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EXECUTIVE SUMMARY
The present document is an upgraded version of the Research and Innovation (R&I)
roadmap of the European Electricity Grid Initiative (EEGI), which was first approved
by the European Commission and the Member States in June 2010. It has been
initiated since early 2012 within the GRID+ project activities in order to cover new R&I
and knowledge needs in response to recent EU energy policy evolutions.

1
Firstly, the climate change challenges which Europe will face beyond 2020, (and for
which Europe is already planning a CO2-free economy by 2050) are recalled. They
introduce new challenges onto the pan-European electricity system which network
operators must prepare. This will in turn require accelerating the innovation pace of
network operators at European level, namely launching more research activities in
parallel and preparing deployment of the resulting innovative solutions more
efficiently.
Secondly, it is shown how transmission (TSO) and distribution (DSO) system operators
propose to enlarge the scope of their research and innovation activities. Beyond the
existing clusters defined in the first roadmap, they both propose to address asset
management as a new area of innovation. Moreover, a cluster on market design,
which is well covered in the TSO part, is now also inserted in the DSO part.
Finally, TSOs and DSOs stress the need for developing scaling up and replication
methods and tools to fasten the deployment of successful R&I projects.
A summary of the outcomes and impacts which can be expected of these new
activities is presented: i) optimizing further capital investment and operational
expenditure intensity needed to increase the network capacity for grid-users, ii)
paving the way for a fully decarbonised pan European electricity system by 2050
(through an extremely large share of renewable electricity production), iii) sharing
the new knowledge to speed up replication activities of the most promising results
throughout Europe.
R&I investment needs are summarized, whereas the details of the proposed activities
are described in Annex 1 (the transmission topics), in Annex 2 (the joint transmission
and distribution activities) and Annex 3 (the distribution topics). Annex 4 describes
the tentative KPI definition for the management of the roadmap expected impacts.
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INTRODUCTION
1.1 The evolution of the European electricity system
Since the early stage of its development in the 19th century, electricity system design
and development1 relied on demand forecasting (the load) and economic growth
perspectives for consumption. National European electricity systems were organized
into vertical structures and value chains2: generation units feeding into the
transmission grid, which in turn interfaced with the distribution system that supplied
consumers.
The advent of a single Pan European electricity market coupled with the unbundling
of past vertical structures and ambitious climate goals have changed profoundly the
electricity system landscape since the mid 1990’s. Many regulations and European
Directives3 dealing with energy matters have come into force to shape such
changes, emphasizing electricity as a crucial enabler of economic growth. These
Directives support the three European energy policy pillars (security of supply,
sustainability and market efficiency4) and the related short term (“20-20-20”) energy
policy targets by 2020. These targets translate into both massive integration of
renewable energy sources (RES) into the electricity system (mainly variable sources
such as wind and solar power), and energy efficiency measures. Accordingly, the
pan European electricity system will start facing additional flexibility5 challenges
directly related to this steady increase of variable, non-dispatchable RES generation
units, which raises new transmission and distribution network issues (see e.g. Figure 1,
in which one of the possible sets of flexibility measures is represented).
The existing electric system was designed on the basis of a key assumption: electricity
generation is sized assuming fully controllable sets of centralized generators (green
boxes in Fig. 1) whereas electricity consumption, disregarding large centralized
storage, is coming from a fully stochastic, weakly controllable set of clients located
anywhere. The one-way power flow electricity networks are then dimensioned
F. Schweppe, “Power Systems 2000,” IEEE Spectrum, Vol. 15, No. 7, July 1978.
See http://ec.europa.eu/energy/observatory/electricity/electricity_en.html
3 These directives have been implemented in the framework of three different energy packages addressing the
unbundling of the electrical sector (first package), the promotion of renewables and the network access conditions
for cross boundary electricity exchanges (second package), and more recently the common rules for a single
electricity market in Europe (third package).
4 Sustainability: integrating 30-35% of variable renewable electricity, engaging end-users in efficiency and active
demand, improving system efficiency
Security of supply: guaranteeing a high level of system reliability, enabling electrification of the transport sector
Competitiveness: increasing network flexibility towards 2050 objectives, developing planning and operation of the
Pan-European Network
5 A flexible power system can both rapidly supplement periods of low variable generation to meet demand as
required, and manage large surpluses when demand is low. A flexible system is able to transport, store, trade and
consume electricity to maintain reliable supply in the face of rapid changes and potentially large disturbances in
supply and demand. IEA Energy Technology Perspectives 2010, p. 149.
1
2
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according to peak demand conditions, which are forecasted using electricity macro
consumption models.
Figure 1: Traditional and new flexibility measures 6

4

The traditional flexibility measures used in the past by electric utilities (large central
generation and controllable industrial load) are no longer sufficient to face the
growing share of non-dispatchable generation units beyond a certain level: some of
the generation units will have a stochastic behaviour (yellow boxes in Fig. 1), whereas
more consumption becomes controllable. Moreover, the absence of allocation
signals for generation units concentrates generation in favoured7 areas whereas the
number of generation units decreases in less favoured areas: distances between
load and generation are getting bigger, which in turn requires more transmission
capacities and interconnections. At the same time, the modularity of some
distributed generation technologies, such as photovoltaic generation units, allows
their installation both in areas with limited load but sunny conditions, and in areas
with high load and robust networks. Direct and indirect self-consumption incentives
and/or tenders are now in place in several European Member States to encourage
photovoltaic systems in such high load areas. The whole electric system optimization
process is therefore changed, requiring that networks become smarter, stronger,
favouring centralized and decentralized storage and allowing bi-directional power
flows while maintaining the system reliability. In parallel, new financial instruments
must be studied to send signals towards generation investments as well as demand in
order to optimize the whole electric system.

Source: Prof. Mart Van der Meijden, Tennet, a presentation to the Grid+ workshop, 13 June 2012
Meaning areas with a large potential for RES generation and/or to (capacity) mechanisms that favors certain type
of generation technologies
6
7
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System operators, TSOs and DSOs, must therefore coordinate more on a day to day
basis to keep the whole electric system reliable at affordable costs. This paradigm
change triggers a mutation for both TSOs and DSOs8 and a joint new vision to give
more flexibility to electricity networks:


From “supply-follows-load” to “load-follows-supply”: this new approach
allows more flexibility to react on changing electricity generation and is
possibly cheaper to run than the existing system.



Increased challenges of real-time balancing: balancing energy and
reserves will be needed from different flexible means (classical generators,
RES, distributed energy resources (DER), active demand, storage, etc.),
with appropriate measurement, control and supervision means, as well as
an efficient market design for trading different system services efficiently



Introduction of aggregators: aggregators, representing small and possibly
medium-size consumers and producers, will lean on more active
distribution networks to better integrate local supply and load. They will
not only buy/sell energy on behalf of the smaller participants, but will
market their ability to provide system services for DSOs or TSOs, thus
allowing for an even better management of their systems.



Multi-layer control structure: the future control structure of the whole
electricity system will become more complex and will require increased
interaction between classes of operators. System Operators will interact
with main connected users and/or through aggregators in order to ensure
the fulfilment of their duties; communication with individual consumers
and DER (distributed generators, active loads, and distributed storage) will
be ensured by the Distribution Network.

Many of these new issues have been addressed at European level by the SET Plan9
which provides a framework to be on track to reach the European 20-20-20 targets10.
It has defined since 2007 a set of coordinated research and innovation activities to
be performed up to 2020 on Electricity Grids (The European Electricity Grid Initiative),
but also on generation technologies11. The on-going European Electricity Grid
Initiative proposed a roadmap on Electricity Grids in 2009 which was approved by
the European Member States in June 2010 at the Madrid SET Plan conference. The
proposed activities aimed already at anticipating some of the huge network
investments on infrastructure for transporting the massive RES production, on flexible
means for operating and balancing the electricity system but also “to enable the EU
to deliver a properly functioning internal energy market, (…) enhance security of

“Re-engineering the EU Transmission System to meet the 20/20/20 EU targets”, Daniel DOBBENI, CEO of ELIA,
President of ENTSOE, EEM 09 (Leuven - May 27, 2009)
9 See http://setis.ec.europa.eu/about-setis/what-is-the-set-plan
10 a 20% reduction of CO2 emissions, a 20% share of energy from low-carbon energy sources and 20% reduction in the
use of primary energy by improving energy efficiency.
11 Wind (The European Wind Initiative), Solar (The Solar Europe Initiative - photovoltaic and concentrated solar
power), Carbon Capture & Storage (The European CO2 Capture, Transport and Storage Initiative), Nuclear Fission
(The Sustainable Nuclear Initiative), Bio-energy (The European Industrial Bioenergy Initiative) and Smart Cities (Energy
Efficiency - The Smart Cities Initiative).
8
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supply, (…) increase energy efficiency and enable consumers to benefit from new
technologies and intelligent energy use” 12 .
Cost-effective network solutions are expected to become operational as early as
2015 from the on-going EEGI R&I activities.

6

Let us mention, amongst such expected solutions, system services provided by wind
farms and virtual power plants13, market-based mechanisms close to the operations
of power systems and able to release balancing capacity from flexible
consumption14, improvements of existing distribution networks to integrate more DER
and particularly Active Demand into the electric system15 or the capability of
photovoltaic system to provide ancillary services for grid support16. These solutions
will ultimately enable system operators to effectively assume new roles in the future
European electricity system.

According to the EC 2010 communication:“Around one trillion Euros must be invested in the energy system
between today and 2020 in order to meet the above energy policy objectives and climate goals. About half of it
will be required for networks, including electricity and gas distribution and transmission, storage, and smart grids. Out
of these investments about € 200 bn are needed for energy transmission networks alone. Only 100 bn € will be taken
up by the market. This leaves a financing gap of about 100 bn €”.
13 See the TWENTIES project http://www.twenties-project.eu
14 See the ECO-GRID project http://www.eu-ecogrid.net/
15 See the GRID4EU project http://www.grid4eu.eu/
16 See the MetaPV project http://www.metapv.eu/
12
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1.2 Structure of the new EEGI roadmap
The present document is an upgraded version of the June 2010 EEGI R&I roadmap
which was initiated early 2012 within the GRID+ activities in response to EU energy
policy evolutions.
Section 2 underlines the climate change challenges which Europe will face beyond
2020, and for which Europe is already planning a CO2-free economy by 2050: it
introduces new challenges for the pan European electricity system which network
operators must start considering. Accelerating the innovation pace will require both
to launch more research and innovation activities in parallel at European level, and
preparing deployment of the innovative solutions, thanks to more demonstration
activities, more efficiently.
Section 3 shows how transmission (TSO) and distribution (DSO) operators propose to
enlarge the scope of their research and innovation activities. First, they both address
asset management. Next, DSOs introduce research and innovation activities on
market design. Finally, they reshape part of the joint TSO/DSO activities by stressing
the needs for developing scaling up and replication platforms to support further and
faster the deployment of successful projects.
Section 4 summarizes the outcomes and impacts which can be expected of these
new activities:


optimizing further capital investment and operational expenditure intensity
needed to increase the network capacity for grid-users



paving the way for a fully decarbonized pan European electricity system
by 2050 (through an extremely large share of renewable electricity
production)

Section 5 describes the R&I investment needs of transmission and distribution
operators as well as their joint research and innovation activities.
Annex 1 details the transmission topics which are identical to the ones covered within
the ENTSO-E R&D activities, and for which ENTSO-E has a legal obligation17 of delivery.
Annex 2 details the joint TSO/DSO activities proposed by ENTSO-E and EDSO4SG.
Annex 3 details the distribution topics as proposed by EDSO4SG.

The third Energy package stipulates for ENTSO-E:“….ENTSO-E shall adopt common network operation tools to
ensure co-ordination of network operation in normal and emergency conditions, including a common incidents
classification scale, and research plans”….
“…The annual work program shall contain a list and description of the network codes to be prepared, a plan on
coordination of operation of the network, and research and development activities, to be realized in that year, and
an indicative calendar”….
17
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2. ENABLING A LOW CARBON ECONOMY BY
2050: EVEN MORE DAUNTING CHALLENGES FOR
NETWORK OPERATORS

8

The Energy Roadmap 2050 adopted by the Council in June 2012 has pinpointed that
decarbonisation of the European energy system is technically and economically
feasible by 2050. The role of electricity in achieving lower CO2 emission targets
combines increasing energy efficiency, as well as integrating renewable energy
sources (RES) and electric vehicles (EV), as stressed in a recent European Climate
Foundation (ECF) study18 addressing CO2 free electricity production by 2050. Network
operators are even more on the critical pathway to make such a smooth integration
a technical and economic success since a European low carbon economy is
expected to have electricity as the major energy carrier. The electricity grid must
therefore be developed to ensure a significant growth in transported energy without
compromising system robustness and security of supply.

2.1 Network operators as critical enablers of the
energy efficiency and renewable electricity
perspectives by 2050
The massive integration of renewable energy sources and demand response
solutions (both active and passive) impact directly both TSOs and DSOs:


RES ought to reach 55% of the Union’s gross final consumption of energy
by 2050: renewable electricity, in two of the low carbon scenarios of the
Energy Roadmap, reaches a share of 60-65% and of 97% of renewable
energy sources in the gross final consumption of electricity to be reached
by 2050. Stimulation of local production of renewable energy requires the
emergence of smarter distribution grids in view of accommodating
variable generation from multiple sources of distribution (e.g., solar
photovoltaic) and a growing demand for renewable energy. But low
carbon electricity with an increasing share of renewable implies also offshore wind electricity production far away from consumption sites, thus
impacting the pan European transmission network architecture and
operations.



Energy efficiency programs will impact all electricity networks, with a
special emphasis on the ones delivering electric power to prosumers19 and
active customers of smart urban districts, or even smart cities. Massive

Roadmap 2050: A Practical Guide to a Prosperous, Low-Carbon Europe, www.roadmap2050.eu
Consumer having invested in a decentralized source of electricity generation which provides part of his/her
electricity needs
18
19
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reverse power flows at distribution level will change the current system
operation rules. This new approach of electricity generation will call for
Smart appliances and Smart Grid solutions since traditional grid design did
not lead to networks built for DER. The classic electricity demand might be
reduced a little due to new energy efficient appliances like white goods;
but, at the same time, the future electricity demand might grow
significantly when electricity is used more widely for transportation,
cooling, heating and air-conditioning and subsidising carbon based fuels.




Capabilities for energy efficiency at the system level will be enhanced by
the increased levels of flexibility that (individually or collectively)
controllable loads, small dispatchable generation and storage systems will
provide. Operational conditions at the distribution level will be eventually
optimized based on objective functions which will be defined according
to the most desirable options: minimum losses (focus on efficiency),
maximum collection of DER-generation (focus on sustainability), minimum
energy exchange between voltage levels (focus on self-sufficiency), etc.
In the short term, and in the case when local matching of generation and
load at the distribution level is not yet achieved, another option which
distribution operators can implement is the participation of customers in
active demand in order to contribute to the efficient operation at the
transmission system level. It consists in reducing or activating the load level
of consumers for some period of time when the price of electricity reaches
a high/low enough level. Such solutions can either be directly controlled
by the so-called “aggregators” linking many consumers, or otherwise be
left to consumer decisions, provided that they are informed about the
price of electricity in real time. Active demand response from consumers
might then prevent from local grid congestions and reduce the costs of
balancing the transmission grid. While the implementation costs of
demand response by aggregators is now low enough for large industrial or
tertiary customers (which account overall for about 30% of total
consumption in EU27), this does not hold for residential and small
commercial/industrial users with conventional electricity use, which
account for about 70% of consumption: it requires residential gateways for
remote control and the availability of demand control services, in order to
aggregate individual demand responses into large enough response
volumes to be traded on market places. Overall, a new information and
communication technology (ICT) infrastructure will be needed with large
uncertainties on the resulting investments and financial returns, as well as
regulatory frameworks suited to make such demand response program
economically efficient for the vendors and their customers.

January 2013
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2.2 New challenges and solutions available to
network operators to reach an optimal “System of
Systems”

10

Economies of scale require a European approach to lower the investment costs and
to secure a fair share of the supply when compared to the options of letting national
parallel planning schemes doing the same job. At a time when the European internal
electricity market is planned to be completed by the European Commission in
201420, the preparatory work by the European Commission to design transition paths
towards a 2050 low carbon economy suggests that much more must be done at R&I
levels. Indeed, the 2050 framework brings even broader system innovation
challenges due to:

20



The massive development of renewable generation at transmission level:
many of these generation sites are located away from consumption sites.
This in turn requires network expansion to bring electric power reliably to
where it is needed and possibly also to electricity storage centres at
transmission levels in line with the priorities set in the Energy Infrastructure
package.



The concurrent growing reluctance to implement new network
infrastructures: transmission development takes more time than the system
integration of new generation units. This can provoke undesirable system
behaviours like a lack of voltage and reactive power support, or
uncontrolled behaviour in case of sudden disturbances coming not only
from the transmission network itself, but also from the generation or the
consumption sides. In addition, low public acceptance of traditional
overhead lines forces TSOs to use more expensive and technological
challenging options such as underground cables or HVDC links. The
combination of such technological solutions makes the pan-European
system increasingly more complex to design and to operate.



The simultaneous integration of small residential PV units and large wind
and PV farms progressively replacing aging fossil-fuelled power plants: this
reduces the traditional means to provide ancillary services. This asks for
alternative solutions, while adapting existing rules for system balancing,
control and planning.



The expansion of power electronics at generation level (for instance full
electronic inverters for PV and DC back-to-back solutions in wind
generators) and within the grid (FACTS devices, DC links, DC networks):
even though such new components aim at increasing real time power
flow control (both in the local grid and in the transmission grid), it will lower

http://register.consilium.europa.eu/pdf/en/11/st00/st00002-re01.en11.pdf
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today’s pan-European system inertia making the system even more
sensitive to any type of disturbances.


Large disturbances of a small number of large units combined with small
disturbances of a large number of small units: this will change network
operation rules, since a drop of thousands of DER or PV units may lead to
system problems (e.g. black-out) looking like the drop of a few large
nuclear power plants. Increased coordination and collaboration between
TSOs and DSOs will become the prerequisite for a secure pan European
network.



Transmission systems more and more physically linked with distribution
systems: real-time communications between TSOs and DSOs are still
scarce with little information shared during normal and/or contingency
situations. Moreover, distribution system states and conditions (i.e., load,
capacity, and voltage) are often not monitored in the distribution systems
and transmission network IT systems are not presently sized to manage
such flows of information. Improving on the use of such links will bring
regulatory innovation issues at both TSO and DSO levels.



The single European market for electricity is not only about evolution in the
way the power exchanges are organized. Huge amount of RES
production and reduction in thermal power plant capacity requires new
market products to enable service providers and customers to share the
Smart Grid vision. The grid must at all levels support and enhance the
development of the electricity market. This is the case, for instance, of
aggregators, representing small and/or medium-size consumers and
producers that will lean on active distribution networks to better integrate
local supply and load.

The pan European electricity system thus becomes a “System of Systems”21, for which
new technology opportunities will support the advent of innovative solutions to cope
with the above daunting challenges (cf.Figure 2).

A system of systems (SoS) is a "super system," or an integration of complex systems coordinated together in such a
way to achieve a wider goal with possible higher significance. Applications of SoS cover future combat mission,
global warming, air traffic control system, electric power grids or energy systems,…etc. A SoS is therefore a collection
of individual, possibly heterogeneous, but functional systems integrated together to enhance the overall robustness,
lower the cost of operation, and increase reliability of the overall complex (SoS) system. See for instance “System of
Systems Engineering: Innovations for the 21st Century” Wiley Series in Systems Engineering and Management), Mo
Jamshidi (2009)
21
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Figure 2: The Electricity”system of Systems”

12

Innovative system solutions down streaming the Transmission and Distribution
Networks will open innovative routes for improved network design and operations.
For instance:


The integrated planning and possibly operations of gas, heat and
transport systems will help further optimizing investments and operation
costs of CO2 free economy



The deployment of Smart Metering gives DSOs more information to
plan/operate the grid on the basis of a better knowledge (space and
time wise) of local consumption/distributed generation. TSOs will also
benefit from metering data in their planning and operations of the pan
European transmission system (with novel control room strategies and
system awareness).



Progresses in ICT, high computational power and large bandwidth
communication networks at affordable cost will favour advanced
monitoring and control of very large power systems following the current
technology trends (e.g. HVDC lines using Voltage Source Control, Modular
Multilevel Converters, Dynamic Line Rating, Phasor Measurement Units and
Wide Area Measurement Systems).
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Overall, TSOs will be in charge of global system optimization in matching generation
with load, transporting power over longer and longer distances and within cross
border arrangements suited to introduce more carbon free, renewable based
electricity all over Europe.
DSOs will be in charge of local system optimization allowing for Demand Response
implementation for small customers and boosting system efficiency by reducing
energy paths at lower voltage levels (the “zero km” paradigm) thus minimizing
energy losses. This evolution in how they operate will also require new roles for the
DSOs (i.e. forecasting, dispatching and local balancing). They will accompany
Smart Cities deployment with carbon neutral buildings located in low consumption
districts combining lower energy demand as well as local renewable electricity
production.
TSOs and DSOs will further cooperate in order to address:


the design of optimal interface locations leading to optimal network
reinforcements,



novel business options for DSOs toward TSOs, including aggregating
capabilities to deliver added value services,



novel and joint system approaches to face severe incidents and system
restoration past major failures

January 2013
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2.3 Accelerating research and innovation efforts at
system level

14

System innovation by network players was anticipated in the first version of the EEGI
roadmap approved by the European Commission and the EU27 member states in
June 2010. So far, 400 M€ have been invested at the EC level for grid projects over
the period 2007-2013 to share a first set of ambitious targets by 2020. Yet, the
innovation pace to address system issues is still too slow which delays network
operators to timely meet the upcoming needs of grid users. Overall, an acceleration
of R&I investments is required (roughly going from 70M€/year –2008-2013 to about
170M€/year starting 2014) in order to deliver by 2020 the right amount of system
innovation knowledge to prepare the network adaptation for the years 2020-2030.
This whole innovation process is however confronted with the trilemma issue of any
innovation cycle: getting outputs “Fast”, which are also “Cheap and Reliable” is not
possible at once. Only two out of the three criteria can be met.
Figure 3: The “impossible trinity“ applied to the electricity system integration innovation

The risk for regulators and network operators will be to opt for “cheap and reliable”,
leaving aside the “fast” criterion22, in full contradiction with the above further
acceleration needs. Circumventing this trilemma requires that:


more R&I efforts be launched earlier in parallel to fasten the deployment
of advanced solutions and technologies,



and efficiency of the on-going EEGI program be improved.

Overall, more results should then be obtained earlier to speed up their deployment
phase within the grids.

22

See for instance : Arthur C. Clarke, The Ghost from the Grand Banks, (Gollancz, London, 1990), page 73
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It appears that two critical and high priority issues must be addressed in the new
version of the EEGI roadmap:


Covering all the added value components brought to the electricity
system by network operators in order to maximize grid flexibility



Better preparation of the deployment phase thanks to proper scaling up
and replication activities

SWOT analysis of the past and on-going EEGI R&I activities

Strengths


Transmission and distribution network operators have a long experience
and extensive expertise to develop, operate and manage the current
electricity networks from local to pan-European levels.



The first recent and successful experiences to massively integrate RES into
the electricity system will help TSOs and DSOs designing the appropriate
innovation programs to further increase RES integration without reducing
system security and at affordable costs



Initial steps are being taken by TSOs and DSOs with stakeholders towards
realizing smarter grids.



Collaborative R&I funded through several European framework projects
have provided TSOs and DSOs with their first experiences at doing R&I
together, leading to benefits that can be grasped including by regulators.

Weaknesses


Current constraints to keep electricity bills from rising drive regulators and
policy makers towards solving only short-term issues while investing in longterm breakthrough solutions must also be addressed in view of the
daunting 2050 challenges. This creates reluctance to change and
innovation within the grids, as well as serious lack of R&I resources
allocated to long term projects requiring Research and Innovation
activities at system level.



Solutions to enhance System Awareness are not fully covered (novel tools
and cooperation combined with timely investments in R&I and new
technologies).



R&I approaches does not encompass enough the whole network value
chain (planning, operations, technology integration, markets and OPEXdriven innovation).

January 2013
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16



The cooperation between grid operators and the RES industry can be
improved to the benefits of both players.



The feedback loop from demonstration projects bringing innovative
solutions to full deployment is yet to be implemented. Clear scalability and
replication approaches need to be included bringing faster R&I results to
large-scale deployment.



Dissemination of the new knowledge gained through publicly funded
projects is still fragmented. In addition, the involvement of skilled
academics to face the scale of network issues is still limited.



Difficulties on defining, measuring and quantifying the impacts of the R&I
results hinder management boards to give the priority and to set the right
workforce for R&I projects. It takes time to acquire expertise; talented
graduate students may be hesitant to consider employment within the
network sector due to their perception of an ecosystem that is
conservative and not enough prone to innovate.

Opportunities


The need for system innovation and the recognition of a crucial role to
enable decarbonisation goals drives network operators to provide costeffective and technical sound solutions for future networks. This is feasible
owing to technology advancement and correct R&I.



The increasing maturity of RES can provide extra system services to
increase system flexibility.



Smarter networks and new market products allows service providers and
customers enhancing the value of RES production.



More industrial partners from the EU willing to join innovation activities with
network operators. Joint R&I activities will help TSOs and DSOs clarify their
future network interactions, optimize resources and avoid stranded
investments.



The efforts in standardization of components can be smooth owing to joint
approaches of network operators and manufacturers. In addition, proven
success on the European market builds further opportunities on the world
market for technology manufacturers.



Horizon 2020 opens new rules for more efficient funding and deployment
of the technologies.



Regulators understand better and better the benefits of the first successful
projects, thanks to increased successes of the EEGI roadmap.
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Threats


The lasting economic and financial crisis reduces the investment
capabilities of all industrial players, especially for R&I activities.



Energy is not yet fully on the top of political agendas.



A lot of efforts keep being devoted to stimulate RES technology
development, while the electricity networks needed to connect such RES
are not given enough attention.



Keeping the present (“slow”) innovation pace will inevitably impact the
2050 de carbonization target, since the electricity networks may become
barriers against the deployment of the de carbonization roadmap.



Innovative network solutions are not mature enough to make the panEuropean network flexible vis à vis any future energy scenario.



A growing lack of internal network skills slows down the network capability
of being a key enabler of the European de carbonization policy.



Doing nothing will leave new opportunities to non-European
manufacturing competitors or investors to develop their business offers to
network operators.
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2.4 The critical steps towards more effective system
innovation by network operators

18

The figure below summarizes the typical life-cycle of electricity system innovations at
European level as managed by network operators. System innovation is the
sequence of steps which takes early research results through development,
demonstration and, very often, early industrialization phases in order to reach a first
successful use at full scale by network operators.
Figure 4: Typical life-cycle of system innovation involving network operators and technology
providers

Maximizing the effectiveness of such Research and Innovation activities requires the
involvement of a set of critical players and the monitoring of the above successive
stages, which, in turn, guarantees to reach system innovation maturity within
deadlines and budgets.

2.4.1 The involvement of five types of players
Electricity network innovation projects have specific features, with ideally, five types
of players involved:
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Public players: research laboratories, universities and the EC and/or
national ministries who may financially support a project, often together
with technology providers or network operators



Manufacturers and service providers: industrial players developing and
installing technology prototypes to be scaled-up for replications at large
scale, very often beyond the control zone where the prototype was
tested



Field operators: field people from both manufacturers and network
operators who are in charge of installing, using and maintaining the
equipment, whose skills are critical to make the networks perform
efficiently and reliably



Regulated players: network operators (TSO and DSO) with their personnel
being involved as RTD contributors in innovation projects and their field
operators in charge of using the innovation at demonstration level once it
is deployed,



Grid users, electricity consumers, customers which include generators,
customers/consumers (i.e. industrial customers, transportation customers,
buildings, home customers), suppliers and electricity retailers

2.4.2 The implementation of five successive stages to reach innovation
maturity
The system innovation cycle encompasses five intertwined stages


Research (a few tens of thousands to a few millions of Euros): it very often
involves universities and/or research centres addressing the concept to be
validated (hardware and/or software components). This is a risky phase
where results on mock-ups can be favourable or not. This is also where KPIs
(Key Performance Indicators) are designed to monitor the downstream
evolution of the innovation project. The success of such a project can be
appraised differently when a consortium is involved: research performers
may find the results disappointing on a scientific standpoint, whereas
industry has shown that the studied solution will require many more
investigational efforts before it can become operational. Failure must,
therefore, be allowed at this stage. Project success is mainly measured
with “effectiveness” KPIs:



Have all the expected outputs been reached or not?



Is the project completion timely enough to support future market
demands?
o
Are the project outcomes at system level grasped well enough to
engage into the next development/demonstration phase where
system innovation will be driven by network operators?
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Continuation is therefore a matter of risk appraisal by both the R&I
partners and the network players as primary users of project results.


Development and demonstration (a few millions to a few tens of millions of
Euros) involve providers of technologies, products or services and network
operators, at the demonstration size and scale deemed necessary and
sufficient by all partners in order to infer scaling rules for the control zone(s)
where the innovation could be deployed. Based on the KPIs defined at
the research stage, the success is still measured using “effectiveness KPIs”:
o
Have all the expected outputs been reached or not?
o
Are the scaling-up results satisfactory enough to agree with the
regulatory authorities on the expected costs and benefits which
would trigger deployment?
o
Is the replication possible outside the demonstration control zone,
which would in turn increase manufacturing volume levels and
would reduce the overall investment needs at European level?
o
Is the technology economically implementable?
o
Are the development results on time and satisfactory enough to
launch industrialization at manufacturer level?



Industrialization (several millions of Euros) involves providers of
technologies, products or services and network operators, where field
operators, in charge of installation, operation and maintenance, are in
the decision loop (thus requiring training and validation of man-machine
interfaces). This phase can be lengthy and costly if field operators have
not been involved early in the development and demonstration phase.
This is why more and more demonstrations involve full-scale tests for one
full year (and often more) in order to validate field operators’
acceptance. In doing so, industrialization focuses more on security and
reliability issues, whereas man-machine interfaces (which can be dealt
with using software releases) are optimized at demonstration level. This is
where efficacy KPIs come into the picture: investment and operational
cost targets (CAPEX23 and OPEX24) are validated taking into consideration
industrialization results. Cost/benefits analysis can then be ascertained,
whereas scaling rules provide efficiency figures for the deployment
(involving volume effects on estimated CAPEX), and possible further
reduction of operational costs as deployment proceeds.



Deployment within a zone of a Member State (several billions of Euros) is a
step where, after a close work with the regulatory authorities based on
scaling up studies, a deployment plan is designed, approved, launched
and completed in order to meet the benefits based on efficiency KPIs (the
more impacts possible for the Society for the least costs).



Deployment outside the initial zone (possibly tens of billions of Euros) may
occur within other Member States, and possibly within the same timeframe

20
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24

Capital expenditures
Operation expenditures
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of deployment for the initial control zone. Several drivers may initiate this
replication opportunity:
o
EC funding of the research and Innovation stages where the
participation of several network operators in the project replication
studies brings enough evidence to their regulatory authorities that
deployment is worth launching in their control zone,
o
Manufacturers’ marketing activities where proof is brought that
deployment is meaningful in other control zones where they may
already have activities,
o
Regulators and/or national public authorities who ask their local
network operators to validate the replication potential of an
innovation designed and implemented in another Member State.
This is where the full European Added value of Research and Innovation
funding at EC level can be measured.
The present upgraded EEGI roadmap goes from research projects and stops at the
beginning and sometimes within the industrialization stage:
large scale
demonstrations are indeed very often needed to properly prepare scaling up and
replication activities, as a stepping stone towards successful deployment.

2.4.3 Links with other European or international innovation activities on
network system innovation
The present EEGI roadmap links with several other activities at European or
international level:


The SET plan25 which, for 2050, aims at limiting climate change to a global
temperature rise of no more than 2°C, in particular by matching the vision
to reduce EU greenhouse gas emissions by 80 - 95%. The SET-Plan targets to
further lower the cost of low-carbon energy and put the EU’s energy
industry at the forefront of the rapidly growing low-carbon energy
technology sector.



The Strategic Research Agenda of the Smart Grids technology Platform26,
published in March 2012, and which covers research and development
topics from 2020 to 2035. It deals with technology related research
necessary for the further development of the electricity system from 2020
to 2035 and beyond.



The deployment activities covered by the Smart Grid Task Force (SGTF)27
launched by the Directorate Energy of the European Commission at the
end of 2009. The SGTF deals with policy and regulatory directions for the
deployment of Smart Grids; it has also issued key recommendations for

See http://setis.ec.europa.eu/about-setis/what-is-the-set-plan
See http://www.smartgrids.eu/documents/sra2035.pdf
27 See http://ec.europa.eu/energy/gas_electricity/smartgrids/taskforce_en.htm
25
26
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standardization, consumer data privacy and security, with a mandate for
Smart Grids standards to the European Standardization Organization. The
EC has also adopted a Recommendation for the roll-out of Smart
Metering Systems and issued Guidelines for conducting Cost Benefit
Analysis of Smart Grids projects in 2012.


The EERA28 (European Energy Research Alliance) Joint Program on Smart
Grids initiated an extended cross-disciplinary cooperation involving
several Research and Development (R&D) participants with different and
complementary expertise and facilities. This cooperation aims at
addressing, within a medium to long-term research perspective, the
effective acceleration of smart grid development and deployment. A
continuous dialogue with the EEGI focuses on the alignment of the EERA
Joint Program on Smart Grids and the EEGI roadmap, thanks to an ad-hoc
group, composed of 2 Representatives from EEGI (ENTSO-E and EDSO for
smart grids) and 3 Representatives from the EERA JP.



The KIC29 (Knowledge and Innovation Community) program dedicated
to European Smart Electric Grid and Electric Storage (InnoEnergy) with
several on-going projects addressing breakthrough innovative solutions
with industry in the following areas, for instance:
o
Smart Grids from power producers to consumers (SMART POWER)
o
Controllable and Intelligent Power Components (CIPOWER)
o
Electric Energy storage
o
Smart grids materials technology (Smart grids)
o
ICT solutions for active distribution networks and customer interaction
(INSTINCT)
o
Energy-efficient buildings and cities



ISGAN30, the International Energy Agency (IEA) Implementing Agreement
for a Co-operative Program on Smart Grids, which seeks to improve the
understanding of the potential for Smart Grid technologies to enable
reductions in GHG emissions and energy use at country, regional, and
global levels. In coordination with the International Energy Agency (IEA)
and others, ISGAN increases high-level government attention on the
promise of Smart Grid to achieve such reductions as well as the
challenges to accelerating their deployment.

22

2.4.4 Links with technology push innovation roadmaps
The SET Plan and national initiative in Europe address Research and Innovation
activities on generation and consumption technologies which will interface with
existing and future network configurations. The cooperation between the European
See www.eera-set.eu
http://www.kic-innoenergy.com/about-us/kic-innovation-system.html: InnoEnergy Sweden is a partnership
between KTH Royal Institute of Technology, Uppsala University, ABB, and Vattenfall
30 See http://www.iea-isgan.org/c/1
28

29See
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Electricity Grid Initiative and the other European Industry Initiatives31 was already
considered in the past EEGI roadmap, encompassing by large the integration of
decentralized generation and storage, as well as demand side management
measures. Whatever the generation unit (small PV, large PV farms or CSP units, wind
farms) or smart consumption technologies at stake, integration studies will continue
to be performed to answer the following questions:


What can the network bring to facilitate the use of such novel
technologies?



What can such novel technologies bring to the network, including system
support?



What are the planning/operation/architecture features of the future
networks that will secure further integration of such novel technologies?



What are the interoperability and common standards for communication
and information exchanges needed to ensure a proper network control?

Similarly, new power and IT technologies are addressed by manufacturers with public
support in view of future system integration studies to address the electric system
issues:

31



power electronics and sensors to increase the pan European network
capacity and flexibility



forecasting techniques to better predict generation production or service
life time of critical power components



central dispatch and control techniques of DER units to manage the
power market, satisfy power flow constraints and regulate the power
system frequency



centralized storage systems including Compressed Air, power to gas or
other innovative electricity storage solutions



distributed energy storage including electrical vehicles and thermal
storage for CSP



interoperable and low costs communication infrastructures

EWI ( wind), EII( Solar PV) and ESTELLA (Solar CSP)
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3. UPGRADED SYSTEM INNOVATION ACTIVITIES
IN LINE WITH THE 2050 ENERGY POLICY
CHALLENGES

24

3.1 Enlarging
activities

the

scope

of

system

innovation

Transmission and Distribution operators are regulated companies for which the value
chain of services involves similar skills used in similar activities, even though their
detailed legal obligations may differ from Member State to Member State. In view of
a low carbon economy, such enablers will help the renewable energy industry to sell
green electricity to distant markets, to increase usage of variable energy sources by
balancing them across vast geographical regions, to remove congestions, to flourish
electricity markets, to enable the electrification of the transport sector and the
development of active demand management. The innovation activities cover the
full value chain of activities performed by Network Operators grouped into five
clusters as shown on Figure 5 below.
Figure 5: Research and innovation activities of the EEGI road map

Planning
One of the main missions assigned to Transmission System Operators (TSO) is to plan
and develop a secure, efficient and affordable pan European electricity transmission
system while guaranteeing that security standards are met and, when appropriate,
timely testing and deploying system innovations. The future planning challenges will
be also to anticipate future evolutions of generation patterns and to be timely ready
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to accommodate the new generation capacities which will require TSOs to integrate
new grid architectures smoothly in existing grids. Overall, transmission grids will need
to keep their ability to accept generation in-feeds and to keep balancing demands,
and vice versa. Furthermore, in the near future most generation will be connected to
medium and low voltage networks; distribution systems with embedded generation
will be self-sufficient for the majority of time, only asking for frequency-related
services to the transmission system and occasionally voltage support; however, in
particular operational conditions (e.g. failures in embedded generation) or in
specific periods of day, week or year (e.g. excess generation in holidays’ daytime),
they will need not only services, but also active power integration (or, conversely,
active power collection) to a large extent.
The use of historical data related to TSO-DSO net power exchange in order to plan
the evolution of transmission systems would eventually lead to underestimation of the
need of reinforcement of the HV network; at the same time, dimensioning the system
in order to be able to supply the full transformation power installed (and,
symmetrically, to collect to the extent of full transformation power installed) could
give rise to unacceptable over-sizing.
Distribution planning challenges are driven by different parameters. The most
relevant modification will be the shift from planning to operation of the way of
fulfilling some users’ needs: with the emergence of new monitoring and control
solutions, as well as advanced forecasting systems that predict load and renewable
generation, the potential alternatives to distribution system reinforcement (e.g. new
lines and transformers) will increase. This creates the need to review contemporary
distribution system planning methodologies and practices in order to account for the
new developments that define the smart grid environment. Appropriate levels of
operational control vs. planning measures must also be defined (e.g. maximum
allowed time percentage for curtailment of generation before reinforcement
investments are needed). Both operators have also to comply with grid access
frameworks, where the electricity network connection arrangements seek to prevent
operators from exerting its monopoly power in the provision of network connection
services. The intent of regulators is to establish balanced connection arrangements
which are not overly prescriptive – only regulating when it is deemed necessary and
recognizing incentives to gain new customers under price regulation.
Asset managers
Both transmission and distribution operators see asset management as a critical
component of overall network management strategy. The strategic management of
physical system assets is to best support network service delivery. Its primary
objectives include:
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Establishing priorities in line with organizational objectives and statutory
obligations, namely safety, reliability and sustainability



Planning and controlling financing and expenditure in accordance with
these priorities



Ensuring resources are used to give the most value for money.

These objectives cover the three major elements of asset management:

26



Capital investment strategic planning



Asset renewal and replacement strategic planning



Asset maintenance strategic planning

Better managing assets has a direct short-term impact on OPEX and mid to longterm impacts on CAPEX. Overall, the upgraded version of the roadmap stresses the
importance of OPEX-driven innovations32 for both transmission and distribution
operators, while covering planning, operations and market optimization within the
respective obligations of regulated operators. It must be noted that implementing
asset management systems totally in line with existing regulation will lead to the
expected results if, and only if, regulatory policies are defined coherently with the
abovementioned results.
Power technologies
The innovation cycle of power technologies is in the hands of power technology
providers and manufacturers. In a sector where Europe has a world leadership, such
players have to make strategic innovation choices based on a world market
appraisal, the needs of which very often do not match very well European
expectations. European network players are therefore compelled to design system
development and integration projects at reduced or full scale (where they share
development and early industrialization costs with their industry counterpart), before
they propose to regulatory authorities deployment plans economically secured by
such integration projects.
Operation
TSOs deal every minute with the operational uncertainties of the pan-European
transmission grid: it requires planning and ensuring a broad scope of the so-called
ancillary services, which in turn enable TSOs to cope, among others, with balancing
32

such as condition-based maintenance or ageing and life-cycle optimization (among others)
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challenges, keeping voltages and frequency at appropriate levels, guaranteeing
system security and restoration planning, as well as covering transmission losses.
Commercial exchanges between market areas have considerably evolved for the
past ten years. They are now very much fluctuating, since depending on price
signals that reflects electricity scarcity or wealth within the pan-European system.
Such commercial exchanges can introduce congestions on tie-lines between control
zones and sometimes internal congestions within the zones themselves. These
constraints have to be taken into account by TSOs in the operational planning
phase, and communicated to the market under the form of transmission capacity
allocation rules and procedures.
For Distribution Operators, local decentralized (distributed) generation sources are
small in size and mainly connected to the distribution grid; electric power is then
generated closer to the load which impacts on the local power flows. The increased
degree of monitoring and control will allow DSOs to pursue the greatest opportunities
of efficiency in the electric system: provided an adequate level of interaction is
ensured among network operators in the distribution network, DSOs will perform
forecasting, operational scheduling and grid optimisation activities in order to reach
the optimal levels of efficiency, sustainability or service quality.
Market enablers
A progressive harmonization of electricity market rules has increased market
efficiency, helping the delivery of increased benefits to electricity customers and
more business opportunities to generators and energy traders. TSO must therefore
ensure that the objectives of the Third Internal Energy Market package are reached,
thus facilitating the development of a well-functioning European electricity market.
They may contribute to market design and network-related market rules from a TSO
perspective when discussing with policy makers and regulators, but also with all the
electricity market stakeholders (from generators to end consumers).
DSOs can accommodate for flexibility services offered by market parties to the TSO
through their grid: they can also use flexibility services to optimize their own
connection costs to the transmission grid. Last but not least, both TSOs and DSOs will
be involved in Demand Response mechanisms, which are no longer devoted only to
promote load shifting and peak shaving applications. They can contribute to the
balancing of the system, the balancing of the portfolios and the delivery of (local)
ancillary services (to the local grid operator). Demand Response mechanisms will
become a way to integrate the future prosumers into the markets: energy markets
(several possible time frames) and balancing markets.
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3.2 The upgraded EEGI Research and Innovation
roadmap until 2022
The collective roadmap upgrading launched in early 2012 has allowed transmission
and distribution operators shaping up upgraded clusters (and their functional
objectives) for their research and innovation activities according to similar value
chains, as mentioned in 3.1.

28

As displayed in table 1, ENTSO-E proposes five Research and Innovation clusters
which cover the value stages brought by transmission operators to the whole
electricity system.
Table 1: The five innovation clusters of TSOs
Cluster

C1

C2

C3

C4

Name

Grid architecture

Power technologies

Functional
Objective

Full names of Functional Objectives

T1

Definition of scenarios for pan-European network expansion

T2

Planning methodology for future pan-European transmission system

T14

Towards increasing public acceptance of transmission infrastructure

T3

Demonstration of power technology to increase network flexibility and operation means

T4

Demonstration of novel network architectures

T5

Interfaces for large-scale demonstration of renewable integration

T6

Innovative tools and methods to observe and control the pan-European network

T7

Innovative tools and methods for coordinated operation with stability margin evaluation

T8

Improved training tools and methods to ensure better coordination at the regional and panEuropean levels

T9

Innovative tools and approaches for pan-European network reliability assessment

T10

Advanced pan-European market tools for ancillary services and balancing, including active
demand management

Network operation

Market designs

T11
T12
T15

C5

Asset management

T16
T17

Advanced tools for capacity allocation and congestion management
Tools and market mechanisms for ensuring system adequacy and efficiency in electric systems
integrating very large amounts of RES generation
Developing approaches to determine and to maximize the lifetime of critical power components
for existing and future networks
Development and validation of tools which optimize asset maintenance at the system level,
based on quantitative cost/benefit analysis
Demonstrations of new asset management approaches at EU level

Accordingly table 2 below, EDSO4SG proposes five parent Research and Innovation
clusters which cover the value stages brought by distribution operators to the
electricity system.
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Table 2: the five innovation clusters of DSOs
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Jointly, ENTSO-E and EDSO4SG will address five functional objectives requiring
intensive collective R&I on the topics below.
Table 3: The joint TSOs and DSOs activities that need strong involvement and leading of both
sides
Cluster

TD

Name

Joint TSO/DSO
Activities

Functional
Objective

Full names of Functional Objectives

TD1

Increased observability of the distribution system for transmission network management and
control

TD2

The integration of demand side management at DSO level into TSO operations

TD3

Ancillary services provided through DSOs

TD4

Improved defense and restoration plan

TD5

Methodologies for scaling-up and replicating
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3.3 Scaling-up and replication activities: bridging
the gap between innovation development and
innovation deployment

30

Preparing large scale deployment of successfully demonstrated innovations requires
scaling-up and replication studies for each of the Research and Innovation activity
outputs, within a technical risk coverage which appears satisfactory both to
regulated and free-market players. There is indeed a fear, especially on the regulator
side, that:


The economic risk of deployment is not under control, even though the
technical risk appears mastered (lack of economic scaling)



The regulatory environment, which may be favourable in one control zone
(economic scaling is then managed), but may no longer be favourable in
another control zone (lack of replication potential).

Scientific approaches can address such fears ex ante in order to propose, before
deployment, answers to the following challenges:


Scalability (which is project dependent): the use of R&I experimental
results, with the help of numerical modelling techniques, allows showing,
within acceptable uncertainty, that economic scaling is under control



Replication (which is area and boundary condition-dependent): the use of
R&I experimental results, with the help of numerical techniques and
empirical data on other boundary conditions, allows showing that the
replication potential can be under control, within acceptable uncertainty.

This raises in turn several scientific and technical challenges:


What type of simulation tools are needed to support safely such studies?



What are the minimum experimental data to be collected during R&I
projects in order to point out the KPIs for scalability and replication?



What type of numerical experiments can be run in order to extract
relevant KPIs?



What is the acceptable level of uncertainty to be reached when using the
tool box in order to claim that an innovative solution is scalable and/or
replicable?



How to share the resulting tool box while preserving confidentiality
constraints of the involved stakeholders?
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A significant effort addresses methodologies of scaling-up and replication in this
version of the EEGI roadmap. A dedicated functional objective (FO) is defined while
also reflected in the description of many Functional Objectives.
The recent Florence workshop33 (May 2012) has stressed the needs for more
regulatory involvement into the on-going and future Research and Innovation
activities. This increased involvement is welcomed to better design innovative
solution deployment following successful demonstrations in the real power system.
The new roadmap proposes to develop a set of shared tools for scaling up and
replication studies. Regulators will be invited to validate the related EEGI activities
within a dedicated set of tasks, in such a way that, once validated, they can:


Design appropriate funding schemes of large scale demonstrations in the
power system where the gathering of data is specified ex ante to nourish
scaling up and replication activities,



Support scaling-up and replication studies via the above funding schemes
in order to better measure the cost of deployment, and to be able to
reuse the results from RD&D projects



Help overcoming barriers to deployment which can be technical (for
instance lack of standards or of interoperability amongst equipment
manufacturers) or non-technical (for instance reduce authorization time
from public authorities)

4-th Florence Workshop on Smart Grids, 31st May 2012, Florence School of Regulation, seehttp://www.florenceschool.eu/portal/page/portal/FSR_HOME/ENERGY/Policy_Events/Workshops/2012/Smart%20Grids%20Florence%20wor
kshop
33
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3.4 Programme management
The present roadmap aims at delivering a portfolio of innovative pathways for
preparing European electricity networks to enable the ambitious 2050 agenda
adopted by European Member States: a low carbon economy leaning on the three
pillars of European energy policy, i.e. sustainability, energy market competitiveness,
and security of supply.

32

The enabling capability of electrical networks means their effective flexible capacity
to connect renewable electricity generation (sustainability), serving customers
according to affordable electricity pricing (market competitiveness), while keeping
the system reliability at levels compatible with societal needs (security of supply). The
electrical networks must indeed be ready to provide connection solutions for all grid
users going from existing and new generation (e.g. RES) to existing and new
demands (e.g. electric vehicles), while combining with the other industrial initiatives
to be in line with the SET Plan orientations.
While wind, solar, biomass and other industrial initiatives focus on developing
generation technologies to produce green electricity, and customers is trying to
reduce electricity consumption via energy efficiency program, the network
operators must prepare sufficient network capacity to host reliably new and existing
grid users.
The single overarching goal of the EEGI Research and Innovation (R&I) Roadmap is
therefore

“To allow European electricity networks continuously deliver an
effective flexible capacity to integrate actions of grid users at
affordable costs”

The definition of the associated KPIs is still work-in-progress, having to provide the
EEGI roadmap management process with detailed descriptions and guidelines for
the calculation methodologies of all the proposed expected KPI values. A full KPI
proposal is expected to be ready and published in a separated document in early
2013, on the basis of the definitions presented in Annex 4.
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4. EXPECTED OUTCOMES AND IMPACTS
4.1 Expected outcomes for the network system
innovation players by 2022
The innovation players involved in the EEGI field implementation will generate major
outcomes over the next ten years:
1. Improve planning approaches for both transmission and distribution operators,
in order to optimize infrastructure investments, and in support of the pillars of
the European energy infrastructure policy 34, as exemplified by
the
infrastructure package35
2. Improve real time coordination techniques during daily operations at
transmission level, in order to face system security issues which are likely to
become more and more severe in the years ahead. This not only requires TSOs
to have new coordination and operation tools with system observability
Europe wide, but also extra means bottom-up from the DSO level. The
solutions tested in projects in line with the EEGI Roadmap, will provide TSOs
with the tools able to picture the system uncertainties in real time which have
to be coped with through proper system operations, mixing rightfully
preventive and corrective actions. A better understanding of such
uncertainties helps TSOs:
 correctly estimating system security margins
 forecasting and handling system states that appears critical
 preventing from any possible black-out
3. Demonstrate the electric system benefits brought by a set of relevant power
technologies which:
 Increase the overall conversion efficiency, reducing losses through
increase of local use of energy (the “zero km” paradigm)
 Favour RES integration, making the network available and reliable in
order to evacuate non manageable generation when needed

http://www.energypolicyblog.com/2010/11/25/energy-infrastructure-priorities-for-2020-and-beyond/
In October 2011 the EC issued its Infrastructure Package, including a proposal for a regulation on planning and
authorization procedures for cross-border infrastructures. Within the Priority Corridors identified in the proposal,
regional expert groups select Projects of Common Interest (PCIs) to be included in the ten year network
development plans drafted by the networks of transmission operators (ENTSO-E). After approval by the interested
Member States and consultation with ACER, the list of PCIs is submitted to the Commission, TSOs recovering costs
through network tariffs and incentives granted by national regulators. The Commission, ACER and national authorities
are granted the power to intervene when there are delays on commissioning or authorization, or disagreements on
cost allocation.
34
35
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Reduce the network environmental impacts, maximizing the use of the
existing lines, and using cleverly the network without impacting the
whole system reliability

4. Demonstrate potential capabilities for large scale aggregation of small load
and generation which could offer improved matching between supply and
demand across the value chain (since co-optimizing central and local assets).
Wind power and other RES can then be more beneficial to the electricity
system. In addition to the energy delivery value (producing and selling
electricity), wind farms can be approached as a manageable energy
generation unit if it coincides with peaks or valleys (network value), or as a
new system service provider when aggregated either with other wind units or
other production/load.
5. Improve the interaction between operators in the distribution network at
Medium and Low Voltage level also increasing the network hosting capacity
and the RES-energy collection for a given investment level in network
infrastructures. Smart Grid technologies and appropriate Smart Regulation,
allowing new business relationships which involve electricity retailers and
prosumers, will enable DSOs to optimize network operation at local level and
to provide services to the TSO.
6. Recommend for continuously improved market designs at European level,
based on numerical models able to understand the detailed coupling of
physical network and market player behaviour, thus allowing for
 a better common understanding of the pros and cons of existing
market designs based on quantitative analysis,
 the joint exploration of novel market designs in view of facing several
pan European Transmission network issues in the years ahead,
 more formal links with regulatory bodies when addressing pan
European electricity market issues over the next ten to twenty years
 corrective measures for existing market designs either at national level,
or within the new market areas
7. Make technical recommendation for the deployment of demand response in
line with market design options. Demand response could indeed be
managed in a way that makes it a substitute for peaking or valley
management: it is therefore essential to study in-depth the economic returns
of demand response mechanisms under different market arrangements,
ranging from the current “energy only” paradigm to a market supplemented
by the remuneration of capacity. This requires:
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An in-depth understanding of measures (market designs and /or new
regulations) that allow the active participation of the demand side in
European electricity markets
The contribution of such measures to the stability of the interconnected
European electricity networks.
The facilitation of the deployment of active demand programs in
Europe by comparing technology, market and regulatory solutions,
An in-depth understanding of the impacts of favourable or adverse
customer behaviours towards demand response programs with insights
into the success factors of customer awareness measures
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4.2 Expected impacts for the Society before 2030
Two major impacts for the European electricity system can be expected for the
present program:
1. To optimize the capital investment and OPEX intensity needed to increase the
network capacity for grid-users, thanks to the use of novel technologies
coupled with smart operations of the grids. For the sake of illustration,
innovations from the EEGI roadmap may help reducing the “business as usual
solutions (Km of lines)“ investment intensity: smarter operations, optimized
interconnections and improved market rules are amongst the potential
solutions. A 10% reduction would then mean net investment savings which
reach about €7-10 bn over ten years36 against a total innovation investment
for transmission activities of about €1 bn. And more importantly, it would
reduce permitting time thus helping network operators to make the electric
system more flexible.

36

2. To pave the way for a fully decarbonized system (extremely large share of
renewable electricity production in the EU): grid deployment methodologies
should be able to minimize RES curtailment decisions in the framework of an
increasing share of renewable production in the generation mix. Increased
overall conversion efficiency can significantly drive down the cost of
electricity production from indigenous renewable energy resources: by
reducing the hours of curtailment and by transporting electricity from far
away sites down to consumption areas, TSOs, DSOs and generators are able
to lower the overall costs of the electricity system: making the Pan-European
network evolve towards architectures that appear coherent with system
security at Pan-European level will relieve technical and market constraints for
generators, while keeping security levels within acceptable limits. Moreover,
increasing interconnections facilitates the share of reserves and of storage
capacities. Overall, smarter operation of the pan-European network would
minimize curtailment of RES electricity generation at critical times: the cost of
curtailment of the whole installed wind and solar generation capacity in
Europe for one hour at peak hours could reach several billions of Euros of lost
revenues for generation companies, just counting for the loss of green
certificates37.

The 2050 perspective analyzed by the ECF study suggests that over 2020-2030, additional investments in
transmission grids, including off-shore wind connections, of €68 billion are projected to enable the construction of
around 109 GW of additional transmission capacity (a 50% increase from the planned network in 2020 and a near
doubling of today’s existing capacity)
ENTSO-E published its TYNDP 2012 which identifies the need to invest €104 bn over next 10 years
37 New support systems have appeared that guarantee the business case for RES producers while optimizing the
overall efficiency of generation.
36
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3. To share the new knowledge gained through progressively completing the
research and innovation activities described in the present roadmap38:
several barriers do exist in sharing knowledge from publicly funded Research
and Innovation (R&I) projects. Let us mention:
 The fragmentation of the available information which needs to be
reformulated within conceptual frameworks suited to the future
potential end-users’ needs;
 The absence of "digested" information which can easily point to the
main successful results of completed projects, but also about the
failures faced during the R&I project
 Disrupted information flows between the knowledge outputs coming
out during project execution and the available knowledge after
project end :
 It is often very difficult to position the knowledge maturity along the
innovation chain which goes from basic research to industrialization
activities;
 Confidentiality issues since IPR and patenting issues may forbid the
disclosure of critical data for some time.
These barriers can slow down, and even annihilate, the knowledge
dissemination process of the publicly supported R&I results in view of their
widest deployment uptake. These barriers will be progressively removed to
allow for a fast access to exploitable R&I results. It will involve packaging
activities performed at each R&I project level coupled with the use of a
database developed to meet the requirements of a virtual library specified
jointly by the ENTSO-E and EDSO4SG.

See for instance the standards set in the “ Knowledge-sharing requirement” of the EUROPEAN STRATEGIC ENERGY
TECHNOLOGY PLAN (SET-PLAN) ( EC internal note Brussels, 15 March 2010) or the NER 300 “ Relevant Knowledge
Collection Form: Renewable Energy – Distributed Renewables Management” Revision August 2012
38
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5. THE EEGI RESEARCH
BUDGET (2013-2022)

AND

INNOVATION

The table below provides comparative estimates of Research and Innovation
investments for TSOs, DSOs, and joint TSO/DSO over 2013 to 2022.
Table 4: Estimated R&I investments per cluster activity of TSO and DSO

38

Cluster

C1
C2
C3
C4
C5
Sub total

C1
C2
C3
C4
C5
Sub total
Total

Title

R&I Investment
in million €

TSO part
Grid architecture
Power technologies
Network operation
Market designs
Asset management
Joint TSO/DSO
Joint TSO/DSO R&I activities
DSO part
Integration of smart customers
Integration of DER and new users
Network operations
Network planning and asset
management
Market design

70
350
125
75
135
755
250
240
330
400
100
20
1090
2095

Annexes contain a detailed analysis of the budget evolutions from the 2010 to the
2013 Research and Innovation Roadmap.
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6. CONCLUSIONS
The Energy Roadmap 2050 adopted by the Council in June 2012 has pinpointed that
decarbonisation of the European energy system is technically and economically
feasible by 2050. The role of electricity in achieving lower CO2 emission targets
combines increasing energy efficiency, as well as integrating renewable energy
sources (RES) and electric vehicles (EV), as stressed in a recent European Climate
Foundation (ECF) study addressing CO2 free electricity production by 2050. Network
operators are even more on the critical pathway to make such a smooth integration
a technical and economic success.
The present road map proposes to accelerate research and innovation activities to
address properly most of the daunting challenges to be faced beyond 2020:


The massive development of renewable generation at transmission level,
(onshore and offshore wind, PV farms, hydro,...) requires network
expansion to enable electric power reliability and secure the power
supply.



The concurrent growing reluctance to implement new network
infrastructures where transmission development takes more time than the
system integration of new generation units.



Low public acceptance of traditional overhead lines forces TSOs to use
more expensive options such as underground cables or HVDC links, which
makes the pan-European system increasingly more complex to design
and to operate.



The simultaneous integration of small residential RES (PV units) and large
wind and PV farms replacing fossil-fuelled and aging power plants asks for
alternative rules and solutions (storage, etc…) to ensure system balancing,
control and planning.



Large disturbances of a small number of bulky units combined with small
disturbances of a big number of little units change network operation
rules, since a drop of thousands of DER units may lead to system problems
(e.g. black-out) looking like the drop of a few large nuclear power plants.



Transmission systems will be more and more linked with distribution
systems, whereas real-time communications between TSOs and DSOs are
still scarce and distribution network system states and conditions (i.e., load,
capacity, and voltage) are often not monitored.
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It complements the existing EEGI roadmap by facing two critical and high priority
issues:

40



Covering all the added value components brought to the electricity
system by network operators in order to maximize grid flexibility



Preparing better the deployment phase thanks to proper scaling up and
replication activities

Beyond the existing knowledge clusters defined in the first roadmap, TSOs and DSOs
both propose to address as soon as 2014 asset management as a new area of
innovation. Moreover, DSOs introduce research and innovation activities on market
design. Finally, they reshape part of the past joint TSO/DSO activities by stressing the
needs for developing scaling up and replication platforms to support further and
faster the deployment of successful projects.
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Annexes
ANNEX A. DESCRIPTION OF CLUSTERS
FUNCTIONAL OBJECTIVES39 OF THE TSOS

AND

A.1 Cluster 1: Grid architecture
A.1.1 Context
Until recently, the European transmission system has evolved towards a vertical
structure with generation units feeding into the transmission grid, which in turn
interfaces with the distribution system that supplies consumers. Cross-border
interconnections were established to support the security of supply and long-term
electricity trade between neighbouring countries and control areas.
European policy has focused on decarbonizing the energy system, integrating
massive amounts of RES and establishing a single electricity market. To achieve this
vision, enormous investments are required for the pan-European transmission grid.
The TYNDP 2012 estimates that €104 billion is required to build and refurbish the
infrastructure required to host 250 GW of new generation capacity. This is equivalent
to 25% of the current generation total and will mainly originate from both onshore
and offshore RES in the coming decade.40
It is not only existing networks that require optimization, but novel and innovative
planning methods are also required for the European network to implement high
capacity corridors and properly integrate advanced technologies such as HVDC,
FACTS, storage systems and more.
Other key tasks include developing the network to minimize environmental impact,
improving energy efficiency and winning public acceptance of the new
infrastructure. One further issue is the lack of an investment framework due to varying
regulatory constraints in the different member states, an issue that must be resolved
so that work on new transmission lines and infrastructure can be accelerated. This is
closely related to market development and is discussed in more detail in Cluster 4.

The “Functional Projects” in previous R&D Plans have been renamed herein as “Functional Objectives”. This
became necessary in order to clearly differentiate between the high-level R&D strategy – research clusters and
associated strategic research – and the specific R&D projects described in the R&D Implementation Plan.
40 TYNDP Ten Year Network Development Plan 2012, www.entsoe.eu
39
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Cluster 1 mainly focuses on how to overcome these challenges. Innovation and R&D
are needed to develop efficient methods to enable optimal investments and
guarantee that projects are implemented in a timely and economically sound
manner.

A.1.2 Objectives
A.1.2.1 Barriers and gaps

42

In confronting the challenge to establish the new pan-European grid infrastructure,
the following barriers and gaps have been identified in the present pan-European
network.
Barriers impeding innovation
So far, national regulatory schemes, energy mixes
and selection criteria serve the construction of
long term scenarios at the member state level.
These scenarios are then patched together in a
bottom-up approach in an attempt to maintain
coherency at the pan-European level. A top-down
approach must be designed and adopted to
support long-term planning goals.
Enabling infrastructures to balance and optimize
the existing power systems while overcoming
potential geographical barriers that impede
network development.
To overcome the current public opposition to new
construction of assets while minimizing their
environmental impacts.

Knowledge gaps
Currently there is no common framework for a
pan-European planning methodology. The
European energy policy presents a crucial
challenge to the extra-high voltage (EHV) grid.
Common criteria must be agreed upon for
developing the methodology and building up
the human resources needed for software
development.
The need to assess new technologies that can
determine optimal implementation plans while
also optimizing the existing infrastructure. This is
an evolutionary process.
Social studies must be performed, assessed and
scaled up so that new approaches can be
developed that accelerate the construction of
new infrastructure.

Currently, grids are built with known and proven
technology. To meet the future challenges there is
a need to develop the next generation grid
architectures.
The investments required to deploy the novel
infrastructure technologies to meet EU targets are
currently unknown.

Assess the use of new materials and address
logistic issues for faster building/refurbishment of
towers, conductors, anti-icing surfaces, new
materials etc.
Address technological and investment focus at
European level of infant technologies such as
off-shore HVDC VSC, storage technologies and
demand response. Address its impact on the
pan-European
network
and
generate
knowledge for its implementation in future panEuropean scenarios.
Innovative grid extensions such as electricity
highways are essential to transport power to
consumption centres.

Integration of massive RES increases transmission
distances and power generation will become
more volatile. This will also increase stress on
existing networks.
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A.1.2.2 Objectives
The objective of this cluster is to provide a set of validated methods for developing
network infrastructures. The new pan-European grid must host massively expanded
RES while coping with demand growth and maintenance costs beyond 2020. This
must be accomplished with an acceptable level of network investment. A panEuropean planning framework must be delivered that establishes new criteria for
building electricity infrastructure while reducing the risks inherent in decision-making
and investments.
Specific objectives:


To develop planning methodology for the pan-European electricity
network scenarios from 2020-2050; this encompasses the new energy mix,
new consumers (e.g., electric vehicles), consumption loads and energy
storage. This R&D focuses on novel and unconventional technologies
under consideration of network cost-benefit analysis. The base cases for
these scenarios are defined in System Outlook and Adequacy Forecast,
TYNDPs41, e-Highway205042, and Energy Roadmap 205043. Development of
new technologies models will be included in the planning simulation
software.



To develop simulation software that allows TSOs to analyse pan-European
grid expansion scenarios reflecting the goal of Europe’s electricity supply
being decarbonized by 2050; planning of pan-European networks in a
joint and consistent way.



To assess novel and known technologies for the cross-border connections
needed to cope with EU requirements in a cost-effective manner.



To evaluate the impact of offshore grids, HVDC networks in operation
along with the existing infrastructure as well as extra- and ultrahigh voltage
AC solutions.



To develop a method of assessing the social and environmental impact of
grid development and recommend a suitable approach for panEuropean network development.

A.1.2.3 Expected outcomes and impacts
Expected outcomes


41
42
43

Validation of planning approaches for the pan-European grid; these
integrate emerging technologies and support offshore grids.

www.entsoe.eu
e-Highway2050 website when formed
http://ec.europa.eu/energy/energy2020/roadmap/index_en.htm
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Identification of optimal transmission grid architectures able to cope with
low-carbon electricity generation mixes and their pan-European power
flows.



Detailed study of benefits and impacts of deploying the abovementioned pan-European architectures.



More integrated and seamless planning approaches for European
transmission grids.

Expected impacts
Achieving the above-mentioned objectives will bring about more cost-effective,
environmentally friendly and robust planning methodologies for the pan-European
transmission system, which are able to cope with massive integration of on- and
offshore wind power, solar energy and other RES and DER.
The activities of Cluster 1 lay the foundations of the future pan-European transmission
grid, which is a prerequisite for implementing the most appropriate and costeffective technologies. It also establishes the best conditions for operating and
controlling electricity, and allows for the creation of a single European electricity
market.

A.1.3 Structure of cluster 1
The activities in Cluster 1 are divided into 3 different Functional Objectives.
Figure 6: Structure of cluster 1: Grid Architecture.

T1: Defining scenarios
for pan-European
network expansion

T14: Towards
increasing public
acceptance of
transmission
infrastructure

T2: Planning
methodology for
a future panEuropean
transmission
system
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T1

Definition of scenarios for pan-European network expansion

Content

Challenges:
The long-term European energy vision (2050) requires a paradigm shift that must be
assessed at the pan-European level. Uncertainties derived from the large amount of
RES integration, inclusion of DER, new consumption demands, energy storage, and
offshore generation creates a set of possible scenarios which, in turn, lays the
foundations for novel infrastructure planning approaches at the pan-European level.
Objectives:
The purpose of developing new long term planning approaches is to establish panEuropean grid expansion scenarios in line with the post-2020 targets. This must reflect
the need for Europe’s electricity supply to be largely carbon free by 2050. Such
scenarios are the basis for the system architecture design software developed in T2
and will be aligned with the scenarios in the System Outlook and Adequacy
Forecast44, TYNDPs45, e-Highway205046, and Energy Roadmap 205047.
Scopes:
The methods are used for long-term planning (from 2020 to 2050) taking into account
offshore grid development, DSM mechanisms, network constraint analysis and the
future generation mix. Market rules developed in cluster 4 will also be considered.
Specific tasks:

To define pan-European network expansion scenarios; identify maximum volume
of RES and DER for pan-European network; analyse a combination of electricity
and gas

To identify investments required to achieve the 2050 vision with different
decarbonisation scenarios of generation mix, storage and demand mix

To develop methods for integrating transmission systems with growing amounts of
RES-based generation, considering optimal rates of storage needed at the panEuropean level

To provide offshore grid design: optimization methods for grid capacity,
technology and topology taking into account wind power characteristics, i.e.,
low capacity factor
A concise and scientific approach is available to construct meaningful long term
energy scenarios in Europe: it provides TSOs and all relevant stakeholders including
policy makers with clear and reliable long-term goals to implement network
development plans
Enabling of low-carbon economy by preparing investment strategies based on clear
and trusted energy scenarios
Pan-European energy scenario construction methodologies will be available for all
stakeholders

TSO

Research institutes

Industries

Energy companies
Typical optimization tools
Other projects of interest: e-Highway 2050.

Expected
outcomes

Expected
impacts

Main
contributors

Additional
information
Budget
estimation
Timeline

44
45
46
47

€ 20 million
2012–2016

www.entsoe.eu
www.entsoe.eu
e-Highway2050 website when formed
http://ec.europa.eu/energy/energy2020/roadmap/index_en.htm
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T2
Content

46

Expected
outcomes

Expected
impacts

Main
contributors
Additional
information
Budget estim
Timeline

Planning methodology for future pan-European transmission system
Challenges:
New network infrastructures are needed to connect energy generation sites involving
variable RES and DER with demand areas. The pan-European network has to be
developed to accommodate the scenarios defined in T1. Top-down planning
approaches at pan-European level must be developed involving a broad spectrum of
novel technologies (generation, transmission, storage, demand management).
Objectives:
To develop simulation software to assess options of pan-European transmission system
infrastructure. It facilitates system simulations at the pan-European level capable of
comparing several design options based on various technical and economic criteria,
taking into account emerging technologies: HVDC VSC, multi-terminal and vendorindependent HVDC network, PST, FACTS, storage, high-capacity conductors, etc.
Scope:
This method is used for long- and medium-term planning to select the best technology
for system development with clearly defined energy scenarios including the market
rules developed in cluster 4.
Specific tasks:

To investigate state-of-the-art planning software, technology portfolios and
different regulatory frameworks

To define input data requirements and data interfaces (to/from cost-benefit
simulators, power flow tools etc.),

To develop new algorithms and database functions for network simulation;
enabling the integration of new emerging technologies such as HVDC, GIL, FACTS
and storage

To model embedded HVDC/HVAC grids for planning simulation

To develop software tools for cost-benefit assessments of expansion options and
validating impact on grid planning for coordinated design of architecture, power
flow control devices, and other technologies

To provide coordinated grid design involving new network architectures, power
flow control devices, storage and other technologies to achieve sustainable and
efficient networks

To develop planning software to optimize location, coordination, control and
integration of technologies within existing and future system architecture and
operation.

To develop long-term planning methods to combine electricity market analyses,
production capacities (all types including RES) and infrastructure in view of
strengthening expected weak points on the grid

Proposal for network investment mechanisms at EU level
TSOs will be able to jointly optimize network development and identify the most costeffective technologies based on recognized optimization goals and constraints.
Optimization of grid locations taking into account regulatory constraints to support
cross-border system development.
Optimization tools for planning and network development will be delivered at the panEuropean level to prepare key investments based on economic models typical of
future competitive electricity markets.
Network reliability constraints will be considered since each investment in a network
influences the reliability of supplied power at the local, regional, national and panEuropean levels.
This long-term planning approach enables manufacturers and energy retailers to
create provisional development plans.
Investment signals will be sent to energy generation and load centres; this takes into
account pan-European network investments and power technology constraints.

TSOs ;
Research institutes ; Technology providers
This functional objective will be established using results obtained from other European
projects, particularly e-Highway 2050.
This FO is highly interdependent with the other clusters (clusters 2-5)
€ 20 million
2014−2022
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T14

Towards increasing public acceptance of transmission infrastructure

Content

Challenges:
There is a clear need to revisit current public consultation processes to both better
appraise and understand the reasons for public reluctance to infrastructure
investments and to develop new ways and means to address those concerns while
increasing public awareness about future long-term energy challenges.

To meet the public and stakeholders’ concerns and address them effectively

To understand how grid architectures and technology choices across Europe can
be used to minimize negative environmental impacts
Objectives:
The objective is to improve public acceptance of transmission infrastructure while also
reducing its environmental impact so that implementation can be accelerated.
Scope:
A very wide range of issues can be addressed, including:

New models of bird savers and mapping bird sensitive areas to maximise gains
from fitting bird savers to existing lines.

Alternatives to SF6 allowing for the compact design of electric power stations with
efficient insulation properties

New design measures to minimize high-voltage equipment noise
Specific tasks:

To investigate public perception of the power infrastructure; to improve the
relationship between TSOs and the public with valuable feedback and signals in
both directions

To contribute to developing and/or updating European guidelines on good
practice in transparency and public engagement and permitting process

To produce guidelines for the construction of overhead power lines with reduced
visual and environmental impact compared to existing construction guidelines
and to ensure these guidelines are applicable across Europe

To analyse new technologies with reduced visibility of conductors, using coatings
and nano-technologies

To propose new tower designs for overhead power lines with less visual impact,
audible noise and EMF; in some cases also with reduced sag of overhead lines

To develop methodologies and software to evaluate bird collisions, human and
animal exposure to EMF, audible noises, etc.; reduction of impact.

To provide methods for physical protection of the grid infrastructures against
potential dangers: natural catastrophes, terrorism, cyber-attacks etc.

Better mutual understanding between TSOs and the public.

Reduced negative environmental impacts of infrastructure (EMF, visual impact,
during construction)

Acceleration of the permission and construction processes required to build new
infrastructure and/or refurbish existing infrastructure

Faster repair of damaged infrastructure and sustainable demand/supply balance

Introduction of new materials (e.g., nanomaterials and composites) to develop
new towers and “smart” conductors
Recognition of the general public’s need for new infrastructure to be developed in an
open, participatory and environmentally sensitive way, and for it to ensure security of
supply and a low-carbon economy

TSOs

Technology providers

Research institutes

NGOs

Expected
outcome

Expected
impact
Main
contributors

Additional
information
Budget
estimation
Timeline

€ 30 million
2012–2018
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A.2 Cluster 2: Power technologies
A.2.1 Context

48

Current advances in technology offer transmission system operators many
opportunities to implement new solutions to cope with future network development
and operating challenges. On the one hand, innovative technologies must be wisely
embedded into the existing infrastructure. On the other hand, the challenge is to
integrate new and existing technology in a compatible and safe manner. Other
aspects to be considered include the need to deploy ICT, storage technologies and
develop expertise in hybrid AC/DC power systems and multi-terminal, vendorindependent HVDC VSC including HVDC breakers.
Advanced technologies can be grouped as follows:


Power transfer capacity: HVDC and AC cable, AC/DC converter, multiterminal and vendor-independent HVDC VSC, super-conducting, GIL and
“low sag” conductors



Power control devices: FACTS, phase-shifting transformers, HVDC back-toback



Monitoring devices and systems: PMU, WAMS, Smart Meter, RTTR, and
combined DFR and PMU devices



Control devices and systems: PDC, WACS, WAPS



Storage: electrochemical storage, batteries from electric vehicles, etc.

These technologies have their own learning curves and innovation cycles. TSOs must
question their investment costs, reliability, expected lifetime and service behaviour
under difficult operating conditions or when disturbances or major faults occur.
Provided that their performance can be predicted using suitable simulation tools
and network models, new technologies must be demonstrated in order to validate
their performance and to specify real-life implementation procedures. This leads to
final product specifications and product implementation plans as well as new
network management rules.
This pre-commercial application phase requires extended cooperation between
TSOs and manufacturers. Special attention must also be paid to new multi-terminal
HVDC grid infrastructures for future onshore and offshore power grids, and extra
research is still required for HVDC breakers.
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A.2.2 Objectives
A.2.2.1 Gaps and barriers
Barriers impeding innovation
Unproven technologies may be thought of as
jeopardizing system operation.
The benefits of new technologies must be
validated under real-life conditions.
Huge costs and risks involved with experimental
new technologies (e.g., multi-vendor multiterminal HVDC solutions: who will take such a
risk?).
New
technologies
may
impact
system
controllability, thus leading to more complex
operations of the grid and implying more
coordination between TSOs.
IPR (Intellectual Property Rights) issues arise very
frequently when manufacturers are involved in
joint projects and pilot projects.
TSOs may be slow to introduce new technologies
due to a lack of knowledge about the TSO/DSO
interface or the interfaces between TSOs and
generation companies.

Knowledge gaps
Step-by-step testing of new technologies is
needed to understand costs, benefits and
drawbacks.
Large-scale demonstrations of new technologies
are needed to measure system benefits.
Full costs and benefits must be analysed to
prepare standardization and interoperability, thus
allowing plug-and-play solutions for different
vendors.
Validation through demonstrations including new
operating tools, adequate operator training
modules where tools for operators are developed
in C3.
An adequate IPR framework must be agreed
upon.
More effective coordination is required because
power electronics is already proven for T&D
infrastructures – however, applications are still rare
and only performed under special surveillance –
with the possible exception of HVDC and VSC.

A.2.2.2 Objectives
The main objective is to address the affordability and technical performance of
emerging technologies that can significantly improve transmission systems. These
technologies can help reduce extra costs associated with variable generation and
load demand volatility linked to renewable resources and demand management
(DR, DSM, etc.).
Specific objectives:


To demonstrate and assess the performance and interoperability of new
power technologies with the existing power system



To evaluate and validate the impact of technologies in order to measure
their added value for the electrical system as a whole, as well as deriving
operating practices that affect all other aspects of the TSO business



To investigate the impact of technology integration for cross-border
connections that are cost-effective and offer increased security of supply
in the pan-European power system



To define final product specifications, requirements and implementation
plans
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To embed technologies that increase RES integration and improve power
system stability



To provide field data for scaling-up and replication studies of innovative
network configurations at the EU level

A.2.2.3 Expected outcomes and impacts

50

Expected outcomes


Large scale
processes

demonstrations

of

adequate

technology

integration



Once technologies are validated on the basis of detailed scaling-up and
replication studies, TSOs can specify their future infrastructure needs.



Manufacturers may validate technologies under real, large scale working
conditions

Expected impacts
The successful demonstration of emerging technologies will stimulate innovation and
strengthen the technology leadership of European manufacturers and industries.
Once technologies have been tried, tested and proven to be cost-effective and
technically sound in Europe, they can be replicated in other parts of the world.

A.2.3 Structure of cluster 2
Figure 7: Structure of cluster 2: power technologies for future pan-EU transmission grid

T3: Demonstration of
power technology to
increase network
flexibility and operation
means

T5: Interfaces for
large-scale
demonstration of
renewable
integration

T4: Demonstration
of novel network
architectures
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T3

Demonstration of power technology to increase network flexibility and operation
means

Content

Challenges:
The complexity of the pan-European network requires highly flexible development of
transmission capacity and system operation to ensure security of supply. Furthermore,
the advent of a single pan-European electricity market with a free flow of energy
across multiple borders has led to increased cross-border power flows. Advance
transmission technologies must be tested and existing lines must be improved. The
integration of new technologies into existing infrastructures presents interoperability
issues that must be solved.
Objectives:
Emerging power technologies will be demonstrated and validated to increase the
flexibility and capacity of the existing power grid.
Another key issue is to determine the best methods to share data gleaned from widearea measurements between interconnected TSOs and to establish ancillary service
responsibilities in faulted modes of operation.
Scope:
Power control devices FACTS, PST, high-temperature cables, new type of conductors
(nano-technologies), HVDC VSC, storage and other technologies to be demonstrated
and validated.
Specific tasks:

To demonstrate the degree to which transfer capacity can be increased at the
cross-border level and present new operating schemes available through the
implementation of different approaches and technologies; to investigate all
possible technical solutions within the domain of each application; to perform
cost-benefit analyses of different case studies

To demonstrate power flow control devices that offer increased flexibility with
respect to energy flow across multiple transmission zones and borders

To demonstrate controllable off- and onshore solutions for vendor-independent,
HVDC multi-terminal networks used to coordinate power flow, frequency control
as well as protection and communications requirements

To implement solutions for wide-area monitoring systems and demonstrate how to
utilize such information in a coordinated manner during operations

To investigate the influence of parallel routing of DC and AC lines on the same
tower or parallel paths to facilitate existing infrastructure paths in an optimal
manner
New methodologies will be validated for upgrading the existing grid in C1 and
increase transmission capacity in a cost-effective and environmentally friendly
manner. This provides relief at network bottlenecks and help bridge short-term
investment delays. Furthermore, this may increase interest in power flow control
devices, thus favouring new parallel options for transmission line development.
A flexible network will be implemented that integrates RES and helps to cope with
demand
The overall system reliability and quality of service will be improved

TSOs

Technology providers

Research institutes
Technology involved:

Equipment and methodologies to monitor conductor temperatures, i.e., nanotechnologies- High-temperature power cables, lines and equipment

FACTS and PSTs
€ 100 million

Expected
outcomes

Expected
impacts
Main
contributors
Additional
information

Budget
estimation
Timeline

2010−2018

January 2013

51

EEGI Research and Innovation Roadmap 2013-2022

T4

Demonstration of novel network architectures

Content

Challenges:
Future network architecture may have the following characteristics:

Current voltage levels maintained at 380–400, 220 kV/150 kV with selective
reinforcements at bottlenecks

Introduction of new AC voltage level of 750 kV

Introduction of selected HVDC links

Realization of a DC grid

Utilization of superconducting power cables (conductors)

Greater use of underlying 380-400 kV network in separate sub-networks
Furthermore, an increasing number of high-voltage applications will utilize
superconductor technology (e.g., fault current limiters).
Objectives:

To evaluate the impact of new technology and novel network infrastructure in
large-scale experiments that address pan-European problems

To provide a reliable and stable backbone to support the internal European
electricity markets
Scope:
This project assesses the impact of power electronics on system infrastructure
(validation of on- and offshore options), which are to be quantified through
demonstrations.
Specific tasks:

To demonstrate on a large-scale new power technologies (incl. new materials)
such as HVDC VSC, superconductivity, energy storage, fault current limiters and
other promising technologies for joint management of on- and offshore networks

To validate various technology options to increase transmission capacity through
selective reinforcement or implementation of an ultra-high voltage transmission
system (“Super Grid”) or DC backbone

To propose new schemes to extend synchronous areas in the pan-European grid
and connect these with back-to-back HVDC to increase their utilization and
reduce the complexity of balancing, planning and operation

To do research on the devices and concepts required to materialize multi-terminal
DC grids which are to cope with current system needs and sources such as
offshore generation

To coordinate offshore networks interconnected with various control areas;
methods for coordinating load-frequency control, DC voltage control; other
technologies required for DC (VSC) network

To implement HVDC solutions to enhance reliability – bi-polar or mono-polar DC
schemes

To determinate standard DC voltage; since VSC technologies eliminate the need
for transformers, investment and maintenance costs will be reduced significantly.
Weight and space are cost drivers particularly for offshore installations
TSOs can select different cost-effective technology options to increase transmission
capacity while ensuring high-power system performance and efficiency.
Experimental data gathered during experiments will be utilized in planning models,
operational strategies and market simulators to validate network expansion and
network flexibility costs within different pan-European scenarios.
Large-scale demonstrations of power technologies provide feedback to
manufacturers so that they can improve quality and performance.
Technical and economic feasibility of architectures accounted for by the electricity
value chain players including regulators

TSOs;
Technology providers;
Research institutes
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Expected
outcomes

Expected
impacts
Main
contributors
Additional
information
Budget
estimation
Timeline

€ 120 million
2012−2018
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T5

Interfaces for large-scale demonstration of renewable integration

Content

Challenges:
In the current framework, RES present challenges to security of supply and economic
interests. With increasing wind and PV gradients, reserves must be increased to
maintain system stability. This will require high system margins on power reserves and
standby production, or curtailment of wind or PV production. With higher margins on
reserves, wind and PV integration leads to increased costs for balancing services and
ultimately higher costs for security of supply as well as for end-users. Another approach
is to implement frequency and voltage control with RES in the concept of the virtual
power plant (VPP). This necessitates an affordable coordination and communications
infrastructure.
Objectives:
The goal is to determine the best method of deploying and demonstrating different
concepts using ICT to integrate more RES.
Scope:
The main focus is to demonstrate ICT with innovative concepts that integrate RES.
Specific tasks:

To validate the contribution of RES to voltage and frequency control, balancing
using VPP

To monitor and control the network to avoid large-scale intra-zone oscillations

To validate integration scenarios where the network becomes more user-friendly
and copes with variable generation from RES.

To demonstrate with stakeholders various technologies to deploy the energy mix
from conventional and renewable resources
Effective rules will be validated for managing variable sources in liberalized energy
and power markets:
RES generation will be balanced cost-effectively over longer periods of time by
optimizing the entire value chain over central and local assets
Control procedures will be provided for system security and ancillary services and will
involve not only central power plants but also energy from wind, solar and DER.
More RES will be integrated into the pan-European system without impacting its
reliability
RES will deliver new value streams to the electricity system

TSOs

DSOs

Generation companies

Technology providers

ICT providers
Technology involved:

IT solutions to integration that are secure and scalable

Power electronics

HVDC technology
€ 130 million

Expected
outcomes

Expected
impacts
Main
contributors

Additional
information

Budget
estimation
Timeline

2010−2018

January 2013
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A.3 Cluster 3: Network operation
A.3.1 Context

54

The primary objective of all TSOs is to ensure security of supply and system reliability,
but the environment in which they have to do this is increasingly challenging. The
evolving energy mix accentuates these challenges as Europe pushes strongly
forward towards decarbonizing energy and becoming the global leader for green
power.
In the coming decades, incremental changes in the operation and management of
the electricity system will not suffice. With a large share of variable RES generation
(50-80%), operational planning and online operation of the power system is changing
radically and will become much more demanding. Accelerating this trend is the
progressive phasing out of conventional generation units responsible for covering
base and peak loads as well as ancillary services. Free electricity trade and power
flow across continental Europe will occur at previously unseen levels.
Instead of being determined on an annual basis, power system reserves will soon
greatly depend on daily wind and sun forecasts. Some TSOs have already adapted
their reserve management approach but one suspects that the current definition of
primary, secondary and tertiary sources should be completely revamped.
On the other hand, devices such as PMUs provide TSOs with new information and
hence opportunities for online monitoring. In this way, the power system can be
operated on real-time measurements. As look-ahead technologies supplant
historical data currently in use, power systems can be planned and operated much
more efficiently. This requires new algorithms and methodologies to be able to
handle and process the huge amount of information, as well as human-machine
interfaces (HMI) to support decision-making in control centres.
The electricity grid paradigm has shifted to another level and dimension. From
thousands of power plants connected to high-voltage systems a decade ago, the
grid is now fed from millions of low- to high-voltage generation units and countless
more are being added. The grid must be ready to integrate emerging technologies
(see cluster 2) so that the roll-out process is based on a controlled scaling-up process.
The power reserves required to maintain a reliable and secure system is one example
of the many concepts and processes that must be revisited – some of them in their
entirety. There are many consequences such as the need for improved
communications to allow DER to be controlled directly and/or indirectly and to
monitor effective delivery of the requested services. This represents a challenge due
January 2013
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to the reduction of corresponding reserves at the centralized level. New reserves will
be needed, coming either from flexible ‘conventional’ generation units, or from
centralized and decentralized RES, distributed generation, active demand and
storage systems. This requires efficient observability as well as controlling and
monitoring means.
TSOs must now address the new uncertainties and potential risks through new tasks
such as operational planning based on capacity allocation and also real-time
operations. Furthermore, TSOs have to review all of their traditional operating
procedures and network tools. These challenges require new methods and tools,
improved coordination between TSOs, DSOs and other stakeholders, new processes
as well as training for operators and planners.

A.3.2 Objectives
A.3.2.1 Gaps and barriers
Barriers impeding innovation
All stakeholders must be convinced of the
necessity of the drastic changes required in TSO
operations and planning. Even if analysis methods
and tools exist, the underlying assumptions they
rely upon leave too much uncertainty in the
equation.
Tools must be fed reliable data to be of use for
planners
and
operators: capabilities
and
responsibilities must be addressed when delivering
data to other parties.

Resistance to work on breakthrough approaches
for control & management, and resistance against
testing them in a real environment.

Trustworthy tools are critical for system operators –
who are ultimately responsible for security of
supply. Whereas some software providers claim to
have adequate and reliable tools, intellectual
property rights and proprietary modules often
impede transparent access to source codes for
building such trust.
Massive amounts of data with high sampling rate
that must be converted to information
appropriate for taking decisions

Knowledge gaps
Methods and tools must be improved and
demonstrated in a convincing manner. This
covers the ways and means that such tools are
shared among TSOs and how results are jointly
built and shared.
Beyond methods and tools, the difficulty of
gathering and managing the right data should
not be underestimated. On the one hand,
current data exchange barriers must be
overcome where reasonable. On the other
hand, some critical data (e.g., for probabilistic
forecasts) is not currently available and requires
R&D.
System operator involvement in the R&D projects
must be reinforced. Conceptual projects must at
least contain a demonstration package that
goes beyond studying what would be the
consequences of new methods and tools from a
researcher’s
perspective.
Operators
must
participate, possibly using dispatch simulation
systems when the consequences of involving real
operations could be too risky
TSOs must invite those software providers willing
to be transparent to participate in projects so
that trust established and existing tools can be
leveraged.

There is a need for methods and tools to collect
and provide a synthesis of data to be used for
supporting decisions during operational planning
and real-time operations.
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A.3.2.2 Objectives
The overall objective is to operate the transmission system and maintain high security
and reliability at reasonable costs. All TSOs have embraced and implemented a riskbased approach for making real-time and short-term decisions that affect both the
security of supply and the functioning of the market.
Specific objectives:

56
To develop new simulation techniques, improve observability and controllability and
hence increase the reliability of the pan-European network; the European power grid
is currently operating under stress and close to its limits – both thermal and dynamic
(frequency and voltage) – and must cope with increased RES generation and
growth in demand.


To develop new methodologies that improve – by design – the flexibility of
the system; these must increase controllability while coping with possible
stability issues. By reviewing the “N-1” or redundancy principles, system use
can be optimized while available capacities are best exploited to suit
market needs. New reliability criteria must be widely adopted by the TSO
community and the resulting safety margins must be balanced against
social welfare aspects.



To develop interfaces and tools that help operators appraise network
status and make decisions in real time (look-ahead functionality); this must
increase the observability of the system and enable optimized decisionmaking across Europe.



To improve and develop training methodologies for operators; this must
improve coordination for dealing with issues on a pan-European scale.
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A.3.2.3 Expected outcomes and impacts
Expected outcomes


R&D projects deliver new knowledge about the current and future system
functionality and limits (operational and complexity).



R&D projects deliver new methodologies, operating principles and tools to
be demonstrated at full scale



Large deployment will involve implementation projects by ENTSO-E
members;



Inputs to network code activities within ENTSO-E



Reduced probability of high impact, low probability contingencies (Black
Swan events48)

Expected impacts


Increased flexibility will welcome more RES and DSM



Minimized welfare losses due to black-out or major disturbances

A.3.3 Structure of Cluster 3
A multi-tiered approach is needed to achieve the network operation objectives.
There are four functional objectives for this cluster to gain new expertise and harvest
the benefits to enable further replication and large-scale deployment across Europe.
These involve developing new methods and tools to:
1. Increase network observability at regional and pan-European levels to enable
TSOs to perform appropriate control actions (T6)
2. Increase regional and pan-European coordination
 System operation within the required stability limits (T7)
 Handling contingencies at local, regional and pan-European levels to
prevent as well as manage disturbances
 By training operators to react to regional and pan-European
disturbances (T8) in case b) should fail

A Black Swan - as Nassin Nicholas Taleb explains it - is an event with the following three attributes. First, it is an
outlier, as it lies outside the realm of regular expectations, because nothing in the past can convincingly point to its
possibility. Second, it carries an extreme impact. Third, in spite of its outlier status, human nature makes us concoct
explanations for its occurrence after the fact, making it explainable and predictable. New York Times, 22 April 2007,
http://www.nytimes.com/2007/04/22/books/chapters/0422-1st-tale.html?_r=1
48
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3. Assess reliability at regional and pan-European levels (T9)

Figure 8: Structure of cluster 3: network operation

T6: Innovative tools and
methods to observe and control
the pan-European network

58
T9: Innovative
tools and
approaches for
pan-European
network
reliability
assessment

T7: Innovative
tools and
methods for
coordinated
operations with
stability margin
evaluation

T8: Improved training tools and
methods to ensure better
coordination at the regional and
pan-European levels
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T6

Innovative tools and methods to observe and control the pan-European network

Content

Challenges:
Monitoring, control and protection systems are critical to increase transmission system
observability and controllability but they cannot yet be applied within a pan-European
interconnected system. Transmission systems are being operated under increasingly
stressed conditions and are close to their stability limits. Massive integration of RES and
DER, potential development of hybrid networks (AC/DC grid) and the increasing levels
of interconnectivity require new monitoring methods. Currently, offline simulation tools
or remote measurements devices are used and offer only limited flexibility.
Objectives:
To provide solutions which improve the ability to observe and control the panEuropean system using information provided by local sensors (like PMU) and models, as
well as information provided by forecasting tools.
Scope:
The main focus is to improve transmission system observability and controllability at the
pan-European level. However, the methods and tools developed here must be able to
interact with those developed for the distribution grids and their interfaces with the
transmission grid (refer to FO TD1).
Specific tasks:
To assess and validate the performance of intelligent local sensors and data
processing equipment (with sensor manufacturers) against the requirements of state
estimation and dynamic simulation

To
develop
a
toolbox
to
increase
awareness
of
pan-European
operation/optimization vs. local and regional approaches

To develop local state models with a sufficient level of intelligence at the
substation level and to use this valuable information with state estimators and
dynamic simulation tools. These models will be aggregated for assessing the
observability and controllability at the pan-European level

To increase observability and improve state estimation accuracy (both steadystate and dynamic) through adequate modelling (including not only modelling
protection and system automatic schemes to some extent, but also by merging
transmission and distribution models)

To exploit the information provided by forecasts of variable generation and flexible
demand for observability and controllability purposes

To increase network controllability by proposing methods and tools for optimal and
coordinated use of flexible equipment such as FACTS, PSTs and HVDC links,
resulting in safe and cost-effective system operations (e.g., maximizing the global
social welfare)
Effective monitoring of the electricity system allows TSOs to make appropriate
decisions regarding system operational planning and real-time operation
Validation of the increased role of corrective actions
Facilitate massive integration of RES and increase interconnectivity while maintaining
high levels of system reliability

TSOs

Technology providers

ICT and service providers

Research institutes

Generation companies
PMUs and wide-area schemes open up new possibilities in power system control and
protection design, including the implementation of model-based (or model-predictive)
and/or adaptive controllers that previously have not been feasible or sufficiently useful.
€ 50 million

Expected
outcome
Expected
impact
Main
contributors

Additional
information
Budget
estimation
Timeline

2012–2020
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T7
Content

60

Expected
Outcome

Expected
impact
Main
Contributors
Additional
information

Budget estim.
Timeline

Innovative tools and methods for coordinated operation with stability margin evaluation
Challenges:
During the last decade, the system moved from a very well-planned and almost
predetermined operation to a more volatile mode with many more uncertainties in
different parts of the electricity system value chain (generation, transmission,
distribution, consumption, etc.). The expanding share of RES is affecting power system
operations by raising the volatility of flows in the grid. This increases the complexity of
managing balancing and congestion problems while still maintaining security of supply.
Moreover, dynamic aspects must be monitored in real-time (or as closely as possible)
and planning must be performed on a daily basis. Today, operators understand their
system weaknesses and make decisions based on past experience. Increasingly rapid
changes make the learning process more complex. Guidance is needed so that
appropriate decisions can be made quickly. Once the worst-case scenario has been
identified, an elaborate defence plan must be defined. Hence, operational procedures
are becoming more complex than ever before.
Objectives:
New tools will be developed to facilitate the harmonization and coordination of
operational procedures between TSOs so that electricity is delivered at the level of
quality customers require.
Scope:
The main focus of this functional objective (FO) should be addressed in transmission
systems at the pan-European, regional and national levels.
Specific tasks:

To assess the effectiveness of control actions that deliver the right level of reliability
while facing uncertainties from the large-scale deployment of RES and market
integration

To develop approaches for optimal provisioning, dimensioning and sourcing of
reserves together with local and/or regional distribution to maintain security of
supply; to deliver dynamic management of system reserves at regional and panEuropean levels

To implement stochastic approaches to critical optimization variables (larger
dispersions around the deterministic values obtained from the current steady state
simulation tools) to cope adequately with uncertainties

To facilitate converging policies for operational planning and to support the
harmonization of operating rules across Europe

To propose data exchange procedures for adequate system simulation; to identify
critical contingencies and to assess residual risks while taking into account
effectiveness and availability of control actions and automatic protection schemes
while identifying action paths to be implemented

To enable real-time detection of instabilities and prevent limit transgression in
transmission systems; to develop new approaches to coordinate defence and
restoration plans
TSOs will be able to maintain system stability and high-quality supply of energy to
consumers. The system will be operated in a coordinated and reliable manner through
the use of new tools, methods and expertise, according to a new European reliability
doctrine (see FO T9).
It will also support the creation of coordinated defence and restoration plans based on
a new set of principles and methods which account for uncertainties
Maintain security of supply at the level required by end users

TSOs;

Research institutes
The functional objectives are best achieved using the mixed logical-dynamical method
wherein the most logical expressions are transformed into equivalent forms using
discrete variables, or using the equilibrium constraints and solvers method for handling
continuous and discrete variables (large-scale mixed integer linear problems or
complementary constraints) simultaneously and robustly.
€ 30 million
2012–2017
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T8
Contents

Expected
outcome

Expected
impact
Main
contributors
Additional
information

Budget estim
Timeline

Improved training tools and methods to ensure better coordination at the regional and
pan-European levels
Challenges
The increasingly rapid evolution of transmission systems requires operators to be
updated and trained on a regular basis. There’s a need to enhance existing training
tools and develop new training tools to simulate uncertainties, automatic control
actions and the dynamic behaviour of the changing transmission system. The
development should focus on managing a broader scope of activities. Since an
increasing level of coordination is required, coordinated trainings are necessary where
personnel from different TSOs are trained to interact with each other – but also the
interaction between DSOs and power plant operators is important.
Simulator and training facilities must evolve to cope with modelling the increasing
complexity of operations in the presence of a large amount of RES.
Objectives:
Training facilities will be developed and validated at the prototype level with
dispatchers. This involves novel man-machine interfaces where the state of
neighbouring systems is displayed using new visualization techniques and allows
interactions between operators in either simulated or real scenarios.
Scope:
This functional objective (FO) addresses mainly system operators, system analysts and
those in charge of control centres for the various members of ENTSO-E. To improve
cooperation and coordination efforts, the interaction with external market participants
– as DSOs and operators and those responsible at control centres for the various
generation units – should be considered.
Specific tasks:

To deliver and enhance real-time simulation of the entire interconnected
European power system for training purposes

To train dispatchers to reproduce and understand large-scale incidents

To provide training as well as certification to operators on a validated European
power system model and improve emergency response procedures

To make the dispatching training simulation facility available to other operators
such as power plant operators and distribution network operators; hence to
improve the network interfaces between transmission/generation and
transmission/distribution

To develop and test common procedures for emergency scenarios

To enable operator training by specifying the training simulator of the future,
including the validation of critical algorithms

To enable experimentation on what future training should include and who should
be involved in order to learn and test the benefits of coordination mechanisms in
stable and critical situations

To establish, validate and deliver default data to fill all the gaps in such a way that
simulations are realistic enough for the targeted use.
Timely and coordinated common training tools and methods for operators (involving
coordination procedures) minimizes system risks and impacts when large-scale
disturbances occur within the pan-European system (including partial or whole system
blackouts). They facilitate system restoration and an in-depth understanding of how
the interconnected system behaves. Training raises the skills of the network operating
workforce: this in turn minimizes human risks in handling complex network operations.
Global leadership position in system training


TSOs ; IT providers ; Training centres; Manufacturers; Research institutes

IT systems for training and simulations
Software tools have already been developed (e.g. PEGASE project and individual
TSO solutions)

Important to have universities participate to educate new power system engineers
€ 25 million



2013–2017
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T9
Contents

62

Expected
outcome

Expected
impact
Main
contributors
Additional
information
Budget
estimation
Timeline

Innovative tools and approaches for pan-European network reliability assessment
Challenges
Operational planning is one of the most challenging tasks for TSOs. The current security
criteria (the N-1 criteria) is a simple, robust, harmonized and transparent way of
planning and operating transmission grids that was developed decades ago. The
integration of renewable energy sources such as wind- and solar power has
considerably changed and will continue to change the way transmission systems are
planned and operated. In addition, the presence of both AC and DC links will make
operation of the pan-European system even more challenging. In this perspective it is
relevant to analyse if the N-1 criteria is still adequate for planning and operating
transmission grids or if it has to be complemented to take into account the variability of
RES and demand.
Objectives:
New principles designed to deliver the right level of reliability when managing the new
pan-European system architecture must evolve without jeopardizing present-day
reliability levels. The current N-1 criteria have been used for many years and therefore it
is prudent to evaluate them against future reliability requirements.
The consequences of the future security criteria must be analysed comparing the
resulting technical benefits (security of supply) against the social costs (welfare).
Scope:
This FO does not cover reserve management (T7), approaches for balancing or
ancillary services.
Specific tasks:

To evaluate the current performance of the (N-1) criteria security principles and
the required level of reliability from the customer’s perspective

To identify the possible options for replacing (or complementing) the current
reliability principles using a system approach to be used in different aspects of
TSOs business: grid development, markets, etc.

To define the additional information to be exchanged and the additional
coordination needed to support deployment, and to ensure effective and
sufficient security margins during operation and operational planning

To provide an appropriate approach to risk assessment for the evaluated criteria
based on probabilistic analyses which takes into account correlations in the power
system

To develop indicators for the evaluated criteria for network operators to help them
make decisions for preventive and curative actions
The outcome sets the grounds for future European principles that allow evolutions of
system design and operations while taking advantage of the benefits of all new
technologies. The tools allow TSOs to integrate new technologies in system planning
procedures to maintain or increase today's system security and reliability levels.
An optimized use of the European transmission system which allows integration of RES
without decreasing today’s system security considering social welfare

TSOs

Research institutes
Simulation and optimization tools and cost-benefit methodologies adapted to the
pan-European system for both design and operations.
€ 20 million
2012–2018
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A.4 Cluster 4: Market designs
A.4.1 Context
The unbundling and liberalization of the electricity markets in Europe have
highlighted one specific characteristic of electricity markets: working rules and the
resulting efficiency are very much affected by the technical performance of a given
network – at the transmission and distribution levels. The business model of the
industry has evolved progressively. TSOs, DSOs, regulators, power producers,
suppliers, traders, industrial consumers and RES project developers are playing key
roles in delivering an efficient electricity market. Thus, market facilitation involves a
multidisciplinary approach to research activities, whereby network operators,
manufacturers and economists must cooperate closely in addressing the many
barriers that have been currently ascertained.
Large-scale deployment in Europe of variable renewables with reduced
predictability and the integration of demand-side management creates significant
challenges for balancing control. This includes managing reserves and response to
unplanned power plant outages. Ancillary services are increasingly necessary to
compensate for uncertainties inherent in forecasting demand, wind and solar
generation. This implies the need for more ancillary services as RES are increasingly
integrated. In restructured electricity markets, the trend is towards decoupling the
operational aspect of balancing control and the market settlement aspect of
managing deviations in generation and consumption.
This also brings regulatory challenges. Adequate incentives are needed for investors
and for grid operators to best exploit the benefits offered by these technologies.
Improved and integrated balancing markets are mandatory as well as new ancillary
services.
On the way towards the IEM, several coordination initiatives are being developed at
the regional level. The approach to integrate the pan-European markets, assuming
appropriate interconnection capacities between countries, should ideally augment
price convergence between different areas through the efficient use of available
means across all of Europe. However, without appropriate market mechanisms, price
volatility will likely increase on a daily or even hourly basis. While price spikes indicate
the need for flexible peak units, current signals to investors regarding the need for
peak units are becoming more difficult to translate into investment decisions due to
periods of very low prices. System adequacy will become increasingly difficult to
manage, as the operating hours of conventional units decrease in favour of energy
generated from RES.

January 2013

63

EEGI Research and Innovation Roadmap 2013-2022

One of the prerequisites for understanding the new market dynamics at a panEuropean level is to model their dynamic interactions, taking into account the
technical constraints identified in the transmission systems, and to find a way to
overcome them.

64

Regardless of the capacity calculation method and allocation approach used, TSOs
and regulators should use risk assessment methods to control the economic costs
derived from counter-trading measures. Another issue is how to obtain more efficient
interfacing between the physical network and market operation models by applying
different techniques developed in on-going R&D projects.
Several solutions are being researched and developed at the pan-European level,
including load aggregation and virtual power plants. This impacts new connection
rules, new market designs and new responsibilities for TSOs and DSOs as well other
market players (e.g., balancing responsible parties, aggregators, etc.) and institutions
(National Regulatory Authorities, ACER, etc.).
Revisiting the business model of the industry as a whole helps to define regulations,
incentives and other mechanisms that aim to decarbonize Europe while maintaining
security of supply and energy efficiency.
Maintaining secure 24/7 operation of the grid will be very challenging simply
because the pan-European transmission grid will involve so many different market
participants.
Adequate correlation and harmonization between market rules and operational
rules must be given. For instance, the schedule changes can impact upon the
system frequency (see deterministic frequency deviations reports).

A.4.2 Objectives
A.4.2.1 Gaps and barriers
Barriers impeding innovation

Knowledge gaps

The integration of the European energy market is
progressing but still not complete

Large-scale market simulation tools involving
renewables, demand-side response and storage
systems are needed to understand complex
market interactions

Cross-border interaction, including more
efficient congestion management, must be
optimized

New market design required for balancing
and for ancillary services across Europe
(opportunities and benefits)

Behaviour of market participants is sometimes
unpredictable – such situations can increase the
risk of severe incidents on the pan-European
transmission grid
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Barriers impeding innovation

Knowledge gaps

Decisions to build new power plants are strongly
linked to political and regulatory framework –
business cases can change rapidly and disturb
market models
Huge increase of variable RES production causes
more uncertainties for the market and also for
transmission system operations

Visions are needed for future markets (e.g.,
capacity markets) and future market spread
including structural constraints between those
markets

New market models for integrating RES must
be implemented

Energy-efficient networks with optimal
exploitation
of
DER,
demand-side
management and electricity storage
New grid tariff designs and investment incentive
regimes must be assessed

Many different regulation regimes exist in Europe
and make comparison between various market
situations very complex
Lack of sufficient interconnections between
countries





Find new ways and means of increasing
interconnections between different systems
(as per TYNDP)
The interdependencies between market
mechanisms and infrastructure development
must be better understood

A.4.2.2 Objectives
This cluster studies ways and means of facilitating interactions between the European
electricity markets and the pan-European transmission system. The aim is to achieve
a more efficient market with an optimized energy mix and security of supply.
Potential reviews of market designs must be analysed to ensure they can cope with
the variability of renewable energy generation as well as with demand-side
management and energy storage.
Specific objectives:


Large-scale market simulation tools involving renewables, demand-side
response and storage systems at the transmission level



Cross-border
interactions,
management



Designing new markets for balancing and ancillary services at the
transmission level and with a European dimension

including

more

efficient

congestion

A.4.2.3 Expected outcomes and impacts
Expected outcomes:


Improved understanding of market participant behaviour and market
interdependencies



New market approaches will be determined and best practices found
January 2013
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Expected impacts:
The completion of the European energy market will:

66



Contribute to integrating volatile energy generation from RES



Help to identify the “setscrews” for the market



Result in recommendations for novel regulatory schemes that optimize
new value streams (ancillary services, balancing, storage, etc.)

A.4.3 Structure of cluster 4
Market designs are mandatory as an economical means to calculate fair payment
for usage of transmission capacity. They are also essential to fully integrate and
exploit the benefits of RES and to manage energy demand and storage. FO T10
focuses on developing frameworks and market tools for ancillary and balancing
applications including active demand management. However, more than this must
be done to maintain security of supply and efficiency when integrating very large
volumes of RES. This is addressed in FO T12. Finally, fair calculation of capacity
allocation and congestion management is handled in T11.
Figure 9: Structure of Cluster 4: Market Designs

T10: Advanced pan-European
market tools for ancillary
services and balancing,
including active demand
management

T12: Tools and market
mechanisms for ensuring
system adequacy and
efficiency in electric
systems integrating very
large amounts of RES
generation
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T1049
Content

Expected
outcome

Expected
impact
Main
contributors
Additional
information

Budget
estimation
Timeline

49

Advanced pan-European market tools for ancillary services and balancing, including
active demand management
Challenges:
Current EU targets for integration of RES – in particular wind and solar energy – present
significant challenges for balancing control and management of power and energy
reserves within existing transmission grids. Balancing control can be seen as two fairly
independent tasks: maintaining the grid frequency within definite limits and real-time
management of network congestion arising from unplanned deviations.
Novel market simulation tools are needed to properly design pan-European value
streams.
Objectives:
New market tools are to be delivered that go beyond those currently used in member
states. These are to stimulate RES involvement, active demand and storage systems,
contribute to system balancing and provide ancillary services.
Scope:
Optimal utilization of ancillary and balancing services at pan-European level well
integrated in market mechanisms enabling also regional approaches.
Specific tasks:

To model aggregated RES/DER, flexible conventional generation, demand and
storage systems to be used for market design, market mechanisms and simulation
tools for planning and operation purposes

To design market mechanisms for incentivizing both maximization of the provision
of ancillary services (including aggregated RES, cogeneration and high-efficiency
production, demand, storage etc.) and the minimization of the use of ancillary
services; the aim is to harmonize the requirements of provider licenses with
supervision, control and recording of services provided

To develop a new tool for detailed analyses of various balancing market designs
to identify best practices and to perform large-scale experiments with metered
customers that demonstrate the costs and benefits of demand-side management
required at the pan-European level

To design and develop mechanisms and platforms for cross-border balancing and
power reserve services, moving towards possible future development of
regional/pan-regional platforms and even markets based on economic and
technical analyses, all while operating within the required security margins

To develop a set of data exchange templates and ICT infrastructures to enable
ancillary and balancing services at the EU level
Business models and frameworks will be delivered for the pan-European grid that
improves the real-time market for balancing services. This will be achieved by
implementing technologies that make the pan-European grid more flexible and
reliable to cope with security of supply.
Cost-benefit analyses will be available for each market player in various business cases
in support of further system optimization

TSOs; DSOs ; Energy service companies; Power utilities; ICT and automation
providers; Research institutes; Regulatory authorities

Optimization techniques and market simulation tools constrained by transmission
issues

Telecommunications, metering and monitoring

Control and management algorithms

Software tools for forecasting
Work done in this FO is interdependent on T1, T2
€ 30 million
2012–2018

T13 in the ENTSO-E R&D Plan update 2011 is merged in this FO
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T11
Content

68

Expected
outcome

Expected
impact

Advanced tools for capacity allocation and congestion management
Challenges:
Pan-European power flows within a free energy market plus massive integration of
variable RES are resulting in local and regional bottlenecks. A fair charging mechanism
for capacity use is needed.
Regardless of the methods used to calculate capacities and allocation, risk
assessment methods must be used that control economic costs derived from countertrading measures and to assess the trade off in economic surplus between the costs of
re-dispatch, counter trade and benefits of the resulting increase in capacity. The
transmission reliability margin — a security margin — copes with uncertainties by
computing transfer capacity values.
The main challenges that remain to be resolved are how to manage congestion and
deviations from planned operations that result from such a solution. This requires not
only new transmission capacity and flexibility in power flow control, but also new tools
for market and network analysis.
Objectives:
Network-constrained market simulation tools are to be developed that provide
recommendations about specific network management and market designs. This
makes it possible to manage congestion within the pan-European grids without
affecting system reliability. The tools to be delivered should be synchronized with
current market coupling initiatives.
Scope:
This FO consists of several steps that integrate the various elementary research results
generated by the activities in Cluster 4:

At a theoretical level, to compare current tools and the results developed at the
national level involving power systems engineering, operations research and
economics

To validate that a flow-based market coupling approach can be applied across a
wide region with interdependent flows; coexisting with ATC market coupling
approaches in other adjacent regions without interdependent flows

To introduce simulation options that account for interactions between the various
regulatory frameworks

To introduce data on transmission and generation that are vital to achieve
meaningful results
Specific tasks:

To investigate interactions between system operations and dynamic capacity and
reserve allocation methods at the regional and pan-European levels to cope with
uncertainties from RES, load and system disturbances

To model strategies in view of improved congestion management and to analyse
the possibility of more efficient options, if any exist, for the pan-European electricity
market

To expand flow-based market coupling in areas with interdependent flows, based
on successful experience

To develop an algorithm for computing potential extra capacities in real time or as
closely as possible; taking into account security criteria and without the need for
counter-trading issues

To performing risk-benefit analyses and develop an interface using the Congestion
Management Module (CMM)
Delivery of new congestion management rules that do not impact system reliability by
implementing flow-based market coupling and improving the methods for calculating
capacity and assessing risk.
Specific network management procedures will be developed to cope with
uncertainties in transfer capacity values and achieve the most cost-effective balance
between profit and security of the system.
Transparent and flexible operation of the pan-European electricity market.
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T11
Main
contributors

Additional
information
Budget
estimation
Timeline

Advanced tools for capacity allocation and congestion management

TSOs

Generation companies

Research institutes

Service providers

Regulatory authorities
Technology involved:

Simulation techniques
€ 25 million

69

2012–2018
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T12
Content

70

Expected
outcome

Expected
impact
Main
contributors

Additional
information
Budget
estimation
Timeline

Tools and market mechanisms for ensuring system adequacy and efficiency in electric
systems integrating very large amounts of RES generation
Challenges:
The European transmission grid has been constantly evolving for many years. More
recently, markets have been changing with the growth of on- and offshore renewable
production at different locations and with different shares of various technologies.
The integration of variable generation requires additional security margins in the d-2
and d-1 scheduling processes. Therefore, consideration should be given to the
development of improved market models and simulation tools which would allow
adequate system capacity to host a large share of RES generation.
Objectives:
Together with the infrastructure development mentioned in T5, market models and
simulation tools may, for instance, improve generation shifts. They may also provide
recommendations on specific rules for integrating renewables in power, balancing
and system services and therefore allow massive integration of RES.
The objective of the models and simulation tools is to demonstrate the results of the
enforcement of specific market designs for integrating renewables into power
balancing and system services, while accounting for infrastructure development. In this
way, RES can be freely integrated into the electricity market and improve the
generation shift and power balance without interrupting the quality and reliability of
service.
Scope:
This FO is based on what has been achieved in the Optimate, EWIS, Twenties,
TradeWind and other projects related to the research and integration of RES.
The goal is to develop a toolbox that utilizes the building blocks from on-going projects.
It is, therefore, required in order to study the detailed impact of scalable and
replicable solutions for renewable integration using not only power markets but also
system services.
Specific tasks:
To design market mechanisms that allow participation of RES (active and reactive
power control), storage devices and conventional generation shift to ensure system
adequacy and efficiency
To design investment incentive regimes that promote conventional and RES
generation flexibility, new transmission capacity and to foster storage systems
To design grid tariff mechanisms for active demand-side management to correlate the
load curve and RES integration
A simulation toolbox will be delivered that quantifies the economic impact of multiple
renewable integration routes through large-scale experiments. This tests the market
integration of renewable generation while accounting for the results of the TWENTIES
project. As a result, it will be possible to make long-term forecasts of costs and benefits
for the market and individual customers.
Increased integration of RES and maximized welfare through correct market signals at
acceptable reliability levels

TSOs

Research institutes

Generation companies

DSOs

Power exchanges

Regulatory authorities

€ 20 million
2010–2014
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A.5 Cluster 5: Asset management
A.5.1 Context
Asset management aims at maintaining robust and cost-effective network
infrastructures with reliable performances. Thus, it helps to decide when old
components are to be kept or when, due to reasons of reliability, serviceability
and/or availability, new equipment is required for part of or even the entire network.
These decisions directly impact the network OPEX and CAPEX as negotiated with
regulators.
So far, these decisions are guided by several pieces of data:


Ex-ante reliability figures provided by manufacturers



Ex-post knowledge of real-life equipment reliability

Recorded knowledge of normalized constraints under which equipment has been
operated.
While taking worker’s safety into account, existing networks are continuously
challenged to choose from the following options:


Implementing maintenance procedures to extend lifetime



Upgrading equipment to increase lifetime or replace failing subsystems



Partial replacement of infrastructure

This challenge becomes even more daunting when TSOs face public reluctance50 to
accept new overhead lines. Novel technology options will therefore come into the
picture such as, for instance, long underground HVAC cables, HVDC cables, AC/DC
converters, FACTS, PSTs as well as complex protection, control and supervision
systems. These new technologies also present asset management issues such as: is it
possible to perform live “line-work” on DC devices to avoid outages?
The coexistence of new and old assets will therefore connect with the overarching
goals for interconnected TSOs. That is to say, how can extra capacity be gained for

Low social acceptance: negative impact on landscape, Not In My Backyard “NIMBY” syndrome and now fear of
hypothetical electromagnetic effects; “NOCEBO” people become sick through strong belief that nearby overhead
power lines have a negative impact of their health. There is no scientific evidence of such impact.
50
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the existing network while working within acceptable reliability constraints at
affordable costs?

72

The present cluster aims at revisiting the current approaches in light of the above
trends while facing a paradigm shift in asset design. Here the question is: can working
specifications for equipment be dedicated to specific areas of the network to
maximize asset lifetime while keeping reliability levels within acceptable values and
increasing network capacity according to local asset management (which includes
old, revamped and new assets)?

A.5.2 Objectives
A.5.2.1 Barriers and gaps
Barriers impeding innovation
The use of conventional components will
change due to more variable power flows
generated by variable generations.

The lifetime behaviour of new components using
ever more power electronics must be better
understood since they are increasingly deployed
in the network.
Over the past decade, substation automation
gear has utilized digital technology. For the first
generation systems, the lifespan issues become
critical. Due to the lack of standardization for this
first generation of gear, they are generally based
on proprietary solutions. Introduction of the IEC
61850 standard is one part of the solution.
The maintenance strategies are generally based
on periodic inspections and standardized
preventive
maintenance
actions.
These
strategies are easy to implement and organize
but certainly not optimal for reducing costs and
improving grid flexibility.
A new possibility is to use automated systems
such as robots to detect and monitor problems
or even to intervene in hostile environments.
Autonomous robots equipped with video and
thermo-graphic sensors have been tested for
substation monitoring.

Knowledge gaps
The technology lifespan has already been quite
extensively studied for conventional equipment
(power line conductors, insulators, breakers).
The aging process of some materials (e.g.,
insulators in oil) is still not fully understood and more
research is needed to understand the impact of
variable power flows.
Aging of FACTS and HVDC components under
variable power flows.

Special attention must be paid to embedded
software and communication systems becoming
obsolete. New bugs in “obsolete” software could
be generated due to new operating conditions: it
might be very difficult to fix bugs in older source
code (lost knowledge, lack of compilers…).

ICT solutions in substations should allow information
to be collected on component health and life
state. The issue is to process and exploit large
amounts of raw information to improve asset
management. Solutions must be designed,
developed and tested to address these issues,
beginning with a few critical components.
Demonstrations of a robotized approach are
required before they can be commercialized.
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A.5.2.2 Objectives
The overarching goal of this cluster is to maximize the value for money of component
assembly, thanks to both improved monitoring of health (under managed working
conditions) and to improved preventative maintenance decisions suited to local
network conditions.
Moving away from “normalized” implementation of power components while
achieving the overarching goals requires the pursuit of several objectives:


Validation of new monitoring concepts for primary and secondary
components in view of scheduling maintenance that maximizes network
flexibility



Utilization of conditional maintenance in view of further increasing network
flexibility



Anticipation of novel maintenance methodologies for new power
technologies (HVDC links, AC/C converters, underground cables)



Better understanding of how network working conditions impacts the
aging of critical components, using ex-post analysis of assets that have
been removed from the grid

A.5.2.3 Expected outcomes and impacts
Expected Outcomes


New approaches to extend the lifetime of existing power components
thanks to improved real-time monitoring of their health



New maintenance approaches to manage critical assets based on local
optimization that are shown to reduce operational costs while increasing
network flexibility and ensuring adequate power quality



Optimized maintenance approaches for new network components and
increase the availability of transmission networks, as well as reduction of
maintenance actions and duration needed for new or maintenance work



New specifications for manufacturers of sensors and IT systems able to
further support health monitoring, conditional maintenance and overall
improved asset management



Recommendations for scaling-up and replicating of coordinated asset
management techniques



Interoperability and standardization guidelines of component health
monitoring systems constructed jointly with manufacturers



Operator training recommendations are proposed to support novel asset
management approaches
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Expected impacts
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Easier integration of renewable generation due to a greater grid flexibility
provided by an optimal asset management



Greater grid capacity for the electricity market leading to a more efficient
market. For the same level of quality and security of supply, a smarter
asset management offers more grid capacity



Reduced costs of the asset maintenance activities with increased
performance of existing assets



Smooth integration of new technologies with optimum OPEX

A.5.3 Structure of cluster 5
This cluster is built on three functional objectives. T15 focuses on the component level
where methodologies are developed to determine and to maximize the lifetime of
critical power components for existing and future networks. In-depth knowledge
about the way each component performs is essential to develop methods and tools
to optimize the asset lifetime at system level, and this is derived from the quantitative
cost/benefit analyses in T16. Finally, T17 demonstrates the potential at the EU level for
new asset management approaches.
Figure 10: Structure of cluster 5 asset management

T15: Developing
approaches to determine
and to maximize the
lifetime of critical power
components for existing
and future networks

T17: Demonstrations
of new asset
management
approaches at EU
level

T16: Development
and validation of tools
which optimize asset
maintenance at the
system level, based
on quantitative
cost/benefit analysis
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T15
Contents

Expected
outcomes

Expected
impacts

Main
contributors

Developing approaches to determine and to maximize the lifetime of critical power
components for existing and future networks
Challenges
So far, asset management relies on an average life-span of equipment as a function of
a few critical working parameters (e.g., working temperature, number of switching,
etc.).
A challenge is to revisit the lifetime prediction modelling based on extended
parameters that can be easily monitored (based on a trade-off between the extra
cost for monitoring and the expected lifetime expansion). The other challenge is to
account for the reliability of the new monitoring system itself.
Objectives
Various approaches of calculating and maximizing the lifetime of critical power
components for the existing and future networks are to be developed and validated.
Scope:

To cover a significant part of critical network componentry

To include field data of several TSOs from different climates and operating
voltages

To involve manufacturers in the technology choices in view of preparing future
demonstrations
Specific tasks
The following tasks are tentatively planned for each component:

To identify the parameters (climate conditions, operating conditions, potential for
hardware and software, among others) that impact the life span of components

To establish evaluation/estimation protocols for component statuses that are
comparable across TSOs, with in-depth analysis and shared experiences

To develop a methodology to determine and expand the life span of components
including conventional components (conductor, insulator, tower, breaker, etc.)
and new components such as power electronic devices and digital devices

To propose dedicated, intelligent monitoring and analysis of results from
equipment operation

If necessary, specify new measurement devices and associated ICT system

To assess the environmental impact (noise, leakage, etc.) and safety for workers or
nearby inhabitants (especially in case of failure), taking into account aging
processes and technical obsolescence

To validate the added value of individual lifetime assessment compared to an
average assessment of several similar components based on generic parameters
(age of equipment, switching steps, etc.)

To assess the benefits of partially renewing small components (joints, etc.) or
adding new protective layers (paint coating) to extend life span. A methodology
is to be developed that assesses the capability of each component to be partially
repaired or where the coating is to be replaced

To develop new ways of detecting component failure based on failure models
For each component, an approach for local health monitoring is proposed based on
a wide coverage of climate and working conditions
The life span prediction model is based on past real-life data of existing equipment
Lifetime prediction models for new components are determined jointly with
manufacturers
More TSOs can contribute to strengthen the proposed approaches
More manufacturers can contribute with their own technology
Feedback from TSOs to technology manufacturers for future health monitoring systems
Delayed network investments to ensure the same capacity
Increased network flexibility for grid users at optimized OPEX which allows a larger
share of RES and increased security of supply
Standards for health monitoring equipment for power technologies at the panEuropean level




TSOs
Technology providers, manufacturers, IT providers
Research institutes
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T15

Developing approaches to determine and to maximize the lifetime of critical power
components for existing and future networks

Additional
information

The associated IT system at the substation and enterprise levels must be defined and
costs evaluated.
Standards could help implement efficient asset management methodologies for the
same type of equipment from different manufacturers.
At least 5 critical technologies will be investigated in parallel during the first 5 years.
€ 30 million

Budget
estimation
Timeline

2014–2018
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T16

Development and validation of tools which optimize asset maintenance at the system
level, based on quantitative cost/benefit analysis

Content

Challenges:
Asset management based on optimization at the system level is complex. Since all
decision-making processes must be taken into account, this requires a well-defined
level of system reliability. The main R&D challenge is to specify and develop a realistic
and workable approach, using relevant approximation and heuristics.
Objectives:
Development and validation of tools which optimize the asset lifetime at system level,
based on quantitative cost/benefit analyses
Scope:
Specify approaches and tools to prepare optimal decisions for asset management:
covering the health monitoring of several technologies for a given network. These
approaches must answer the following questions:

Which equipment has to be replaced, repaired or upgraded and when (e.g.,
preventatively)?

How many spare parts are needed, how much maintenance personnel is required
and where should maintenance personnel and spare parts warehouses be
situated to minimize undeliverable energy?
Specific tasks:

To define methods and tools to optimize asset management at the system level.
The proposed methodology provides an assessment of the costs and benefits of
different asset management strategies. The methodology proposes a risk-based
approach at the system level, including interactions between equipment, impacts
on security and quality of supply and also environmental and safety constraints.
The organization of maintenance work, availability of spare parts (supply chain,
quantity of spare parts and location) are part of the global optimization challenge

Provide tools for dynamic management of outage planning & maintenance
schedules.
By combining results from T15 and T16, participating TSOs are able to test their
approach on the same subset of equipment in different ENTSO-E control zones
OPEX reduction will be quantified for this subset; other components can be defined for
T15, whereas T16 is extended to cover them
Scaling and replication activities will be specified for T17
Manufacturers will do more for ensuring interoperability and will define standards for
monitoring equipment health
TSOs will further optimize asset management of the transmission system, including
replacement, supervision and maintenance policies. A number of maintenance
actions will evolve and their priority level, total cost and benefits to grid performance
will be recorded.
Maintain system reliability at lower costs whatever the RES share in the power mix

Expected
outcomes

Expected
impact
Partners
involved

Additional
information

Budget
estimation
Timeline





TSOs
ICT providers
Research institutes

The methodology and tools must be flexible and adaptable for each European TSO
with different types of constraints and rules. Approximation and heuristics could be
different from one TSO to another.
Two large projects embedded with ICT, involving several TSOs (€ 15 million each, 3–5
years).
€ 30 million
2014–2018
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T17

Demonstrations of new asset management approaches at EU level

Content

Challenges:
The challenge is to demonstrate how integrated asset management approaches can
be implemented, scaled up and replicated at managed costs and that the expected
benefits are realized.
The demonstration could be done using a few types of equipment at substation level.
Next, the scaling-up and replication of the results must be performed in several control
zones. Expected benefits at the system level can be quantified within given
approximations.
Objectives:
The scaling-up of new asset management approaches and its potential for replication
at the EU level are to be demonstrated.
Scope:

Demonstrations in several control zones with several manufacturers

A typical set of critical power technologies

Experimental results to prepare for scaling-up and replication
Specific tasks:

To utilize embedded ICT to monitor individual assets and to define a method of
supervision based on this information at the system level for several TSOs in parallel

To implement robotics for problem detection as well as to intervene in hostile
environments and avoid the need for human maintenance. These include UAV to
inspect overhead lines and robots that move while “grabbing” the conductors

To implement maintenance activities with the network “on”, especially for DC
equipment

To propose scaling-up and replication rules for new asset management
approaches at the pan-European level
Validation of the proposed solutions for asset management, with the assessment of
their future replication and scaling up at the pan-European level

TSO maintenance rules revisited with standards and interoperability of health
monitoring system, and decision-making tools for asset management at TSOs level

TSOs can specify technical specifications to manufacturers for deployment

TSOs achieve increased network flexibility and capacity, reduced OPEX and
delayed capital investment
Maintain system reliability at lower costs whatever the RES share in the power mix
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Expected
outcomes

Expected
impact
Main
contributors
Additional
information
Budget
estimation
Timeline


TSOs

ICT providers

Research institutes

Several years of operations are needed to quantify costs and benefits

Five control zones X € 15 million demonstration per control zone
€ 75 million
2017–2022
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A.6 Budget details
A.6.1 Changes between the 2010 and 2013 Roadmaps
The table below compares the 2010 and 2013 version of the ENTSO-E roadmap.
Please note that the T13 functional objective of the 2010 roadmap has been merged
into T10 for the 2013 roadmap.
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M€

Roadmap 2010-2018

Clusters

19 A toolbox for new network architecture assessment

T151

21 Tools to analyse the pan-European network expansion options

T2

Environmental impact and social acceptance of transmission
50
T14
facilities

80 Demonstrations of power technologies for more network flexibility

80

T3

120 Demonstrations of power technologies for new architectures

T4

130 Demonstrations of renewable integration

T5

12 Innovative tools for pan-European network observability

C2
Power
Technologies

T6

Innovative tools for coordinated operations with stability margin
T7
evaluation
Improved training tools to ensure better coordination at the
25
T8
regional & pan-European levels

24

14

C1
Grid
Architecture

C3
Network
Operation

T10

21 Advanced tools for capacity allocation congestion management

T11
T12

14 Tools for renewable market integration

Tools for the integration of active demand into electrical system T1352
12
operations

M€
20

T1

Definition of scenarios for pan-European network expansion

T2

Planning methodology for future pan-European transmission system

T14 Towards increasing public acceptance of transmission infrastructure

100

T4

Demonstration of novel network architectures

120

T5

Interfaces for large-scale demonstration of renewable integration

130

Innovative tools and methods to observe and control the panEuropean network
Innovative tools and methods for coordinated operation with stability
margin evaluation
Improved training tools and methods to ensure better coordination at
the regional and pan-European levels

50

Innovative tools and approaches for pan-European network reliability
assessment
Advanced pan-European market tools for ancillary services and
T10
balancing, including active demand management

20

T11 Advanced tools for capacity allocation and congestion management

25

Tools and market mechanisms for ensuring system adequacy and
T12 efficiency in electric systems integrating very large amounts of RES
generation

20

Developing approaches to determine and to maximize the lifetime of
critical power components for existing and future networks
Development and validation of tools which optimize asset
T16 maintenance at the system level, based on quantitative cost/benefit
analysis

30

T7
T8

T15
C5
Asset
Management
560

51
52

Total

T17 Demonstrations of new asset management approaches at EU level
Total

T1 and T2 are swapped in the Roadmap 2013-2022
T13 is merged in T10 in the new Roadmap

January 2013

30

Demonstration of power technology to increase network flexibility and
operation means

T9

C4
Market
Designs

20

T3

T6

Innovative tools and approaches for pan-European network
T9
reliability assessment

18 Advance tools for pan-European balancing markets

Roadmap 2013-2022

30
25

30

30
75
755
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A.6.2 Launched research and innovation activities
The table below summarizes the past launched activities with the budget and EC grant.
Project
TSO
TSO
TSO
TSO
TSO
TSO
TSO
TSO
TSO
TSO
TSO
TSO
TSO

Budget

iCoeur
Pegase
Twenties
Realisegrid
Susplan
Optimate
After
Safewind
EWIS
iTesla
Umbrella
eHighway2050
Grid+
Total

EC funding
4,79
13,59
56,81
4,21
4,79
4,26
5,05
5,62
4,04
19,43
5,25
13,05
3,96
145

Funding type
(FP6, 7 or IEE)
1,92
8,62
31,77
2,72
3,42
2,62
3,47
3,99
4,04
13,23
3,86
8,99
2,99
92

January 2013

FP7
FP7
FP7
FP7
FP7

FP7
FP7
FP7
FP7

Start
01/01/2009
01/07/2008
01/04/2010
01/09/2008
01/09/2008
01/10/2009
01/09/2011
01/05/2008
15/06/2007
01/01/2012
01/01/2012
01/09/2012
01/10/2011

end
31/05/2012
30/06/2012
31/03/2013
28/02/2011
31/08/2011
30/09/2012
31/08/2014
30/04/2012
14/10/2009
31/12/2015
31/12/2015
31/01/2016
30/09/2014

Cluster
3
3
2
1
1
4
3
1
1
3
3
1
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A.6.3 Summary of the foreseen Research and Innovation investments
The budget of the new roadmap has been evaluated as follows for ENTSO-E, based
on the cluster analysis and the appraisal of completion, taking into account:

82



the R and D investments already launched,



the R and D investments which have been cancelled,



the additional investments related either to the new cluster added to the
roadmap and the changes of the initial budget of the existing clusters, yet
to be launched

The table below summarizes the total investments launched by the TSOs, with the
support of EC fund(s). It amounts to:
M€
Budget of the 2010 roadmap

560

Cancelled resources for the 2010 roadmap
Additional budget to
roadmap R&I challenges

meet the 2013

Total budget roadmap 2013

0
215
775

Resources already funded (committed)
Resources to be allocated on call 2013
New resources to be provided in up-coming
calls 2014-2022 to meet the defined R&I TSO
part of the EEGI roadmap

January 2013
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- 120
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ANNEX B. DESCRIPTION
OF
THE
JOINT
FUNCTIONAL OBJECTIVES OF TSOS AND DSOS
B.1 Context
Even though the transmission system is physically linked with the distribution system to
transfer electric power and energy, real-time communications are scarce and no
information is shared on normal and/or contingency situations. Furthermore,
distribution system states and conditions (i.e., load, capacity, and voltage) are often
not monitored. This still functions well with unidirectional power flow from the
transmission system and only slight integration of distributed energy resources (DER).
However, with increasing amounts of DER being connected at the distribution level,
new electricity loads and growth in demand, the lack of a communications
interface and little to no system status information creates problems for system
operators. For instance, massive amounts of PV are connected at low to medium
voltages in many countries. DER have an important impact on system stability. For
this reason, TSOs and DSOs must cooperate closely and increase their
communications.
New types of consumption such as electric heat pumps and electric vehicles will also
enter the markets for energy and ancillary services and will not follow a predefined
profile such as conventional consumption. New methods are needed to design the
best TSO/DSO interface and identify what the network requires in order to cope with
increasingly volatile generation and consumption. Enhanced monitoring tools at the
generation interface (also at the distribution level) can also facilitate transmission
grid operation.
Innovative concepts such as the smart grid together with joint R&D TSO and DSO
activities will be essential to achieve the European energy target for 2020 and goals
to integrate RES into the energy system by 2050.
The deployment of innovative technologies on one hand changes the architecture
of transmission (HVDC) that affects the distribution grid. On the other hand, active
components in the distribution grids (e.g., power electronic converters) can provide
services to the transmission system such as virtual power plants (VPP), ‘aggregators’
or service providers (e.g., EVs) organized at the distribution system level.
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Different from the other clusters which focus largely on the transmission level, this
cluster identifies from the TSO perspective additional benefits and potential services
that future distribution systems can provide.

84
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B.2 Objectives
B.2.1 Barriers and gaps

Barriers impeding innovation
It is challenging to integrate ICT technologies into
the existing system. Existing grids should be used in a
more intelligent and efficient manner.
Weak integration of energy systems. Stronger
integration
of
electricity/gas,
electricity/heat
systems is an obvious option in several member
states
Many imbalances can be solved at the distribution
level before they are transmitted to the transmission
grid and ancillary services. However, imbalances
must be resolved where it is most economical. Local
balancing should only be applied for congested
lines or transformers.
Autonomous self-controlling and healing grids
(dynamic topology, power re-routing).

Knowledge gaps
Lack of real-time communication between
distribution and transmission levels
More flexibility is needed

New market designs and products are needed
The option of local balancing on the whole
system (including centralized production) vs.
network reinforcement should be investigated

Autonomous, distributed control systems and
introduction of corrective actions

B.2.2 Objectives
The overall aim is to evaluate the smart grid initiatives by DSOs and their possible
utilization for supporting the transmission grid with regulation and ancillary services
provided at the interface with the lower voltage grid.
Specific objectives:


To develop forecasting tools (both short- and long-term) and design a
communications infrastructure in line with the relevant measures from the
TSO perspective, allowing better coordination of system operations.



To investigate the behaviour of customer segments at the distribution
system level and integrate them so they can actively participate in system
management and development of models (e.g., aggregators). This makes
the system more flexible and adds value for consumers so they are on
equal terms with other actors (e.g., gas turbines)



To develop and identify a set of relevant ancillary services shared by the
DSO and the TSO that allow deployment of emerging technologies
(integration of electric vehicles, micro-generation). This must account for
delivery of the expected quality of service. Services related to energy and
power may be regulated or provided by commercial actors (i.e., those
responsible for balancing). DSOs can only provide services related to
reactive power, voltage control etc. However, DSOs can also buy energy
and ancillary services to resolve local congestion problems.
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To improve the current TSO/DSO interface with respect to defence and
restoration plans



To provide a common framework for interoperability (communication
protocols,
information
models,
semantic
models,
connection
requirements, etc.) in the field of Smart Grids as requested by European
Commission on. 1st of March 2011, by Mandate M/490.



To define a framework that allows scaling-up and replication in different
topological scenarios

86
B.2.3 Expected Outcomes and impacts
Expected outcomes


Better coordination between transmission and distribution systems by
exchanging information and data in real time



Faster and well controlled network restoration due to participation of DSOs
in process



Specific products for providing ancillary services and demand-side
management (DSM) will incentivize development of DER



Validated tools that can be used at the pan-European level to encourage
increased network observability

Expected Impacts


Realization of methodologies and tools for scaling-up and replicating
solutions, maximization of impacts for future use of developed solutions at
the pan-European level



Convergence between various international and European standards
increases competitiveness
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Figure 11: Structure of Cluster 6: Joint TSO/DSO

TD1 - Increased
observability of the
distribution system
for transmission
network
management and
control
TD5 Methodologies
for scaling-up
and replicating

TD4 - Improved
defense and
restoration
plan

TD2 - The
integration of
demand side
management at
DSO level into
TSO operations

TD3 - Ancillary
services
provided
through DSOs
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TD1
Content

88

Expected
outcomes

Expected
impacts
Main
contributors

Additional
information
Budget
estimation
Timeline

Increased observability of the distribution system for transmission network
management and control
Challenges:
A challenge for every network operator is to aggregate data that is coherent at all
voltage levels and between operational areas. There is a need to accurately model
the load and DER. This data aggregation should cover different time horizons, ranging
from short-term (real-time operational planning) up to long-term (network planning).
Forecasting engines are needed to manage reserves in a timely and secure manner.
Furthermore, the presence of PV, wind or CHP units at the distribution level requires
TSOs to foresee the real-time requirements of the distribution system to maintain
operational security.
As new network codes are written to integrate DER into the network, some degree of
control over DER is required. This may ask for DER control centres to monitor, forecast
and operate DER according to the needs of DSOs and TSOs. This provides more
capabilities such as power flow control, load management, autonomous operation
and control at the cell level, among others.
Objectives:
The main objective is to increase observability of the distribution system for transmission
network management and controllability owing to better forecasting and data flow.
Scope:
Integration of DER in power control: active and reactive power control capability,
technical aggregation, observability of DER for TSO and DSO
Specific tasks:

To improve short-term (15’, 1h, 3h) and long-term (5-day) forecast engines for PV,
wind, CHP and loads.

To develop new modelling methods and tools for steady-state (static parameters)
and dynamic analyses (capacities up to 1 MW)

To deliver methods and tools for planning new DER connections at the TSO/DSO
boundary (response to new connection requirements)

To develop new methodologies for data processing at various system levels (DSO,
TSO)

To design new architecture, control systems and communications (including GIS
assistance) that allow multiple new generators to be connected and share
information with TSOs

New integrated functions (scaling-up techniques) and solutions for technical
aggregation of DER data acquisition capabilities for improved DER production
observability

More accurate production and load analysis for each network operator thus
minimizing the impact of DER on the network and increasing the level of
observability.

Deployment of DER control centres, responding both to TSO and DSO constraints

Improved load forecasts that deliver better network security margins (i.e., more
reliable determination of reserve requirements in a timely and secure manner) and
make network operations more efficient
Validated tools that can be used at a pan-European level to encourage increased
observability

TSO

DSO

Research institutes

Manufacturers

Generation companies

Aggregators
Demonstration phases are foreseen that prepare scalability and replication in nonparticipating member states
€ 45 million
2011–2018
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TD2
Content

Expected
outcomes
Expected
impacts
Main
contributors

Additional
information
Budget
estimation
Timeline

The integration of demand side management at DSO level into TSO operations
Challenges:
The potential benefits of load control, such as peak shaving and energy savings, must
involve large-scale participation of end consumers in order to assess their impact on
TSO planning and operations.
New technologies such as smart meters and energy boxes must be included to add
value to traditional demand response and raise awareness about consumption
patterns and foster active customer participation in the energy market.
Objectives:
The main objective is to develop processes for commercial actors (e.g., VPP,
aggregators, retail companies) to generate localized offers that could be activated
by the relevant DSO, TSO, or market operators.
Scope:
In contrast to T10, DSM is performed at DSO level.
Specific tasks:

To achieve these goals, demonstration specifications are required for demandside management:

To define demand requirements and data required by TSOs for the pan-European
planning tool

To demonstrate active customer involvement with “indirect” feedback (provided
post-consumption) and “direct” feedback (real-time) and suitable operations
designed to achieve a reduction in peak demand (10–15 %)

To model customer/load behaviour and segmentation and quantify the degree of
flexibility provided by distribution networks, e.g., through reconfiguration or other
methods
The existence of load control provided by distributed resources allows TSO to plan and
operate the network in an efficient and economical way.
Increased level of flexibility for TSO planning and operations allows increased
integration of RES while maintaining security of supply at the pan-European level.

TSO

DSOs

Manufacturers

Customers

Service providers

€ 70 million
2012–2018

January 2013
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TD3
Content

90

Expected
outcome

Expected
impact
Main
contributors

Additional
information
Budget
estimation
Timeline

Ancillary services provided through DSOs
Challenges
Distribution companies formerly contributed to ancillary services in transmission systems
through reactive compensation on the MV side of the HV/MV transformer. Loadtripping schemes limit drops in frequency in the event of a loss of generation, etc.
The evolution of the electricity sector and the expected arrival of aggregators will
strongly affect the roles of the TSOs and DSOs. In that regard, TSOs and DSOs must
address the legal, contractual and market aspects.
Objectives
This FO creates new incentive mechanisms and addresses technical aspects to allow
new ancillary services for TSOs from DER and load control provided through DSOs.
Scope:
New procedures and strategies will be developed to provide ancillary services by
DSOs to TSOs using DER and load control.
Specific tasks:

Novel ways of providing ancillary services through loads and their impact on
transmission networks; the highly variable and unpredictable nature of DER and
RES places new constraints on these ancillary services.

Simulation environments to demonstrate the viability and options of ancillary
services provision by aggregated loads at DSO level

Technologies and tools for active and reactive power control of DER, with
TSO/DSO coordination to provide extra power flow control, load management
and islanding

New actors and market models that enable DER to provide ancillary services

New models that describe products and services to be tested on selected
segments of customers and their impact on future ancillary services in the
presence of large-scale DER integration;

New market models that account for the price-sensitive nature of loads and
consequently their increased flexibility

Analysis of legal, contractual and regulatory aspects of ancillary services provided
by distributed generation and/or loads, allowing for more aggregated business
models

The increased level of DER in distribution networks brings more active contribution
from DSOs and service providers in terms of issues like active and reactive power
reserves, voltage and frequency control and network restoration. Thus, the
inherent flexibility in the loads contributes effectively to ancillary services and can
be traded on the market.

Replacement of load tripping through new provided services
New recommendations on grid code evolutions, based on ancillary services that can
be provided at DSO level

TSO

DSO

ICT providers

Manufacturers

Service providers

Generation companies

Aggregators

€ 50 million
2014–2018
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TD4
Content

Expected
outcome

Expected
impact
Main
contributors
Additional
information
Budget
estimation
Timeline

Improved defence and restoration plan
Challenges:
There are almost no common and binding procedures at the pan-European level for
managing defence and restoration with contributions from RES (wind farms in
particular) and DER within distribution systems during emergencies.
Regulatory and technical issues as well as social and economic aspects must be
considered when designing a restoration plan at the pan-European level.
The distribution networks can participate in defence plans using domestic intelligent
electrical appliances that could sense changes in network frequency and respond
according to the order of priority set by the user (e.g., selective load shedding). The
distribution networks could also participate in small disturbance management that
require new methodologies and techniques.
Research is needed to develop, among other new methodologies, new power system
restoration planning methodologies that may incorporate interactive graphics and
optimization algorithms. To harmonize an emergency strategy in connection with RES
and DER management during emergency situations, simulation tools to detect weak
points in the pan-European system are needed together with operational guidelines
with acceptable reconnection scenarios.
Objectives:
The main objective is to involve DSOs in an improved defence and restoration plan for
the entire pan-European system.
Scope:
Since FO T7 develops new methods and tools for identifying and assessing the
vulnerabilities of the pan-European grid by considering both the power and ICT
systems together, this FO should develop solutions involving components at the
distribution level.
Specific tasks:

To develop simulation tools and methods that detect weaknesses in the system
with respect to reconnecting DER and storage systems

To develop simulation tools and methods of assessing the risk of breakdowns
during reconnection

To develop simulation tools for interactive system restoration including advanced
forecast tools developed in TD1 for wind, solar PV and other variable RES.

To address regulatory and technical challenges that implement restoration plans
at the pan-European level

To investigate the contribution of DER for system restoration and its contribution to
immediate power reserves; this is relevant from the TSO perspective (e.g., black
start capability and coordination of wind turbine generators). This will be assessed
considering efficacy and cost-effectiveness when compared to the traditional or
usual black-start approach.

To investigate the impact of micro-grids and islanding capabilities taking into
account efficacy and cost-effectiveness.

To train operators about the evolution of national regulatory schemes in order to
foster coordination efforts
A simulation framework that detects weaknesses in reconnection scenarios involving
DER units
Assessment of the potential contributions of RES, DER and micro-grids to defence plans
(black-start capabilities, islanding capabilities)
A joint TSO/DSO approach for defence plans involving DER and micro-grids
Regulatory and technical solutions to implement restoration plans at the panEuropean level to lessen the impact of power shortages for end users

TSO; DSO; Manufacturers; Generation companies

€ 45 million
2011–2018

January 2013
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TD5
Content

92

Expected
outcome

Expected
impact

Methodologies for scaling-up and replicating
Challenges:

The EEGI roadmap provides a set of Functional Objectives to initiate smart grid
R&D projects. These require public support so the future technical risks of
innovative solution deployment will be covered in a manner that is satisfactory
both for regulators and free-market players. However, the following challenges still
exist:

The economic risk of deployment is not under control, even though technical risks
seem to be under control (lack of economic scaling)

The regulatory environment, which may be favourable in one control zone
(economic scaling is managed), is no longer favourable in another control zone
(lack of replication potential)

The exchange of data, knowledge, results and tools requires a proper framework
and guidelines to ensure that they are scalable and can be replicated. In this
respect, interoperability between various standard protocols (IEC 61968 DMS; IEC
61850-7-420 DER, IEC 61970 EMS, IEC TS 62351 Security) requires further study,
probably supported by field experiments

There is thus a need for scientific approaches to address “ex-ante” fears in order to
propose, before deployment, solutions for the following issues:

Scalability of an innovative network solution is project-dependent; the use of
experimental results from R&D with the help of numerical modelling techniques
makes it possible to demonstrate that economic scaling is under control within
acceptable uncertainties.

Replication potential of scalable innovative network solutions depends on the
control area and its specific boundary conditions; the use of experimental results
from R&D with the help of numerical techniques and empirical data on boundary
conditions makes it possible to demonstrate that the potential for replication is
appraised within acceptable uncertainties.
Objectives:

The purpose is to study and validate a set of shared common tools and a
methodology amongst network operators in Europe; it addresses interoperability
and standardization as well as scaling-up and replication issues with answers that
can be trusted by all the involved stakeholders, including regulators.
Scope:

This FO proposes generic scaling-up and replication approaches.
Specific tasks:

To investigate the acceptable levels of risk and uncertainty in studies in order to
adequately assess the scaling-up and replication potentials of solutions and their
requirements

To document the methodology for future project participants so that they can
assess the experimental data requirements necessary to design a smart grid
demonstration

To develop information models for the smart grid security, taking into account
business interactions and the physical processes of delivering electricity, and also
the disruption of business communications, or of the delivery of electricity

To analyse data exchange protocols that reinforce interoperability constraints at
the pan-European level with an adequate level of security

To study appropriate confidentiality constraints in the developed toolbox to ensure
appropriate sharing of results while at the same time preserving stakeholder
interests.

To define open standard data models that ensure interoperability between
different data exchange protocols for smart grid applications and to increase
competitiveness

Barriers to scaling-up and replication are identified and solutions are provided to
remove them

Options to make the studied functionalities evolve in view of future scaling and
replication are proposed
The intricacies of the European grids make scaling-up and replication extremely
complex. By jointly addressing scientific and technical issues, the following is possible:

Reduced development costs for manufacturers
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TD5

Methodologies for scaling-up and replicating
Accelerated validation phase of innovative technologies and solutions
Maximized impact of future use at EU level
Furthermore, convergence on interoperability of different standards at EU level
ensures:

Increased competitiveness

Customized solutions adapted to local requirements

Application of homogeneous IT-supporting systems

TSOs

DSOs

Simulation tool developers at academic and industrial level

Power technology manufacturers

Academics involved in regulatory environment simulations

Professional associations representing generation and retail activities

ICT providers

Service providers
It is expected that one or two large R&D projects will lead to the creation of an
operational tool box for use by network operators and power industry manufacturers;
this is based on the many existing demonstration results but several R&D projects are
needed in order to address data modelling and interoperability capabilities.
€ 40 million




Main
contributors

Additional
information

Budget
estimation
Timeline

2011–2018

January 2013
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B.3 Budget details
B.3.1 Changes between the 2010 and 2013 roadmaps
The table below compares the 2010 and 2013 version of the joint TSO/DSO roadmap.
M€

94

Roadmap 2010-2018

Cluster

45 Increased observability of the distribution
system
for
transmission
network TD1
management and control
70 The integration of demand side
TD2
management into TSO operations
50
Ancillary services provided by DSOs
TD3
45

Improved defence and restoration plans TD4

20 Joint task force on IT system protocols
TD5
and standards
230

TOTAL

M€

Roadmap 2013-2022
TD1
TD2

Increased observability of the distribution
system
for
transmission
network
management and control
The
integration
of
demand
side
management into TSO operations

TD3

Ancillary services provided through DSOs

C6
Joint TSO/DSO TD4
R&D Activities

Improved defence and restoration plans

M€
45

70
50
45

Implemented by the Smart Grid Task force
TD5

Methodologies
replicating

for

scaling-up

and
TOTAL

January 2013
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B.3.2 Launched Research and Innovation activities
The only joint TSO/DSO project is ECOGRID.

TSO/DSO

Ecogrid.eu

Total
M€
20,68

budget Grant
M€
10,33

Start date
01/03/2011

End date
28/02/2015
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B.3.3 Summary of the foreseen Research and Innovation investments
For joint TSO/DSO activities, a new budget is proposed based on a functional
objective analysis, taking into account:

9696



the R and D investments already launched (ECOGRID project),



the R and D investments which have been cancelled,



the additional investments related either to new functional objectives
added to the roadmap and the changes of the initial budget of existing
functional objectives yet to be launched.

The table below summarizes all the changes which, overall, lead to the budgets
presented in the public consultation, with a comparison to the previous roadmap.
M€
Budget of the 2010 roadmap

230

Cancelled resources for the 2010 roadmap

- 20

Additional budget to
roadmap R&I challenges

+ 40

meet

the

2013

Total budget roadmap 2013

250

Resources already funded (committed)
Resources to be committed on call 2013
New resources to be provided in up-coming
calls 2014-2022 to meet the defined R&I TSO
part of the EEGI roadmap

January 2013
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ANNEX C. DESCRIPTION OF CLUSTERS
FUNCTIONAL OBJECTIVES OF DSOS

AND

C.1 Cluster 1: Integration of smart customers
C.1.1 Background

97

All aspects of smart grid development will ultimately impact consumers: smart grid
technologies will directly touch residential and small business consumers, since a
smart grid must enable devices that will allow these consumers to gain greater
control over their electricity usage to lower costs, improve convenience and support
growing environmental awareness. A smart grid must also facilitate consumer
installation of small-scale self-generation through renewable technologies and help
them sell any excess generation back to the grid.

C.1.2 Objectives
C.1.2.1 Gaps and barriers
Consumers fully realizing the opportunities offered by home energy management
systems need53:


universal availability of timely information on consumption and prices
through a smart meter with two-way communications capability or via the
internet



prices that reflect the cost of energy at different times



widespread availability of in-home devices that allow consumers to
manage their energy use



recognition that these devices are easier and cheaper to install as part of
new construction and that increased interaction with the home building
community is necessary to facilitate installation in new residence



widespread availability of smart appliances and equipment that can be
controlled directly or by home energy management systems



education about what these devices do and how their use can benefit
both consumers and the environment

“Enabling Tomorrow’s Electricity System”, Report of the Ontario
http://www.ieso.ca/imoweb/pubs/smart_grid/Smart_Grid_Forum-Report.pdf
53
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The development of home energy management systems remains however
uncertain:

9898



how these devices will be provided to utility consumers?



under what conditions will these devices be provided by distribution
utilities, by competitive third party suppliers, or by both?



If distributors provide them, how will the costs be recovered and what
conditions are necessary to avoid unfair competition?



If third parties provide them, how can consumers be assured that the
device they purchase can work with their meter or receive price and
consumption information through some alternative means?



Irrespective of who provides these systems, how can the confidentiality of
consumer information continue to be protected?

C.1.2.2 Objectives
Peak shaving and energy saving with a full range of incentives covering:


Availability of real-time price signals



Application of time-of use tariffs



Possibility of visualizing and controlling their own power consumption using
the latest technology

C.1.2.3 Expected outcomes and impacts
Expected outcomes:


Measurable reduction in peak demand and overall consumption
(expected 5-20%)



Models for customer behaviour and segmentation under different
conditions



Possibilities for
consumption



Optimization of consumption based on DG production (-€30/year per
customer)



Optimization of energy consumption/storage/production in all different
’daily activities’ (expected -10%, corresponding to -€60/year per
customer)



Integration of EV



Integration of heat pumps



Possibility of avoided or deferred investments in LV network

customers to visualize and control their own power
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EEGI Research and Innovation Roadmap 2013-2022

Expected impacts:


lower peak demand on distribution and transmission systems



reduced generation investment and cost from controlling peak energy
use



improved environmental performance from peak reduction and overall
energy conservation
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C.1.3 Structure of cluster 1

D1:
Contents

Active Demand for increased network flexibility
Challenges:
Active Demand (AD) aims at providing domestic, commercial and industrial
consumers with information on their consumption and the ability to modify their
consumption in response to time-based prices and other types of incentives. Other
incentives may then include the possibility for reduction of CO2-footprint: here, the
market and the systems would provide information about the environmental properties
of the energy consumed, not only the price.
Even though applications in the commercial and industrial sectors already exist today,
there is a major challenge at having millions of domestic consumers participating in
energy markets. One of the major barriers to overcome is the high transaction costs
and investment costs which are still generated when a large number of small
customers are involved in AD. Additional barriers are, among others, appropriate
communication infrastructures, sociological-acceptance by end-users and favourable
market and regulatory frameworks.
Objective:
Enabling consumers’ participation in the electricity market, demand flexibility is
exploited to offer services to the different market participants enhancing consumer
flexibility and adaptability enabling active demand and providing real-time
optimisation of energy flows at local and global level.
Scope:
The projects addressing active demand (AD) aim at demonstrating its contribution to
grid internal issues such as optimization of electricity production and consumption, and
network stability and reliability improvement, developing technologies for distributed
control and real time network management and exploiting load flexibility to achieve
safer operation of the network and increase power system efficiency (efficient
integration of distributed energy resources (DER)).
Specific tasks:
Scientific

Systems/solutions for demand modelling and forecasting
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D1:

Active Demand for increased network flexibility
Solutions for demand aggregation and implementation of Virtual Power Plants
combined with local energy management

Power market modelling to size the benefits of massive deployment of AD in
distribution networks

Optimal sizing for medium/large scale demonstration (generic topic)
Technology

Smart Metering Infrastructure to measure energy consumption and apply time-of
use tariffs

Devices enabling visualization and control of consumers’ consumption using the
latest technology (e.g. In-Home displays...)

Smart Energy management boxes, smart plugs, smart appliances, interfaces for
load control and solutions to communicate with consumers and with the smart
appliances in the domestic environment

A communication infrastructure to support the whole system

Interoperable and standard solutions enabling AD
Market and regulation

Application of time-of use/dynamic tariffs and real time prices

Definition of appropriate incentives to motivate consumers to participate in AD

Recommendations to enable the integration of active demand in the energy
market with a fair reward for all stakeholders

Recommendations to reduce possible commercial and regulatory barriers that
limit active demand solutions

Innovative market/business model to allow AD implementation

Models for consumers’ behaviour and consumers segmentation under various
working conditions

Potential for single cross-border service providers (cooperation between DSOs)
Social

Understanding of consumer’s acceptance of load flexibility

Mechanisms for motivating consumer’s participation in AD schemes

To obtain measurable shaping in peak demand (shifting)

Optimization (and/or potential reduction) of energy consumption

Robust integration of DER and EV, even with higher numbers of participants

Contribution to network stability and reliability, through the provision of ancillary
services

Avoid additional investments (generation, transmission and distribution) to cover
the peak load demand

Percentage peak load reduction (%)

Percentage increase in load capacity participating in Demand Side Management
(%)

Enable participation of new actors in the energy market (such as aggregators)

Improvement of customer AD acceptance (privacy issues, fear of complexity, fear
of uncertainty regarding disruption of supply, environmental consciousness, …)

Enable profitable participation in the power economy by all market actors to
provide local and global savings and increase the competitiveness in the energy
market that will imply energy bill reduction

Reduction of GHG emissions, due to improved load and generation management

Increase in hosting capacity on LV feeders for EV, PV and heat pumps.
Equipment manufacturers, ICT solution providers, generators, DSOs/TSOs, Retailers and
aggregators, Balancing responsible parties, Regulatory bodies, R&D institutes,
Consumers representatives. Cooperation with researchers in social and economic
sciences will be taken into account.
Projects in D1 include large scale demonstrations as proof of concepts for the above
scientific, technical, market/regulation and social issues.
140 M€


100
100

Expected
benefits

KPIs

Expected
impacts

Partners
involved

Additional
information
Budget
Estimation
Timeline

2014-2020
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D2:

Enabling maximum energy efficiency in new or refurbished urban districts using smart
distribution grids

Contents

Challenges:
Urban communities will share residential, public or commercial spaces ready, within
appropriate refurbishment or new district54 planning policies, to early adopt innovative
energy demand schemes: along with novel information and energy management
systems, they will have all means to promote energy demand reduction schemes and
therefore to lower the end-users’ consumption.
Smart cities and communities will therefore integrate ICT, as well as social and
environmental capital, to provide more efficient, new or enhanced services to citizens,
especially to suit their energy and transport needs. Moreover, energy storage devices
located in districts together with strategies to better match supply with demand will
help optimising district versus single building energy demand profiles. Yet, there will be
needs for the regulation of players to push for such refurbishment thinking versus new
building constructions which have intrinsic player-specific limitations when it comes to
electricity/gas systems.
Energy suppliers and distribution grid operators have privileged information to identify
promising refurbishment investments since they already have a contractual relation
with building owners and users: however, their core business is to deliver energy safely
and reliably, whereas the energy saving is sometimes considered a secondary
objective.
Novel regulatory schemes must therefore be studied on the basis of large scale
experiments which involve a significant number of different types of end users in order
to validate possible future regulatory obligations in order to push the above actors to
change their energy behaviour, enabling the maximum energy efficiency when
planning new or refurbished urban district projects. Moreover, other incentives may
include the possibility for reduction of CO2-footprint: here, the market and the systems
would provide information about the environmental properties of the energy
consumed, not only the price.
Objectives:
This functional objective addresses the ways and means by which Smart Grids
technology embedded into upgraded distribution network configurations can help
adapting energy demand reduction at district level while enabling cooperation
between the distribution network infrastructure and energy management systems
through energy retailers and /or aggregators.
Moreover, optimisation of interdependence between energy users may require
interactions between electricity, heat/cold and gas network managers, to further
integrate three different types of energy flows and favour distributed energy resource
penetration.
Scope:
The projects addressing active demand (AD) aim at demonstrating its contribution to
grid internal issues such as optimisation of electricity production and consumption, and
network stability and reliability improvement, developing technologies for distributed
control and real time network management and exploiting load flexibility to achieve
safer operation of the network and increase power system efficiency (efficient
integration of distributed energy resources (DER)).
Specific tasks:
Scientific

Advanced energy management systems to enable load/production forecasting
and active customer participation taking advantage of an automated metering
infrastructure

Measuring customer awareness and customer willingness to go for energy sobriety

For new district issues, there have been already several solar urban districts been built and operated with success.
The reference is the Japanese city of Otah with more than 500 solar houses connected with an average power of 3,8
kWp, each house being equipped with a lead acid battery of 49 Ah.; the approach chosen was not optimized from
the economic point of view showing poor scalability, and no advantage was taken of possible demand side or local
energy management. There are other more recent realizations such as the Bronsbergen Holiday Park within the
European More-Microgrids project (including 108 cottages with à 3kWp solar roof). But the two main batteries and
the associated inverter have been generously sized in order to avoid any trouble when islanding.
54
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102
102

Expected
benefits

KPIs

Expected
impacts

Enabling maximum energy efficiency in new or refurbished urban districts using smart
distribution grids

Optimizing energy networks at district levels

Analysing possibilities of interaction between gas, electricity and heat networks.
Technology

New approaches to size and operate distribution networks in districts, with new
architectures, considering “city master planning”, limiting the sizing of physical
infrastructure and taking into account boundary conditions such as available
space.

Development of tools to design and sizing this kind of integrated energy networks.

Multilevel system operation of a distribution network

Secondary substation with an islanding capability of parts of a district to be
activated in emergency situations

The district covering several neighbouring secondary substations on the same
feeder (active approach taking into account demand side management and
local storage, use of power electronics to facilitate grid integration (voltage
management, fault current management) ;

The feeder connected to the district and other loads of a city where the energy
management system simultaneously responds to the needs coming from the
network and ensures local operation of the feeder (optimal slit of total load
between primary substations)

Interfaces to enable two way communication between DSO’s/TSO’s central
systems, Home automation and energy management systems

Web portals, in-home displays and Smartphone apps

Smart Plugs and voltage clamps

Smart appliances

Solutions for direct load control

Smart Energy boxes
Market

Regulatory recommendations in order to enable customer participation in
electricity markets

Mapping of privacy and data protection issues and strategies/solutions to mitigate
risks

Market models for ESCOs, aggregators at district level
Social

Understanding customer behaviour at district level with interdependence
between several activities

Change customer behaviour through price or other signals that favour energy
sobriety

Customer acceptance of the various technologies

Increased network reliability

Peak demand shaving

Development of large scale demand-side management approaches with
acceptable transaction costs

Idiot-proof, robust information systems minimize energy demand and consumption
through man-machine interactions (displays, remote information/ actions of
smartphones...), interoperability between equipment, controllers and the power
system, energy storage (thermal and/or electric), sensors and other smart
appliances spread in buildings

Opening new uses of electricity (e.g. electric vehicles, heat pumps, flexible
heating and cooling, etc.) thanks to smart meters and ICT technologies within the
distribution network

Percentage peak load reduction (%)

Percentage increase in load capacity participating in Demand Side Management
(%)

Reduce risk for potential revenue loss for prosumers due to unnecessary
disconnection (Higher customer satisfaction) within the district

Energy management within buildings takes into account important features like
increased comfort of inhabitants, compliance with increased requirements in
favour of energy savings and the environment,
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Enabling maximum energy efficiency in new or refurbished urban districts using smart
distribution grids
Increased customer awareness of energy consumption behaviour and
environmental impacts
DSOs, retailers and aggregators, Energy Service Companies, equipment
manufacturers, smart appliances manufacturers, ICT solution providers, regulatory
bodies, R&D institutes
Large scale demonstration projects as well as dedicated R&D work on specific
planning, management and performance monitoring methodologies are expected.
100 M€


Partners
involved
Additional
information:
Budget
Estimation
Timeline
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C.2 Cluster 2: Integration of der and new uses
C.2.1 Background

104
104

The growing integration of DER/DG leads to fundamental changes in power
generation systems. The conventional central structures are now being evolving
towards a distributed system where unidirectional power flows can be reversed
under the influence of small DER units feeding in at medium and low voltage level of
the network. These DER systems also involve sensitive devices, power electronic
interfaces, as well as communications and control devices.

C.2.2 Objectives
C.2.2.1 Gaps and barriers
Existing regulatory incentives in Europe have a significant impact on the
development of dispersed generation installations to be integrated into the network,
mainly at MV and LV levels. Today, connection points and capacity are allowed
based on conservative network design criteria which have been chosen to avoid
stressing the network. The further expansion of small renewable generation requires
more visibility at system level: their control will be needed to operate the network in
an efficient and secure way.
The other challenge of integrating a large number of medium scale Distributed
Generation units (renewables) in the Distribution Network is to maintain power
quality. Since the existing grid was designed for one-directional electricity flows only,
there is a limited capacity to integrate intermittent generation sources. Increase the
grid hosting capacity for intermittent renewable energy sources requires active, realtime, large scale integrated management of distributed generation.
Electricity storage can facilitate the above integration of intermittent renewable
sources and electric vehicles on the grid while deferring grid investments by
flattening the load curve. Cooperating with storage manufacturers is needed to
detail specifications on:


Bulk energy storage for load levelling



Distributed generation (DG) for local peak-shaving



Power quality (PQ) or end-user reliability
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C.2.2.2 Objectives
The expected step changes cover:


upgraded network design criteria which extend the network hosting
capacity while still leading to secure operations and high power quality



improved DER connection criteria



grid protection standards with specifications towards manufacturers



extended electricity recharge infrastructure in order to enable the easy,
secure and flexible recharging of EV and PHEV with regulatory
recommendations to support EV/PHEV penetration (Tariff schemes as an
incentive to promote the nightly recharging, when energy costs are lower)



proposing business models for EV recharging



Integrating storage solutions in the network to flatten the load curve and
increase the quality of service



Contributing to lowering the cost of storage through promoting standard,
open, flexible solutions

C.2.2.3 Expected outcomes and impacts
Expected outcomes:


Integrating a large number of renewables
maintaining/increasing the quality of service



increasing the grid hosting capacity for intermittent renewable energy
sources on a large scale



optimizing load management and small production units to flatten load
curves



update the current operational processes used in the energy free market
for electric vehicle charging



system communication architecture and applications, focusing on issues
about security and standards



regulatory scenarios with optimal tariff schemes that maximize customer
choices, thus lowering the impact of pick load on the electricity grid



DSO operational processes to support different offers being defined by the
Energy Suppliers
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Expected impacts:


Increased network flexibility to host renewable generation and electric
vehicles

C.2.2.4 Structure of cluster 2
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D3:
Contents

Integration of DER at low voltage
Challenges:
With the strong penetration of distributed generation EU is facing , new ways of
integrating more distributed generation in the LV network will require both an increase
the network hosting capacity and the existence of generation units capable of
contributing to the management of the electricity system. This in turn requires better
monitor and control techniques for such units.
Objectives:
The main functional objective is to increase the capacity of current LV networks to host
distributed generation securely and economically. In particular, the active control of
DER (including distributed generation, responsive loads and distributed storage) should
enable increased distributed generation penetration at lower costs than conventional
network reinforcement alternatives. Additionally, some complementary benefits are
envisioned in terms of increased economic efficiency and improved service level, due
to more active network monitoring, control and operation.
Monitoring functionalities:

Monitoring of the voltage levels

Monitoring of the power (active/reactive) exchanges with the grid

Monitoring of the quality of the power exchanged with the grid
Control functionalities:

Control of the voltage levels

Control of the active and reactive power flows

Islanding, fault and outage management

Incentives to be considered include provision of ancillary services (e.g. voltage
regulation participation)

Standards: standardisation in data exchange protocols between the network
devices
Scope:
The projects addressing Integration of DER at low voltage aim at finding methods to
select more suitable solutions and to implement them into the current and future
electricity low voltage distribution grids. These lead to new technical issues for DSO
such as volatility of generation, monitoring, forecasting and managing a huge number
of small and medium generation units, sudden, not planned loss generation,
Electromagnetic transients and reverse power flows, oscillations and other
electromagnetic related perturbations in the low voltage networks. The scope would
include the following main functions: connection of DRES to the grid, distribution system
(ancillary services, operation criteria, reverse power flows and active demand
management, storage, curtailing and smart metering processes) balancing and
signalling (data exchange with DRES and/or consumption, signals among sensors and
metering).
Specific tasks:
Scientific

Models for simulating and studying the new systems’ impacts on LV network

Models and methods for evaluation of power quality focused mainly on harmonic
distortion and power oscillations in LV network

Development of models to compare the cost effectiveness of different active
control options of DER (responsive loads, storage).
Technology

Grid support capabilities inverters adapted to distribution network requirements
and needs

Network monitoring systems and related communication infrastructure supporting
small scale DER integration in low voltage networks

Unification of new cheap communication interfaces between network and SDER,
reminding a cost/benefit ratio and an ENTSO-E network code requirements (e.g.
ON-OFF signal down to 400W installations)

ICT infrastructure in low voltage networks for monitoring and control of SDER

Bi-directional communication systems possibly integrated with AMM system

Network management/control systems with, inter alia, self-healing capabilities for
fault management in LV network

New actuators (e.g. switches) and new sensors (e.g. fault detectors, voltage and
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108
108

Expected
benefits

KPIs

Expected
impacts

Partners
involved

Additional
information:
Budget
Estimation
Timeline

Integration of DER at low voltage
current sensors) for LV network, leading to new protection and control strategies

New tools for network planning and design with the ability to integrate
conventional (passive) network simulations (load flow, etc.) with the simulation of
active components and control algorithms
Market

Recommendations for valuation of ancillary services brought by SDER

New market rules to continue promoting the deployment of distributed generation
based on renewables (replacing feed-in tariffs)

Recommendations for new tariff systems in support of the above market rules
Social

Changing the behaviour of private SDER owners to join electricity markets

Increase the capacity of low voltage grids to host distributed generation more
economically than it is possible with conventional network reinforcement
alternatives

Better monitoring of LV network operating conditions including state estimation
based on available sensors

Optimization of the use of existing LV network assets

Increase observability of PV units as small as possible (100 kWp, then up 1kWp)

Increase/maintain the network availability/power quality in presence of high
penetration of SDER

Maximize the utilization of distributed generation units

Open new business opportunities related to ancillary services (e.g. voltage control,
active/reactive power regulation flexibility, etc.) for the LV network

Reduction in energy not supplied from distributed energy resources in distribution
network due to improved network conditions (MW)

Increased network hosting capacity for DER in LV distribution network (%)

Percentage improvement in line voltage profiles fulfilling grid nominal voltage
requirements, as defined in EN 50160 standard (%)

Percentage cost reduction in comparison with conventional grid reinforcement
strategies for DG integration

Open new business opportunities for aggregators

Create new business opportunities for equipment manufacturers

Give a technological leading position to European equipment manufacturers for
smart connection equipment

Cost reduction of power electronics components (e.g. power plant control)

Unification of connection requirements to mature industry and reduce costs by
standardization

Equipment manufacturers,

ICT and system architecture companies,

R&D institutes,

Retailers,

Consumers and Prosumers (LV-level),

DSOs,

Regulators (depending on the local regulation)
Typical projects in D3 include enabling methods and technologies as well as large
scale demonstrations as proof of concepts for the above scientific, technical,
market/regulation and social issues
80 M€
2014-2020
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D4:

Integration of DER at medium voltage / high voltage

Contents

Challenges:
With the strong penetration of distributed generation EU is facing, new ways of
integrating more distributed generation in the MV/HV networks will require both to
increase the network hosting capacity and to cope with several different generation
units (PV, wind, biomass, small hydro, mini-cogeneration, etc.) and different network
topologies (rural vs. urban, radial vs. meshed, different voltage levels). Several EU
projects have started addressing these issues (GRID4EU, EcoGrid) but more such
projects are needed to cover the combination of generation types and network
topologies.
Objectives:
The main functional objective is to increase the secure penetration of medium DER in
the MV/HV networks by Active Control, helping the distribution network to become
more flexible with the implementation of advanced Network Operation and Energy
Management capabilities and achieving economies relative to the conventional ways
of increasing the DG hosting capacity of networks.
Scope:
The management of the MV networks in the presence of variable generation and
partly controllable loads (customer participation) requires advanced Network
Operation and Energy Management capabilities to maintain the necessary level of
availability, power quality and system security.
Network Operation capabilities include newly developed and not yet deployed
methods and technical solutions in electrical grid operation, in order to:

Control voltage levels in all nodes

Control active and reactive power flows

Improve power quality (reduction of voltage imbalances, flicker and harmonics)

Better exploit existing infrastructure and capacity of the system in order to increase
hosting capacity for DER

Manage faults and outages

Manage islanding

Energy Management is mainly focused on solutions for DER generation dispatching
and includes the optimisation of the management of the distribution network from
a technical and economic perspective, taking into account:

Increased resilience to generation-load variability

Generation-load balance

Grid losses reduction through reactive power compensation provided by DER.

Improved asset management

Demand response approaches (focused on energy management of DG in the MV
network)

Projects related to this area will also look into the roles of the different actors,
necessary incentives or market mechanisms of Active Control and Demand
response from DER, including potential changes in the regulation and market rules
necessary for successful deployment of the solutions.
Specific tasks:
Scientific

Models for simulating and studying the new systems impacts on MV network

Models and methods for evaluation of power quality with main focus on harmonic
distortion and power oscillations in MV networks
Technology

Grid support capabilities of PV inverters adapted to distribution network
requirements and needs

Network monitoring systems and related communication infrastructure supporting
DER integration in MV networks

Unification of new cheap communication interfaces between network and SDER,
reminding a cost/benefit ratio and ENTSO-E requirements (e.g. ON-OFF signal
down to 400W installations)

ICT infrastructure in medium voltage networks for monitoring and control of DER

Network management/control systems with, inter alia, self-healing capabilities for
fault management in MV network

New actuators (e.g. switches) and new sensors (e.g. fault detectors, voltage and
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Integration of DER at medium voltage / high voltage
current sensors) for MV network, leading to new protection and control strategies
New tools for network planning and design with the ability to integrate
conventional (passive) network simulations (load flow, etc.) with the simulation of
active components and control algorithms
Market

Recommendations for valuation of ancillary services brought by DER

New market rules to continue promoting deployment of DER based on renewables
(replacing feed-in tariffs)

Recommendations for new tariff systems in support of the above market rules
Social

Training to increase the skills of dispatchers
Increase the MV network hosting capacity for distributed generation
Better monitoring of MV network operating conditions
Optimization of utilization of existing MV network assets
Increase observability of PV units as small as possible
Increase/maintain the network availability/power quality in presence of high
penetration of DER
Reduction in DG cut-off due to congestion (power curtailment)
Maximize the ability of DG to deliver energy to the grid and provide fault ride-through
support Open new business opportunities related to ancillary services (e.g. voltage
control, active/reactive power regulation flexibility, etc.) for the MV network
Standardization in data exchange protocols between the network devices and
generators
Creation of procedures when cooperating with TSOs Containment of costs compared
with a “business as usual” approach (building new lines and substations)
Potential for reduction in network losses
Reduction in energy not supplied from distributed energy resources in distribution
network due to improved network conditions (MW)
Increased network hosting capacity for DER in MV distribution network (%)
Percentage improvement line voltage profiles fulfilling grid nominal voltage
requirements, as defined in EN 50160 standard (%)
Percentage cost reduction in comparison with conventional grid reinforcement
strategies for DG integration
Open new business opportunities for aggregators, so that they may contribute with
new services to a more economical and secure electricity system
Create new business opportunities for equipment manufacturers
Give a technological leading position to European equipment manufacturers for smart
connection equipment
Cost reduction of power electronics components (e.g. power plant control)
Unification of connection requirements to mature industry and reduce costs by
standardization
Equipment manufacturers, ICT and system architecture companies, R&D institutes,
Retailers (if necessary), Generators, Consumers and Prosumers (MV-level), DSOs,
Regulators (for consultation, depending on the local regulation)
Typical projects in D4 include enabling methods and technologies as well as large
scale demonstrations as proof of concepts for the above scientific, technical,
market/regulation and social issues
90 M€


110
110

Expected
benefits

KPIs

Expected
impacts

Partners
involved
Additional
information:
Budget
Estimation
Timeline

2014-2020
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D5:
Contents

Integration of storage in network management
Challenges:
The advent of distributed and variable generation based on renewables (solar and
wind mainly) impacts directly the performance of the electrical networks: in addition
to demand response and forecasting systems, electricity storage can provide
profitable solutions to balancing issues, as well as new options to address power quality
and network losses management. The challenge is to demonstrate at large scale
under real life conditions the potential of electricity storage (focusing on power and/or
energy) and to propose regulatory recommendations so that network operators are
given incentives to implement such technological solutions when appropriate. Even
though existing large-scale projects in Europe are expected to be launched for the
transmission operators, research, development and demonstration are still needed at
distribution level, i.e. at medium to small-scale capacities of storage. Additional
questions related to ownership (owning or not the storage systems), scale and location
(choice of centralised or distributed storage systems) also need to be answered.
Objectives:
The functional objective is to demonstrate, under real operating conditions and on
large scale, how electricity storage systems, connected to the grid through power
electronic controllable interfaces (that, inter alia, give the possibility to control active
and reactive power flows) can facilitate the integration of highly variable renewable
energy sources and diffuse demand response, enhancing network operations and
energy management.
The economic value of storage has to be demonstrated by comparison with available
alternatives and subsequently embedded in the framework of new regulatory
schemes allowing fair reward to the different stakeholders of the electric system.
Scope:
Generation-load balancing:
With the introduction of distributed generation, the generation-consumption balance
is becoming even more critical for the secure and safe operation of the electric
system. In this scenario the electricity storage represents a key technology that with
appropriate control systems can be effectively used for this purpose and moreover for
optimising the peak load management, allowing to overcome the historical concept
of “just in time” consumption. The future progress of wind power and other renewable
resources will affect an important component of the energy storage market, since
storage is one of the ways of dealing with the high variability issues associated with
unpredictable power sources. These will become increasingly important, if the
contribution of wind power and other renewables reaches the levels predicted (or the
appreciably higher levels forecast elsewhere). Even today, connection and
transmission constraints are holding back the development of wind energy in leading
European and North American markets. Storage systems can also impact energy
market by introducing a produce-store-consume pattern and eliminating market
anomalies like negative-prices for energy consumption.
Control of the power flows:
Power flows through distribution lines and transformers must be kept within the
admissible thermal limits in order to reduce ageing process and in order to optimise the
use of network assets. The objective is to develop control systems for an effective use
of storage technologies for maintaining the power flow through all branches within the
admissible range fixed by the technical standards, taking into account real
operational condition of the network and its topology, besides economic aspects. The
deferred investments on grid-upgrade should also be considered as one of the key
benefit of energy storage systems and evaluated under different network conditions.
Control of the voltage
The voltage level of all nodes must remain within admissible ranges regardless of the
network operating conditions (load, generation) and possible external interferences.
The presence of generators affects voltage profile of the lines and the objective is to
develop control systems for an effective use of in-line storage technologies for
maintaining voltage of all grid points within the admissible range fixed by the technical
standards.
Power quality management
As aforementioned the electricity storage systems are connected to the grid through
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112
112

Expected
benefits

Integration of storage in network management
inverters that are able, with the implementation of appropriate logic controls, to
improve the power quality through the reduction of the harmonic distortion, so the
objective is to realise control systems for an effective use, in this field, of the power
electronic devices that equip storage systems.
Islanding and micro grid operation management
The objective is to study the use of storage systems in islanding and micro grid
operation in order to improve network availability and reliability (e.g. reducing the
number of customers affected by faults thanks to islanding operation) and to optimise
the energy usage with micro grid operation (e.g. pursuing the energy consumption on
site, thanks to the reduction of the “electrical distance” between generation and
load). The GRID4EU project is addressing this issue coupling PV generation and
electricity storage.
Specific tasks:
Scientific

Market and network models to value the potential benefits of storage and their
optimal location (e.g. close to generation, or close to load) and size

Dedicated forecasting tool to optimally manage distributed generation and
storage

New tools for network planning and design with the ability to integrate
conventional (passive) network simulations (load flow, etc.) with the simulation of
storage systems with active control algorithms
Technology

Different storage technologies (assessment in terms of technical characteristics,
ability for network support, etc.)

Movable storage

Power electronic devices that equip storage systems

Central systems (i.e. Distribution Management System, DMS), distributed and
centralised intelligence systems for implementing the functionalities described in
the “Functional Objectives” section

ICT infrastructure for connecting the storage devices to the central control system

New actuators (e.g. remotely managed switches and relays), new sensors (e.g.
fault detectors, voltage and current sensors) and new algorithms (e.g., fault
detection and power flow optimisation)

Integration issues (minimisation of integration costs into distribution network, etc.)
Market

Development of different business models (technical virtual power plant vs. market
virtual power plant, distributed storage and active demand for domestic
applications, movable storage), adapted to different regulatory schemes

Analysis and simulations of market models considering distribution network storage
and residential storage, addressing “certification” of storage solutions for grid
compliance (features, communication options,..)

Provide recommendations for new regulatory mechanisms addressing storage
ownership and operations
Cost-benefit analysis considering other storage alternatives such as hydrogen, powerto-gas and thermal storage as relevant benchmarks.
Social

Social acceptance of storage related to potential security and environmental
impacts

Increase in the grid hosting capacity for distributed generation resources

Increase in network availability and power quality in presence of large penetration
of DER

Reduction in DER curtailment

Reduction in network losses

Optimization of the power flows including loss management

Balance variable power generation of renewable energies and thereby reduce
peak power

Increase the security of supply (i.e., network availability and reliability) by being
able to provide voltage control, black start capability and islanded operation
(reduce Customer Average Interruption Duration Index, SAIDI) of the related grid
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KPIs

Expected
impacts

Partners
involved
Additional
information:

Budget
Estimation
Timeline

Integration of storage in network management
area

Potential for new ancillary services linked with the availability of storage

Optimize the use of existing network assets

Economic impact assessment (i.e. costs/benefits) of all the functionalities
developed

Percentage improvement in line voltage profiles fulfilling grid nominal voltage
requirements, as defined in EN 50160 standard (%)

Reduction in energy not supplied from distributed energy resources in distribution
network due to improved network conditions (MW)

Increased network hosting capacity for distributed energy resources in MV and LV
distribution network (MW)

Percentage peak load reduction (%)

Percentage reduction in energy losses (%)

Percentage cost reduction in comparison with conventional grid reinforcement
strategies

Give a leading edge advantage to European storage manufacturers on the world
market based on stationary and mobile storage applications

Contribute to lowering the cost of storage through promoting standard, open,
flexible solutions with manufacturers

Contribute to lowering the cost of storage through economies of scale

Promote the role of storage system integrators, like the ones already involved in
the railway industry

Demonstrate the impact of electricity storage facilities for electricity market
players
Storage equipment manufacturers (several technologies), Power electronics
manufacturers, ICT and system architecture companies, R&D institutes, DSOs,
Regulators, Energy Market Operators, generators
Typical projects in D5 include enabling methods and technologies as well as medium
scale demonstrations as proof of concepts for the above scientific, technical,
market/regulation and social issues.
Control systems to use storage to maintain network within admissible thermal
boundaries need to be weighed against initial investment: Costs are incurred at
investment time, while benefits only appears after 10’s of years.
100 M€
2014-2020
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D6:
Contents

114
114

Expected

Integration of infrastructure to host Electrical Vehicles
Challenges:
The major car manufacturers have started the production and sale of EV with
projections estimating one million electric vehicles circulating in Europe by 2020, which
anticipates a significant expansion by 2030 and beyond. Therefore, there is a need to
address the impact of different types of charging options on the distribution grids (and
generally the electric system). European Member States must guarantee that the most
critical aspects relating to charging infrastructures have been tested, and
consequently a number of proven technologies and solutions will be available in line
with the arrival of electric cars.
Objectives:
The functional goal is to fully grasp, through the development of knowledge
components, the positive and negative consequences of massive electric vehicle
charging on the distribution network and to propose solutions for the potential
problems identified.
Positive grid internal consequences of massive integration of EV could include:

Potential for load shaping

Ancillary services linked with the availability of distributed storage

Negative grid internal consequences of massive integration and charging
technologies/methods of EV could include:

Overloads

Power quality (i.e. harmonics, voltage profiles) not conforming to international
agreed standards (e.g. EN 50160)
Scope:
The projects addressing Integration of infrastructure to host Electrical Vehicles aim at
developing and implementing methods and tools to analyse the consequences of the
massive charging of electrical vehicles on the network grid in terms of load shaping,
overloads, power quality and forecasting the availability of resources to face the
demand.
Specific tasks:
Scientific

Network modelling and optimization tools in the presence of massive integration of
EVs

Optimization tools for power flow calculation capable of simulating the active
behaviour of on board battery chargers with advanced control algorithms (e.g.
implementing V2G dispatch strategies)
Technology

Development of EV charging infrastructures (for EV charging in public and private
areas)

Development of centralized remote management system enabling smart grids
integration of EV charging infrastructures, supporting business-to-customers and
business-to-business relationships and ensuring easy and secure payments for
customers

Smart EV charging solutions in accordance to energy availability and network
constraints and electricity prices

Development of standard charging solutions to ensure interoperability and
recharging of current and future vehicles generation

Fast, very fast, and inductive recharge

V2G technology solutions
Market

Creation of a common marketplace in order to provide common services across
EU and in particular enabling roaming services

Definition of business models for electric mobility

Recommendations for tariff schemes and incentives to promote optimized
charging and facilitate customer engagement

Regulatory recommendations to support electric mobility market penetration

Market mechanisms for V2G
Social

Understanding of costumer behaviour and social acceptance

Potential for load shaping
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D6:
benefits

KPIs
Expected
impacts

Partners
involved
Additional
information
Budget
Estimation
Timeline

Integration of infrastructure to host Electrical Vehicles
Ancillary services linked with the availability of distributed storage to improve
network cooperation

Improvement of network utilisation and power quality, thanks to new specifications
of power electronics on board EVs

Increase in hosting capacity of EVs in MV and LV distribution network (MW)

Percentage cost reduction in comparison with conventional grid strategies

Support to electric vehicles market growth

Increased well-to-wheel energy efficiency

Emissions reduction (in comparison with emissions produced by internal
combustion vehicles)

New business opportunities for stakeholders (e.g. Car Manufacturers, Energy
Suppliers, Energy Service Providers, Technology Providers)

Enabling of vehicle-to-grid services provision
DSOs, TSOs, Car manufacturers, ICT companies, Technology Manufacturers, Energy
retailers/aggregators, R&D institutes, Regulatory bodies
Typical projects in D6 include enabling methods and technologies as proof of
concepts for the above scientific, technical, market/regulation and social issues.
60 M€


2014-2020
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C.3 Cluster 3: Network Operations
C.3.1 Background

116
116

The nature of a power system’s operation depends on its load. Load changes
regularly: it depends on weather conditions, and has a stochastic nature. The
purpose of generation, transmission and distribution system is to cover the load in all
conditions. The balance between generation and consumption must exist at all
times. Even though, the power system load is controllable to some extent (through
electrical tariffs or using the load dependency of operational parameters (voltage
and frequency)), possibilities of load control remain secondary as adjustable features
of the power system operation. The behaviour of the load and the regularities of the
load change are primary features of the power system operation.
In the distribution network, close connection between the electrical network
operation and the change of network busloads prevails. The distribution network
operation is considerably influenced by network busloads, which are formed by
active and reactive power of the substations. The availability of information is still
modest in distribution networks and therefore comprehensive methods for network
monitoring should be used.
The medium voltage distribution network (unlike the high-voltage transmission
network) has traditionally been a passive network, which means to pass power from
bulk-supply points to customers. Quality of supply has been ensured by planning a
degree of redundancy and by some centralised ability to switch connection points,
although at a relatively low response rate. Single-circuit radial distribution lines are
vulnerable to faults and the first priority of power-system protection schemes is to
isolate faulted sections and plant.
Restoration of customers who are off-supply can be relatively lengthy: automated
restoration relies on methods run by controllers written for only a small number of
scenarios. If the scenarios do not apply, restoration is through manual control. The
inclusion of distributed generation (DG) calls for a greater degree of control,
including control of DG reactive power. Active network management is about
integration of DG into network operation rather than its straightforward connection.
Active network management55 can also make use of other distributed resource, such
as storage, to relieve constraints that arise in networks where energy use and
demand patterns have changed.

“Adaptive intelligent power systems: active distribution networks” , Jim McDonald Institute for Energy and
Environment, University of Strathclyde
55
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C.3.2 Objectives
C.3.2.1 Gaps and barriers
Future electricity distribution networks, sitting between transmission networks and the
customer, will become increasingly instrumented. The mass deployment of network
equipment sensors and instrumentation, millions of smart meters, small-scale
embedded generation, and responsive load, such as smart domestic appliances
etc. will generate huge amounts of data requiring near to real-time analysis. New
computing architectures can be used to provide access to resources such as grid
and cloud computing, thus enabling scalable data mining, feature extraction, and
near to real-time state estimation.
A new generation of distribution network management systems is required that
exploit novel near to real-time HPC solutions with inherent security and intelligent
communications for smart distribution network operation and management. Cost
effective scalable HPC solutions will be developed and initially demonstrated for
realistic distribution network data traffic and management scenarios via off-line field
trials involving several distribution network owners and operators.
Moreover, the information potentially available from smart meters may be exploited
to the advantage of both the distribution network operator and the customer. The
driving forces towards the need for dynamic tariffs are strong: increased embedded
generation, the introduction of plug-in electric vehicles, decreasing national
generating capacity, further additions of medium and large scale variable
generators, and the prospect of short-term load-shedding by suspending low priority
consumption within both commercial and domestic sectors. High-Performance
Computing may provide scalable solutions to large-scale data management for
smart metering.
C.3.2.2 Objectives
Handling future demands of higher reliability, renewable integration and increased
use of smart metering will require network flexibility, with interactions on monitoring
and control. A software based solution addresses these demands. Monitoring today
is mainly to collect a limited number of parameters with a low degree of actions that
can be taken. More flexible network requires developing:


MV Advanced network control functions



Preventive maintenance approaches



Outage management and quality of supply: AMR data opens up a
number of opportunities that have not been previously available. By using
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AMR data detailed information can be obtained on only how the low
voltage network is performing but also on losses, load characteristics and
power quality. Experiences from existing low voltage networks can be
used for optimal low voltage network planning.


Load control: AMR data can also be used in outage management: the
goal is to look into which system functionalities are needed to use such a
tool. Introducing AMR provides a communication channel to each
customer, thus used for information exchange and load control. Enabling
load control opens up the possibility of better using the capacity in the
entire network and also reducing outages.



Load modelling: the introduction of a simulation tool that utilizes AMR data
in low voltage network planning as stated above will help the operator
better control the network



Development and validation of techniques to enhance the elasticity of
demand by incentivizing customers (public and/or private support) via
demand response



Interactions with novel aggregation techniques of small customers to
enhance the impact onto the electricity market and system

118
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C.3.2.3 Expected outcomes and impacts
Expected outcomes:


Self-healing grids



Local intelligence to monitor local power flows



Increasingly flexible network



The use of remote controllable MV-switches can be considered in the
planning for grid development, leading to a reduction in overall costs

Expected impacts:
Customers
Increased reliability and improved power quality will reduce the loss of income and
level of equipment damage. The possibility of recovering the energy supply in the
MV-grids automatically reduces the average length of the customer average
interruption duration index.
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Society
Increased reliability, safety and improved power quality reduces outage times for
businesses, meaning an increase in turnover and a lower level of personnel injuries
Regulations involving reliability and quality performance will be enhanced.

C.3.3 Structure of Cluster 3
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Monitoring and control of LV networks
Challenges:
Historically, the low voltage network has been a “blind spot” for network owners,
meaning no real-time data has been available. In 2011, the Grid4EU project has
initiated, with the help of Vattenfall, a demonstration project on the use of AMM data
for improving monitoring. In the meantime, several EU member states have seen
increased connection of DER (especially solar PV) on the LV network which in turn has
created scenarios with higher volatility of supply directly impacting power quality
metrics (line voltages, harmonics, etc.). This situation requires novel ways and means to
monitor and control potential undesired situations that may arise under certain
circumstances (e.g. increased line voltage magnitudes). More R&D work and
demonstrations operations are needed to develop and validate solutions that can
help both monitor and control power quality, including the issues of data quality and
cyber security. Moreover, increased cooperation between TSOs and DSOs may lead
TSOs to require in-depth monitoring of Distribution network in view of using islanding
mode of operation and safe reconnection.
Objectives:
The functional goal is to demonstrate under real operating conditions and at a large
scale, new solutions to improve LV network monitoring and control.
Scope:

Information collection and exchange and the corresponding network regulatory
schemes (e.g. ownership of data),

Load modelling,

Faster fault localization, isolation times, and recovery of healthy sections,

Load control,

Protection systems for two-way power flows,

Outage management,

Improve reliability and quality of power supply,

Feasibility of islanding mode of operation

Efficient validated anti-islanding solutions
Specific tasks:
Scientific

Information model aggregation (using IEC 61850)

Data protection and cyber security methodologies

Automatic control concepts for LV networks

New control architecture for optimized operation

New algorithms to identify system topology
Technology

Protection schemes and control systems for two-way power flows in LV

Communication infrastructure supporting integration in LV network

Communication interfaces on secondary substation level

New operational scheduling tools that provide an indication of optimal grid
configuration based on day-ahead forecasting and real network data to
maximize certain objective functions (i.e. avoid network congestions, minimize
network losses, reduce reverse power flows to TSO, etc.).

Accurate frequency and voltage measurement devices adapted to the
distributed needs of LV networks. They should have a small footprint (to be easily
integrated) and low-cost (in view of the large number of measured points).

Investigate and evaluate how the communication structure for AMM could be
used as an information channel and for load control. Load control can be used to
inform certain loads, on the basis of network capacity, when it is appropriate to
increase or decrease consumption. This could also involve pricing.

Develop remote control systems for LV network switches
Market

Recommendations on market rules and mechanisms for provision of ancillary
services provided by LV network

Recommendations on new market rules for islanding modes of operation

Coordination between technical grid control and market based power balancing
(e.g. technical virtual power plants vs. market based virtual power plant)
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Expected
benefits

KPIs

Expected
impacts
Partners
involved
Additional
information
Budget
Estimation
Timeline

Monitoring and control of LV networks
Social

New mechanisms to encourage prosumers for proper connection of DER
(individual vs aggregation)

Training of field operators to cope with new ways of addressing LV network
reliability/services to the electric systems
Improve the observability of the LV network
Improve continuity of supply and power quality by the LV distribution system
Reduce network losses
Increase cooperation between MV and LV parts of the system
Open new business opportunities related to ancillary services coming from the LV
system (voltage control, reactive power provision)

Increased DSOs’ workforce skills

Improve network operations like cuts, connections, reconnections, etc.

Percentage reduction in energy losses (%)

Percentage improvement in line voltage profiles fulfilling grid nominal voltage
requirements, as defined in EN 50160 standard (%)

Improving Quality of Service (SAIDI, SAIFI…)

Percentage reduction in time needed for awareness, localization and isolation of
grid fault (%)

Reduction in energy not supplied from distributed energy resources in distribution
network due to improved network conditions (MW)

Create new business opportunities for power manufacturers (e.g. smart inverters)

Reinforcing the technological leading position of European LV network equipment
manufacturers
Equipment manufacturers, ICT and system architecture companies, R&D institutes,
DSOs, Regulators
Typical projects in D7 include enabling methods and technologies as well as large
scale demonstrations as proof of concepts for the above scientific, technical,
market/regulation and social issues
150 M€






2014-2020
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Automation and control of MV networks
Challenges:
In 2011, the Grid4EU project has initiated with the help of Enel and Iberdrola
demonstration projects on the use of MV grid automation and control solutions. In the
meantime several EU Member States have seen increased connection of DER
(especially solar PV and wind) on the MV network which like in LV networks have
created scenarios with higher volatility of supply directly impacting over quality metrics
(line voltages, harmonics, etc…). But grid automation and control with the help of
power manufacturers require further investigation of control and protection schemes
(e.g. self-healing networks). Moreover, today, some of the MV network protection and
control systems are ageing, not configurable enough, and without communication
possibilities. These systems are becoming less and less suited to the requirements of
future MV networks (welcoming more grid active resources).
Objectives:
The functional goal is to demonstrate under real operating conditions and at a large
scale, new solutions to improve MV network monitoring and control.
Scope:

Increase in the grid automation and control with grid active resources

Increase in network continuity of supply and power quality in presence of active
resources

Faster fault detection and isolation times

Validation of the concept of self-healing network

Demonstration of the role and impact (scaling-up and replication) of smart
substations under the IEC 61850 and 61970/61968 CIM

Load flow optimization – congestion management.

Reduction in network losses

Increased participation of grid users in network operation and energy markets

Increased interactions between TSOs and DSOs

Novel work force management techniques

New business opportunities related to ancillary services
Specific tasks:
Scientific

Information model aggregation using IEC 61850

Data protection and cyber security methodologies

Automatic control concepts for MV networks

New control architecture for optimized operation in the close to real time process.

New algorithms to optimize system topology

New concepts for voltage control and congestion management in the MV
network

Improved generation and load forecasting tools for appropriate MV control

New tools for MV/LV power system stability analysis
Technology

Network management optimization thanks to greater knowledge of power flows,
loads and power quality parameters

New operational scheduling tools that provide an indication of optimal grid
configuration based on day-ahead forecasting and real network data to
maximize certain objective functions (i.e. avoid network congestions, minimize
network losses, reduce reverse power flows to TSO, etc.).

New actuators (e.g. switches) and new sensors (e.g. fault detectors, voltage and
current sensors) for MV network

Bi-directional and always-on communication systems

Protection schemes and control systems for two-way power flows in MV

Communication infrastructure supporting integration in MV network

Communication interfaces at smart substation level

Develop remote control systems for MV network switches

Automatic fault clearing procedures that will include automatic power restoration
of the healthy sections

Active and reactive power management techniques for MV generators and loads

Dedicated ICT infrastructures for MV network management

Decision tools for MV refurbishment/revamping
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Expected
benefits

KPIs

Expected
impacts

Partners
involved
Additional
information:
Budget
Estimation
Timeline

Automation and control of MV networks

Improved fault localization, isolation and management processes
Market

Recommendations on market rules and mechanisms for provision of ancillary
services (e.g. reactive power provision) provided by MV network

Coordination between technical grid control and market based power balancing
(e.g. technical virtual power plants vs. market based virtual power plant)
Social

Training of field operators to cope with new ways of addressing MV network
reliability/services to the electric systems

Improve the observability of the MV network

Improve continuity of supply and power quality by the MV distribution system

Reduce network losses

Increase cooperation between TSOs and MV parts of the system

Open new business opportunities related to ancillary services coming from the MV
system (voltage control, reactive power provision)

Reduce duration of outages

Increased DSOs’ workforce skills

Improve network operations like cuts, connections, reconnections, etc.

Percentage reduction in energy losses (%)

Percentage improvement in line voltage profiles fulfilling grid nominal voltage
requirements, as defined in EN 50160 standard (%)

Improving Quality of Service (SAIDI, SAIFI…)

Percentage reduction in time needed for awareness, localisation and isolation of
grid fault (%)

Reduction in energy not supplied from distributed energy resources in distribution
network due to improved network conditions (MW)

Create new business opportunities for power manufacturers (e.g. smart
substations)

Reinforcing the technological leading position of European MV network
equipment manufacturers
Equipment manufacturers, ICT and system architecture companies, R&D institutes,
DSOs, Regulators
Typical projects in D8 include enabling methods and technologies as well as large
scale demonstrations as proof of concepts for the above scientific, technical,
market/regulation and social issues.
100 M€
2014-2020
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Expected
benefits

KPIs

Expected
impacts
Partners
involved

Network management methodologies for network operation
Challenges:
Distribution system operators are facing new challenges from the electricity value
chain. In the long run, DSOs will have to come-up with a level of network management
which is comparable to that of TSOs. By doing so, the main challenges that the DSOs
will have to address are :

intensive exchange of new information with TSOs,

new market rules where they are providing more services to the system,

intermittency of DER at DSO level,

controllability of loads,

new players such as aggregators with their own business models,

cross-DSO cooperation to explore possibilities of mutual support,

more restrictive operational needs that are much narrower due to the
combination of power electronics, variable generation and consumption that
have to be managed at both MV and LV levels
It is therefore likely that their missions will have to evolve in order to adjust to these
multiple constraints which will require RD&D.
Objectives:
The main goal of this functional area is based upon the implementation of costeffective observability allowing a better control of stochastic generation and
consumption with respect to stability boundaries.
Scope:

new management techniques possibly related to local DC networks,

introduction of technologies that give better observability and therefore improved
control,

real-time approaches to work within much narrower stability limits
DSOs will become more and more service providers to the TSOs. This impacts clearly
the management of the DSO networks. In particular, the provision of injection at
critical points, the ability to react to orders/requirements given by the TSOs in the future
or to activate local generators when local line conditions require it, are typical features
of this mission change.
Specific tasks:
Scientific

Opportunities for local DC networks

Real time appraisal of status of DSO network

Novel tools for observability

Improvement of forecasts for PV power (1 hour, 3 hours, 12 hours, 1 day, 3 days) for
scheduling of conventional power plants taking into account the different
technologies (flat panels, concentrated PV) and the different possibilities (satellite,
sky cameras, etc...)

Tools for reliability assessment
Technology
IT solutions for real time simulation tools that are cheap and reliable
Market/Social

Training tools for emergency management (how do you coordinate in
emergency)

Innovative capacity building methods to enable the mission shift of DSOs

Several options to find if it makes sense to become more and more like a TSO in
the future (dispatching, balancing, etc.) or the costs are too high and benefits too
low that makes it a non-option

Safe operations within narrower stability limits

Avoid curtailments from RES in critical situations, with benefits to complete energy
system (and reduced CO2 emissions)

Improving Quality of Service (SAIDI, SAIFI…)

Percentage reduction in average time needed for awareness, localisation and
isolation of grid fault (%)
For TSO, they would need less reserve power
DSOs, Equipment manufacturers, Public authorities (State,
government), consumer associations, Regulatory authorities.
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Estimation
Timeline

Network management methodologies for network operation
Typical projects in D9 include enabling methods and technologies as well as medium
scale demonstrations as proof of concepts for the above scientific, technical,
market/regulation and social issues
50 M€
2014-2020
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Smart metering data utilisation
Challenges:
According to European Directive 2009/72/EC, by 2022, all EU member states must
complete their smart metering roll out. Even though the first generation of smart meters
in Europe is different from one member state to the other, a very large amount of data
is being collected whose potential has been untapped. These data can be divided in
two main categories: grid external data which deal with prosumers issues, and grid
internal data which deal with the capillary observability of the electricity network.
There is a European added value in further processing of presently available data to
find new uses, prepare second generation of smart meters over Europe, and explore
new business models for network operators.
Objectives:
For the grid internal issues, the following could be considered:

availability of highly distributed sensors in order to enhance the inputs to the DSOs
for the optimal management of the network (network optimisation, fault
detection, power quality, hosting capacity for DG or EV)

identification of efficient data filtering processes to serve electricity market
stakeholders

identification of ways and means to reduce the transaction costs for active
demand operations

addressing data privacy concerns

addressing cyber security issues
As far as the grid external issues are concerned, the following aspects will be
considered:

use of the smart meter for enabling new business models involving customers,
retailers, aggregators and DSOs

advanced elaboration of load data for aggregated consumer profiling and
energy efficiency measures, including the possibility of personalized energy offers
to different customers segment

together with intelligent equipment implemented in the network, and at
customer’s Home Area Network (HAN), it will for example serve as an enabler for
the integration of more renewable energy sources (RES)

advanced elaboration of generation data from prosumers in view of forecasting
of DG

develop standard systems for publishing the data collected from the meters to
different customer interfaces (e.g. PC, TV, custom displays, etc.) and for making
data available for “smart” appliances in order to enable the provision of energy
efficiency services

to demonstrate the potential of flexibility market

standardization and interoperability of system architecture, protocols and data
models
Scope:
The projects addressing Smart metering data utilisation aim at defining and
developing a series of applications using the data collected as a result of the massive
smart metering roll outs in all EU members. From the point of view of DSO the increase
of monitoring of the low voltage network is important in term of power flow
optimization, faults detection, power quality, increase capacity, optimise
maintenance operations) Moreover, the metering data contribute to other aspects as
creation of new business models, interaction with clients through home displays, boost
standardization and new system architectures.
Specific tasks:
Scientific

Large data mining processes

Data protection tools (access, authentication, encryption)

Distributed online analytical stream processing system with spatial and temporal
dimensions

Development of mathematical approaches to describe consumption behaviour

Mathematical models of the network using data from smart meters
Technology

Standardisation of data models
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Smart metering data utilisation
New IT solutions to process large data streams (cooperation with the bank industry)
Data publishing systems
Data storing systems (E.g. web dashboards for data managing, etc.)
Ageing and lifespans of respective components (smart meters, communication
infrastructures, grid)
Market

New business models for providing new energy services

Recommendations for new regulations to provide personalized services and tariffs
to individual customers

Recommendations for data privacy and data use by the different stakeholders of
the electric system
Social

Best practices for ensuring data privacy and customer acceptance

Enhanced network planning and management

Increased integration of EV and DG

Better visibility of the power quality in the network

New routes for asset optimization

Decreased cost of operation

Possibility for new customized services in the area of efficient energy uses

Possibility to define power quality at customer site

New options for incentives suggestions at regulatory level

Percentage reduction in time needed for awareness, localisation and isolation of
grid fault (%)

Increased network hosting capacity for distributed energy resources in MV and LV
distribution network (MW)

Increase in hosting capacity of EVs in MV and LV distribution network (MW)

Enabling new business and stimulating market competitiveness

Improving customer energy consumption behaviour towards energy efficiency

Equipment manufacturers, ICT and system architecture companies, Software
developers, R&D institutes, DSOs, Regulators
Typical projects in D10 include enabling methods and technologies as well as medium
demonstrations as proof of concepts for the above scientific, technical,
market/regulation and social issues.
100 M€





Expected
benefits

KPIs

Expected
impacts
Partners
involved
Additional
information:
Budget
Estimation
Timeline

2014-2020
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C.4 Cluster 4:
management

Network

planning

and

asset

C.4.1 Background

128
128

Electricity distribution systems are complex, with hundreds of thousands of individual
components, each having differing characteristics, ages and interdependencies.
This network continuously balances supply and demand, subject to the variances of
weather, temperature, customer behaviours and random events. Planning and
development of distribution networks pursues a number of often conflicting
objectives such as:


Distribution network load forecasting



Constraint identification



Provision of capable and safe distribution network that will supply existing
and future customers loads



Elimination of existing and future system constraints



Minimization of power losses



Improvement of network reliabilities with minimization of not supplied load
and energy and reduced customer loss minutes



Maintain appropriate quality of supply and levels of reliability on the
existing distribution network



Minimization of investment and operation and maintenance costs



Development of an effective capital investment program based on
project priorities and risk assessments



Integration of distribution augmentation plans with other capital works,
etc.



Appropriate pacing investment rate.

Some of the above objectives are in conflict because by their nature distribution
network assets are ‘long lived’. Any deferral of capital expenditure or stage
development may appear attractive economically, but not necessarily technically
attractive, where ‘early intervention’ may appear logical.
It is why in the context of the Electricity Supply Industry, planning is generally
considered as


Part engineering science



Part experience
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Part intuition



Part inspirational visionary and



Part art.

Operationally, asset management covers a wide range of activities:


Use of real time system data to reschedule capital investments by
prolonging the life of existing assets.



Improve asset optimization through:



Increased knowledge on ageing processes and influencing parameters to
better identify the situation of each assets and its critical features ;



Risk and sensitivity analysis on asset life time (use of probabilistic models
instead of deterministic models: deterministic models are based on the
worst cases, probabilistic models will enable to characterize critical
situations in terms of risk).



multi-criteria optimization methods enabling adjustment in real-time of the
energy delivery strategy sited to the new energy environment



going from planned preventive maintenance into targeted maintenance

C.4.2 Objectives
C.4.2.1 Gaps and barriers
Investments in power distribution systems constitute a significant part of the electric
network expenses. This is why efficient planning tools are needed to allow planners to
reduce costs. In recent years, a lot of mathematical models and algorithms have
been developed. A good review of classical models and issues and a recent
overview can be found in the open literature, some of them emphasising selection
and application of optimisation methods for distribution design. A distribution system
consists of a number of medium voltage/ low-voltage (MV/LV) substations, with a
radial network (loops are only possible for backup) fulfilling technical constraints
(voltage drops and equipment capacity) and quality of supply limits, to feed the
load demands. The most common issue in distribution planning is the reinforcement
of a system for growing load demand. However, it is also needed to design a system
to meet load demand in new areas without existing facilities. This planning is often
called “green field” planning, because the planner starts with nothing (a green
field).
Asset management is a key challenge for network operators:
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It influences both capital and operation expenditures ;



Ageing assets may have a major influence on the quality of service
delivered ;



Public safety should not be endangered by insufficient network asset
management ;



The difficulty to manage the life time of network assets :



there is generally a lack of knowledge on the critical parameters and the
time evolution of asset characteristics and capabilities;



consequently, some parameters should be collected and valorised to
enhance asset management (needs for sensors, IS interoperability, data
flow processing, …)



MV network is made of long life power components which now are
increasingly coupled with IT subsystems (telecom, sensors, local IT control).
The latter have a much shorter life span due to the fast development
cycles of ITC technologies.



Implementation of new methodologies and technologies for asset
management will imply a major change in field crew competences and
work organization (mobility tools).

Moreover, there is a real need to make DSOs more confident about the distributed
generation capability in order to influence future network investments (how the
installed capacity for DG could be taken into account for network sizing?).
Simultaneously, new loads are growing up such as the charging infrastructure for
electrical vehicles, the influence of which needs to be carefully studied, especially
regarding their impact on peak demand and network sizing. Therefore, policies and
methods for network maintenance, renewal and reinforcement should be revisited
and improved. Simultaneously, a better understanding of asset ageing mechanisms
should be developed to better specify what kind of survey or sensors or tools should
be put in place to face smartly the end of life of the different network components.
For new assets, standardisation should be developed in order to manage efficiently
the difference of life time of the intelligent and the core electro technical parts.
C.4.2.2 Objectives
The major objectives are:


Develop new planning methodologies able to account for new network
architecture



Develop and share knowledge on ageing process in order to better
understand and specify the needs for smarts devices and tools enabling
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an efficient management of the network components’ maintenance and
lifetime


Develop and experiment new asset management methodologies, sensors
and software tools based on this knowledge and field test them;



Develop and experiment new algorithms for load forecasting, based on
quasi-real-time system data



Define upgrade policies for the ITC components which comply both with
existing and future assets ;



Introduce asset management methodologies that address both hardware
and software issues

C.4.2.3 Expected outcomes and impacts
Expected outcomes:


Methodologies, sensors and software for asset management



Requirements for proper upgrade implementation of IT systems in ageing
infrastructures

Expected impacts:


Optimized CAPEX and OPEX to make the network more flexible



Increased reliability at optimal costs

C.4.3 Structure of Cluster 4
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D11:

New Planning approaches for distribution networks

Contents

Challenges:
Distribution system operators will have to face new challenges in the coming years
which will require new RD&D activities such as intermittency of renewable generation
and consumption, active demand management, integration of innovative generation,
storage and grid technologies, smart metering, ageing of distribution grid and
operational interface with transmission system operations.
New planning approaches as well as innovative network configurations will be needed
to take into account this increasing complexity which will in turn impact distribution
system operations. The following challenges could be addressed:

Internal signals coming from power industry

External signals from other players

Intermittency of renewables and consumption (this intermittency will as a matter of
fact a combination of renewable generation and active demand management.
Both could be combined as a variance reduction method)

Storage devices (including movable storage equipment) managed by the DSOs
or other players that will give new degrees of freedom

Manage the data coming from smart meters to have better knowledge on
demand side management

Information exchange with TSOs, in the smart substations for example
Objectives:
The functional objectives include the development of knowledge in the following
issues:

New planning approaches and techniques based on improved monitoring and
control and new equipment installed on the distribution network

New network configurations

Simulation tools which can take into account the next generation of distribution
networks (renewables, active demand, storage, power technologies, etc.)

Cost-Benefit analysis accounting for new players in energy market (i.e. storage
players). To further enable economically feasible system operation, the costs
related to the new controllability requirements including the need for additional
information on LV and MV networks will need to be considered in the planning
tools and methods.

Permitting of licenses from city councils for new grid lines. Streamline the process to
reduce time to construct new lines

Integration of new information exchange with TSOs

Integrate and process the data (smart meters, smart substations and other
monitoring equipment) at a large-scale

New power technologies streamlining the regulatory procedures.
Specific tasks:
Scientific

New network modelling and stochastic optimisation tools

Intelligent network planning

Simulation tools giving indication of DSOs of where to connect new generators on
the basis of different criteria.
Technology

System integration of new power technologies and impact on network planning

Active distribution network

Dynamic rating

Micro grids

Standardisation of technologies and infrastructures
Market/Social

Streamlined permitting procedures.

New ways of preventing/minimising public opposition to network investments,
integrating if appropriate in decision processes.

Organisation of public consultation
Social

New mechanisms to encourage clients in the perception of benefits and
repercussions of new systems.
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New Planning approaches for distribution networks
Training of field operators to cope with new ways of addressing network monitor,
operation and maintenance.

A reliable network at an affordable cost.

Reduction in risks/uncertainties in investments

Reduction in probability of public opposition

Lean permitting procedures and in consequence reduced necessary times for
permits

Reduced investment costs to serve consumers/producers/prosumers at same
levels of reliability

Increased levels of robustness to face climate conditions of increased severity
(high temperatures, floods, earthquakes, etc.)

Harmonization and speeding-up the access to new tools

Reduction on energy losses

Increased network hosting capacity for distributed energy resources in MV and LV
distribution network (MW)

Increase in hosting capacity of EVs in MV and LV distribution network (MW)

Percentage peak load reduction (MW)

Proposal for new regulations on planning including social acceptance issues.

Improved exploitation of the electric system, with enhanced collaboration
between DSOs and TSOs

Improved costumer participation on energy efficiency
DSOs, Equipment manufacturers, Public authorities (State, Regional & local
government), Consumer Associations, Regulatory Authorities
Typical projects in D11 include enabling methods and technologies as well as mediumscale demonstrations as proof of concepts for the above scientific, technical,
market/regulation and social issues.
50 M€


Expected
benefits

KPIs

Expected
impacts

Partners
involved
Additional
information:
Budget
Estimation
Timeline

2014-2020
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Expected
benefits

Novel approaches to asset management
Challenges:

Expand the lifetime of existing assets and reduce the costs of operation and
maintenance (OPEX)

Analysis of the impact of connecting storage, EV, DER and other devices to the
distribution systems

The definition of the role of corrective actions in network management (with a
specific attention to islanding modes of operation)

The preparation of a plan for climate change which clearly impacts the grid and
may require revising asset management methodologies
The development and implementation of novel IT systems to support this plethora of
information, in particular:

Ageing models for technologies

Shifting from deterministic models to probabilistic models

New sensor techniques for ageing management (not only in the manufacturers
side but also on the network operator side)

Knowledge sharing between operators on ageing

More sensors will be used to monitor the distribution system. These could be used
for conditional maintenance
Objectives:

Maintenance of existing infrastructure (lines, substations, etc.)

Smart substation with standard DSO/TSO interface

Training of operators for the new man-machine interfaces (from analogue to
digital) and to the supervision and operation of the new distribution grid

More effective conditional maintenance

Analysis and dissemination of results and impact assessment

Better predictive maintenance for reduced costs of corrective actions
Sub-functional objectives:

Take advantage of digitalization of the network to do things more efficiently

Skills improvement of operators and crew

Conditional based maintenance
Specific tasks:
Scientific

Ageing modelling under real network conditions, with the arrival of DER, EV, and
storage

Change in asset management with new environment (DER, AD, EV, storage, etc.)

Conditional and risk-based maintenance models

Real time compensation system to avoid expensive grid upgrades

Algorithms to identify system topology

Enhancing efficiency in day-to-day grid operation

Appropriate levels of operational control vs. planning measures
Technology

How to provide conditional and risk-based maintenance with new IT solutions

New IT systems and solutions that make use of large new quantities of data and
are used for conditional and risk-based maintenance purposes

New systems for field components wear and tear monitoring in order to” predict”
failures

Oil level in transformer oil pits and SF6 level in switchgear improving maintenance
effectiveness and reduces environmental risks
Market/Social
Capacity building methodologies including :

Methods for training of operators

Innovative methodologies to educate maintenance operators to new digital era

Innovative methods for training of new required skills

Education issues of operators

Change of skills of operators

Change of technology era from Analogue to Digital

Active customer with impact on energy efficiency

Reduction of OPEX through remote operations performing and network supervision

Increased reliability at constant OPEX
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D12:



KPIs
Expected
impacts
Partners
involved
Additional
information:
Budget
Estimation
Timeline



Novel approaches to asset management
Implementation of conditional maintenance that enables the possibility of
customised reliability, and a finally a reduction of OPEX
Specify maintenance procedures, monitoring procedures so you can choose
among the same type of technologies so you have reduced costs due to higher
volumes related to standardised solutions
Lengthen life-time of assets (replacement costs/ CAPEX)

DSOs, Equipment manufacturers, Public authorities (State, Regional & local
government), Consumer Associations, Regulatory Authorities
Typical projects in D12 include enabling methods and technologies as well as mediumscale demonstrations as proof of concepts for the above scientific, technical,
market/regulation and social issues.
50 M€
2014-2020

January 2013
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C.5 Cluster 5: Market design
C.5.1 Background

136
136

Regulation should ensure that distribution tariffs provide the regulated companies
with revenues that cover operation and maintenance costs, and yield a reasonable
return on investments, because this is the only way to guarantee that distribution
networks can be maintained in appropriate technical shape. In other words,
regulation balances the interests of different stakeholders of the electricity
distribution business: customers, society, distribution companies and owners.
The goal of the electricity distribution business is to satisfy the customers’ need for
electricity, to ensure the quality of electricity supply, and to yield profits to the
owners. The industry is characterised as being highly capital-intensive with long asset
lifetimes, typically 30–50 years. Nowadays, practically all citizens in developed
countries are connected to electricity distribution networks, and the total price of
electricity is significantly influenced by the distribution tariffs (distribution tariffs
constitute approximately one half of the total price of electricity paid by the
residential customers). Electricity distribution business largely determines the
availability of electricity within a society; the reliability of the whole electricity supply
depends critically on the functioning of the distribution networks, because over 90 %
of the interruptions experienced by the customers are caused by faults in medium
and low voltage distribution networks. In addition, the voltage quality at customer
supply terminals is completely determined by characteristics of the distribution
networks.
The decision-making framework of the modern electricity industry consists of a
governance regime, security regime, technical regime and commercial regime.
Smart grids must help industry efficiently integrate greater distributed energy
resources or utilise its demand control resources (demand response): a more
coordinated and decentralised arrangement for the operation and investment of
distributed resources is to be achieved in order to deliver net social benefits.

January 2013
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C.5.2 Objectives
C.5.2.1 Gaps and barriers
Smart Grids have several market design impacts56:
Impact on market governance regimes
Firstly, the role of the retailer is not clear even in the current competitive retail market:
the function of the retailer is expected to expand, leading to the creation of a new
market player between the DSO and the consumer. Secondly, the emergence of
many new market players will require regulatory changes between regulators and
DSOs to ensure fair and transparent network access. Thirdly, both technical and
commercial arrangements of network interconnection are expected to change in
order to efficiently allocate proper authority and accountability.
Impacts on Security Regime
Firstly, taking into account the fact that most distributed energy resources (DER) are
characterised as intermittent resources and are very small in size, it becomes very
critical for DER to have ride through capability in the event of system disturbance.
Secondly, it is also important for power systems to accommodate load shedding
capabilities in the event of demand controls. Finally, on top of both the ride-through
and load shedding capability, electric power has to be secured from the stability
perspective at the post disturbance point. Thus, an automatic centralised control
management, e.g. multiple and distributed energy management system (DMS), is
needed to operate and secure the electric energy supply.
Impacts on Commercial regime
The commercial arrangement for trading electricity will likely change Firstly, some sort
of commercial arrangement is needed to efficiently evaluate the contribution of
distributed resource in terms of energy provision as well as managing the quality of
supply: the regime of conventional centralised ancillary services will not be
appropriate to maximise allocation efficiencies. Secondly, it is also necessary to
operate forward looking financial instruments to provide DER investors a risk hedge of
revenue. Otherwise, Quality of Supply service providers will not have the incentives to
invest in QoS-related resources, leading to degrading energy quality. Moreover, a
commercial regime for the risk hedge is needed to consider the allocated efficiency
between the physical supply and financial instruments. Finally, the financial support
“Smart Grid and Its Implications for Electricity Market Design” Seon Gu Kim, Seong Il Hur, Yeoung-Jin Chae, Journal
of Electrical Engineering & Technology Vol. 5, No. 1, pp. 1~7, 2010
56
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regime will be considerable and will drive DER and DCR to making investments if the
economic regime is not applied depending on geological and environmental
barriers.
C.5.2.2 Objectives
There are several market design issues which ought to be addressed at EU level for
future distribution networks:

138
138


Charging electricity costs with tariffs reflecting the marginal cost of
electricity.



Reliability- and quality of supply- based regulations: impact on DER
deployment with harmonization over EU-27 for DSOs and TSOs



Quality and safety market impacts induced by the large scale
deployment of DER



Regulation options to encourage the development of electricity storage
and distributed energy resources



Management of the costs of ownership for DER units when contributing to
system services



Coupling of electricity and transport regulations (plug-in hybrid cars)



Development of standards for DER (distributed generation and storage
systems) interconnection to the network and telecommunication systems
for DER control

Simulation tools suited to the understanding of markets at distribution level ought to
be jointly developed before detailed studies at regional levels could answer the
above questions.
C.5.2.3 Expected outcomes and impacts
Expected outcomes:


Simulation platforms to address complex market design optimization



Validation test of the platform which allows making it a shared

Expected impacts:


Market efficiency at distribution level



Fair rewards of flexibility measures for all the players involved
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C.5.3 Structure of Cluster 5
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Contents

Novel approaches for market designs
Challenges:
The development of novel approaches for market designs is needed to support the
continuous evolution of the electric system, without being an obstacle to the Smart
Grids initiatives.
There is a major challenge at integrating massive amounts of intermittent generation
and at having new market players (commercial and industrial users, aggregators,
demand managers, storage operators...) participating in organised electricity markets.
In particular, the participation of customers in active demand is of major importance
for any electric energy system. The implementation of demand response programs
must be based on the knowledge of real time variations of electricity market prices
(through new metering devices and demand control centres), in order to aggregate
individual demand responses into demand response volumes that are large enough to
be traded on market places. This requires costly upfront investments, with large
uncertainties on the resulting financial returns and raises business model issues of
aggregation entities.
An in-depth study of their profitability under different market arrangements is crucial in
order conclude on the ability of appropriate market designs to provide sufficient
incentives for the development of demand response. This will involve power market
simulations based on appropriate tools, such as the simulation platform developed by
the FP7 EC funded OPTIMATE project (http://www.optimate-platform.eu/), aimed at
validating market design options and testing new ones, which may allow integrating
massive intermittent generation. A favourable market and regulatory framework will
be needed to face these challenges, helping the distribution network to become
more flexible with the implementation of advanced Network Operation and Energy
Management capabilities.
Objectives:
The projects addressing this cross-functional issue aim at providing:
Cost-Benefit analysis accounting for new players in energy market and demand
response under different market designs
Recommendations for innovative market designs allowing an increased flexibility of the
network
Regulatory recommendations enabling network operators to implement new
technological solutions
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D13:
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Expected
benefits
KPIs

Expected
impacts

Partners
involved
Additional
information:
Budget
Estimation
Timeline

Novel approaches for market designs
Specific tasks:
Scientific/Technology
Simulation of new market designs in order to assess benefits and costs of the studied
scenarios based on innovative numerical simulation platforms which go beyond the
existing ones (modelling in particular demand response and storage)
Market/Regulatory

New business models for providing new energy services and recommendation of
new tariff systems

Regulatory recommendations to support new electric market penetration (e.g. EV)

New market rules to continue promoting the deployment of distributed generation
based on renewables (replacing feed-in tariffs)

Coordination between technical grid control and market based power balancing
(e.g. technical virtual power plants vs. market based virtual power plant)

Recommendations to reduce possible commercial and regulatory barriers that
limit smart grids solutions

Recommendations on new market rules for islanding modes of operation

Assessment of possible impacts and benefits of new market models according to
different locations or timeframe

Recommendations of appropriate incentives to motivate new players to
participate in energy markets

Recommendations for valuation of ancillary services brought by SDER
Social

Understanding customer behaviour at district level with interdependence
between several activities

Optimization of network management, increasing reliability and quality of power
supply

Development of new ancillary services

Number and volume of new services and market players integrated in power
system enabled through introduction of Smart Grid solutions.

Improve competitiveness in the electricity market (like the Herfindahl-Hirschman
Index)

An in-depth understanding of the measures (market designs and /or new
regulations) allowing the active participation of the demand side in European
electricity markets

The facilitation of the deployment of active demand programs in Europe by
comparing technology, market and regulatory solutions

Open new business opportunities (e.g. for aggregators, equipment manufacturers,
etc.) and stimulating market competitiveness

Enable the development of Smart districts

Enable profitable participation in the power economy by all market actors to
provide local and global savings and increase the competitiveness in the energy
market that will imply energy bill reduction
Regulatory authorities, DSOs, TSOs, Public authorities (State, Regional & local
government), consumer associations, other electricity market actors

20 M€
2012-2018
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C.6 Budget details
A distinction has been introduced in the new roadmap between medium and large
scale demonstrations. The criteria to suggest large scale demonstration projects in
relation with certain functional objectives have been largely discussed between
DSOs: the actual proposal is essentially linked to the maturity of technologies to be
tested. At any rate, this classification is a living process: criteria and classification of
projects normally will evolve with technologies and the lessons learnt from the ongoing demonstrations projects as time proceeds.


Medium scale demonstration come from the technology immaturity
and/or business model uncertainty, for which the risks of a large scale
demonstration are too high at this stage of the development. It may also
happen for cases, like in software development, where the dimension of
the project is more related to the overall system scope and not exclusively
dependent on the number of customers.



Large scale demonstration deal with a larger number of customers either
involved or impacted. When the technologies to be applied are mature
enough and the business models to be used have been reasonably
studied, large scale demonstrators are then needed to test the behaviour
of the studied systems, as well as the scalability and the replication
potential of the tested solutions, before launching the full deployment.

More specifically:


For D1, D2, D3, D4, D7, D8: Technologies and business models are ready to
allow large-scale demonstration projects



For D5: either technologies or business models are not ready to allow
large-scale projects



For D9, D11, D12: due to the nature of solutions that are not necessarily
connected to a number of customers, they have been considered MS.
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C.6.1 Changes between the 2010 and 2013 roadmaps
The table below compares the 2010 and 2013 version of the EDSO4SG roadmap.
M€

Roadmap 2010
190 Active Demand Response
120

Energy
Efficiency
from
D2
integration with Smart Homes

150 Metering infrastructure

20 Smart metering data processing
90 . DSO integration of small DER
150
60
100
100
90
80
50
1200

D1

System integration of medium
DER
Integration of storage in network
management
Infrastructure to host EV/PHEV
Monitoring and control of LV
network
Automation and control of MV
network
Methods and system support
Integrated
communication
solutions
Total

D3

D4

Roadmap
2010
C1

Roadmap 2013

D1
C1
Integration
Integration
of
of
smart smart customers
D2
customers
C2
C2
Integration
Integration
of
smart
DER and
metering
uses

D5
D6
D7

D9

D11

D3
D4
of
new D5
D6
D7

C3
C3
Integration
Network
of DER and
operations
new uses

D8

D10

M€

D8

D12

C5

January 2013

increased

Energy Efficiency from integration
with Smart Homes
DSO integration of small DER
System integration of medium
DER
Integration of storage in network
management
Infrastructure to host EV/PHEV
Monitoring and control of LV
network
Automation and control of MV
network
Network management tools

D10

Smart metering data processing
New planning approaches for
distribution networks

C4
Network Planning
and
asset
D12
management

Total

for

D9

D11
C4
Smart
Distribution
Network

Active demand
flexibility

D13

240

330

400

100
Asset management

Market Designs

20
1090
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C.6.2 Launched Research and Innovation activities
The table below summarizes the past launched activities with the budget and EC
grant.

Projects
(before 2010)

144

Budget

EC
funding

Duration

Cluster 2010

Cluster 2012

DSO

DER LAB

4,1

3,1

nov-05

76

C3

C2 , C4

DSO

ADDRESS

16,0

9,5

jun-08

48-60

C1

C1

DSO

OPEN METER

4,1

2,4

ene-09

30

C2, C5

C1, C3

DSO

OPEN NODE

5,3

2,8

dic-09

33

C2, C5

C3

DSO

MERGE

4,4

3,0

ene-10

24

C3

C2

DSO

W2E

4,7

2,9

ene-10

36

C3

C2

DSO

MIRABEL

4,5

3,1

ene-10

36

C1

C2, C3

DSO

DLC-VIT4IP

5,1

3,5

ene-10

36

C5

C3

DSO

HYPER DNO

6,5

4,4

feb-10

36

C3

C2, C3

DSO

INTEGRIS

5,6

3,4

feb-10

30

C5

C3

DSO

G4V

3,7

2,5

mar-10

18

C3

C2

DSO

GREEN eMotion

42

24,2

apr-11

48

C3

C2

DSO

GRID4EU

54

27

nov-11

48

C1, C2, C3,
C4, C5

C1, C2, C3,
C4, C5

DSO

METER - ON

1,8

1,6

jul-12

24

C3

C3

DSO

ADVANCED

4,1

2,7

nov-12

24

C1

C1

DSO

DISCERN

7,9

4,8

dec-12

36

C4

C3

DSO

IGREENGRID

6,7

4,3

jan-13

36

C3

C2

DSO

SUSTAINABLE

5,7

3,9

dec-12

36

C3

C2

DSO

SINGULAR

5

2,5

dec-12

C3

C2

DSO

INOVGRID57

C1, C2, C3,
C4, C5

C1, C2, C3,
C4, C5

(budget
figure is an estimate)

11
202,2

57

Start

111,6

InovGrid is a national project from Portugal that did not receive EC Funding
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C.6.3 Summary of the foreseen Research and Innovation investments
For DSOs, a new budget based on a functional objective analysis is proposed taking
into account:


the R and D investments already launched,



the R and D investments which have been cancelled,



the additional investments related either to the new cluster added to the
roadmap and the changes of the initial budget of existing functional
objectives yet to be launched.

The table below summarizes the total investments launched by the DSOs with the
support of EC funds. It amounts to:
M€

1 200

Budget of the 2010 roadmap
Cancelled resources for the 2010 roadmap
Additional budget to
challenges

meet the 2013 roadmap R&I

- 150
250
1300

Total budget roadmap 2013
Resources already funded (committed)
Resources to be committed on call 2013
New resources to be provided in up-coming calls 20142022 to meet the defined R&I DSO part of the EEGI
roadmap

January 2013

- 138
- 72
1 090
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DRAFTING TEAM
TSOs

146

Björn Wohlgemuth
Chavdar Ivanov
Christophe Druet
Cristina Gómez
Diana Stefanova
Francisco Reis
Göran Ericsson
Inger Pihl Byriel
Jan Ove Gjerde
Manuel Gálvez
Nebojsa Lapcevic
Patrick Panciatici
Thong Vu Van
Vitalijus Baranskas

Amprion
ENTSO-E Secretariat
Elia
REE
ESO
REN
Svenska Kraftnat
Energinet.dk
Statnett
Elia
EMS
RTE
ENTSO-E Secretariat
Litgrid

DSOs
Aires Messias
Arnaud Ulian
Carlos Costa Rausa
Florian Chapalain
Frederic Gorgette
Janousek Vaclav
Jesus Varela
Jon Stromsather
Luis Legorburu
Maria Ines Marques
Pedro Godinho Matos
Per-Olof Granström
Pierre Mallet
Raphael Rinaldi

EDP
ERDF
ENEL
EDSO4SG
ERDF
CEZ
IBERDROLA
ENEL
IBERDROLA
EDP
EDP
EDSO4SG
ERDF
ENEL

Roberto Gonzalez

IBERDROLA

David Rubio

IBERDROLA

Sara Raffaelli

ENEL

Zdenka Pokorna

CEZ
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Glossary
AC
ACER
AD
AMM
AMR
ATC
BAU
C
CACM
CAPEX
CCGT
CEER
CHP
CMM
CSP
DC
DER
DFR
DG ENER
DG R&I
DLR
DR
DSM
DG
DSO(s)
EC
ECE
EDSO4SG
ECF
EEGI
EERA
EER(s)
EHV
EII
EMF
ENTSO-E
EPRI
ESCo
EU
EV
FACTS
FO
FP
GHG
GIL
GW
HMI
HPC
HV
HVAC
HVDC

Alternate Current
Agency for Cooperation of Energy Regulators
Active Demand
Advanced Meter Management
Automatic Meter Reading
Available Transfer Capability
Business as usual scenario
Cluster
Capacity Allocation & Congestion Management
Capital expenditures
Combined Cycle Gas Turbine
Council of European Energy Regulators
Combine Heat and Power
Congestion Management Module
Concentrated Solar Power
Direct Current
Distributed Energy Resources
Digital fault recording
Directorate General for Energy (European Commission)
Directorate for Research & Innovation (European Commission)
Dynamic Line Rating
Demand Response
Demand Side Management
Distributed Generation
Distribution System Operator(s)
European Commission
European Commission for Energy
European DSO Association for smart grids
European Climate Foundation
European Electricity Grid Initiative
European Energy Research Alliance
European Energy Regulator(s)
Extra-High Voltage
European Industrial Initiative
Electro-Magnetic Field
the European Association of Transmission System Operators for Electricity
Electric Power Research Institute
Energy Service Company
European Union
Electric Vehicle
Flexible AC Transmission Systems
Functional Objective
Framework Programme
GreenHouse Gas
Gas-Insulated Lines
Giga Watt
Human Machine Interface
High Performance Computer
High Voltage
High Voltage Alternate Current
High Voltage Direct Current
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ICT
IEA
IEE
IEM
IGBT
IPR
IT
KIC
KPI(s)
LV
MC
MV
NC
NGOs
NRA(s)
OPEX
PDC
PMU
PST
PV
QoS
RDC
RES
R&D
RD&D
R&I
RTTR
SAIDI
SAIFI
SDC
SDER
SET Plan
SF6
SGTF
SOC
SOS
SRA2035
subgrid
SWOT
T&D Europe

TSO(s)
TYNDP
V2G
VPP
VSC
WACS
WAMS
WAPS

Information Communication Technology
International Energy Agency
Intelligent Energy Europe
Internal Electricity Market
Insulated-gate bipolar transistor
Intellectual Property Rights
Information Technology
Knowledge and Innovation Community
Key Performance Indicator(s)
Low Voltage
ENTSO-E Market Committee
Medium Voltage
Network code
Non-Governmental Organizations
National Regulatory Authority(-ies)
Operating expenditures
Power Distribution Center
Phase-Measurement Units
Phase-Shifting Transformer
Photovoltaic
Quality of Service
ENTSO-E Research and Development Committee
Renewable Energy Source
Research & Development
Research, Development & Demonstration
Research & Innovation
Real Time Thermal Rating
System Average Interruption Duration Index
System Average Interruption Frequency Index
ENTSO-E System Development Committee
Small Distributed Energy Resources
Strategic Energy Technology Plan
Sulfur hexafluoride
Smart Grids Task Force
ENTSO-E System Operations Committee
Security of supply
Strategic Research Agenda 2035 (European Technology Platform on Smart
Grids)
Sub-transmission grid (medium voltage grid)
Strength / Weaknesses / Opportunities / Threats
European Association of the Electricity Transmission and Distribution Equipment
and Services Industry) Third Package (Third Internal Energy Market Package) =
legislative package for an internal gas and electricity market in the European
Union (ownership unbundling)
Transmission System Operator(s)
Ten Year Network Development Plan
Vehicle-to-Grid
Virtual Power Plant
Voltage-Sourced Converter
Wide Area Control Systems
Wide Area Monitoring Systems
Wide Area Protection Systems
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