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ELECTRICITY INFRASTRUCTURE

The Energy Research Partnership Technology Reports
The ERP Technology Reports provide an overarching insight into the Research, Development and
Demonstration (RD&D) challenges for key low-carbon technologies. Using the expertise of the ERP
membership and wider stakeholder engagement, each report identifies the innovation challenges that face
a particular technology, the state-of-the-art in addressing these challenges and the organisational
landscape (both funding and RD&D) active in the area. The work identifies critical gaps in innovation
activities that will prevent key low-carbon technologies from reaching their full potential and makes
recommendations for investors and Government to address these gaps.
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Electricity Infrastructure: Summary
Technology context
The renewable (and low-carbon) technology deployment and changes in patterns of demand side activity
required to reach the 80% reductions in CO2 by 2050 will precipitate an equivalent change in the electricity
infrastructure to support this emerging system. The UK power infrastructure (both transmission and
distribution) needs to be fit for purpose and ready to meet the needs of a dramatically different power
landscape. This report provides an appraisal of the technical issues facing the evolving network to meet the
overarching challenges of maintaining system security and reliability in a low carbon environment.
Overview of technical challenges and the organisational landscape
• Continuing requirement for secure and reliable operation of the power system infrastructure
• Enabling efficient system operation with increased participation from renewables and demand side
• Network management to provide greater flexibility between supply and demand
• Reducing CO2 footprint and environmental impact of networks
• Adaptation of new and existing networks to incorporate a higher penetration of renewables
• Provide network capacity at a greater rate (to get more out of existing networks or to implement
new capacity faster)
• Coincident need to replace existing ageing infrastructure
Key RD&D activities in the UK:
• R&D, Academic activity:
o Supergen programmes (Future networks, highly distributed power systems, energy storage,
Asset management and performance of Energy Systems). Input from EPSRC and industry
• Demonstration:
o Distribution and Transmission IFI activity
o Technology Strategy Board, various competitions in power infrastructure and related areas
(e.g. Intelligent grid management, (competition area closed 2007), Materials for energy,
Hydrogen and fuel cells etc.)
o ETI Networks work stream activity, scoping studies commencing 2009. Plus network related
activity as a minor component of other work streams and sub groups (Modelling, transport,
heat etc.)
• Other: Commercial activities from key industrial players (e.g. Alstom, ABB, Siemens, Areva) and
other stakeholders
RD&D Gap analysis:
RD&D gaps in emerging solutions required to address the challenges of the 2050 low carbon system are
highlighted in the following areas:
•
•
•
•

Energy Storage,
High Voltage DC Networks,
Smart grids, scope and integration, and
Whole system evaluation.
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ERP recommendations and priorities for action:
•

•

Energy Storage: There is a technology gap between the network requirements for storage and
technology capabilities. Fundamental R&D is required to identify the UK specific network applications of
storage, understand the technology gap between present capabilities and the required functionality and
then develop solutions as appropriate (e.g. medium and large scale solutions for distribution and
transmission application)
o

ERP to review area after completion of ETI study on energy storage

o

ERP to support activity on characterising the supply chain for UK delivery of storage solutions for
networks.

High Voltage DC Networks: Large scale trials are needed to demonstrate HVDC technology. This will
require revised investment and regulatory approaches to support network deployment and mitigate
associated risk.
o

•

Smart grids, scope and integration: For RD&D priorities in smart grids to be indentified requires
development of a common practical understanding of the scope of smart grid and the technology
solutions required. There is a need for some collaboration in this area between infrastructure providers
where there are interconnections and interdependencies of function (e.g. power, transport and telecoms
infrastructure) to facilitate a coordinated approach and to reduce risk during roll out of multiple
uncoordinated solutions.
o

•

ERP to review area after completion of ETI study on offshore networks and Ofgem RPI-X@20
review

ERP to support DECC / ENSG activity on generating a vision and roadmap for the UK smart grid

Whole system evaluation: There is a need for early stage R&D effort to develop new common tools for
system modelling that are capable of representing the operation characteristics of the low carbon
energy system in 2050 – for use across the sector.
o

ERP to determine own role in such a project and initiate a new activity as necessary
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1

Context
1.1 Whole System Context

A future energy system which meets an 80% target for CO2 reduction will place new demands on the
electricity infrastructure. Large scale penetration of intermittent renewables such as on and offshore wind,
and inflexible nuclear plant and fossil generation with CCS will present new challenges for system operation
and security of supply. The potential for decentralisation of energy supply, or movement of energy demand
currently met from other sources into the electricity sector will bring similar challenges on today’s
infrastructure.
The role of innovation in this development comes from a variety of drivers:
• Connecting and integrating new generation resources to the networks
• Connecting and integrating new non-electric demand into the network (e.g. heat and transport)
• Bringing (in the case of offshore wind) increasingly remote generation to high demand areas
• System operation with a range of new and non-traditional resources (including responsive demand
and new generation technologies connected at all levels of the network)
• Energy storage and arbitrage between energy vectors
• Growing potential for smart / intelligent network operation
• Increasing power prices and a growing driver for energy services (e.g. delivering same utility for
same price – doing more with less)
Add to this the challenge of reinvesting in an ageing infrastructure that is coming towards the end of its
useful lifetime; and it is apparent that electricity networks have the opportunity for massive reinvestment
and development to support and promote the low-carbon energy system.
This report provides an appraisal of the technical issues facing the evolving network to meet the overarching
challenges of maintaining system security and reliability in a low carbon environment. Against a backdrop of
uncertainty in the direction of system evolution, it explores the innovation opportunities in electricity
networks and highlights areas where further support and effort is needed.

1.2 Scenario Overview
To initiate this work programme and provide a basis for the identification of the technical challenges facing
the electricity infrastructure out to 2050 two alternative scenarios which describe an energy system which
meets the renewable targets of 2020 and the CO2 emission reductions target of 2050 were used1.

SCENARIO 1: LOW CARBON ELECTRICITY
The “low carbon electricity” scenario requires a significant decarbonisation of supply delivered by large scale
renewables (on and offshore wind), nuclear and fossil (plus CCS) generation. Following the decarbonisation
of electricity supply a significant proportion of non-electricity energy demand (e.g. transport and heat)
moves to electricity, necessitating an increase in the capacity of the sector. For the networks, maintaining
system security is a key challenge, ensuring that this “new” demand can be met with adequate generation
capacity. This technology mix of intermittent and inflexible resources also presents a high level challenge to
the network of ensuring system reliability and real-time operation. System flexibility could be compromised

1

These scenarios have been derived from the National Grid “Gone Green” scenario work, future ERP activity in this area
will update this input with a “meta-scenario” derived from analysis of a broad range of scenarios from public and
private bodies.
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with high levels of inflexible plant, but equally new network users (such as heat and transport), could be
used as flexible alternatives to the traditional providers of system control.

SCENARIO 2: LOW CARBON ENERGY
The “low carbon energy” scenario presumes a significant contribution to emissions reductions originating
from improved efficiency in the heat and transport sectors and significant behavioural change amongst all
parties. In addition to this there will be significant decarbonisation of the electricity sector with an increasing
focus on decentralised energy, but there will not be significant transfer of non-electricity demand into the
electricity sector. The high level issues of system security, reliability and flexibility again impact network
innovation to facilitate this future system. However the emphasis is on ensuring security in the face of
increasingly decentralised networks, maintaining reliability using distribution level resources and the
potential for small scale network users to provide flexibility (e.g. smart appliances, demand response etc.)
Additional, cross-cutting issues for electricity network innovation centre on reducing the CO2 impact of
future networks, ensuring that they do not become a barrier to integration of low CO2 technologies.

1.3 ERP review process and methodology
This report aims to identify and prioritise areas of electricity network innovation requiring further attention
and / or support. The objectives of the activity are to assess the likely technical challenges presented to the
electricity infrastructure by the emerging system, identify solutions and approaches required to address
these challenges and analyse the current UK capabilities for fulfilling these solutions.
This ERP technology report was compiled by the ERP Analysis Team with input from the ERP Electricity
Infrastructure working group: Ian Welch (National Grid), Richard Hair (E.ON), Richard Knight (ETI), Filomena
LaPorta (TSB), Richard Płoszek (RAEng) and Garry Staunton (Carbon Trust). Additional input was also sought
from the UK Energy Research Centre.
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2

Innovation challenges and potential solutions

From the broad scenarios set out in section 1, the high level issues frame the main challenges for the
electricity infrastructure up to 2050 can be defined, these are laid out below:
1. Close to total decarbonisation of the power sector by 2030
2. Aging network infrastructure, reaching end of life, presents opportunity for a new approach (to
network design, operation and investment), or lock-in to another 50 years of BAU
3. Changing mix of network users with different characteristics and requirements
• High penetration of intermittent renewables and inflexible nuclear and fossil + CCS
• Increase in total demand from electrification of transport and heat
• Changing patterns in demand profiles
• Rise in smart metering and smart house technologies
4. Changing location of generation in relation to demand
• Large scale renewables (e.g. wind) distant from demand centres (bigger role for transmission)
• Small scale DG & microgeneration much closer to demand (bigger role for distribution)
5. A growing role for (traditionally passive) demand in networks and energy storage. Customer
choice and new transparency of network operation to the demand side may be needed
Overall, the implications of these high level issues are in system flexibility and security, capacity and
affordability:
• FLEXIBILITY & SECURITY: How can system flexibility & security be maintained, how will new system
users contribute to system flexibility and our understanding of security?
• CAPACITY: How much capacity is available, how much more is needed, how can existing capacity be
used more efficiently and how will new capacity be designed?
• AFFORDABILITY: How can all this be done at least cost / same cost & same utility
From these issues a number of technical challenges to be faced by the system operator and network users
become apparent; Table 1 below highlights these core technical challenges. The aim of this classification is to
try and break down the technical challenges posed by the high level issues outlined in the previous section.
The key areas of intermittent renewables, distributed generation, inflexible generation, customer
engagement, existing infrastructure and accommodating new electricity demand are set out as broad areas
in which challenges arise. The main technical challenges in each area are then identified in brief. Note that
the technical issues should cover both transmission and distribution, and on and off-shore networks.
There are a range of solutions and innovation areas that can address various aspects of these technical
challenges, each at varying stages of development. Presented in Table 2, these solutions have been
separated into three levels; some are clearly linked through the levels (e.g. Smart Grids will require network
automation and intelligent network users and Advance ICT security tools, and in turn these solutions need
Advanced EMS / DMS tools, smart metering, energy storage etc.). Many of the technical challenges will also
call on more than one of these solutions, and some of the solutions will be a means to resolve more than
one of the technical challenges.
The three solutions levels depicted here can be described as:
• High level solutions that impact the overarching philosophy and concepts behind network design,
operation and investment. (Network Philosophy)
• Middle level, broad operational solutions that may require more than one technology type to be
implemented (for example – demand side management – has implications for smart metering,
energy storage, EMS / DMS tools, smart appliances etc). (Network Operator Responses)
7
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•

Technology level, physical solutions to the technical challenges2. (Technology Areas)

To try and avoid the confusion and overlaps, the solutions have been presented on their own in Table 2.
Figure 1 gives a snapshot of the complexity as you map the technical challenges on to the solutions.
Figure 1. Cross linking technical challenges to innovation areas

2

There is clearly a level of granularity below this too, that explores the individual technologies and their derivatives – this level of detail is out of
scope for the ERP technology report.
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Table 1. Technical challenges for Electricity Infrastructure in the 2050 low-carbon energy system

System Level Issue Technical Challenges
Large Scale
Intermittent
renewables and
inflexible generation
resources

System security: Large scale penetration of intermittent renewables with limited
capacity value requires back-up (generation, responsive demand or storage).
System balancing with inflexible plus intermittent generation resources presents
an additional challenge. System flexibility will be required from non-traditional
sources (storage and demand response). Challenges also arise from minimum
demand periods when there may be excess (uncontrollable) generation on the
system.
Ancillary services: System management from intermittent renewable resources
Fault management: Mitigating network faults caused by renewables. Generation
availability post-fault
Network access: Timely connection of renewables
Offshore networks: Building new networks to reach resources offshore (e.g. Wind
& marine). Connecting to onshore grid (connections at distribution level, linking
on- and off-shore systems etc.). Extending connections to mainland Europe

Distributed
Generation

System security: DG not visible to system operator. Uncontrollable resource.
Ancillary services: Use of DG resources for system management (small scale,
limited availability, intermittent etc)
Fault management: Mitigating/minimising network faults/problems caused by DG
System operation: Bi-directional flows, over stressed network (larger flow,
exceeding design ratings) increased requirement for automation of operation at
distribution level

Customer
Engagement

Transparency in service provision: Increased customer involvement required,
networks will need to be able to provide transparency in operation, customers
need to see the cost and value of their actions in network terms.
Interaction with other networks: Involvement of new communications systems,
linking heat, transport, gas etc.
Data handling and data protection: Managing large volumes of granular real time
data (and control signals) passing in both directions from consumer to network.
Dealing with data protection, data security and new network vulnerabilities.

Existing
Infrastructure

Optimising existing networks: Increase capacity of existing networks, losses
reduction, infrastructure life extension, reducing CO2 footprint, flexible use of
networks, minimising use of SF6 as an insulant
Interaction with other networks: E.g. gas, carbon, hydrogen, biogas, Local heat

New Electricity
Demand

System reliability: Accommodating more demand from new sectors and
responding to changing patterns of energy use (e.g. implication of altered diurnal
or seasonal variations) increasing the capacity of the network. Issue at both
transmission and distribution level.
Ancillary services:
management

Using new resources on the demand side for system
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Table 2. Options and innovation areas for Electricity Infrastructure

NETWORK PHILOSOPHY

Smart Grid

Microgrids

Active Network
Management

Strategic Investment

Devolution of network
Management
responsibility

Interconnection to
Continental Europe

AC versus DC networks

Energy Services

NETWORK OPERATOR RESOURCES
Network automation:
reconfiguration, system
control, data acquisition
and decision
management

Releasing capacity
(technology and
operational innovation
e.g. Dynamic line rating
etc)

Intelligent network users
(e.g. automated self
dispatch)

Virtual Power Plant

Fault current
management and
voltage control

Advanced ICT security
tools and data
management
approaches

Demand side
management & peak
shaving

TECHNOLOGY FAMILIES
Advanced power
electronics

Innovative network plant
(Fault current limiters,
advanced substation
design etc.)

Smart appliances

Energy storage
technologies

New materials (cables
and network
infrastructure)

Vehicle to Grid
technologies

High voltage DC
networks and multi
terminal

Specialised ICT tools

Smart metering

Smart distribution &
transmission tools
(diagnostics, condition
monitoring and
DMS/EMS tools)

Local / micro (home) DC
networks
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3

RD&D activity and support mechanisms

The table below provides an overview of the major activities (recently completed and ongoing) contributing
to RD&D in electricity infrastructure topics3. The overview has a UK focus, but key US and European activities
are cited in brief at the end of the list.

FUNDING
AGENCY
EPSRC and
Industry
EPSRC and
Industry
EPSRC and
Industry
EPSRC and
Industry
EPSRC and
Industry
EPSRC and
Industry

DESCRIPTION
Supergen I – Future Network Technologies
Supergen III - Highly Distributed Power Systems
Supergen V - Asset Management and Performance of Energy
Systems (AMPerS)
Supergen Energy Storage
Supergen I (Phase 2) - FlexNet
Supergen III (Phase 2) - Highly Distributed Power Systems

ETI

Networks Programme

ETI

Transport Programme (a proportion of this programme may
have relevance to networks)

TSB

Intelligent Grid Management competition

TSB
Carbon Trust
Network
Companies
Suppliers
US

Europe

Hydrogen and Fuel Cells competition (small number of projects
with network context)
Technology Commercialisation: 3 applied research projects in
networks
Innovation Funding Incentive (IFI) and Registered Power Zones
(RPZ) applies to all distribution network operators and
transmission
Key manufacturers and suppliers of network plant and
equipment are investing in new products in this area.
EPRI, US Department of Energy (e.g. $4.3bn earmarked for
smart grids, ongoing programmes “Intelligrids” and “GridWise”
etc)
European SmartGrids platform, EU Framework 4,5,6 and 7
funding programmes (specific projects), IEA (specific
Implementing Agreements in networks and storage) , EU
Strategic Energy Technology Plan (Industrial Initiatives in
networks), European Energy Research Alliance (EU EERA)
(Programme in networks and storage).

FUNDING
£3.5m
(4 years)
£2.5m
(4 years)
£3.18m
(4 years)
£2.2m
(4 years)
£6.9m
(4 years)
£3m
(4 years)
£30m
TBA

PERIOD
2003 – 2007
2005 -2009
2005 – 2009
2006 –2010
2007- 2011
2009 - 2013
Planned for
2009 - 2012
Planned for
2009 - 2012

£9.6m
(2009)

2004 – 2007

TBA

ongoing

£1.1m

Existing
projects

£16.6m 4
(1 yr 07/08)

ongoing

Various

-

>$4.3bn

-

Various

-

3

See Appendix 1 for more detail on the content of each of the RD&D projects listed above.
Part of the current Distribution Price Control Review (DPCR5) includes a review of the innovation related incentives
(IFI & RPZ) for DNOs to assess whether the overall spend (as a proportion of revenue) on R&D should be increased.
4
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4

Evaluation of gaps in RD&D activity

This section takes the innovation challenges identified in section 2 and the RD&D activity and support
mechanisms catalogued in section 3 and highlights gaps in current RD&D provision. The evaluation identifies
areas where current RD&D activity or support is likely to be insufficient to meet the requirements of the
innovation challenges, acting as a barrier to technologies in achieving their full potential for making a
contribution to the low carbon system of 2050.
The evaluation of gaps focuses on the core aims of the ERP and highlights the technical and innovation
related challenges. Related issues such as wider energy policy challenges, social considerations etc will be
raised where appropriate, but are not wholly within the scope of this gap analysis. Initial identification of
gaps was undertaken through a comparison of the catalogue of activity and the challenges facing the system.
Subsequent analysis was carried out in consultation with the ERP project working group and ERP members.
The gaps in provision to address the technical challenges presented to the electricity networks fall into two
broad categories;
1) Technology family innovation – innovation requirements targeted to specific technology families
identified as important contributors to the 2050 system, but currently lacking in attention from the
known RD&D activities underway. The key technology families identified as requiring additional
RD&D attention are listed below
a. Energy Storage
b. High voltage DC networks
c. Smart grid integration
2) Understanding whole system operation – non-technology specific, this identifies the needs for a
greater understanding of the operation of the electricity infrastructure in the context of the 2050
system.
The following sections highlight the current state-of-play with each of these technologies and areas, for easy
comparison this analysis uses the ERP RDD&D diagram (see Fig. 2) and the Technology Readiness Level (TRL)
Scale (see Fig 3.) to indicate the status of the technology and the nature of innovation required. Where
appropriate, each section highlights the key challenges that the technology faces, identifies key players in
the UK innovation landscape working in the area and provides an indication of the nature of support or
action required to make progress.
Figure 2: ERP Energy Innovation Process

Figure 3: Technology Readiness Level Scale
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4.1 Technology Family Innovation: ENERGY STORAGE
The benefit (for flexible system operation) of some form of energy storage in a system with high
penetration of intermittent and inflexible generation sources is clear; if economically viable, it can
provide flexibility in a system with high penetration of inflexible sources such as nuclear power and CCS,
and can optimise output and value from renewable sources without requiring energy spill particularly
where there are network constraints or market restrictions. To optimise new renewable and intermittent
energy resources and to contribute to demand matching against generation is assumed that significant
volumes of energy storage might be required and these might be in distributed form connected to
distribution networks and large scale form connected to transmission.

TRL: 2-4
Beyond established storage solutions such as
pumped storage and CAES, there are a number
of early stage storage projects underway, but
few specifically linked to requirements /context
for storage in UK in a network setting.
Work is needed to define and address the gap
between current technology capabilities and
network operator requirements.

•

Key challenges:
o Context of the storage service: The potential for the benefits of storage in networks exist at a
number of different levels: Transmission (Bulk storage for system balancing), Distribution (Mid-scale
storage for resolving local network problems i.e. non-network solutions), Domestic / consumer side:
Small scale, consumer controlled storage e.g. vehicles, heat sources. Attention at the domestic level
is gathering pace with electric vehicle research, although little attention is focused on the potential
for heat storage. Distribution level has some attention in specialised areas using storage to address
specific problems experienced in the network now. Beyond hydro storage, further work is needed to
scope the requirements at transmission / bulk storage level and in distribution for network
management purposes.
o Energy density: Network control and balancing requires service providers that can produce a
response over a range of time periods – from fast response (seconds) and short duration (minutes) to
longer lead times (minutes) and sustained output (hours – or days). There are a number of
(sometimes cost effective) options for storage that can deliver short bursts of output (~15mins).
There are also some energy dense storage options that can deliver sustained output over a longer
period of time (e.g. Compressed Air Energy Storage, flow batteries etc), however most of these
options are not yet commercially viable beyond specialised application.
o Whole system modelling: Storage is an arbitrage tool; the value of power and the value of flexibility
(to the system) have a fundamental effect on the viability of storage projects. Understanding these
aspects and the role of storage in a whole system context is needed to verify the business case for
the technology. However, the UK has a strong network and a relatively short gate closure time, so at
present the economic application of storage technologies is limited to localised areas with
specialised problems.
13
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•

Active Players (ongoing and forthcoming projects / programmes):
• UK Energy Innovation Landscape:
Have funded projects in this area in the past, some projects still live; insufficient information on UK
TSB
ETI
Carbon Trust
EPSRC

capacity in the storage sector (for network application) makes it a lower priority for targeting future
activity. There are ongoing, activities in hydrogen and fuel cells.
Energy Storage identified as key area for further work as part of Networks Work stream; next steps to
scope storage area, identify gap between technology capabilities and network storage requirements
As part of the CT’s Low Carbon Technology Commercialisation Review, detailed case study analysis
was carried out exploring viability of flow-battery storage. Scoping out energy storage opportunities
relating to novel electrolyser technology is planned for 2009/10.
Supergen Energy Storage Consortium, working on Lithium Ion Batteries and Supercapacitors for
vehicle and grid applications

•

Others (UK): ABB and EDF (IFI project), Scottish and Southern (IFI project), plus various SMEs
(Gaeletric, Plurion, Highview RE Fuel, Isentropic, ITI energy etc).

•

Others (International): US (EPRI), Japan (various), Australia (Vanadium flow batteries). It should be
noted that the international dimension in storage solutions may help to fill some of the RD&D gaps
and further exploration of international experience may help to identify if and where UK can take
part in developing this technology.

• Findings:
At present, there is a perceived lack of capacity in the UK storage industry and a technology gap between
what is feasible to deliver and what is required in the network context. This along with a limited
understanding of the supply chain (or understanding of potential players in an immature supply chain) to
service storage requirements has led to a perceived lack of interest in the industrial community. Further
work is needed to understand the applications specific to the UK market, and the technology gap to delivery
of this functionality (note that both EPRI and EDF have undertaken studies in this area).
A small number of early stage studies on various storage technologies have been completed; these have
provided an overview of the system potential as well as developing the technical capabilities of storage
technologies. This focus has been on building UK capacity in storage technologies, rather than identifying
specific UK requirements for storage services (e.g. bulk storage for transmission etc.).
There are a number of potential technologies that could be applied to meet the storage issue: e.g. Battery,
flywheel, Compressed Air, hydrogen, heat, hydro etc. Further work is needed to analyse the technical
potential of each of these in the context of the network storage issue that it can potentially contribute to.
This is a broad area that also touches on other aspect of ERPs technology analysis, Energy Storage could be
considered for further analysis and specific investigation, alongside the other technology areas identified in
the ERP work. The ERP scenario work will help to inform whether energy storage is a priority area in the
context of the full range of technologies. It should also be noted that the ETI is undertaking an extensive
study of the storage area, due for completion in Q4 2009. This could form the basis of a review by ERP to
explore areas that ETI is not earmarking for further work and highlight opportunities for others in the
landscape.

14

Energy Research Partnership

ERP Technology Report: Electricity Infrastructure

4.2 Technology Family Innovation: HIGH VOLTAGE DC NETWORKS
Whilst the technology around High Voltage DC interconnection is well established (e.g. in point-to-point
intercontinental sub-sea connections), their application in the relatively new context of offshore
networks presents new opportunities and challenges. Recent developments in voltage source converter
(VSC) HVDC technology based on using IGBTs (Insulated Gate Bipolar Transistors) have made it an
increasingly more attractive solution over the thyristor based line commutated converter (LCC) HVDC
technology especially for the purpose of connecting offshore wind farms where space is at a premium.
Compared with LCC HVDC, VSC HVDC is much more compact, has a lower overall system cost mainly
because unipolar XLPE DC cables can be employed, lower complexity, and reduced delivery and
installation times. The drawbacks of VSC HVDC are the somewhat higher losses, the lower DC voltage
ratings of the XLPE cables making it less economical for bulk power transmission over very long distance
and its reliability is not as well proven because of less operational experience.
Multi-terminal operation with classical LCC HVDC is technically problematic and has been limited by the
fact that power reversal can only be achieved by reversing the DC voltage. On the other hand, power
reversal is achieved with VSC HVDC by reversing the DC current, which makes it much easier to achieve
multi-terminal links that can operate in a flexible manner with regards to power flow. This brings new
opportunities to develop DC offshore networks over long distance, not achievable with AC due to the
high cable capacitance having the effect of de-rating an AC cable for long lengths. Intercontinental subsea connections may be combined with offshore wind farms, thus allowing two revenue streams to be
shared: electricity trading between countries as well as transmission of generated wind power to shore.

TRL: 5-7
Large scale demonstrations of multi terminal DC
applications are limited in number. Although
suppliers are engaged in the innovation process
in this area this is highly dependent on marketpull (i.e. orders for new technologies from
network operators), the significant risks
involved in scale demonstration of these
technologies is a limiting factor in the
demonstration / deployment of this technology.

•

Key challenges:
o Viable semi conductor devices: At present the current and voltage capability of existing
semiconductor devices is much lower than thyristors and therefore fully optimised network
applications are not yet feasible. In addition the internal switching losses are higher and therefore
overall losses are increased. Further development of devices (size, capacity and lower losses),
together with development and full scale testing of associated new convertor configurations is
required before the above benefits can be realised. There is some uncertainty around whether the
cost and losses of voltage source converters be reduced and whether the DC voltage be increased to
reduce I2R losses? It is also expected that DC networks based on VSC HVDC can in fact more easily
comply with the GB grid code, but this needs to be verified by further analysis and simulation.
o Funding large scale deployment trials: Near deployment scale demonstrations of novel DC network
technology (e.g. Multi terminal DC) that are necessary for testing new technology in context are
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costly exercises, out of scope for most non-industry funders. Few large scale or deployment scale
demonstrations exist, and the lack of evidence in this area increases risk and cost for network
operators / potential investors.
o Risk of interactions with existing network: In addition to the costliness of the large scale
demonstrations required for DC networks and related technologies, additional costs are created by
the high risk nature of demonstrations / technology deployment in the live system. The risk of
(negative) interactions with the existing network can be high, which further inflates costs and limits
opportunities for testing innovative approaches.
o HVDC supply chain limitations: The number HVDC technology suppliers are limited, because the
HVDC market has always been niche. Presently, only ABB and Siemens can supply VSC HVDC
technology, and AREVA is developing the technology. More industrial suppliers and innovation may
contribute to a reduced cost, but this is not guaranteed. Operating networks at DC are limited by a
weak supply chain and high cost of circuit breakers, and the fact that the voltage level cannot easily
be changed, because transformers only work with AC, and DC/DC converters to change from one DC
voltage level to another are as yet not available on the market for high voltage and power levels.
•

Active Players (ongoing and forthcoming projects / programmes):
• UK Energy Innovation Landscape:
Some projects addressing RD&D challenges in HVDC networks were funded under the Intelligent Grid
TSB
ETI
EPSRC

Management competition. This competition area is no longer funding new projects.
Opportunities in offshore networks are being pursued as part of the ETI’s Networks Work programme.
A scoping project to “assess new approaches to the connection and integration of offshore renewable
energy farms into the UK power system” is being commissioned, and is due for completion in Jan ’10.
R&D activity in DC networks through the Supergen funded programmes

• Industry: ABB, Siemens, Areva T&D, Toshiba, Hitachi, Mitsubishi (these last three are all primarily
involved in serving only the Japanese market – note that they have less experience than the
European counterparts and are developing lower rated schemes)
• Universities: Cardiff, Imperial, Strathclyde (work is also being undertaken on Multi Terminal HVDC
through the Centre for Sustainable Electricity and Distributed Generation, (SEDG) a collaboration
between these three Universities), Nottingham, Manchester.
• Electricity Networks Strategy Group (DECC, Ofgem, National Grid & UK DNOs): ENSG proposed that a
total of £4.7bn investment is required for networks to support the power system that meets a 20%
penetration of renewables (by output), this proposal includes offshore HVDC connections running
down the east and west coasts as well as the necessary DC links out to offshore wind resources.
• Ofgem: Development of the offshore regulatory regime and overarching RPI-X review (opportunities
to address innovation incentives – does this require particular input from the perspective of
advanced DC networks issues?)
• Findings:
The UK challenges for HVDC are very specific to offshore applications. Whilst there can be some lessons
learned from international applications of the technology, many of the UK challenges are linked to offshore
and subsea networks that represent a niche market and one not yet well characterised or served.
Because of this the supply chain dimension to the deployment challenge is relevant to HVDC applications. As
this represents something of an International niche market this could potential tie the UK in to a to a small
number of niche manufacturers providing solutions for our specific HVDC needs.
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Although manufacturers are active in this area, there are still limited examples of advanced DC network
technology at demonstration / deployment scale. Arguably, demonstration of a full scale HVDC scheme is
often not practical, because of the investment costs to build an HVDC link (For example the 400MW, 200km
cable distance project to connect the offshore wind farm Borkum to E.ON Netz in north Germany costs
$400M all inclusive). There are specialist simulation packages that can accurately predict the performance of
HVDC concepts and controllers in the presence of grid faults for example and these modelling tools will play
an important part in building the understanding of extensive HVDC systems. However, given that offshore
wind is expected to make a significant contribution to meeting 2020 and 2050 targets for decarbonisation of
the power sector, some element of real-scale demonstration will still be required and contribution towards
“de-risking” this activity could be required.
Within the UK energy innovation landscape, the ETI has the capacity to potentially support programmes of
this scale. Pending the completion of a scoping report on the opportunities in offshore networks, the ETI
may see opportunities to step into funding project(s) in this area.
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4.3 Technology Family Innovation: SMART GRID SCOPE AND INTEGRATION
There is a deficit in knowledge around the practical implementation of smart grid principles for the UK,
and a similar deficit in the implications (costs and benefits) for integration of the smart grid technologies
and quantification of their potential impact on system operation. Although the overarching concept of
smart grids has been set out (e.g. by the EC SmartGrids Platform) and numerous demonstration scale
projects have indicated the method of operation for components of a smart grid, there has been no clear
leadership or UK specific activity that first scopes out the appropriate practical vision for UK smart grid.

TRL: 6-8 (Transmission) 1-5 (Distribution)
Before the technical RD&D challenges of smart
grids can be understood, a practical scope of
the nature of the smart grid for the UK is
required. Feedback from deployment (and
demonstration) scale activities that identifies
the various drivers and industry need for a
smart grid approach and associated
technologies.

•

Key challenges:
o Defining the scope of the UK smart grid – Developing a practical vision of the necessary elements of
the UK smart grid.
o Identify the technical challenges – (given the scope of the UK smart grid) understanding the status of
the technologies required in the UK smart grid vision (note that this may include technologies not
currently applied in the power sector). Identification of areas for further RD&D attention if
necessary. It has been noted that the implications of the smart grid are likely to be more stretching
for the distribution networks than transmission. In distribution this represents a dramatic change
from passive to active network management; distribution network operators could be taking on
more system operation roles, and dealing directly with the implications of large scale deployment of
electric vehicles, smart appliances as well as managing altered diurnal and seasonal demand patterns
and addressing the need to engage with interactive and responsive demand to provide system
flexibility.
o Evaluation of smart grids – Cost-benefit analysis of the smart grid approach versus the current
approach to determine what it can offer in the context of the future system, how much does
intelligent operation benefit network operators and system users (in terms of cost, carbon, avoided
investment etc), and can the system operate using the smart grids approach (see also section 4.5 on
evaluation of whole system operation). The challenge here is for this analysis to extend beyond the
technology cost of implementing a smart grid approach, into an understanding of the system
benefits of smart operation, the cost savings of smart network operation to improve the efficiency of
the existing network (and potentially mitigate investment in new capacity).
o Alternative network control strategies – smart grid operation could see a fundamental change in
network controls that moves from centralised to decentralised control. Exploring the feasibility of
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decentralised control under a smart grid regime presents a new challenge for system modellers (this
is explored further in section 4.4).
o Data handling and security - Linked to the implementation of the smart grid concept in the UK and
the national roll out of smart metering technologies, the implications of a massive increase in real
time data handling of network and customer data is an area requiring further scoping and
investigation. Data protection and data security are issues in power network operation that have to
date been dealt with by virtue of the fact that the security risk is limited to a relatively small number
of interactions between the system operator and large scale generators (and some loads) providing
system ancillary services. Dedicated communications lines can be established between these limited
numbers of service providers and the system operator. Dependant on the architecture and control
approach of the smart grid, and whether one- or two-way communication adopted between the
network and consumer data security issues will have a greater or lesser impact. Determining the
level of granularity of information passing between consumer and network operator, and the nature
of the demand control or consumer participation in grid operation will set the agenda for data
security and data handling challenges for smart grids.
o Solution sharing between infrastructure providers – Other infrastructure providers
(telecommunications is a good example) have already had to face the challenges of managing
multiple real time data transfers couple with financial transactions and precise locational signals in a
secure environment (e.g. making a mobile phone call on a pre-pay phone tariff overseas, topping up
a pre-payment account from a phone, etc). R&D to innovate new technologies and processes is
unlikely to be required, but an interface between the power sector and other sectors with relevant
experience is needed to migrate these solutions into the network management environment.
o Standardisation of the smart grid approach both internationally and across infrastructure providers
where there is interaction to ensure compatibility of solutions and to ensure opportunities for export
of solutions are not lost.
•

Active Players (ongoing and forthcoming projects / programmes):
• UK Energy Innovation Landscape:
Some projects addressing RD&D challenges for specific aspects of smart grid operation were funded
TSB
ETI
Carbon Trust
EPSRC

under the Intelligent Grid Management competition. This competition area is no longer funding new
projects.
Within their Networks programme ETI do not have any activity specifically dedicated to smart grids.
However the transport work stream is developing a scoping project on electric vehicles.
CT are scoping a new work programme area on smart grids, beginning with the development of a
practical vision for UK smart grids
The Supergen highly distributed power systems (HDPS) programme covers some aspects of the
implications of distribution level smart grid operation. Supergen 1 extension (Flexnet) also includes
some elements of R&D for smart network control.

• DECC: The Future Electricity Networks team at DECC is working with the Electricity Networks Strategy
Group (ENSG) to develop a vision for UK smart grids (autumn 2009) and a roadmap for delivery of the
smart grid (year-end 2009). The ENSG (jointly chaired by DECC and Ofgem) will take inputs from its
members (UK DNOs and National Grid) and interact with a wider stakeholder community as
appropriate. DECC is also consulting on its smart metering strategy and looking for input on the
functionality required in smart metering to facilitate smart grid operation.
• Ofgem: The current Distribution Price Control Review will address the efficacy of the innovation
incentives for DNOs (IFI and RPZ) and are considering alternative approaches to incentivising
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innovation that includes increasing the allowed spend for R&D and preparing distribution networks
for smart grid operation.
• Climate Change Committee: CCC have a significant study underway into the infrastructure
implications of significant deployment of electric vehicles (publication expected Q4 ’09).
• Industry (Power Engineering): most large industry players advertise “smart grid” components, but
this does not extend to a full integration of a smart approach for network operation
• Universities: Work on contributing to the smart grid vision is being developed by the Centre for
Sustainable Energy and Distributed Generation (a collaboration of Cardiff, Imperial and Strathclyde
Universities, initially funded by BERR now funded by DECC)
• Telecommunications and ICT: BT, Alcatel, SAP, IBM, Microsoft, Google.
• Metering service providers: Atos Origin (EDF smart metering trial, France)
• Utilities: Ibedrola, EDF, Endesa (all European Utilities with significant smart metering activities or
demonstrations)
• Research Councils: Are scoping a new research area to look into the resilience of the system as a
whole, recognizing interdependencies between network infrastructures (e.g. power, transport,
telecommunications etc). Smart grid technology and its linkages to other core infrastructure
elements could be a part of this research.
• Others (international): European Commission (Smart Grids Platform), EPRI, US DoE (Grid Wise,
IntelliGrids, SmartGrids, plus $4.3 billion dedicated to “smart power grid” R&D), Energinet.dk – the
Danish TSO is has undertaken a series of activities linked to visioning and demonstration of smart
grid activities using the island of Bornholm as a full scale demonstration site.
• Findings:
There is an opportunity for UK to take lead in smart grid integration, issues such as managing intermittency
and providing innovative system control tools are more pressing problems for the UK system (on account of
our relative lack of interconnection to mainland Europe). Many of the technologies that can contribute to
the smart grid system are already developed. However to access these technologies collaboration is required
across sectors, integrating network owners and operators with the telecommunications and IT infrastructure
sectors. Innovation will be required in service provision with an emphasis on a “value added” approach to
optimising the use of existing technologies and techniques in this new setting. There is also the additional
challenge of the “retrofit” of smart grids, updating the existing infrastructure (beyond just networks – i.e.
into the consumer side, homes, business, etc) to accommodate the emerging smart grid approach.
In transmission, much of the technology required to implement smart grid operation is already available,
albeit with an application in sectors outside power networks, so the RD&D effort is in feeding back lessons
from deployment level technologies for redevelopment into new applications. At this stage, effort required
in RD&D is in bringing together the relevant industries that can contribute to realisation of a practical vision
for the UK smart grid.
In distribution the picture is somewhat different as the implementation of smart grid operation is likely to
require a significant change in the nature of DNO activity with a move from passive to active network
management. However, at present, DNOs are only experiencing localised problems that necessitate a smart
grid approach, so specification of a wholesale change in operational activity is difficult to justify. There is
some development in specific technology areas responding to specialised problems (e.g. Fault Current
Limiters) but this is not on the same scale as the smart grid proposal. Uncertainty around how smart grids
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might develop for distribution highlights the need for defining what is meant by smart grid – and aligning
other aspects – e.g. regulation – to ensure that timely innovation in this area is not stifled.
The strong interaction and interdependencies between the power networks and telecommunications
infrastructure in a smart grid future will require strategic oversight and collaboration to ensure that the two
areas of infrastructure evolve efficiently and manage the risks of interdependency appropriately.
Coordination of activity – for example through aligned regulatory regimes may be appropriate; as well as
active efforts to enable migration of solutions from other sectors (e.g. in data handling and data security), to
tackle the RD&D challenges raised by smart grids.
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4.4 Evaluation of Whole System Operation
Given the fundamental changes to the power system that are expected if the 2050 targets are realised, the
network of 2050 will be operating with a dramatically different set of network users and network control
tools.
•
•

•
•

•

Generation: intermittent (wind and other renewables) and inflexible (nuclear and CCS) sources will
dominate the system; distributed generation may also have an increased role.
Demand: new energy demands will be served by electricity such as transport (electric cars and
interaction with other transport energy requirements), and heat (as a storage resource and an
interactive energy vector), and demand may be expected to play an increased role in system control
through demand response (facilitated through e.g. smart appliances, variable tariffs etc);
Control tools and software: New techniques for network control and monitoring (e.g. Wide area
monitoring, dynamic line rating etc) must be integrated into day-to-day operational activities.
Scale of participation and participants: the scale of participation in offering network management
resources could increase from hundreds to thousands and potentially millions of users. This will vary
from large scale centralised control resources to smaller scale distributed resources. New control
options for managing large numbers of small scale distribution-embedded network users could
emerge (e.g. centralised vs. decentralised control, communication hierarchies, self organising groups
etc.)
Increased interconnection with continental Europe, Scandinavia and Ireland

Considerable network analysis is required to determine whether this 2050 system and the various new
approaches to network operation are capable of running the system and maintaining acceptable levels of
service.
•

Key challenges:
Network modelling to evaluate 2050 system operation with fundamentally different network users and
control techniques and technologies.

•

Active Players:
o DNOs and National Grid
o Large industry stakeholders: Siemens, ABB, Areva
o Ofgem
o Universities: Imperial, Bath, Manchester, Strathclyde
o Others: ETI, consultants (Poyry, Redpoint, SKM)

• Findings:
The requirement for development of system modelling techniques to explore the implications of the
extensive changes to the network in terms of users and operation techniques extends into two areas:
1) To test the fundamental aspects of system performance, e.g. stability, voltage control etc. and
explore whether the evolving system can support expected levels of system performance.
2) Techno-economic modelling of the emerging network to explore the cost-benefit implications of
new technologies and approaches
Network modelling on this scale (to include distribution and transmission) would require large scale
collaboration between the network operators, with significant input from other stakeholders in industry and
academic expertise.
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5

Conclusions and recommendations

Priorities and recommendations for action are directed at two main audiences, investors and Government.
The main conclusion from each of the RD&D gap areas identified in section 4 are stated here, along with
recommendations for further action, to be taken either by ERP or other stakeholders.

5.1 ENERGY STORAGE
CONCLUSION: There is a technology gap between the network requirements for storage and
technology capabilities. Fundamental R&D is required to identify the UK specific network
applications of storage, understand the technology gap between present capabilities and the
required functionality and then develop solutions as appropriate (e.g. medium and large scale
solutions for distribution and transmission application)
RECOMMENDATIONS & ACTIONS:
1. The ETI is undertaking a technology scan to review the potential for energy storage in a network
context in the UK (including analysis of the network requirements and technology gaps) is due for
completion at the end of 09. It is proposed that ERP request that ETI report back to members on the
high level findings of this study. If possible, the ETI study can be used to inform any further action by
ERP on identifying RD&D gaps in the area that require attention from stakeholders beyond the ETI.
2. The capacity for UK industry to respond to the requirements for developments in storage
technologies for network applications is unknown. The supply chain for UK delivery of storage
solutions for networks is poorly understood and requires further analysis to aid targeting of support
in this area (particularly relevant for the Technology Strategy Board, that has a focus on supporting
UK companies for all funding activity). Pending the outcomes of the ETI report, there may be a role
for ERP to support activity in this area.

5.2 HIGH VOLTAGE DC NETWORKS
CONCLUSION: large scale trials are needed to demonstrate HVDC technology. This will require
revised investment and regulatory approaches to support network deployment and mitigate
associated risk.
RECOMMENDATIONS & ACTIONS:
1. The ETI networks programme is undertaking two scoping reports addressing the opportunities for
development of on and offshore network technologies. These projects will be complete in Q1 2010,
and will identify the areas where ETI will fund further activity, possibly in demonstration of HVDC
network technologies. It is proposed that ERP request that ETI report back on the high-level findings
of these studies, and that further detailed work for ERP in this area is identified pending the findings
of this research.
2. The ongoing review of the underlying regulatory regime (Ofgem RPI-X@20 project) is exploring the
options around a new regulatory approach including a strong focus on the role of regulation in
stimulating innovation. ERP should keep a watching brief on this activity as it progresses for the
interaction between the regulatory regime, offshore networks and supporting innovation to allow a
efficient growth of HVDC technologies offshore.
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5.3 SMART GRID SCOPE AND INTEGRATION
CONCLUSION: For RD&D priorities in smart grids to be indentified requires development of a
common practical understanding of the scope of smart grid and the technology solutions
required. There is a need for some collaboration in this area between infrastructure providers
where there are interconnections and interdependencies of function (e.g. power, transport and
telecoms infrastructure) to facilitate a coordinated approach and to reduce risk during roll out of
multiple uncoordinated solutions.
RECOMMENDATIONS & ACTIONS:
1. A coordinated approach is required by key stakeholders and between the infrastructure providers
implicated by smart grid concepts to develop a common language and a practical scope for the UK
smart grid. DECC is initiating work in this area via the ENSG to generate a vision and roadmap for
smart grids. It is proposed that ERP support this activity, and also discuss the opportunities / need for
private sector leadership in this area to complement the public sector driven initiative.
2. Coordination is needed between infrastructure providers (energy, transport, telecoms etc) to enable
sharing of solutions and optimal innovation for smart grid technologies. ERP to discuss implications of
this and requirements for further ERP work in this area (if any).

5.4 Conclusions and Actions: EVALUATION OF WHOLE SYSTEM OPERATION
CONCLUSION: There is a need for early stage R&D effort to develop new common tools for
system modelling that are capable of representing the operation characteristics of the low
carbon energy system in 2050 – for use across the sector.
RECOMMENDATIONS & ACTIONS:
1. To develop a comprehensive modelling approach, capable of representing all the various aspects of
the 2050 system would require considerable collaboration between network companies, industry
and academia. Further discussion is required to establish if there is a case for funding this activity and
(if yes) where this funding should come from (e.g. from Research Councils, Government / DECC input,
industry sponsorship etc). ERP member input is required to establish whether this is a priority activity
and who should be brought together to explore opportunities for such a project.
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6

Appendix: R&D activity and support activities

FUNDING
AGENCY
EPSRC and
Industry

EPSRC and
Industry

EPSRC and
Industry

EPSRC and
Industry

DESCRIPTION
SUPERGEN I - FUTURE NETWORK TECHNOLOGIES The consortium has
addressed the engineering problems created by embedding renewable
energy sources into a distribution network and the market and regulatory
environment that encourages the right commercial drivers to encourage
sustainable energy generation and its use. It considered two timescales: the
medium term (2010-2020) and the long-term (2020-2050). There were
seven work-packages each contained a mixture of engineering, economic
and social acceptability aspects: System wide reliability and security;
Decentralised Operation & Control; Demand-Side Participation; MicroGrids; Foresight; System Evolution; and Outreach.
SUPERGEN III - Highly Distributed Power Systems This Consortium is
investigating how to coordinate many small distributed energy resources,
DERs, such that they contribute to (and are rewarded for) the effective
operation of the power system. Such an arrangement is known as a highly
distributed power system (HDPS). Research will identify whether network
support functions should be provided by coordination of the multitude of
low cost distributed sources or whether these functions should be
concentrated in larger dedicated items of equipment. The Consortium is
addressing conceptual design, frameworks for operation and appraisal, and
the systematic integration requirements for DERs.
Supergen V - Asset Management and Performance of Energy Systems
(AMPerES) This is a 4 year major multi party collaborative project: Industrial
Participants: National Grid, Scottish and Southern, SP Power Systems,
United Utilities, Western Power Distribution, Central Networks, CE Electric
UK, NIE, Advantica & EDF Energy Networks; and Universities: Manchester,
Southampton, Edinburgh, Liverpool, Strathclyde, Queens (Belfast).The
research programme is split into 6 work packages & 25 activities. Most of
the research will be carried out by the universities.
Supergen I Renewal Core – FlexNet. The consortium is formed by
universities, network operators, equipment manufacturers and NGOs. The
consortium will build on the achievements of its predecessor, FutureNet.
The aim of FlexNet is to research the future form of the electricity network.
The research will investigate how the major challenges e.g. technical,
economic, market design and public acceptance can be addressed to
provide networks that will support different types of generation
technologies. This is challenging since much of the UK transmission and
distribution networks are due for replacement soon at a time when the
future of electricity generation is uncertain. The UK aims to integrate lowcarbon energy technologies into the existing T&D networks. Integration of
different generation technologies requires different forms of network
support and for this reason planning, designing and building networks that
are sufficiently flexible to meet diverse technology scenarios will be
important.

FUNDING

PERIOD

£3.5m

2003 - 2007

£2.5m

2005 -2009

£3.18m

2005 – 2009

£6.9m

2007 - 2011
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EPSRC and
Industry

EPSRC and
Industry
ETI

ETI

Supergen Energy Storage – Led by universities (The aims of this Supergen
initiative are to accelerate development of energy storage systems, and to
provide strategies for their rapid implementation into the UK energy sector.
The energy storage systems being investigated are Lithium ion batteries
and Supercapacitors. Key objectives for the project are: Lithium-ion battery
materials development, Supercapacitor materials development,
Battery/supercapacitor
devices
for
grid
implementation,
Battery/supercapacitor devices for automotive applications.
Supergen III Highly Distributed Power Systems – Phase 2 (pending final
agreement)
Networks Programme:
The ETI networks programme is focused on three central themes of: 1)
Adapting networks to enable higher penetration of renewables and DG
with good security and quality of supply, 2) Managing networks to provide
greater flexibility between supply and demand to offset high CO2 peak
demand and 3) Reducing CO2 and the environmental impact of existing
networks.
Initial project focus will be on:
• Fault Current Management
• Connection and integration of offshore renewable energy farms into
the UK power system (offshore systems) – Scoping report expected Jan
‘10
• Power flow and increased network capacity (onshore system) –
Scoping report expected Jan ‘10
• Energy Storage – Scoping report expected Q4 ‘09
• Long term UK energy infrastructure outlook (linked to ETI scenarios
and modelling work)
• Operational flexibility
Transport Programme:
Electrification of Light Vehicles: working with infrastructure suppliers,
systems integrators and vehicle manufacturers to explore opportunities for
a large-scale demonstration project, building on TSB projects

2006 - 2010

£3m

2009 - 2013

£30m

Planned for
2009 - 2012

-

Planned for
2009 - 2012
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TSB

TSB

Carbon
Trust
Suppliers

Intelligent Grid Management:
The following R&D areas were identified for priority support under this
programme:
• Maximising the utilisation of existing transmission and distribution
assets in the face of the increasing deployment of new generating
technologies.
• Facilitating the timely connection of new generation, while maintaining
levels of system security and minimising the impact of constraints.
• Minimising the impact of energy losses.
• Manage the impacts of variable output caused by intermittency, etc at
a system level, including applying electrical storage and demand-side
measures such as “smart appliances”.
• Cost-effectively integrating onshore and offshore generation
technologies, including innovation to permit Grid Code requirements
to be met in the most economical way.
• Cost-effectively integrating microgeneration technologies.
• Developing low carbon network equipment, design, management,
operation and control, including active management systems and
methodology.
From January 2009 10 projects are underway in this area totalling £9.6m, of
which public sector contribution is £4.6m. Projects are spread fairly evenly
across the priority areas for support, with a small majority focusing on
active network management and related topics. Note that new activity in
this area has not continued as TSB feel more information is needed on the
UK capacity for delivering projects in the infrastructure area.
Hydrogen and Fuel Cells:
The call was not specific to a network context but some activities with
network focus may be funded. Final assessment of winning bids is pending.
The following R&D areas were identified for priority support under this
programme
• Development of novel materials and systems for hydrogen storage that
are capable of high volumetric and gravimetric hydrogen content, with
low cost and high energy efficiency.
• R&D into novel, more durable and lower cost materials, manufacturing
processes and components for hydrogen electrolysers and fuel cell
systems.
• Development of innovative components and stack designs for
improved efficiency and performance, and simplified system design.
• System development for advanced fuel cells focused on real-world
automotive and CHP applications.
• Design, construction and evaluation of efficient, low-cost hydrogen
production systems suitable for on-site vehicle refuelling.
Technology Commercialisation: 3 applied research projects in networks
Key manufacturers and suppliers of network plant and equipment are
investing in new products in this area. Further work is needed to detail
activity and characterise the supply chain.

£9.6m
(2009)

2004 – 2007
(the
competition
area is no
longer active
although
some
projects are
still ongoing)

Pending

ongoing

£1.1m

Existing
projects

Various
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Network
Companies

Europe

USA

Network companies are currently allowed 0.5% of their revenue on R&D as
part of the Innovation Funding Incentive set by Ofgem. This is deployed in
both managing the existing infrastructure (for example increasing
reliability, asset life extension) and on new networks (eg Smart Grids).
In 2007/08 DNOs spent £12.1m (08/09 aggregate figures not yet available),
National Grid spent £4.5m over the same period (they predict a spend of
£7m for the year 08/09).
• European SmartGrids platform, developing and promoting the smart
grid vision
• EU Framework 4,5,6 and 7 funding programmes (e.g. Microgrids,
FENIX, SmartA, IRENE, ADDRESS etc)
• IEA Implementing Agreements (e.g. ENARD (Electricity Networks
Analysis, Research and Development), District Heating and Cooling,
Energy Conservation though Energy Storage, Hydrogen, HighTemperature Superconductivity on the Electric Power Sector.
• EU Strategic Energy Technology Plan (SET Plan), Industrial Initiatives:
European electricity grid initiative, focus on the development of the
smart electricity system, including storage, and on the creation of a
European Centre to implement a research programme for the
European transmission network
• European Energy Research Alliance areas for joint programmes (EU
EERA): programmes in transmission and distribution networks for the
future and electrical power storage
• The Electric Power Research Institute (EPRI), based in the US
coordinates an R&D programme in the fields of generation, T&D and
electricity usage. It is spearheading a number of innovative projects in
the areas of asset management of existing networks, increasing
capacity of lines and cables, energy storage, Smart Grids, and electric
vehicles.
• US Department of Energy (e.g. $4.3bn earmarked for smart grids,
ongoing programmes “Intelligrids” and “GridWise” etc).

£16.6m
(07/08)

Various

Ongoing

-

>$4.3bn

28

