach

Distributed storage technologies

Large penetration of PE (inverters,
HVDC converters, DC loads including in
private homes)

ICT for smart homes and active
consumers (prosumers)

Strong coupling with the gas network (via
power to gas technologies) offering
storage and flexibility via CHPs

Strong coupling with heat pumps in e.g.

district heating networks

Dynamic, uncapped, cross-border
markets providing flexible capacities on
the short run to offset variations from
variable renewables
Hedging  products
variability risks

New players in both the wholesale and
retail markets

Coupling of the wholesale and retail
markets

Market mechanisms for flexibility, energy
efficiency and demand response
Empowering customers, i.e. end
consumers able to participate in
electricity markets via new market
players

against  price

Few players on the

Market wholesale market

1.3.1 THE CONSULTATIONS AND MONITORING PROCESS

The present roadmap, the ETIP SNET Research and Innovation Roadmap 2017-2025 (RIR),
is one of the deliverables that the Grid+Storage consortium must hand over to the EC (DG
ENER) and the ETIP SNET (European Technology and Innovation Platform Smart Networks
for the Energy Transition) teams in the framework of service contract N° ENER C2/2014-642.
The content of the RIR (R&I activities for the decade to come) must synthesize consolidated
and balanced stakeholder views for the future R&| needs of the electricity networks and rely
on a monitoring and review of projects, programmes in the EU (including at national level) and
worldwide. The consolidated stakeholders’ views have been obtained by:
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» First round consultations with the ETP Smart Grids 17, the ERA-NET Smart Grid plus and
the EERA;

« A public consultation 18;

» A series of nine regional workshops involving national stakeholders 19.

The monitoring of the projects has been ensured by a generic methodology where nearly 123
EC and national projects have been analysed (50 projects for TSOs, 51 projects for DSOs 20
and 22 storage projects). The monitoring of the projects has been reported in two separate
deliverables, D3.1 and D3.2 dealing with the technical analysis of past, on-going and expected
projects. D3.1 has been focussed on the monitoring for the definition of the priorities of the IP
16-18 whereas D3.2 is dedicated to the appraisal of the current knowledge coverage so as to
define the R&l activities to be specified in the RIR 21.

The different consultations with the main stakeholders together with the monitoring activities
have allowed the drafting of the present roadmap: the monitoring process has been used to
make sure that the specified R&I activities correspond to research and innovation work which
was not (or partially) conducted at the time of analysing the projects whereas the consultations
have been used to fine-tune the different draft versions of the RIR, taking into account the
remarks and suggestions for improvement coming from key stakeholders of the power system
community (as well as the energy system community as a whole).

The structure of the RIR is explained in and the detailed content of the R&l activities
is displayed in Appendix 1 for the transmission systems 22 and in Appendix 2 for the
distribution systems. explains the link between the evolution of the power system
and the future challenges to be addressed by the system operators and the stakeholders of
the electricity (energy) value chain. The links between the future challenges to be addressed
by system operators and the structure of the roadmap are explained in subsections to

In complement to the specified R&l needs in Appendix 1 and Appendix 2, estimations of the
necessary resources, to motivate and drive industrial investments, as well as public private
partnerships (PPPs), devoted to support the specified R&l efforts, are presented in

The document ends with a list of the expected outputs, outcomes and impacts, and the KPIs
to measure them, cf. , before concluding in

1.3.2 SPECIFICITIES OF THE PRESENT RIR

The main outcome of the RIR is the definition of a European R&l strategy in the area of the
SET Plan activities relative to smart grids and the integration of energy storage taking into
account all other flexibility options, including flexible thermal power generation. As a

17 This first round consultation process was extended following exchanges during the third governing board of the ETIP SNET (September 16,
2016) with the associations representing the flexible thermal power generation sector (COGEN-Europe, EPPSA, ETN, EUGINE and EUTurbines).
18 The methodology used for the public consultation(s) is described in two deliverables, D1.1 (Description of process for stakeholder involvement
and consultation for the EEGI team RTD&D roadmap implementation plan) and D1.2 (Description of process for stakeholder involvement and
consultation for the 10 year EEGI team RTD&D roadmap). D2.1 describes the methodology used for the public consultation of the present roadmap.
19 The recommendations provided by the national stakeholders have been summarized in a specific deliverable (D4.1: Minutes of stakeholder
debates (lessons learned) for nine knowledge sharing workshops).

20 Distribution System Operators.

21 In the D3.2 exercise, consistency with the existing ENTSO-E framework has been ensured (cf. ENTSO-E’s R&D Monitoring Report 2015).

22 And the pan-European system. Since there are several interconnected transmission systems in Europe, the term “transmission systems” is used,
which also includes the pan-European system.
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consequence, the main difference between the previous 2013-2022 EEGI roadmap and the
RIR is a specific focus on R&I activities relative to storage integration into the electricity (and
energy) network(s). Apart from the storage integration focus, the RIR goes beyond the scope
of R&I activities specified in the 2013-2022 EEGI roadmap for the electricity grids by paying
specific attention to:

« A technological base to open up for the "active customer";
« Interactions with other energy networks (gas and heating/cooling);

in view of increasing the flexibility of the electricity system so as to deal with, amongst others,

higher shares of variable renewable electricity generation and new loads.

Energy storage is addressed from the integration point of view, i.e. R&l activities for the

improvement of the performances and thus the market uptake of specific storage technologies

are not specified in the RIR 23. Integration R&I activities can be related to, for instance:

« market and regulatory issues, e.g. assess the regulatory framework for storage operations
and ownership as well as the associated valuation and remuneration for the provision of
system services,

« ortechnical issues, e.g. study the development of self-consumption policies involving local
storage so as to better control its effects on the stability of the power system, improve the
capabilities of the power electronics so as to allow multi-service business models for
storage, etc.

Regarding the interactions with other energy network, as specified in Table 1, the increased
use of electricity in the heating and cooling as well as transport sectors, together with emerging
power-to-gas technologies, will lead to the stronger integration of the electricity, gas, heating
and cooling, and transport sectors, thus intensifying the need for coordination among these
different sectors in the future, including integrated R&l activities.

Overall, the RIR aims at providing the stakeholders of the power system (and the whole energy
system) with consolidated and balanced views for the future R&I needs involving technology
development and market uptake:

« to support the development of transmission and distribution electricity grids as well as
energy storage,

» to make such grids able to use flexibility solutions in view of increasing the flexibility of the
European electricity (and energy) system in order to deal with higher shares of variable
renewable electricity generation (all flexibility options have been considered: network
technologies and reinforcements, flexible RES and thermal power generation, demand-
response -active customers-, energy storage, IC technologies and infrastructures, coupling
with other energy networks),

« to facilitate a technological base to open up for the "active customer" as a potential source
of flexibility for the energy system;

- to optimize the interactions of the electricity grid (transmission and distribution) with other
energy networks, partly because this increases flexibility of the overall energy system.

23 Such R&l activities will be specified in other EC contracts, e.g.


http://www.batstorm-project.eu/downloads
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The resulting R&I activities will therefore differ from the existing roadmaps in the sense that
they will cover a scope larger than the electricity system, encompassing interactions with the
gas and heat networks and focusing on the integration of energy storage technologies and the
other flexibility solutions into the power system.

The RIR has been written taking into account the existing EU roadmaps, i.e. the previous EEGI
2013-2022 roadmap, the SET Plan IR, the EASE/EERA Energy Storage Technology
Development Roadmap towards 2030 24, and of course the ENTSO-E R&l roadmap. In

, it will be shown how the present roadmap is in coherence with this existing
framework and moreover how it complements these documents.

24


http://ease-storage.eu/category/publications/technical-documents/
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Table 1 lists the most likely evolutions of the power system in the decades to come following
the most recent climate and Energy Union policies. These evolutions imply that network
operators will face an increasing number of challenges and R&I activities must be launched in
time so as to come up with optimized and cost effective solutions, maximising social welfare.
Indeed, the typical time scale needed for developing technologies (including software,
management tools and methodologies), demonstrating their performances and validating
system integration are of the order of magnitude of a decade. Before listing the challenge to
be faced by network operators in the decade to come, based on the foreseeable evolutions
listed in Table 1, some complementary remarks must be made:

When specifying and coordinating R&l activities, network (system) operators should
have aleading role. Indeed, network operators are regulated players ensuring at the same
time the role of market makers and the reliability (adequacy and security) of the power
system. As such, they have a pivotal function in the power system. They are the only
stakeholders of the value chain which have a systemic view and can study and anticipate
the complex dynamics resulting from increasing interactions in the network itself and with
(and between) market players;

Grid expansion is less and less accepted by the general public. This has two main
impacts: first, low acceptance for overhead lines forces network operators to use cable
technologies and reinforce their networks with partial undergrounding and sometimes full
undergrounding solutions, which are more expensive and challenging technological
options. Secondly, since the time scales for network reinforcement and the installations of
new generation units and loads are very different, not being able to install the necessary
reinforcements also forces network operators to deploy fast new solutions to operate the
network within the suitable security margins.

Coupling heating/cooling and electricity production in the future will be key for the
integration of the electricity system since heat (and cooling) will also play a pivotal role in
the transition towards a low-carbon power system. Indeed, energy consumption for heating
in Europe is still much larger than the demand for electricity even though there is a growing
electrification of heating in buildings and to some extent in district heating systems with
large heat pumps. Coupling heat and electricity production will also impact the gas grid with
CHPs where electricity storage could be performed in different ways (thermal and chemical

energy).

Coupling electricity with transport will become increasingly important in the future energy
system and will be a significant challenge to electricity grid operators. Similar to the demand
for heat, the demand for energy in the transport sector is much larger than the electricity
demand in Europe. Transport can be electrified by use of BEVs (Battery EVs) but also by
use of chemical fuels produced from electricity (for instance natural gas produced from
power-to-gas technologies). Both options, however, will have considerable impacts on the
electricity grids design and operation.

The EU internal energy market resulting from the three legislative energy packages has
set the basis for opening up the electricity and gas retail markets to competition for the
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benefit of the consumers. The main issue for the future design 25 of the European internal
energy market is how the consumer will bear the costs for the investments to be made in
the power system (e.g. generation, network, and ICT infrastructure), and what will be the
extended regulatory framework defining the retail market rules.

« In the light of the above remarks and the evolution of the power system listed in Table 1,
the challenges to be addressed by network operators are now listed.

Electricity system (network) operators will face many challenges as a result of four major
trends:

« More intermittent generation at different spatial scales (from small scale BIPV -Building
Integrated PV- units connected to the low-voltage distribution grids to large scale offshore
wind farms connected to the high-voltage distribution grids) sometimes far from the main
consumption centres;

« New loads (and consequently evolving load profiles) due to the electrification of the
transport sector and the energy efficiency policies in the building sector (heat pumps,
prosumers, etc.);

o The integration of the pan-European electricity network (more cross-border
interconnections) with a regional management layer as well as new links in the energy
system (connections between electricity networks and other energy networks at different
spatial scales, e.g. the gas network for TSOs and heat networks for DSOs);

« The internal energy market resulting in an increasing number of interactions with market
players while ensuring adequacy and security.

The four above mentioned families of future challenges for network operators are described
more specifically in terms of targets in Table 2 hereafter. These targets are linked to the policy
drivers identified in and the associated evolutions of the power system.

Many of the identified evolutions of the power system concern both the transmission and the
distribution systems and as a consequence they result in similar challenges for both levels,
including for both TSOs and DSOs. For instance, the evolution of the generation mix (Fewer
large centralised and dispatchable units with an increasing share of distributed stochastic
generation and Decreasing control on spatial location and rated power) imply common
challenges, e.g. Improve the observability and the controllability of the network and Improve
the accuracy of the generation forecast. The specific R&l activities and the future
implementations might however be different since there are evolutions and challenges which
are specific to either the TSOs or the DSO.

25 The current market design (the three legislative energy package), will remain valid and should be implemented in all EU28 countries.
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Some of the challenges listed in Table 2Table 2 are more specific to the transmission systems
and concern a large set of stakeholders in addition to TSOs (manufacturers, research
institutes, utilities, ICT providers, aggregators, etc.) 26, viz.:

27
28

Developing pan-European electricity highways with both AC and DC technologies:
European TSOs will have to strengthen their interconnections so as to be able to handle at
the pan-European scale the higher shares of renewables (PV and wind). They will also have
to strengthen the existing corridors in their own control zones either with new lines (by
resorting to undergrounding solutions, partial or full) or links or with parallel routing of DC
and AC lines on the same existing towers for instance.

Decrease the environmental footprint of the network reinforcements: due to the increasing
opposition to new overhead lines, mainly due to the environmental impact, TSOs will have
to, for example, reduce the visual impacts, address EMF (Electro-Magnetic Field) issues,
and study the environmental impacts of new technologies and undergrounding solutions.
Make use of data mining techniques and HPC to better manage the network, closer to its
physical limits. Data mining techniques and HPC (High Performance Computing) have
proven to be key issues for the next generation of decision-making tools allowing network
operators to cope with dynamic effects and uncertainties (mainly from renewables):
computational power is needed to analyse and detect beforehand and close to real time
situations where grid stability constraints might appear 27.

Increased TSO collaboration: TSO collaboration already exists at planning level (cf. the
TYNDP exercise of ENTSO-E) and the network codes (NC). There also exists two regional
coordination centres: CORESO and TSC. European interconnected TSOs will support the
creation of Regional Security Coordination Initiatives (RSCIs) ensuring essential
coordination functions such as coordinated security analysis, short and medium term
adequacy forecasts, coordinated capacity calculation, outage planning coordination and
improved individual grid model/common grid model delivery 28.

New materials and technologies to increase the flexibility of the grid: new technologies will
be needed to increase the flexibility of the existing transmission grids, e.g. new types of
conductors (using nanotechnologies or superconducting materials), energy storage, and
power electronics.

Develop methodologies and tools to operate the network closer to its physical limits without
jeopardizing its security. As mentioned above, TSOs will need to develop the expert
systems and decision-making support tools to anticipate potential emergencies, give an
early warning to the system operators and suggest possible solutions with their estimated
probability of success in real-time.

Improve defence and restauration plans in areas with a deep penetration of PV and wind
power. With the ever increasing penetration of renewables, TSOs will have to deal with
control zones with very high penetration of power electronics, i.e. control zones where the
number of generators and loads that are connected to the grid through power electronics
interfaces or devices such as inverters represent a significant share of the total generation
and load. This will necessitate the development of specific tools for defence and restoration
plans.

26 The stakeholders impacted by the R&I activities specified in the RIR for transmission are listed in Appendix 1.


http://www.itesla-project.eu/
https://www.entsoe.eu/Documents/Publications/Position%20papers%20and%20reports/141119_ENTSO-E_Policy_Paper_Future_TSO_Coordination_for_Europe.pdf
https://www.entsoe.eu/Documents/Publications/Position%20papers%20and%20reports/141119_ENTSO-E_Policy_Paper_Future_TSO_Coordination_for_Europe.pdf
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Generation

Load

Fewer large centralised and dispatchable units with
an increasing share of distributed stochastic
generation

Decreasing control on spatial location and rated
power

Evolving load profiles due to the electrification of
transport and heating/cooling in the building sector
Controllable distributed loads with demand response
Residual loads will be sometimes negatives
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Improve the observability and the controllability of
the network.

Improve the accuracy of the generation forecast.
Develop methodologies and tools to operate the
network closer to its physical limits without
jeopardizing its security.

Deploy the hardware and software solutions to host
renewables in MV and LV networks (monitoring,
automation and control).

Identify and support improvements of suitable
flexibility options (RES generation, flexible thermal
power generation, load, network, storage,
integration with other energy network) to ensure
adequacy and security

Utilize system services from intermittent
generation.

Improve defence and restauration plans in areas
with a deep penetration of PV and wind power.

Use of demand response for system services with
well-defined interactions between with the market
players and the network operators (and TSO-DSO
exchange of information).

Efficient forecast of demand (and residual loads)
accounting for the new loads and the demand-
response activities of new market players.
Anticipate and plan the impact of the electrification
of the building and transport sectors on the
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Network infrastructures

Digitalisation of the network

Significantly increased cross-border connections
capacities

Full digitalisation in both transmission and
distribution networks: monitoring, automation and
control

Cybersecurity issues

Use of big data, 10T and HPC to manage the
network

Final 10-year ETIP SNET R&I roadmap covering 2017-26

electricity network (new equipment at distribution
level especially in urban areas).

Prepare the shift from passive to active consumers
by allowing all means for communication via smart
meters.

Optimising the existing assets and the network
capacity making use of new technologies

Developing pan-European electricity highways with
both AC and DC technologies

Study and demonstrate new grid architectures both
at transmission and distribution level as a source of
flexibility.

Decrease the environmental footprint of the
network reinforcements.

New planning tools able to account for the full
complexity of electricity networks (distributed and
intermittent generation, variable and controllable
loads, power electronics, storage, etc.).

Scalable solutions to address large-scale data
management (customers, equipment, network,
market) issues in the power system.

Make use of loT and data mining techniques (big
data) to develop smart asset management
strategies.

Make use of data mining techniques and HPC to
better manage the network, closer to its physical
limits.
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Network operators (TSOs)

Network operators (DSOs)

Technologies

Integration within the energy
system

Several coordination centres covering all the
ENTSO-E control zones.

Distribution network expansion and investments
based on a ‘connect and manage’ approach

Distributed storage technologies

Large penetration of PE (inverters, HVDC converters,
DC loads including in private homes)

ICT for smart homes and active consumers
(prosumers)

Strong coupling with the gas network (via power to
gas technologies) offering storage and flexibility via
large CHPs
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Coordinate and participate in standardization
activities for communication and data exchanges
between the different stakeholders of the electricity
value chain.

Ensure the physical and cyber-security of the digital
substations.

Increased TSO collaboration.
Increased exchange of information between TSOs
and DSOs.

Standardization and interoperability of system
architecture, protocols and data models.
Optimal management and activation of local
flexibilities.

Accelerate the large scale deployment and
validation of advanced automation and control
solutions.

Improve storage integration at all time scales (in
operation for system services but also when
performing planning studies as an additional degree
of freedom) as a source of flexibility.

Appraise the real value brought by small to medium
scale storage systems in network operations by
deploying real-life demonstrations.

New materials and technologies to increase the
flexibility of the grid

Interactions with the gas network for storage of
chemical energy.

Interactions with the heat network for storage of
thermal energy.
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Strong coupling with heat pumps in e.g. district
heating networks

Dynamic, uncapped, cross-border markets providing
flexible capacities on the short run to offset variations
from variable renewables

Hedging products against price variability risks

New players in both the wholesale and retail markets
Coupling of the wholesale and retail markets

Market mechanisms for energy efficiency and
demand response

Empowering end-users, i.e. end users able to
participate in electricity markets via new market
players
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Interactions of the transmission and distribution
grids with the gas and heat networks so as to better
operate the power system.

Optimisation of the energy system.

Validate flow-based market-coupling tools that can
be extended geographically and temporally.
Enforcing market design for the integration of
renewables at different time scales.

Optimized integration of market and network
operations all time scales (from long-term to real
time).

Integrate new market players providing system
services.

Participate in the assessment of the regulatory
framework for storage operations and the
associated remuneration of system services.
Enable well-functioning retail markets so as to
empower the end users.
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Some of the challenges listed in Table 2 are more specific to the distribution systems (apart
from DSOs, the impacted stakeholders of the distribution systems are given in Appendix 2),
viz.:

o Enable well-functioning retail markets so as to empower the end users. DSOs will be
involved in the definition of market rules (and the associated regulatory framework) to
encourage end customers participate in retail markets (energy efficiency or demand
response offers for instance) in a transparent and non-discriminatory way, with a special
attention to data privacy.

» Scalable solutions to address large-scale data management (customers, equipment,
network, market) issues in the power system. DSOs will need efficient data mining
algorithms for various applications ranging from generation forecast to load forecast
(consumer behaviour) but also failure/ageing models for network components (as for
TSOs). Efficient data mining algorithms will also be required by market players (retailers,
aggregators, ESCOs, traders, etc.) to boost retail electricity markets and create new
business opportunities, in connection with the DSOs.

» Anticipate and plan the impact of the electrification of the building and transport sectors on
the electricity network (new equipment at distribution level especially in urban areas). DSOs
will need network planning and optimization tools linking with urban planning tools so as to
optimize the development of the electricity network taking into account energy efficiency
policies at the city scale (interaction with other energy networks, spatial planning). They will
also need ICT and simulation tools to assess the steady state and dynamic impacts in
operation (especially power quality and voltage profiles) of a large roll-out of EVs on the
distribution grids (which will help reduce or defer network reinforcements).

« Prepare the shift from passive to active consumers by allowing all means for communication
via smart meters. DSOs will have to be involved in the deployment of ICT infrastructures
and technologies that will allow the involvement of the end customers and the retail market
players providing new energy efficiency services.

« Deploy the hardware and software solutions to host renewables in MV and LV networks
(monitoring, automation and control). Despite existing equipment already deployed,
especially at medium voltage (MV) level, there is still a need to demonstrate under real
operating conditions and at a large scale, an integrated set of new solutions to improve LV
(low voltage) and MV network automation and control for operation and maintenance of all
distribution grids in Europe, in order to better integrate renewables and new loads.
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The main goal of section 3 is to motivate the structure of the RIR keeping in mind the future
challenges for system operators (together with the stakeholders of the electricity value chain,
and to some extent of the whole energy system) identified in and explain the
evolutions compared to the previous roadmap (the EEGI 2013-2022 roadmap).

The previous EEGI 2013-2022 R&l roadmap was designed in 2012 and aimed at preparing
European electricity networks to enable the ambitious 2050 agenda that had been adopted
by the European MS so as to achieve a low carbon economy. The single overarching goal was

Since then the climate and energy policies environment has evolved, cf. . As a
consequence, the overarching goal of the updated ETIP SNET integrated R&l roadmap
needed refocusing compared to the first version, in order to bring about knowledge through
R&I which supports the directions of the development of the European power system identified
in the previous section. The results of future R&I activities must contribute directly to the
optimisation of the full European power system (and its integration into the energy system with
a focus on energy storage) under security of supply constraints, and must be able to take into
account any unforeseen change of the electricity system between 2017 and 2030. The single
overarching goal of the new R&Il roadmap is, therefore, to produce new knowledge which aims
to:

The update of the overarching goal implies to redefine the KPI(s) which help measure the
compliance with the EU climate and energy policy goals. This specific point will be addressed
in subsection 5.2.
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In the previous EEGI 2013-2022 roadmap, the R&I activities were organized with a two-level
tree-like structure: the first level of the tree-like structure consisted of clusters and the second
level of functional objectives (FOs), i.e. several FOs per cluster 29. Clusters corresponded
more or less to the main activities of the network operators, i.e. network operations, asset
management, planning and market designs (role of the network operators as market makers).
At the transmission system level for instance, these clusters where called Grid architecture
(planning), Network operation, Asset management and Market designs (related to the market
maker role). In each cluster, the functional objectives contained a family of functions to be
ensured by network operators (and other stakeholders of the power system) and where
research was needed, e.g.

« the coordinated control of the pan-European network, with a dedicated FO (T7) in cluster 3
(C3) called Innovative tools and methods for coordinated operation with stability margin
evaluation 30 .

In the present roadmap it was decided by the Grid+Storage consortium to keep the two-level
tree-like structure (clusters and FOs) with substantial modifications so as

« to better account for the SET Plan environment (issue papers 3 and 4 and the SET Plan IR)
and more generally the climate and energy policies of the EU,

« to better account for the cross-cluster nature of many projects, i.e. find a tree-like structure
that would ease the classification of projects with fewer clusters and FOs,

« to pay attention to key issues such as the integration of storage in the power system as well
as all other flexibility solutions, the integration of the power system in the energy system as
a whole (interactions between the electricity, the gas and the heat networks), and active
retail markets (how to empower customers so as to have large pools of active customers).

Two different approaches were proposed to implement these modifications:

« reshuffle both the clusters and functional objectives, i.e. define -if required- new clusters
and FOs (transmission systems),

« keep the existing clusters and FOs whenever possible and specify the R&I activities in terms
of cross-cutting challenges such as regulations or the digitalization of the electricity
networks (distribution systems).

3.3.1 SPECIFICATION OF THE TREE-LIKE STRUCTURE

ENTSO-E (with the other Grid+Storage partners) has addressed the policy drivers of the SET
Plan environment, and more generally the climate and energy policies of the EU, as the main

29 Clusters were referenced by the capital “C” letter and a figure, e.g. C1 for the first of the five TSO clusters.
30 Cf. the iTesla project: .


http://www.itesla-project.eu/
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elements to consider when defining the new clusters and FOs so as to improve the readability
of the specified R&l activities not only for TSOs but for all stakeholders of the whole electricity
value chain.

« The challenges related to generation (integration of renewables), the new loads
(electrification of the transport and building sectors) and the optimal use of the network
infrastructures are mainly addressed in terms of flexibility options with a specific cluster
dedicated to flexibility options (storage, demand response, interactions with other energy
networks, improved RES forecasts, power electronics, flexible thermal power generation)
i.e. cluster C3 called “Power system flexibility from generation, storage, demand and
network”;

« The challenges related to the digitalisation of the network (I0T, Big data, standardisation for
communication and data exchanges between the different stakeholders of the electricity
value chain, cyber-security) are addressed in a dedicated cluster, i.e. cluster C5 called “ICT
and digitalisation of power system?”;

o The challenges related to the modernisation of the existing network infrastructures
(including new planning tools and asset management methodologies) and new
technologies, including new grid architectures, are addressed in a dedicated cluster, i.e.
cluster C1 called “Modernisation of the network”;

« All market issues (market design and market simulation tools, including the coupling with
the gas markets, at different time scales) are addressed in cluster C4 called “Economy and
efficiency of power system”;

« Finally, network operations (observability and controllability, decision support tools) are
dealt with in cluster C2 called “Security and system stability”. In terms of policies, this last
cluster is linked to the integration of renewables, the new loads, the regional coordination
of the pan-European network and the future electricity markets, i.e. how to operate the grid
closer to its stability limits in an evolving environment (generation, load, increased cross-
border inter-connections, market).

The new clusters proposed above better account for the cross-cutting character of many
projects. As an example, for the TWENTIES project 31 which covered three clusters of the
previous 2013-2022 EEGI roadmap (C1: Grid architecture, C2: Power technologies, C3:
network operations) and five functional objectives could be covered in the present roadmap by
two clusters (C1 and C2) and three functional objectives. Regarding the integration of storage
in the power system, it is dealt with in a specific FO in cluster C3 (T10), the integration of the
power system and the energy system as a whole (interactions between the electricity, the gas
and the heat networks) is also addressed in a specific FO in cluster C3 (T14), and active retall
markets (how to empower customers so as to have a large pool in Europe of active customers)
is addressed through demand-response issues, also in a specific FO in cluster C3 (T11), cf.
Table 5.

31


http://www.twenties-project.eu/
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T1 Optimal grid planning
C1 — Modernization of the T2 Smart asset management
network T3 New materials and technologies
T4 Environmental challenges and stakeholders
T5 Grid observability
. T6 Grid controllability
gét;"i/ecurlty ) EYSE T7 Expert systems and tools
T8 Reliability and resilience
T9 Enhanced ancillary services
T10 Storage integration
T11 Demand response
C3 — Rower sysiem 5 RES forecast
flexibility from generation, i )
storage, demand and T13 Flexible grid use
network T14 Interaction with non-electrical energy networks
;;232 Flexible thermal power generation
T15 Market-grid integration
C4 — Economic T16 Business models
T17 Flexible market design
T18 Big data management
C5 - Digitalization of T19 Standardization and data exchange
power system T20 Internet of Things
T21 Cybersecurity

Table 5 hereafter shows the correspondence between the functional objectives listed in Table
3 and the challenges for network operators listed in Table 2.

3.3.2 CONTENT OF THE FUNCTIONAL OBJECTIVES

The content of the transmission system FOs have been updated by measuring the completion
of the objectives set in the ENTSO-E R&D (and the EEGI) Roadmap 2013-2022 following an
analysis of the gaps presented in the R&D 2015 Monitoring Report 34. This analysis has been
performed for each of the specific tasks of the FOs listed in the previous ENTSO-E roadmap.
In complement to the monitoring work of ENTSO-E, the Grid+Storage consortium has also
performed a specific monitoring exercise of passed, on-going and planned projects 35 for each
functional objective of the ENTSO-E R&D (and the EEGI) Roadmap 2013-2022. Both

32 The R&l challenges for flexible thermal generation have been included, on short notice, at the end of the drafting process of the present roadmap,
after discussions in the ETIP SNET with the following members: COGEN Europe, EPPSA, ETN, EUGINE and EUTurbines.

33 The numbering of the existing FOs was kept as such in order not to interfere with already performed work (e.g. the monitoring report).

34

35 D3.2, Technical analysis of past and on-going projects, July 2016.


http://rdmonitoring.entsoe.eu/wp-content/uploads/2016/03/entsoe_RD_Monitoring_Report_2015.pdf
http://www.gridplusstorage.eu/
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specify the R&I activities needed for the next decade.

The full description of the functional objectives for the transmission systems can be found in

Appendix 1. Table 4 hereafter explains the structure of the functional objectives.

Contents

Expected outcomes
Expected impacts

Contributors

Additional information

Budget estimation

Time line

36 The time line is an appraisal of the urgency of the activities to be launched so as to come up in due time with the needed solutions. A more

Challenges

A piece of text to remind the main challenges to be faced by TSOs and
the stakeholders of the power system.

Objectives

The main (functional) objectives describing the expected outputs of the
future R&I activities (projects) addressing the FO.

Scope

A first description of the main families of R&I activities which will help
to reach the expected outputs of the projects.

Specific tasks

The specific R&I activities to be addressed by the future projects.

Main features of the expected projects in terms of outputs, e.g. tools
and methodologies, demonstrations, etc.

Expected outcomes of the projects and their use by TSOs and the
stakeholders of the power system.

Suggestions regarding the partners that should be involved in the
projects. The purpose here is to be as exhaustive as possible.
Information regarding the inter-dependencies of the FO with other

FOs. Also information regarding past and on-going projects with
relevant outcomes for the activities of the FO.

An estimation of the expected resources to be deployed so as to reach
the expected outputs (cf. ).

An estimation of the urgency for the network operators, i.e. when the
Ré&l activities should be launched and how long they should last 36.

precise planning will be provided in the implementation plans (e.g. the IP 17-19).
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Generation

Load

Network
infrastructures

Improve the observability and the controllability of the network.

Improve the accuracy of the generation forecast.

Develop methodologies and tools to operate the network closer
to its physical limits without jeopardizing its security.

Identify and support improvements of suitable flexibility options
(RES generation, flexible thermal power generation, load,
network, storage, integration with other energy network) to
ensure adequacy and security.

Utilize system services from intermittent generation.

Improve defence and restauration plans in areas with a deep
penetration of PV and wind power.

Use of demand response for system services with well-defined
interactions between with the market players and the network
operators (and TSO-DSO exchange of information).

Efficient forecast of demand (and residual loads) accounting for
the new loads and the demand-response activities of new
market players.

Optimising the existing assets making use of new technologies

Developing pan-European electricity highways with both AC
and DC technologies

Study and demonstrate new grid architectures both at
transmission and distribution level as a source of flexibility.
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T5 — Grid observability
T6 — Grid controllability

T12 — RES forecast
T7 — Expert systems and tools

T10 — Storage integration

T11 — Demand response

T13 - Flexible grid use

T14 — Interaction with non-electrical energy networks
T22 — Flexible thermal power generation

T9 — Enhanced ancillary services

T8 — Reliability and resilience

T5 — Grid observability
T11 — Demand response

T11 — Demand response

T2 — Smart asset management
T3 — New materials and technologies

T3 — New materials and technologies
T6 — Grid controllability

T13 - Flexible grid use

T1 — Optimal grid design

T13 - Flexible grid use
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Digitalisation of the
network

Network operators

Technologies

Integration within the
energy system

Decrease the environmental the network

reinforcements.

footprint  of

New planning tools able to account for the full complexity of
electricity networks (distributed and intermittent generation,
variable and controllable loads, power electronics, storage,
etc.).

Make use of IoT and data mining techniques (big data) to
develop smart asset management strategies.

Make use of data mining techniques and HPC to better manage
the network, closer to its physical limits.

Coordinate and participate in standardization activities for
communication and data exchanges between the different
stakeholders of the electricity value chain.

Ensure the physical and cyber-security of the digital
substations.

Increased TSO collaboration.
Increased exchange of information between TSOs and DSOs.

Improve storage integration at all time scales (in operation for
system services but also when performing planning studies as
an additional degree of freedom) as a source of flexibility.
Appraise the real value brought by small to medium scale
storage systems in network operations by deploying real-life
demonstrations.

New materials and technologies to increase the flexibility of the
grid

Interactions with the gas network for storage of chemical
energy.

Final 10-year ETIP SNET R&I roadmap covering 2017-26

T4 — Environmental challenges and stakeholders

T1 — Optimal grid design

T2 — Smart asset management
T20 — Internet of Things

T5 — Grid observability

T19 — Standardization and data exchange

T21 — Cyber security.

T19 — Standardization and data exchange

T5 — Grid observability
T18 — Big data management

T10 — Storage integration

T3 — New materials and technologies

T14 — Interaction with non-electrical energy networks
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Market

Interactions with the heat network for storage of thermal energy.
Interactions of the transmission and distribution grids with the
gas and heat networks so as to better operate the power
system.

Optimisation of the energy system.

Validate flow-based market-coupling tools that can be extended
geographically and temporally.

Enforcing market design for the integration of renewables at
different time scales.

Optimized integration of market and network operations all time
scales (from long-term to real time).

Integrate new market players providing system services.
Participate in the assessment of the regulatory framework for

storage operations and the associated remuneration of system
services.

*
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T15 — Market-grid integration
T16 — Business models
T17 — Flexible market design

T10 — Storage integration
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3.4.1 A NEW MATRIX STRUCTURE

As for the transmission systems, the Grid+Storage partners have also considered the policy
drivers of the SET Plan environment and more generally the climate and energy policies of the
EU as the main elements for the definition of the new clusters and FOs.

Contrarily to the transmission systems, four of the five existing clusters have been kept and
the FOs have been slightly modified. However, a second dimension has been added, i.e. the
R&I activities have been specified in terms of cross-cutting challenges so as to improve the
readability of the functional objectives and more generally for projects addressing these cross-
cutting challenges. This has resulted in a matrix-like structure where on the one side there are
the clusters and on the other side cross-cutting challenges. The cross-cutting challenges cover
R&l activities related to:

the upgrading of the network, i.e. new technologies, tools and methodologies to better
improve the operations of the existing infrastructures and develop new grid architectures,
e.g. the digitalisation of the MV/LV substations, the hardware and software solutions in
substations connecting TSOs and DSOs, new protections schemes for two-way power
flows, new planning and optimization tools, etc. This cross-cutting challenge has an R&l
scope which is similar to the one of the C1 cluster for transmission systems (modernization
of the network);

Power system flexibility, i.e. all flexibility options (hardware and software solutions) to
manage the distributed intermittent generation and the distributed new loads (heat pumps,
electric vehicles, etc.). This includes e.g. software solutions, new control strategies and the
use of energy storage for instance. The coverage of the R&I activities here is the same as
the C3 cluster for transmission systems (power system flexibility from generation, storage,
demand and network) with however different solutions;

Power system reliability, i.e. the study and the implementation of the available and future
solutions to cope with and anticipate all network contingencies, e.g. new protection
schemes able to cope with the increasing penetration of PE (including the development of
new actuators and sensors), new models and approaches to better understand the life span
of all equipment (including storage devices). The R&l coverage of this cross-cutting
challenge is strongly related to security and system stability issues addressed for
transmission systems in the C2 cluster;

ICT and digitalization, i.e. the study and the implementation of the ICT (hardware solutions
and the associated software) to secure all communications between the DSOs and the
different stakeholders of the distribution electricity value chain, and to improve the
monitoring and the control of both the LV and MV networks. |0T, Big data, standardisation
for communication and data exchanges is also included here, as in the C5 cluster for
transmission systems (ICT and digitalisation of power system)

Market design, i.e. the study of all incentives (market rules, business models) to foster the
advent of demand-response services supplied by (new) market players as well as the all
issues related to ancillary services provided by storage operators (ownership, valuation of
the ancillary services) and RES generators. This also includes the development of CBA
tools to better investigate the social welfare brought by new market designs. This cross-
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cutting challenge corresponds to the C4 cluster for transmission systems (economy and

efficiency of power system), although the R&l activities address different markets

(wholesale and retail markets);

o the DSOs regulatory environment, i.e. the study of all regulations impacting the

operations, asset management and planning activities of DSOs. This includes the regulatory
framework of active demand response, access to private consumer data, new electricity

tariffs, etc.

It was decided to keep most of the existing clusters because of their good coverage of the key

energy policy issues for the distribution system, viz. empowering customers and promoting
energy efficiency solutions, cf. cluster C1 (integration of smart customers and buildings) and

integrating intermittent generation as well as the new loads, cf. cluster C2 (Integration of

decentralised generation, demand, storage and networks). Cluster C2 has actually been
extended: the previous C2 cluster did not cover the integration with other energy networks and

as a consequence a new specific functional objective was added, cf. D7 in Table 6. In cluster

C1, the titles of the cluster and the D2 functional objective were slightly changed to make the
connection to energy efficiency policies in buildings more explicit even though this point was
addressed in the description of D2 in the previous roadmap.

. D1
C1 - Integration of smart

customers and buildings D2

D3
D4
C2 - Integration of DS
decentralised generation,
demand, storage and D6
networks D7
D14 37
38
D8
: D9
C3 — Network operations
D10
D11
C4 — Planning and asset D12
management D13

37 The R&l challenges for flexible thermal generation have been included, on short notice, at the end of the drafting process of the present roadmap,

Active demand response

Energy efficiency from integration with smart homes and
buildings

System integration of small DER

System integration of medium DER

Integration of storage in network management

Infrastructure to host EV/PHEV - Electrification of
transport

Integration with other energy networks

Integration of flexible decentralised thermal power
generation

Monitoring and control of LV network
Automation and control of MV network

Smart metering data processing and other big data
applications

Cyber security (system approach)
New planning approaches and tools
Asset management

after discussions in the ETIP SNET with the following members: COGEN Europe, EPPSA, ETN, EUGINE and EUTurbines.
38 The numbering of the existing FOs was kept as such in order not to interfere with already performed work (e.g. the monitoring report).

CHNODLOGY AND INNOVATION PLATFORM
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In the network operation cluster, the FO related to the network management tools (in the
previous 2012-2022 EEGI roadmap) was removed: the development of network management
tools to better operate the distribution grids, closer to their physical limits, is now mainly
addressed in the FOs related to the integration of intermittent generation units (D3 and D4),
the new loads (D6) as well as the monitoring and control of the LV and MV networks (D8 and
D9). Specific digitalisation issues were added, viz. cyber security (new FO, cf. D11 in Table 6
and big data applications (modified coverage of D10).

The planning and asset management FOs (and consequently the C4 cluster) were kept
unchanged with an emphasis on the need for new planning approaches and simulation
environments able to cope with the full complexity of the distribution networks (the title of D12
was modified). The C5 cluster (market design) was removed: as explained above, market
design is a cross-cutting challenge since impacting most of the activities of the DSOs. Table 7
shows the distribution of the functional objectives in the two-dimensional structure, i.e. clusters
and cross-cutting challenges.
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c1 Demand (D1) Demand (D1) Demand (D1) Demand (D1) Demand (D1) Demand (D1)
EE (D2) EE (D2) EE (D2) EE (D2) EE (D2) EE (D2)
Small DER (D3) Small DER (D3) Small DER (D3) Small DER (D3) Small DER (D3)
Medium DER (D4) Medium DER (D4) Medium DER (D4) Medium DER (D4) Medium DER (D4) Small DER (D3)
co Storage (D5) Storage (D5) Storage (D5) Storage (D5) Storage (D5) Medium DER (D4)
EV (D6) EV (D6) EV (D6) EV (D6) EV (D6) Storage (D5)

Integration of other Integration of other Integration of other Integration of other Integration of other EV (D6)
energy networks (D7) energy networks (D7) energy networks (D7) energy networks (D7) energy networks (D7)

MV Automation (D9)

Smart metering (D10) v Monitoring (D8) LV Monitoring (D8)

MV Automation (D9) MV Automation (D9)

LV Monitoring (D8)

MV Automation (D9) LV Monitoring (D8)

ce Smart metering (D10) 'Ic:r::(rlw?;el decir:]té?gﬁgg Smart metering (D10) Smart metering (D10) '\S/Ir\n/;fg])g:::gn EB%)
Cyber security (D11 (D14) 9 Cyber security (D11) Cyber security (D11) 9
ca Planning (D12) Planning (D12) Asset (D13) Asset (D13) Planning (D12)

Asset (D13) Asset (D13) Asset (D13)
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3.4.2 CONTENT OF THE FUNCTIONAL OBJECTIVES

There is a direct correspondence between the FOs of Table 6Table 6: Distribution system
clusters and FOs of the RIR (new FOs as well as extended cluster and FO coverages are
indicated by underlined text). and the future challenges for network operators identified in

(which are linked to the policy drivers identified in ). This correspondence is
displayed in Table 9 hereafter.

The content of the distribution system FOs have been updated by following two main
guidelines:

« Measure the coverage of the generated knowledge: this was performed by monitoring and
assessing passed, ongoing and future projects 39 as for transmission system FOs. When
the coverage was sufficient, the corresponding R&I activities were not repeated in the new
description. No functional objectives were considered as fully covered, most of them being
only partially covered, cf. D3.2;

» Position the R&l activities in the general framework, i.e. the specifications of the
Grid+Storage service contract (link the impact of the R&l activities both on the SET plan
and the Energy Union policies).

The structure of the functional objectives was slightly amended (compared to the previous
EEGI 2013-2022 roadmap) as displayed below in Table 8. The specific tasks are now classified
in terms of cross-cutting challenges (replacing the previous classification: Scientific,
Technology, Market, Social). The previous “additional information” line was replaced by
“Expected projects”.

Challenges
A piece of text to remind the main challenges to be faced by TSOs and
the stakeholders of the power system.
Objectives
The main (functional) objectives describing the expected outputs of the
future R&l activities (projects) addressing the FO.
Scope
A first description of the main families of R&l activities which will help
to reach the expected outputs of the projects.
Specific tasks
The specific R&l activities to be addressed by the future project
classified in terms of cross-cutting challenges

Upgrading of the network

Power system flexibility

Power system reliability

ICT and digitalization

Market design

DSO regulatory involvement

Contents

39 D3.2, Technical analysis of past and on-going projects, July 2016.


http://www.gridplusstorage.eu/
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Suggestions regarding the partners that should be involved in the
projects. The purpose here is to be as exhaustive as possible.

A list of KPIs to be used by the different projects so as to measure the
impact of their direct impact on the addressed activities.

Suggestions regarding the partners that should be involved in the
projects. The purpose here is to be as exhaustive as possible.

Main features of the expected projects in terms of outputs, e.g. tools
and methodologies, demonstrations, etc.

An estimation of the expected resources to be deployed so as to reach
the expected outputs (cf. section 4).

An estimation of the urgency for the network operators, i.e. when the
R&lI activities should be launched and how long they should last.40

Expected benefits
KPls

Partners involved
Expected projects
Budget

Time line

In order to link the impact of the R&I activities with both the SET plan and the Energy Union, a
new table was added for each functional objective.

Energy security, solidarity and
trust

A fully integrated European
energy market

Energy efficiency contributing to
moderation of demand

Decarbonising the economy
Technology leadership
Technology affordability

New technologies and services
to consumers

Resilience and
energy system

security  of

A piece of text explaining for
each of the relevant pillars of
the Energy Union and the SET
Plan key actions the main
impacts of the R&l activities
specified in Table 8 (specific
tasks).

The full description of the functional objectives for distribution systems can be found in

Appendix 2

40 As for transmission, the time line is an appraisal of the urgency of the activities to be launched so as to come up in due time with the needed
solutions. A more precise planning will be provided in the future implementation plans (e.g. the next IP 17-19).
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Generation

Load

Improve the observability and the controllability of the network.

Improve the accuracy of the generation forecast.

Deploy the hardware and software solutions to host renewables
in MV and LV networks (monitoring, automation and control).

Identify and support improvements of suitable flexibility options
(RES generation, flexible thermal power generation, load,
network, storage, integration with other energy network) to
ensure adequacy and security.

Use of demand response for system services with well-defined
interactions between with the market players and the network
operators (and TSO-DSO exchange of information).

Efficient forecast of demand (and residual loads) accounting for
the new loads and the demand-response activities of new
market players.

Anticipate and plan the impact of the electrification of the
building and transport sectors on the electricity network (new
equipment at distribution system level especially in urban
areas).

Prepare the shift from passive to active consumers by allowing
all means for communication via smart meters.

Optimising the existing assets making use of new technologies

*
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D8 — Monitoring and control of LV network
D9 — Automation and control of MV network

D3 - DSO integration of small DER
D8 — Monitoring and control of LV network
D9 — Automation and control of MV network

D8 — Monitoring and control of LV network
D9 — Automation and control of MV network

D1 — Active demand response to D9 — Automation and
control of MV network
D14 - Flexible decentralised thermal power generation

D1 — Active demand response

D2 - Energy efficiency from integration with smart
homes and buildings

D6 — Infrastructure to host EV/PHEV — Electrification
of transport

D2 — Energy efficiency from integration with smart
homes and buildings

D13 — Asset management
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Network
infrastructures

Digitalisation of the
network

Network operators

Technologies

Study and demonstrate new grid architectures both at
transmission and distribution system level as a source of
flexibility.

New planning tools able to account for the full complexity of
electricity networks (distributed and intermittent generation,
variable and controllable loads, power electronics, storage,
etc.).

Scalable solutions to address large-scale data management
(customers, equipment, network, market) issues in the power
system.

Make use of IoT and data mining techniques (big data) to
develop smart asset management strategies

Coordinate and participate in standardization activities for
communication and data exchanges between the different
stakeholders of the electricity value chain.

Ensure the physical and cyber-security of the digital
substations.

Increased exchange of information between TSOs and DSOs.

Standardization and interoperability of system architecture,
protocols and data models.

Optimal management and activation of local flexibilities.
Accelerate the large scale deployment and validation of
advanced automation and control solutions

Improve storage integration at all time scales (in operation for
system services but also when performing planning studies as
an additional degree of freedom) as a source of flexibility.

*
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D3 — DSO integration of small DER

D12 — New planning approaches and tools

D10 — Smart metering data processing and other big
data applications

D13 — Asset management
D1 — Active demand response

D11 — Cyber-security

D1 — Active demand response
D4 — System integration of medium DER
D9 — Automation and control of MV network

D10 — Smart metering data processing and other big
data applications

D8 — Monitoring and control of LV network
D9 — Automation and control of MV network

D5 — Integration of storage in network management
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Integration within the
energy system

Market

Appraise the real value brought by small to medium scale
storage systems in network operations by deploying real-life
demonstrations.

Interactions with the gas network for storage of chemical
energy.

Interactions with the heat network for storage of thermal energy.
Interactions of the transmission and distribution grids with the
gas and heat networks so as to better operate the power
system.

Optimisation of the energy system.

Optimized integration of market and network operations all time
scales (from long-term to real time);

Integrate new market players providing system services
Participate in the assessment of the regulatory framework for
storage operations and the associated remuneration of system
services.

Enable well-functioning retail markets so as to empower the
end users.

Final 10-year ETIP SNET R&I roadmap covering 2017-26

D7 — Integration with other energy networks

C1 - Integration of smart customers and buildings

C2 - Integration of decentralised generation, demand,
storage and networks

C3 — Network operations
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As explained in section 2, network operators (TSOs and DSOs) will have to cope with future
challenges in the decades to come but their respective missions will remain the same within
costs and resources efficient boundaries. TSOs will have to ensure the overall system reliability
(adequacy and security) via frequency control as well as voltage control and congestion
management. DSOs will have to keep managing voltage stability and congestion of their grids.
As explains at length above, the increasing share of renewables installed in the distribution
grid as well as the new loads (electrification of heating and cooling, EVs, etc.), mainly
connected at LV (mainly PV) and MV (both PV and wind power) levels, will change the way
TSOs and DSOs exchange information and coordinate their activities, both for operations and
planning. Indeed, both TSOs and DSOs will have to share a common pool of generation and
loads (demand-response) to operate their respective grids and therefore they will have to
intensify their coordinated activities.

In a common publication 41, the associations representing DSOs (EDSO with GEODE,
Eurelectric and CEDEC) together with ENTSO-E have listed these intensified coordinated
activities:

« A coordinated access to resources (flexibility sources from generation and loads through
demand response) so that, for instance, activation of large blocks of load shedding by TSOs
are anticipated by the impacted DSOs, or the use of reactive power from renewables to
support voltage levels simultaneously;

« Grid visibility and grid data i.e. intensify the information and data exchange within
standardized procedures (communication tools and protocols), for example to coordinate
real-time congestion management (caused for instance by the actions of market players
with whom DSOs and TSOs have no direct involvement);

» Regulatory stability i.e. make sure that the respective regulatory regimes for TSOs and
DSOs account for the system point of view (TSOs and DSOs should be able to find the best
solutions for operations and planning within their respective grids while optimising the
electricity network as a whole).

These coordinated activities will bring benefits to all stakeholders of the electricity value chain:

« End-customers will have the best comprise between the tariffs and the quality of service;

« Market players providing flexibility options (system services) will be able to bid easily,
possibly in a single market place so as to fully integrate bids for balancing and congestion
management;

« TSOs and DSOs will be able to better operate their network and optimise the planning at
the power system level, and as a consequence reduce their fixed and variable costs.

In the present RIR, R&I activities relative to the coordinated activities of TSOs and DSOs have
been specified in each of the relevant functional objectives of the TSOs (transmission system
level) and the DSOs (distribution system level), cf. Table 10 and Table 11. Contrarily to the
previous roadmap (the EGGI 2013-2022 roadmap), it has been considered that since there
should be a seamless integration between TSO and DSO activities, there is no longer a need
to specify R&I activities in a specific cluster: R&I activities related to TSO and DSO

41


https://www.entsoe.eu/Documents/Publications/Position%20papers%20and%20reports/entsoe_pp_TSO-DSO_web.pdf
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collaborations should be included in their respective portfolio and not in a specific portfolio to

be dealt with and set aside the other R&I activities.

DSO identified as contributors (investment signals to be
sent to DSOs, i.e. delivery of planning tools for network
including TSO-DSO system

DSO identified as contributors.

Enhance the TSO/DSO communication interface and
design new architecture for data exchanging and
processing at various system levels and in different time
frames, from short-term to long term (from real time
operational planning to network planning).

DSO identified as contributors.

DSO identified as contributors: joint TSO / DSO
approach for defence plans involving DER and micro-
grids (expected RES in-feed of DSO at reconnection).

DSO identified as contributors: new ancillary services
with more active contribution from demand and units
connected at DSOs networks and from DSO facilities.

DSO identified as contributors.

identified as contributors: integrate demand

response at DSO level into TSO operations.
DSO identified as contributors.
DSO identified as contributors.

DSO identified as contributors.

DSO identified as contributors: develop together with
TSOs protocols for data transfer

TSO identified as contributors: solutions in substation
connecting TSOs and DSOs so as to exchange data
and allow the provision of AD-based system services
from aggregators to TSOs through DSOs. Demonstrate
the ability of DSOs to enable aggregators to provide AD-
based system services to TSO through coordinated
communications between TSOs and DSOs.

TSO identified as contributors : energy management
platforms allowing the secure connections and data
exchange with all market players and the TSOs;

C1 — Modernization of the T1 development
network development).
T4
T5
C2 — Security and system T6
stability
T8
T9
T10
C3 - Power system DSO
flexibility from generation, T11
storage, demand and
network Ti2
T14
C4 — Economic efficiency
T17
of power system
C5 - Digitalization of T18
power system
C1 — Modernization of the
D1
network
C2 - Integration of
decentralised generation,
D4
demand, storage and
networks
C3 - Network operations D6

TSO identified as contributors.
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TSO identified as contributors: interactions between
TSOs and DSOs (increase observability of the
D9 distribution  system for transmission  network
management and controllability with better forecasting
and data flow).
TSO identified as contributors: engage a common work
C4 - Economic efficiency D11 with TSOs (cybersecurity issues are common to both
of power system transmission and distribution system operators at inter-
connected infrastructures).

The activities listed in these two tables are in agreement with the above mentioned activities,
e.g. A coordinated access to resources (cf. T8, T9, T11 in Table 10 and D1 in Table 11) and
Grid visibility and grid data (cf. T5 in Table 10 and D1, D4, D9 in Table 11).

As mentioned above, storage 42 has been addressed in the present roadmap from the system
integration point of view, i.e. the definition of all R&I activities related to the integration of all
storage technologies in the power system and in the energy system as a whole (e.g.
technologies where electricity is converted into thermal or chemical energy therefore allowing
storage of energy which can be used to produce electricity or as a fuel for mobility or a source
to produce heat, etc.). R&l activities are solely related to the integration aspects whereas the
improvement of the technologies (efficiency, lifespan, costs, etc.) is addressed by other
roadmaps and projects, cf. e.g. :

When defining storage integration R&I activities, grid operators and storage players consider
the integration aspects of their R&D efforts to encompass three dimensions:

« Functional integration of storage-based solutions within the power system - R&I activities
address the optimal mixes of technological and application options, interface definitions,
studies under real life conditions and the provision of experimental data and numerical
simulation studies to validate how much more efficient end-to-end functionalities will be with
the support of energy storage solutions. Such activities follow technologies already
developed by storage players and that have already reached TRL 7 or TRL 8 43. Future
R&l activities will aim to bring the TRL levels of the grid operator innovative solutions
(storage integrated into the system) from TRL 6 to TRL 8 44;

« Temporal integration of storage-based solutions where R&D activities address the
lifecycle of the integrated solutions in terms of reliability and techno-economic performances
(life cycle cost -LCC- analyses) as well as manufacturability. These data (especially LCC)
are critical when assessing new policies, new market designs and possibly new regulations
which make the market uptake of the integrated storage solutions economically efficient.
These activities cover also TRL 6 to TRL 9 of grid operators.

42 Energy Storage in the electricity system would be defined as the act of deferring an amount of the energy that was generated to the moment of
use, either as final energy or converted into another energy carrier.

43 TRL means “Technology Readiness Level”.

44 Technology providers and grid operators view TRL in a different timescale, where network operators require significant field testing before
considering a technology to be deployable (TRL 9). « Interaction between smart grids initiatives — comparison of roadmaps and implementation
plans » GRID+ report D2.4 , October 2014


http://www.batstorm-project.eu/
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« Spatial and environmental integration into the most complex electricity system worldwide
- This requires a fine tuning of the optimal scale (i.e. where storage solutions are most
attractive, for example, single home, factories, city districts or pan-Europe coverage) and
an adjustment to local climates (northern Europe for wind power versus Mediterranean
regions for solar resources, seaside versus mountains) and to areas (mega-cities versus
countryside, urban areas versus natural protected areas). These activities fall under TRL 9,
where integrated solutions have been tested in real-life situations, but where deployment
optimisation needs further study and support from national regulatory authorities.

In the present roadmap, storage integration R&l activities have been mainly specified in two
dedicated functional objectives for the transmission and distribution systems respectively:

« Functional objective T10 (Storage integration) in cluster C3 (Power system flexibility from
generation, storage, demand and networks);

« Functional objective D5 (Integration of storage in network management) in cluster C2
(Integration of decentralised generation, demand, storage and networks).

Due to the cross-cutting dimension of storage integration, R&I activities have also been defined
in other clusters and functional objectives, cf. Table 12 and Table 13. These tables show that
TSOs and DSOs (and the stakeholders of the power system) have a common view on the use
of storage in their different activities:

« Planning, where new planning tools should be able to account for the added value brought
by the integration of energy storage solutions;

« Operations, where storage integration is identified as a key component for coupling the
power system with the other energy networks, for automation and control, and possibly
defence and restoration plan (this last point is identified as an overall system activity, cf.
section 3