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About ACE

As the leading business association in the sector, ACE represents the interests of professional
consultancy and engineering companies large and small in the UK. Many of our member
companies have gained international recognition and acclaim and employ over 250,000 staff
worldwide.

ACE members are at the heart of delivering, maintaining and upgrading our buildings,
structures and infrastructure. They provide specialist services to a diverse range of sectors
including water, transportation, housing and energy.

The ACE membership acts as the bridge between consultants, engineers and the wider
construction sector who make an estimated contribution of £15bn to the nation’s economy with
the wider construction market contributing a further £90bn.

ACE’s powerful representation and lobbying to government, major clients, the media and other
key stakeholders, enables it to promote the critical contribution that engineers and consultants
make to the nation’s developing infrastructure.

Through our publications, market intelligence, events and networking, business guidance and
personal contact, we provide a cohesive approach and direction for our members and the
wider industry. In recognising the dynamics of our industry, we support and encourage our
members in all aspects of their business, helping them to optimise performance and embrace
opportunity.

Our fundamental purposes are to promote the worth of our industry and to give voice to our
members. We do so with passion and vision, support and commitment, integrity and
professionalism.

Further information

For further details about this publication please contact

Peter Campbell

Senior Policy Manager

ACE Policy and External Affairs Group
[Contact details redacted]
www.acenet.co.uk
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For this response, ACE has drawn heavily on its report, Electricity Market Reform: Generating
Results, published in July 2014.%

Q1. What changes may need to be made to the electricity market to
ensure that supply and demand are balanced, whilst minimising cost
to consumers, over the long-term?

e What role can changes to the market framework play to incentivise this outcome:

o Is there a need for an independent system operator (SO)? How could the
incentives faced by the SO be set to minimise long-run balancing costs?

o Is there a need to further reform the “balancing market” and which market
participants are responsible for imbalances?

e To what extent can demand-side management measures and embedded
generation be used to increase the flexibility of the electricity system?

On tariffs, ACE found that rises continue to be of concern with the average dual fuel
household bill rising from £1,057 in 2011 to £1,232 in 2012. These rises have been
against a backdrop of low wage rate growth, employment uncertainty, and a general lack
in consumer confidence, fuelling affordability concerns.

ACE’s research found little evidence of regional pricing by the ‘big six’ companies,
however, when analysing the differences between tariffs. In addition, it was also found
that the benefits of switching are relatively limited over time, with direct debit customers
being the main beneficiaries. Looking at the rationale behind price changes, our research
found that the price reductions felt by consumers for direct debit tariffs are as a result of
company’s pricing policies and not simply inflationary changes.

ACE also found that over time there has been a shift towards short term, ‘spot’ trading
with increased volatility and cost owing to the higher price that can be demanded on a
short term transaction. These costs have then been passed onto consumers with little
explanation from the energy companies or the regulator as to why increases in this kind
of activity have been allowed to occur. Policy makers can no longer ignore such a shift,
given the implications this has for affordability. As such, intervention is required to
encourage more competitive, longer term trading on an open and transparent market.

There is also an increasingly vague view as to what the energy mix in the UK will be,
creating uncertainty and holding back the investment the country needs. Whilst in theory,
with the government remaining technologically neutral, competition should be
encouraged. In reality it has created a situation where only the most certain of projects
(those with the lowest financial, political and planning risk) progress, with all others
prevented from progressing while investors continue to seek the right signals.

L Electricity Market Reform: Generating Results (2014), Association for Consultancy and Engineering,
http://www.acenet.co.uk/electricity-market-reform-generating-results/746/12/1/8
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Our research also considered the Consolidated Segmental Statements of energy
companies and found that the costs and earnings of the generation arms of companies
vary more significantly than that of their supply businesses. Economies of scale and
efficiency are generally cited in favour of vertical integration in the energy sector, yet the
analysis in this report called into question whether the actual benefit is passed through
the system to the consumer.

In some circumstances the results even suggest that costs move in opposite directions
for the different divisions of energy companies (e.g. generation and retail/supply),
demonstrating that pricing signals are not efficient and the system is not responding to
them as would be expected. Part of the reason behind this may be that companies are
responding to media pressures and attempting to control costs at one end of the system.
This, however, fundamentally undermines price and investment signals within the market.

The analysis also calculated the ‘earnings’ premium that is applied as prices pass
through the system. That is to say that if generators charge more to suppliers, suppliers
in turn charge more to consumers. For every extra £1 a generator earns in profit, a
supplier is also able to make an extra £0.57p, making a total increase for consumers of
£1.57. Given that more than ‘base’ costs are passed onto consumers the case for vertical
integration and the efficiencies it brings within the market appears uncertain.

The correlation between generators’ and suppliers’ weighted average costs shows that
as the former's average costs increase the latter's average costs do not change
significantly. This suggests two possible scenarios, the first being that the average
weighted cost of generators has no bearing on suppliers’ average costs. Alternatively,
supply businesses are able to hedge prices forward so effectively that they can absorb
variations in generators weighted costs with little effect on their own. The second
scenario is, however, questionable given the shift towards short term spot trading where
it is more difficult to offset cost volatility.

The ACE report suggests a way forward which attempts to balance the needs identified
within the EMR framework, including:

e The need for a policy which will secure a reasonable baseload and invest in
solutions which can ‘store’ energy;

e The need to address capacity issues without radically reforming policy again
and therefore increasingly delay and uncertainty which is a major problem for
investors;

o Ways to improve and implement effective competition in the generation market
by creating a secure base that lowers costs and allows technologies to compete
where appropriate;

e The need for increased transparency within the market, allowing the retail side
to access and buy from a number of sources.
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This report proposes that five Generation Investment Vehicles (GIVs) with a combined
value of £8bn are created to ensure that in the short to medium term project finance is
secured. In order to secure medium to long term investment to ‘lock’ long term cleaner
energy into the UK’s generation system, this report also proposes that three Tidal GIVs
(TGIVs) with a combined value of £21bn be created.

These vehicles could be used to finance for any type and combination of projects, for
example:

e Six CCGT plants at an approximate cost of £3bn (providing approx. 7,500MW).

¢ Eight waste to energy plants at an approximate cost of £4bn (providing approx.
575MW).

e £21bn of funds towards the building of tidal/lagoon assets (providing approx.
2,000MW to 3,000MW).

e A £1bn fund for community projects, where money would be raised via crowd
sourced funding.

The three £7bn TGIVs for example could finance:

e The roll out of either smaller tidal schemes or more economically the
construction of a Severn Barrage (with a target price of 16% below the current
£25bn estimated cost) to lock in lower cost long term electricity not only for this
generation but also the next few.

Introducing a secure supply has to be accompanied by increased transparency and
ultimately improved competition within that part of the market where competition for
variable electricity demand takes place.

This paper proposes a Priority Auction Mechanism (PAM) where:

e A new structure of two open market traded exchanges where government has
to purchase 50% of the capacity put forward in the first round, 75% in the second
round, and all remaining capacity then having to compete OTC.

e The first round of purchasing will be on contracts longer than 24 months, while
the second will see providers enjoy contracts of longer than 12 months’ duration.
This will have the dual impact of providing certainty of revenue for generators
and encourage future investment whilst also encouraging a transparent and
efficient pricing mechanism for the electricity market.

Q2. What are the barriers to the deployment of energy storage capacity?

o Are there specific market failures/barriers that prevent investment in energy
storage that are not faced by other ‘balancing’ technologies? How might these
be overcome?
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¢ What is the most appropriate scale for future energy storage technologies in the
UK? (i.e. transmission network scale, the distributed network or the domestic
scale.)

The biggest barrier to the development and deployment of energy storage capacity is
often the siloed way that infrastructure more broadly is considered, both at government
and industry level. ACE’s main recommendation in this area would be that future projects
need to be considered much more in the round and questions as to whether there are
possible energy storage angles must be asked and answered.

There is a significant need in the UK for substantial new infrastructure in the coming
years, from housing, rail projects, road investment, and new water storage facilities.
Government and industry must ensure that it works together to enable these schemes
to adequately consider the possibility of incorporating energy storage techniques into
their design and construction.

With the scale of housing required by the UK to meet demand, for instance, consideration
should be given to incorporating technologies that allow for the charging of electric
vehicles, as well as the ability for them to act as battery storage that can be used to
supply power back to the house at various times. This will encourage take up through
reduced bills, assist in meeting our climate change targets, and reduce reliance on the
grid.

Additionally, there are plans for new reservoirs to be built, especially in areas of the
country that experience water shortages at certain times of the year such as London and
the South East. It is possible that this infrastructure can also be fitted with technology
that allows for storage of energy that can be deployed at peak times when required then
replenished during off peak times.

ACE’s members are often at the forefront of innovations such as those mentioned above
and others, and are keen to incorporate new thinking on projects they are asked to work
on. The key barrier though is often a reluctance to consider the projects beyond their
specific purpose, an attitude that should be resisted in the future if our infrastructure is
to be fit for purpose.

What level of electricity interconnection is likely to be in the best
interests of consumers?

e Is there a case for building interconnection out to a greater capacity or more
rapidly than the current ‘cap and floor’ regime would allow beyond 20207 If so,
why do you think the current arrangements are not sufficient to incentivise this
investment?
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e Are there specific market failures/barriers that prevent investment in electricity
interconnection that are not faced by other ‘balancing’ technologies? How might
these be overcome?

ACE does not have any comment to make on these questions.

Q4. What can the UK learn from international best practice in terms of
dealing with changes in energy technology when planning to balance
supply and demand?

ACE’s research into the international market found that the UK sits around 40 per cent
above the IEA median for energy prices excluding taxation, and over 10 per cent when
they are included.? This is important as a key component when comparing the UK with
other global energy markets is price, and particularly the relationship between the
amount being charged and the taxation being levied on top.

When the amount of taxation is benchmarked against the other IEA members, the UK is
found to be leveraging only 5 per cent in taxation, well below the IEA median of 24 per
cent. This perhaps indicates that the UK might not be proactive enough in reallocating
resources from market which are inefficiently accounting for the effects of climate change,
pollution, and volatile prices towards a more stable and sustainable long term solution.

Electricity prices in the UK on the open market (not including taxation) are some of the
highest amongst the countries analysed. This is likely to be due to a lack of strategic
planning as no one company considers investment in the UK as a whole at the
macroeconomic level. As such, any investment outcome from the sector will favour
individual companies’ investment strategies and not one that is efficient for the UK as a
whole.

ACE’s research found that countries with higher energy taxation are often better
insulated from rises in wholesale energy prices. We concluded that this was probably
due to their improved ability to promote new technologies and a broader energy mix
through better redistribution of capital via subsidies, tax breaks, or other funding
mechanisms.

2 International Domestic Energy Prices (2015), Department for Energy and Climate Change,
https://www.gov.uk/government/statistical-data-sets/international-domestic-energy-prices
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Context and Summary
The Association for Decentralised Energy (ADE) welcomes the opportunity to respond to the
energy infrastructure section of the National Infrastructure Commission’s Call for Evidence.

The ADE is the UK's leading decentralised energy advocate, focused on creating a more cost
effective, efficient and user-orientated energy system. Our members have particular expertise in
combined heat and power, district heating networks and demand side energy services, including
demand response. The ADE has more than 100 members active across a range of technologies,
and they include both the providers and the users of energy.

Our members include industrial energy users which generate their own energy on-site, local
authorities which operate their own local energy generation, in addition to energy service
providers and demand response aggregators.

We welcome the Commission’s focus on energy infrastructure, particularly its focus on ensuring
that existing and future infrastructure are used as productively and efficiently as possible.

Infrastructure should be developed with a clear aim - to deliver the best consumer value in the
transition to an affordable, secure and low carbon economy. To do so, there are two key
principles that should apply to reviewing infrastructure policy and investment:

e We should control consumer costs by using existing infrastructure more effectively to deliver a
better value and more secure energy system. There are major infrastructure opportunities to
cut waste from the energy system that remain untapped.

e New energy infrastructure investments should be considered holistically, as part of the wider
energy system. There are major interactions with potential conflicts and synergies between
heat, power and transport. To ensure the best value for energy users, the synergies need to
be understood and exploited and conflicts mitigated. This cannot be achieved with the current
siloed approach to energy policy.

By addressing these two principles, the Government could move towards more productive, better
value energy, low-carbon infrastructure, for consumers’ benefits.

We see the six key opportunities to deliver on these principles.
1. Control consumer costs by using existing infrastructure more effectively

1.1. Support demand side response, including load shifting and local generation.
Demand response enables users to take control of their energy and be rewarded for helping
to maintain a stable energy system. Committee on Climate Change analysis identified nearly
£7 billion of reduced infrastructure investment costs as a result of seizing demand side

www.theade.co.uk Page 1 0of 9
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response in a low carbon energy system. Current policy is failing to tap this value and fails to
value avoided infrastructure investment almost entirely.

1.2. Drive network productivity. Analysis of DECC data reveals that UK power network
efficiency has improved by only 2% since 1990. If UK transmission and distribution losses
were equivalent to those in Germany!, the best in Europe, customers would save £605
million a year, the equivalent of £23 per household?. However, regulators’ funding to cut
network losses is small at only £6.4m a year over the next five years.>

1.3. Retain and build on the key principle of ‘cost reflectivity’. The network charges
applied to users and generators should reflect the costs they impose or reduce. As the energy
system becomes more decentralised, is it vital we retain the value generators receive for not
using the power transmission system, known as the Embedded Benefit.

2. Build new energy infrastructure to deliver best consumer value

2.1. Invest in heat infrastructure to capture wasted energy. The UK power generation
system wastes enough heat for every home in the UK. District heating networks in densely
populated areas are an ideal way to collect waste heat and move it to the points of use. This
cuts unnecessary energy waste, boosts security of supply and reduces emissions.

2.2. Look to today’s energy storage solutions. Energy users want energy services
(mobility, warmth, computing), not the energy itself. Energy storage solutions should focus
on the services needed. Thermal storage is far less costly than power storage. Holistic
analysis of system energy needs will ensure we build the right type of energy storage rather
than being enthused with the latest technology.

2.3. Bring energy production and use nearer together. This cuts network losses and
enables wasted heat from power generation to be captured. Combined heat and power is up
to 90% efficient compared to 50% for normal power generation, but needs to be located near
to points of demand, such as industry.

Heat network infrastructure
The Infrastructure Commission has not addressed the potential for heat network infrastructure in
its Call for Evidence, but we believe this offers a vital area for its future consideration.

Any time we make or use energy, we lose some of it as heat. Power stations, the industrial sector
and cities like London all waste heat, and together they waste more heat than is used by every
home in the UK. By building heat infrastructure, also known as district heating, in densely
populated areas we can collect waste heat and move it to the points of use. It is by investing in
this form of low carbon infrastructure that we can cut unnecessary waste from the energy system
and reducing emissions at the same time.

Analysis by a number of research and Government bodies, including Stratego, the Energy
Technologies Institute* and DECC>, show district heating is a key form of cost-effective network
infrastructure as part of the low carbon network transition. DECC has indentified a cost-effective
potential for heat networks to meet 14% of UK heating demands by 2030, a seven-fold increase
from today.

! The World Bank data, based on the International Agency Statistics (OECD/IEA) 2012. Electric power transmission and
distribution losses in Germany represent 4% of the electrical output, and it is 7.9% for the UK and 7.1% for Denmark
2 Values each lost unit of electricity at the wholesale market price.

3 Ofgem, 2015. Losses Discretionary Reward Guidance Document.- Change in response to March 2015 consultation.

4 ETI, 2015. Heat Insight — Decarbonising heat for UK homes.

5 DECC, 2012. The future of heating: meeting the challenge.
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With the support of the Government’s Heat Network Deployment Unit (HNDU), more than 150
local authorities are now investigating local heat infrastructure investments, with a value of more
than £2 billion. These innovative schemes capture waste heat from power stations, industrial
sites, and tube stations to make our energy system more productive and alleviate fuel poverty.

Government has now committed £300m to heat network development over the course of this
Parliament. This investment is welcome and will help bring a number of schemes forward.
However, a longer-term regulatory and market framework will be necessary if the UK's full heat
infrastructure potential is to be reached.

Unlike gas and power networks, heat networks do not have an investment and regulatory
framework underpinning them. The absence of such a framework excludes potential investors as
the risks around district heating investment are considered to be significantly higher than for
other network infrastructure projects. Government can take steps to reduce investment risk for
this network infrastructure and secure larger, better-value schemes into development at low cost
to taxpayers.

Bring energy production and use nearer together

Currently 54% of the energy used to produce electricity is lost by the time it arrives at a UK
home or business. This lost energy is worth £9.5 billion a year to the UK economy. Put another
way, it is the equivalent of £354 per household. It also represents carbon emissions equivalent to
every car in the UK.

Combined heat and power (CHP) is a form of energy production infrastructure which produces
energy close to customers, providing them with both heat and electricity. By producing electricity
closer to its demand, CHP cuts network losses. If half of current centralised thermal generation
was instead directly connected at the distribution level near demand, the avoided transmission
losses would save energy users £135 million annually®.

CHP also enables wasted heat from power generation to be captured and used by manufacturers,
businesses and homes. CHP is up to 90% efficient compared to a maximum of 50% for normal
power generation, but needs to be located near to points of demand, such as industry. The cost
effective potential for CHP is more than three times the current capacity’, and the potential
captured heat could be worth more than £2 billion a year®.

Currently the Capacity Market incentivises new power generation infrastructure that is largely
inefficient and does not capture its heat. In the 2014 Capacity Market auction, nearly 2.6 GW of
new generation included only 3 MW of new CHP capacity but about 800MW of gas and diesel
engines which waste their heat. With limited new CHP capacity participating in the 2015 auction,
results are not likely to differ significantly.

Responses to consultation questions
1. What changes may need to be made to the electricity market to ensure that supply
and demand are balanced, whilst minimising cost to consumers, over the long-term?

If the UK is to be successful in cost-effectively balancing supply and demand, a transparent,
accessible electricity market is essential, shifting away from subsidies to market-focussed
measures. A more market-based approach would decrease political uncertainty and enable

6 See lesswastemoregrowth.co.uk/report

7 Ricardo-AEA, 2013. Projections of CHP capacity and use to 2030. Report for DECC. Cost effective potential based on a
discount rate of 15% over 10 years.

8 See lesswastemoregrowth.co.uk/report
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market participants to construct sensible economic models to justify new investment when the
market deems it cost-effective to do so. However, any changes made to the electricity market
must recognise the economic value of distributed generation and demand response in reducing
system costs by reducing the necessity for costly network infrastructure.

Three key changes need to be made within the electricity market to ensure that supply and
demand are balanced, while minimising cost to consumers, over the long term. These changes
are to ensure that:

e Business energy users who provide demand side services can access and receive value from
the wholesale and balancing markets.

e Demand response and on-site generation are treated fairly in a simplified, more user-focussed
Capacity Market

e Balancing services are made more user-focussed, easy to navigate, and support the most cost-
effective solutions, including generation, demand response and storage.

e Protect cost reflectivity for distributed generation and DSR in network charging

All three of these areas need to be addressed if the UK’s full demand response potential is to be
reached. Unfortunately, to date the UK’s approach has been to address each of these three areas
in silo. The DECC Energy Security team designs the Capacity Market, National Grid designs
balancing services, while Ofgem and DECC design the wholesale and balancing market
arrangements.

We see an opportunity for the National Infrastructure Commission to draw all three of these areas
together into a comprehensive and cohesive policy to fully unlock the potential of distributed
generation and demand response. We have outlined the key measures needed in each of these
areas in further detail below.

Access to wholesale and balancing markets

Currently distributed generators, energy demand users, and aggregators are not able to access
either the balancing market or the wholesale market. This creates two barriers which limit
demand side management.

The first barrier is that the dispatch of a customer’s demand response by a third-party aggregator
changes the supplier’s balanced position, creating costs or benefits for the supplier depending on
their position.

The second barrier is that demand side services can only receive value for the demand response
in the wholesale market if the energy user or their aggregator have a contract with the
customer’s licensed supplier. This currently limits the growth of the demand response market and
adds a significant transaction cost and barrier for demand response providers.

These issues are addressed in further detail on Page 7 in response to the question: Is there a
need to further reform the “balancing market” and which market participants are responsible for
imbalances?

Fair participation in the Capacity Market
The Capacity Market was largely designed for large, centralised generators, and this has limited
the competitiveness of distributed generation and demand response.

The Government’s commitment to reform the Capacity Market to ensure it brings forward new
gas power plants carries a significant risk that the reforms unintentionally damage both on-site
generation and the growing UK demand response market.

www.theade.co.uk Page 4 of 9
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It is important that the Capacity Market increases, not decreases, fair treatment across different
technologies and approaches. This includes equal contract lengths between all Capacity Market
participants, as currently new build generators can receive 15 year contracts while existing
generators and demand response participants are limited to one year. This difference in contract
lengths results in very different support levels for different capacity types, and results in
uncompetitive outcomes.

The focus on new build generation may risk missing the already sizeable potential capacity from
existing resources. For example, while 4 GW of CHP and autogeneration successfully cleared the
Capacity Market in 2015, there is more than 7 GW of autogeneration capacity listed in the Digest
of UK Energy Statistics. These figures indicate that more than 3 GW of existing generation did not
participate in the Capacity Market. In addition, as addressed later in this consultation, the
potential demand response market is several gigawatts. Therefore measures to facilitate the
participation of existing generators and demand response are arguably just as important as
measures to stimulate investment in the Government’s preferred technologies.

Access and participation in balancing services

There are a number of hurdles which can commonly arise and prevent demand response from
providing the balancing services that are procured by National Grid. These include over-sizing
minimum bids, requiring fixed quantities to be available for long periods, activations that are too
frequent or have unnecessarily long maximum durations, and requirements for symmetric bids.

The launch of National Grid’s Power Responsive campaign in 2015 was a positive step in bringing
attention to how the System Operator can facilitate a cost-effective demand response market
through its balancing services. Current work by National Grid to develop both a new Demand
Turn Up service and a new demand response service are very welcome progress, especially as
the only dedicated demand response balancing service currently available is the recently-
introduced Demand Side Balancing Reserve, which is expected to end by 2018.

However, over the longer term there will be a need for National Grid to look at its suite of
balancing services in the round and ensure they are simple, customer-led, and focussed on
securing least cost services, whether from generation, demand response or storage. This will
include considering whether the common barriers outlined above can be mitigated or removed
across its balancing service offers.

Protecting the embedded benefit and the principle of network ‘cost reflectivity’

Key to keeping costs low for consumers is to ensure ‘cost reflectivity’ that is the prices charged to
users and generators should reflect the costs they impose or reduce on the system. Without such
signals there is a significant risk that overall costs for consumers will rise. There are two areas
where cost reflectivity is a current issue:

As distributed generators do not use the transmission system, they do not pay for its use. This
recognition is termed the ‘Embedded Benefit’ and allows generation to avoid the cost of
Transmission Network Use of Systems (TNUoS) charges. National Grid reviewed the Embedded
Benefit in 2013 and decided to retain the Embedded Benefit following a clear response from every
major energy association that the proposals would make the energy system less cost-reflective
and risked overall higher costs for consumers.

In those cases where increasing local generation causes electricity to 'spill upwards' onto the
transmission networks, new infrastructure investment may be needed®. It is right for National

° This is termed an ‘exporting grid supply point (GSP)’
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Grid to ensure cost reflectivity extends to this issue, but it must implement changes so they
recognise the future more actively managed local network. As such it will be important for
National Grid to consider the future distribution system in its consultation.

What role can changes to the market framework play to incentivise this outcome:

Is there a need for an independent system operator (SO)? How could the incentives
faced by the SO be set to minimise long-run balancing costs?

We recognise there is a conflict of interest within the current arrangements, where the System
Operator is also earning a return from investments in system assets. We would agree with the
benefits of having an independent system operator to ensure consumers do not pay for
unnecessary infrastructure investments.

However, we are unconvinced the creation of an independent system operator is the most urgent
step at this time, with a number of other more vital changes to the UK electricity market and
network arrangements. There is a substantial risk that the creation of an independent system
operator distracts Government and regulators from making these important changes. We also
think it important to recognise that the current balancing services offered by the System Operator
are some of the only avenues available for most demand response providers to secure revenue
for their services.

The increasing management role for distribution networks

Current energy security policy and operation is approached from a national, centralised
perspective, rather than a local one. National Grid is not able to model overall the optimal
investment in the electricity supply system, or the optimal location of generation. There are
future cases where there could be a surplus of supply on one local area and its distribution
network, while other areas have a shortage. The Capacity Market’s focus on securing national
electricity supply without regard to local demands exacerbates this issue.

As the energy system becomes more localised, with local generation meeting local demand, there
will be more of a need for local network management solutions. Ofgem recognised this year that
to achieve a more flexible, responsive system it will be important to see Distribution Network
Operators transition become Distribution System Operators. Therefore either the Infrastructure
Commission or an independent system operator would need to consider both the transmission
network and the distribution networks, and an independent system operator at a national level
must support innovation at the distribution network level to deliver more localised active
management solutions.

Consideration should be given to the distribution network’s planning standard, known as P2/6°.
The Energy Networks Association is leading a revision of this planning standard*! which will
determine the approach distribution networks take to new infrastructure investments. It will be
integral this review is ambitious in supporting and driving innovative solutions in distribution
networks to reduce the cost of distribution infrastructure to consumers.

10 p2/6 defines the required levels of security of supply in terms of the time to restore supplies to customers affected by a
circuit failure.

11

http://www.dcode.org.uk/assets/files/Working%?20Groups/May%201%202015/DCRP%20P2%20WG%?2
OWider%?20Stakerholder%20Enagement%20Workshop%20presentation%201%20May%202015%20FIN

AL%20FULL.pdf
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Is there a need to further reform the "balancing market” and which market participants
are responsible for imbalances?

Yes. Under the current GB market framework the dispatch of a customer’s demand side response
by a third-party aggregator changes the supplier’s balanced position, creating costs or benefits
for the supplier depending on their position. Since the trigger for the change in balance position
is based on external actions, the supplier should neither be penalised nor rewarded for the
change in their position. The demand response action may also risk changing the supplier’s
energy position, where they purchased a certain amount of electricity for a half hour period which
they now did not sell.

The solution to this problem is to allow for the settlement of the energy position between the
aggregator and the licensed supplier. The aggregator would therefore buy the sourced, but not
consumed, energy in the case of demand reduction. By doing so, the balancing position of the
supplier will be corrected and the supplier will receive fair payment for their open energy position.

However, we would caution that just reforming the treatment of imbalances created by demand
side actions is insufficient to secure increased demand response in the GB market.

The current electricity market arrangements do not allow direct access by energy customers to
the market, and this issue is the critical barrier to the development of demand response. There
are no provisions for a market participant who is not a supplier or a generator to participate in
the balancing or wholesale market, and it will likely require a new category of participant to be
defined with proportionate requirements.

Therefore, under current market arrangements, a customer or their demand response aggregator
must have a contract with a supplier to access the wholesale market. This currently limits the
growth of the demand response market and adds a significant transaction cost and barrier for
demand response providers.

Energy suppliers can give customers the ability to provide generation and demand side services,
but this approach requires a customer to both receive supply and provide demand response
through one agent. This limits competition by preventing the customer from shopping around
separately for the best, supply and demand response deals separately, even if it is more
economic to have different agents for each service (purchasing supply and providing demand
response).

The evidence from other energy markets shows that, for these services to be successful and lead
to market growth, it must be possible for consumer flexibility to be unbundled from the sale of
electricity: markets with mature levels of demand-response participation have all unbundled the
purchase of demand-side flexibility from normal supply. In fact, the evidence indicates it is not
possible to reach efficient levels of participation without doing so. The examples are the large US
centralised markets, such as PIJM, the Western Australian capacity market, and the New Zealand
ancillary services markets.

To what extent can demand-side management measures and embedded generation be
used to increase the flexibility of the electricity system?

The Association for Decentralised Energy is currently developing a bottom-up analysis of the
potential for demand side measures and embedded generation to increase flexibility of the
electricity system. We expect our analysis to be completed by March 2016.
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Response to National Infrastructure Commission Call for Evidence
(C Qde 8 January 2016

It is important to note that there is already a significant amount of demand response and
embedded generation in use in the UK contributing to flexibility. The Digest of UK Energy
Statistics lists nearly 7 GW in autogeneration in 2014. Currently, there is currently estimated to
be 1 GW of demand response in the Industrial and Commercial sectors (defined as an action to
reduce a customer’s metered consumption)?*2.

Almost all of this existing embedded generation and demand response is located in the industrial,
commercial and public sectors. However, we still see a significant potential energy resource from
these sectors. For example, there is a total of 30 GW?*? of industrial and commercial peak
demand. Securing 10% of this demand, as occurs in other international markets such as Belgium
and the US, would result in 3 GW in demand response capacity.

A 2014 Imperial College and Element Energy study for the Committee on Climate Change found
that by deploying smart voltage regulation and demand-side response around on distribution
networks, £5 billion of reinforcement costs to enable decarbonisation could be avoided. This is in
addition to £300m in avoided transmission infrastructure costs. A September 2015 analysis of the
UK’s demand response potential produced for DECC showed that there is currently more than 18
GW of peak demand which could participate in demand response, given the right market and
regulatory framework.

2. What are the barriers to the deployment of energy storage capacity?

Are there specific market failures/barriers that prevent investment in energy storage
that are not faced by other 'balancing’ technologies? How might these be overcome?

We agree with the Commission’s focus on the importance of energy storage, but would caution
that a systems approach to new infrastructure can ensure that we are able to take advantage of
synergies between heat and electricity, specifically in securing cost-effective energy storage.
Fossil fuel systems, such as coal and gas, can store significant amounts of energy, and a move to
a more renewable system will require that such existing energy storage to be secured in other
ways.

Thermal stores are a large version of a household hot water tank, and heat is cost effective to
store. Thermal stores can reduce the cost of balancing the electricity system, and heat network
efficiency. These both cut consumers’ bills. When the electricity grid is over-supplied (e.g. high
wind and solar), instead of paying turbines to stop thermal stores can turn on electric boilers
absorb the electricity and release it as heat when customers need it. When the electricity grid
does not have enough power, a heat network or home can use highly-efficient combined heat and
power to generate electricity and store the heat for when users need it.

Analysis by the UK Energy Research Centre (UKERC) found that heat networks supplying 100,000
heat customers with large-scale heat pumps could provide the equivalent of 8 GW battery
storage. Their analysis also found that heat storage costs as low as £25/m?>, which translates to
the equivalent of £31/MW of electrical storage capacity®. European analysis has found that the
price differential between gas and liquid storage; thermal storage; and electricity storage is

2 National Grid, Future Energy Scenarios 2015 and associated tables
13 ADE analysis based on NG data for overall power demand in 2014 and peak power demand profile
4 Eames, Phil, et al, November 2014. The Future Role of Thermal Energy Storage in the UK. UK Energy Research Centre.
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Response to National Infrastructure Commission Call for Evidence
<C Qde 8 January 2016

1:100:10,000. This means that while thermal storage is 100 times more expensive than gas and
liquid storage, thermal storage is also 100 times cheaper than electricity storage®”.

Despite being available today, thermal storage struggles to participate in an electricity market
designed for large, centralised generators. Such challenges are also faced by battery storage. The
market failures and barriers faced by storage technology providers are similar to those faced by
other distributed generators and demand response providers. These include:

e Limited ability to access and receive value from the wholesale and balancing markets.
o Difficulty accessing the Capacity Market due to complicated and unfair scheme design.

e Ensuring balancing services are customer-focussed, easy to navigate, and support the most
cost-effective solutions, including generation, demand response and storage.

What is the most appropriate scale for future energy storage technologies in the UK?
(i.e. transmission network scale, the distributed network or the domestic scale.

The determination for the most appropriate scale for energy storage technologies should be
based on cost-effectiveness, allowing market solutions to come forward. This will likely result in a
mix of solutions at the industrial and commercial scale, as well as at the network scale.

3. What level of electricity interconnection is likely to be in the best interests of
consumers?

Is there a case for building interconnection out to a greater capacity or more rapidly than the
current ‘cap and floor’ regime would allow beyond 20207 If so, why do you think the current
arrangements are not sufficient to incentivise this investment?

Are there specific market failures/barriers that prevent investment in electricity interconnection
that are not faced by other 'balancing’ technologies? How might these be overcome?

The ADE has no comment.

What can the UK learn from international best practice in terms of dealing with changes
in energy technology when planning to balance supply and demand?

Switzerland is the best case example of a European country on delivering cost-effective balancing
of supply and demand. Demand response aggregators are ‘Balance Service Providers’ (BSP) and
contract directly with the Swiss Transmission System Operator to access the market. The Neither
aggregator as BSP or the supplier as a ‘Balance Responsible Party’ (BRP) are charged for
imbalances caused by load curtailment, and any commercial loss to the BRP is reimbursed.

For further examples, we would recommend Mapping Demand Response in Europe Today by the
Smart Energy Demand Coalition.

For further information please contact:
Jonathan Graham, Head of Policy
[email address redacted]

15 EU Heating and Cooling Strategy Consultation Forum Brussels, 9 September 2015, “Issue Paper IV Linking heating and
cooling with electricity”.
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ADEPT

Response to the National Infrastructure Commission Call for Evidence:
Electricity interconnection and storage.

January 2016

The following response provides the thoughts of the Association of Directors of
Economy, Environment, Planning and Transport (ADEPT) in the area of energy as
requested by the Call for Evidence.

About ADEPT

ADEPT represents local authority county, unitary and metropolitan Directors who
manage some of the most pressing issues facing the UK today. Operating at the
strategic tier of local government, we are responsible for delivering public services that
primarily relate to the physical environment and the economy, but which have a
significant impact on all aspects of the nation’s well-being.

ADEPT is submitting a response to this call for evidence within this context. At the local
level, our members, with our wide-ranging responsibilities and cross-cutting professional
knowledge, have a unique understanding of the opportunities and barriers facing their
respective places. Because we start from a place-based approach, we automatically
join up policy areas that in Whitehall are spread across a number of different
Departments. We therefore see ourselves as having a key role in supporting and
helping to deliver sustainable economic growth and quality of life and are keen to work
with Government, business and the community and voluntary sector to make the most
of the opportunities available.

As one of the key organisations representing officers in local government whose areas
of responsibility cover energy and climate change we would welcome the opportunity to
work closely with the Commission in its deliberations.

1. What changes may need to be made to the electricity market to ensure that
supply and demand is balanced, whilst minimising cost to consumers, over the
long-term?

« What role can changes to the market framework play to incentivise this outcome:
o Is there a need for an independent system operator (SO)? How could the
incentives faced by the SO be set to minimise long-run balancing costs?
o Isthere a need to further reform the “balancing market” and which market
participants are responsible for imbalances?
« To what extent can demand-side management measures and embedded
generation be used to increase the flexibility of the electricity system?
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ADEPT believe that the system operator function should remain with National
Grid (NGET and NGG), and that any dilution of this would be counterproductive.
The incentives currently, related to cost factors, should remain however there
should be a greater range of incentives covering storage capacity and the
stimulation and delivery of demand reduction within the system.

The balancing market should be shifted to ensure that the most is made of
renewable energy generation, on a local level', so that transmission losses are
reduced to a minimum. The inefficiency in the electricity distribution network, due
to transmission losses, needs to be addressed, and significant inroads into this
will greatly increase energy security, and reduce the costs for consumers. This is
particularly for consumers in rural and remote locations where renewable and
storage can provide an important part of the future energy infrastructure. The
approaches of some islands in Scotland are beginning to demonstrate what can
be achieved through community generation and storage. A greater level of
investment in innovation in business and universities through, for example,
Innovate UK, can help drive this area of the economy and provide potentially
increased productivity in local economies through the commercialisation of
solutions for the UK and export markets.

The new energy infrastructure thought needs to ensure that it enables the
transition to a low carbon economy. While this needs to be mindful of the costs to
the consumer the cost of not transitioning will be greater to the consumer and
other parts of the economy. The transition, for which the energy sector is pivotal,
needs to be based on the needs of the UK as a country and not through the pure
lens of a market derived solution. The transition while offering many opportunities
for business and the country will also require challenging existing vested
interests. The Commission will need to make some difficult choices and there will
be a need for further research, to understand when we need to make significant
step changes, to position the UK ahead of its competitors. If we are not to miss
out on export possibilities and maintain and grow any productive advantage for
UK innovation and development.

In this light our future infrastructure needs to be flexible so that it that does not
penalise renewable technologies, for periods when the wind does not blow or
there are low light levels. We would argue that the growth of renewable energy is
only part of the renewable solution. Energy storage, as power or heat, or its use
in power to gas solutions provides the whole of the renewable technology offer,
to date renewable have been seen in isolation from their complementary
technologies.

Therefore it is the development of storage that is key to smoothing out
fluctuations in generation, and this is where investment and market balancing

! http://www.ukcec.org/our-vision-community-energy-2020
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should be targeted. There needs to be greater research into the potential for
domestic, community and city level energy storage to support local renewable
generation but also provide storage for energy produced in excess of what is
needed from nuclear and gas so it can be used in periods of high use. It should
also be considered how this can be built into new developments funded through
Government and European programmes to provide a more joined up solution.
We need to future proof economic development and housing infrastructure for
the future so that we can deploy “plug and play” energy solutions be they district
heating or sub-national energy storage.

The Commission, we would suggest, needs to consider undertaking research in
how the new infrastructure should be financed and, how and, if there should be
separate funding and incentives regimes for different levels of investment and
technology at national, city, community and domestic levels. There also needs to
be a better understanding of how the internet of things can support this transition
and the potential costs?.

We would agree with the publication by Green Alliance®, and comments made by
the Energy and Climate Change Select Committee, that the Government should
create a FIT mechanism for demand side reduction as part of a comprehensive
transition finance package for domestic properties and businesses.

The current demand reduction pilot needs to be expanded, and represent better
value for money for businesses and have greater flexibility.

The Government also needs to ensure that the emergency capacity market does
not create strange anomalies where diesel generators can out-compete more low
carbon options on price without regard to the carbon impact.

2. What are the barriers to the deployment of energy storage capacity?

o Are there specific market failures/barriers that prevent investment in energy
storage that are not faced by other ‘balancing’ technologies? How might these be
overcome?

« What is the most appropriate scale for future energy storage technologies in the
UK? (i.e. transmission network scale, the distributed network or the domestic
scale.)

The lack of investment in energy storage capacity at sub-grid level and research,
which has the potential to be a significant area for growth and export, lags a long
way behind where it needs to be. If we are to achieve the ambitions in the Low

2 http://www.techthefuture.com/technology/the-hidden-energy-cost-of-networked-devices/

3 The Power of Negawatts Green Alliance October 2012 http://www.green-
alliance.org.uk/resources/The%20power%200f%20negawatts.pdf
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Carbon Transition Plan then we need to increase the development and
deployment of the current small scale storage industry including investment in
non vehicle based hydrogen fuel cell storage, thermal and electricity storage. The
Government and system operators need to see renewable technology as an
integral part of the mix with storage enabling the smoothing out of fluctuations in
generation and increasing resilience.

However at present the cost of domestic, community and city scale storage is
unaffordable and does not represent value for money at anything but large scale
deployment by DNO’s. The Government needs to provide market mechanisms to
reduce the initial cost of storage options, and grow the market place and reduce
cost in the long term. The FIT for renewable generation, as mentioned above,
should be deployed as has been done in Germany*. Homes and offices that
generate energy, but have a surplus, would be better storing it for use at peak
times, thus supporting peak demand reduction as well.

The transition to an electric/ hydrogen economy in domestic and transport use
requires a significant increase in domestic, community and city storage.

The UK should consider the generation and distribution of energy on a more
district heating ethos. In other words, local generation used locally. While we will
still need a national generation and distribution network, we need to maximise
the benefits of local network storage, to reduce costs for the consumer and
increase resilience.

As the energy network of the future needs to be more distributive, then
investment must come from Government, National Grid and the DNO’s to
stimulate the market. The current regulation framework does not appear to
incentivise this.

There is the potential for energy companies to develop Power Purchase
Agreement solutions for its customers, to increase the spread of single property
and community level storage. The current energy system incentivises large scale
single point storage, we need to diversify this to increase energy security, and
make the most of UK local generation and reduce interconnector dependencies.

The Government needs to set out a national energy storage policy, and target to
stimulate the market and put appropriate incentives in place. The storage should
be for both power and heat. There also needs to be a clear policy steer on the
role of the hydrogen economy, and how power storage and surplus energy, is
used for this emerging part of the economy.

4 The Energy Storage Market in Germany Factsheet: Germany Trade and Invest Issue 2015/16
https://www.gtai.de/GTAl/Content/EN/Invest/ SharedDocs/Downloads/GTAI/Fact-sheets/Energy-
environmental/fact-sheet-energy-storage-market-germany-en.pdf
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The reduction in FIT has had a negative impact in particular, on the potential for
community generation in off grid rural and urban locations, we feel this is
unfortunate of the Government and runs contrary to localism, devolution and the
Community Energy Strategy. For those communities that are off grid in particular,
renewables provide potentially the only option to reduce the significant costs of
energy, and when these are linked to storage options can create greater energy
security and cost reduction for these communities.

This needs to be detailed consideration of the climate change vulnerability of
current and future energy generation and storage facilities and locations. The
floods over the last ten years have shown how vulnerable energy infrastructure is
and the events in Cumbria in 2015 show that even protected assets are still
vulnerable. The climate adaptability of our infrastructure is just as important as
what infrastructure we should have. It must not be seen as an optional extra but
built into the design, location and costing of our future network. There is the
opportunity with the current reviewing of the Climate Change Risk Assessment®
and National Adaptation Programme® to address these concerns.

3. What level of electricity interconnection is likely to be in the best interests of
consumers?

Is there a case for building interconnection out to a greater capacity or more
rapidly than the current ‘cap and floor’ regime would allow beyond 20207 If so,
why do you think the current arrangements are not sufficient to incentivise this
investment?

Are there specific market failures/barriers that prevent investment in electricity
interconnection that are not faced by other ‘balancing’ technologies? How might
these be overcome?

There is a concern that a reliance on greater interconnectivity will leave the UK
subject to uncertain energy cost increases from other national governments.
There is also a concern about the distance electricity can be transported before
the energy losses through transportation defeat the objective.

While there is certainly a need for a European interconnector energy system
based around the North Sea, because of the potential from offshore wind energy,
we need to consider how we can store energy from UK generation to reduce the
need for taking supply from interconnectors. There also needs to be an
assessment of the vulnerability of energy generated from countries we are
connected to in terms of how climate change will affect their ability to generate
and supply surplus or dedicated energy to the UK.

5> https://www.theccc.org.uk/tackling-climate-change/preparing-for-climate-change/climate-change-risk-

assessment-2017/

6 https://www.gov.uk/government/publications/adapting-to-climate-change-national-adaptation-programme

5



The cost of energy from interconnectors should be cost competitive with that
from renewable and other low carbon technologies. Further any energy delivered
through interconnectors should only come from low carbon sources. We would
not wish to see the UK low carbon transition undermined through carbon
intensive interconnection sources.

4. What can the UK learn from international best practice in terms of dealing with
changes in energy technology when planning to balance supply and demand?

It is important that the new energy infrastructure acknowledges the important part
that will be played by non-traditional infrastructure at local and city level. While
we need a national generation and distribution network we need to invest in and
develop more distributive energy networks such as those in Scandinavia and
Germany to deliver zero and near zero carbon production. The continued
investment in HNDU is welcomed but there is still a significant knowledge gap in
local authorities who are the prime instigators of this approach nationally. Funded
training for knowledge transfer to local authority officers involved in district
heating would be welcomed so that we can ensure that the public sector obtains
the best value for money.

We would suggest that the Commission speak to the author and futurologist
Jeremy Rifkin who has a significant insight into the energy infrastructure
transition that needs to take place. He has advised the European Union, Angela
Merkel and Francois Hollande as well as the Chinese Government and numerous
cities globally’.

Contact details
If you would like to get in touch with ADEPT, please contact the Association’s
Secretariat who will direct your enquiry to the appropriate person.

Email: adept@essex.gov.uk
Telephone: 0333 013 4469

Web: www.adeptnet.org.uk
Twitter: @adeptla

Postal address: Essex County Council, County Hall, Market Road, Chelmsford, Essex
CM1 1QH

7 Jeremy Rifkin The Third Industrial Age http://www.thethirdindustrialrevolution.com/
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Energy Evidence,

National Infrastructure Commission,
1 Horse Guards Road,

London,

SW1A 2HQ

energyevidence@Infrastructure-Commission.gsi.gov.uk

Dear Sirs,

National Infrastructure Commission: call for evidence on
improving how electricity demand and supply are
balanced

Age UK is delighted to put some brief suggestions to the Commission as it considers
these initial issues in the energy sector. The Charity co-signed a letter to the
Chairman before Christmas proposing that there is merit in looking at energy
efficiency programmes in general as a means both to manage demand more
effectively and support consumers (especially the most vulnerable) to reduce
consumption, and thus reduce their likelihood to be at risk of fuel poverty. Since this
would amount to a major home retrofit and refurbishment programme, our argument
was that it should be seen as a legitimate infrastructure project, recognising the
savings that could be made in new generation capacity as well as the various
economic and social benefits accruing from increased employment and better health
outcomes. We highlight some of these benefits towards the end of this letter, and
are still keen to see the Commission take a view about this wider vision.

However, this submission recognise that the Commission has defined its enquiry
more specifically, so our suggestions are confined to that narrower agenda. In
particular, we have noted that the Call for Evidence is primarily about the demand for
electricity, so we have eschewed any comments on gas usage, and the use of gas
for space heating, where there are significant potential savings from a more
widespread investment in the upgrading of heating systems and the improvement of
domestic insulation.

Below we outline our key points, which we would be happy to expand on and
discuss.

1. Scrappage schemes
Government policies can have a big influence on consumer and market



response. The boiler scrappage scheme is a case in point; it helped significantly
to stimulate demand for new, efficient boilers. That scheme, plus the rules for
scoring energy savings outcomes in the Energy Company Obligation, weighted
the choices offered by ECO strongly in favour of boiler replacements (which, for
the fuel poor, would have been an unaffordable capital expense, by definition).

As with old boilers, there must be thousands — perhaps millions — of ancient and
inefficient fridges and freezers operating wastefully in domestic homes. There
must be scope for similar scrappage schemes, and, as ECO is being reshaped
pending its renewal from Spring 2017, for its outcomes to be reappraised, in order
to promote the deployment of more efficient electrical goods.

. Domestic generation and storage

Domestic generation of electricity triggered by feed-in tariffs has been a startling
success, and led to a dramatic fall in the cost of photo-voltaic installations. But
this momentum must be retained despite the well-publicised changes to the feed-
in tariff regime, and the clue here probably lies in battery technology. Domestic
batteries, which store the energy generated for later release, are now much more
effective and efficient, but not yet available at scale in order to see their
installation costs falling. There is a case for stimulating the domestic battery
market with a time-limited subsidy or an incentive in the same way as the original
concept of the feed-in tariff envisaged.

There may also be a case for a similar subsidy for battery schemes at a greater
scale, linked to wind and solar generators in order to smooth their input of power
into the grid.

. Reforming Green Deal and ECO

The Green Deal was a massive disappointment, and one reason was probably
that it was developed for individual households in the hope that they would
individually and separately appreciate the concept and opportunity it offered and
buy into it in isolation from the wider community. Similarly ECO has hitherto
been largely focussed on individual households, some of which have shown little
appetite even for a cost-free scheme when weighed against the disruption, mess
and distrust of the work proposed.

However, where different programmes have been implemented at a community
level, and encouraged neighbours to work together and provide mutual support
and re-assurance, take-up levels can improve dramatically. The benefit goes
beyond take-up and installation; neighbours compare notes on how the new
scheme is working for them, and how they are making savings and using the
benefits to best effect. ResPublica (amongst others) has done useful research
into how behavioural change messages are amplified if they can be embedded in
common conversation in a neighbourhood or community.

The emphasis in a new Green Deal and a re-shaped ECO must be to offer a
wider array of options for community based schemes. Simple templates would
curtail the administrative uncertainty for any neighbourhood or community group
contemplating going down this route, and it could work with battery provision
included too. And of course there is scope for incentives and other stimuli to be
part of the package, such as reductions on Stamp Duty or council tax.



4. Smart meters
The ramping up of smart meter installations this year and through to 2020 is
intended (inter alia) to prompt a new interest in energy usage and consumption.
The role of Smart Energy GB is primarily to drive a consumer engagement
programme, and create a conversation where householders compare notes on
what they are discovering from their new meter, and what it is prompting them to
think about in order to save on fuel consumption and costs. Possible actions
they may consider taking may lie in some of the paragraphs above, but we need
to convert ‘possible’ actions into ‘probable’ ones. That requires facilitation on two
fronts. First the capital costs of installing new equipment or housing adaptations
need to be underpinned by an offer of soft loans (or grants and other incentives).
Second the finding and commissioning of suitably trained and qualified installers,
with credible complaints routes and appropriately guaranteed outcomes, is an
important support service. The Bonfield Review is looking at this latter
consideration with vigour. The Infrastructure Commission may want to engage
with this work by offering recruitment and training support.

5. Making consumer action more straightforward
The installation of smart meters is one potential trigger point to raise consumer
awareness about energy usage and possible savings. It is also a one-off
opportunity to engage with every household in the country: everyone will be
visited by a skilled energy engineer, whose visit should prompt a short discussion
about using the information provided by the meter to manage their energy better.
The engineers must be careful not to push the sales of energy upgrades, new
appliances and other services, but it would be a colossal missed opportunity not
to offer information and to make informal suggestions about improving energy
consumption and to suggest lines to explore. But leaving the premises without
comment about the likely cost of those improvements and how to access funds to
act on them would be equally inadequate. There needs to be some mechanism
whereby people can be referred to a neutral advice agency which can take the
householder forward to the point of action.

Interestingly, the National Institute of Health and Clinical Excellence published a
Guideline (March 2015) calling for precisely that, so that medical professionals,
who suspect that a patient’s health could be in jeopardy as a result of living in a
cold home, could signpost a route forward. The Guideline suggests that non-
medical professionals, such as these visiting smart meter engineers, could access
the same service. The Infrastructure Commission may wish to consider how to
stimulate a development along these lines.

A service of the kind envisaged does exist in a number of local areas, but seldom
under an identifiable household name. Some are statutory, but most are a
mixture of voluntary and commercial interests: there is no generic name to build
on to promote awareness of the service: their skills are not monitored and few
can offer professional indemnity cover. But there is a rudimentary system to
build on.

6. Energy Performance Certificates
Energy Performance Certificates were originally intended to provide a better map
of the energy efficiency of our housing stock. Since they are only mandatory
when a property is sold or rented to a new tenant, their penetration has only
extended to about half the national housing stock. There is no reliable update
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procedure — for example when people have undertaken home improvements.
They do not give the householder a menu or shopping list of potential steps they
might consider taking to improve their homes. Overall, they are rather superficial
and fall short of being fit for purpose.

The Bonfield Review is looking at how they might be improved and turned into a
more useful tool for helping a householder to manage energy more effectively, but
inevitably there is a national investment called for in implementing a better
system. But taken together with some of the other suggestions tabled above,
there could be merit in seeing EPCs as an important part of the infrastructure
architecture, and thus a legitimate concern for the Commission.

With the exception of point 2 (supporting the development of battery technology), our
focus is on managing demand by promoting more consumer awareness about
energy usage, and making it easier for consumers to reduce their consumption.
Investing in effective consumer awareness will be key to achieving the needed
demand-side responses.

Age UK is willing to provide more detail and supporting material. We are impressed
by the modelling work done by Cambridge Econometrics and Verco, which shows the
potential of a national programme aimed at supporting all low income households to
achieve at least EPC Band C by 2025, and helping all households to achieve that by
2035. This could lead to outcomes including:

e GDP increased by £3.20 on a Government investment of £1.00;
Tax revenues increased by £1.27 on a £1.00 investment;
A 23.6MtCO2 reduction per annum by 2030;
Total energy savings of £8.6bn — over £400 per home;
108,000 new jobs (net) per annum over the period 2020-2030;
NHS savings of 42p for every £1 invested in reducing fuel poverty.

Overall, we ask the Commission to consider the merits of adopting energy efficiency
as a key priority to reduce energy demand from our growing population of older
people, many of home live in cold homes and put pressure on health services.

Yours faithfully,
Mervyn Kohler
External Affairs Adviser

Age UK
[email address redacted]



National Infrastructure Commission:
Call for evidence

APM background

The Association for Project Management (APM) is a registered charity with over 21,000 individual and 550
corporate members making it the largest professional body its kind in Europe. APM is committed to
developing and promoting project and programme management through a wide range of activities including
membership, qualifications, events and enhancing standards and knowledge in the profession.

About APM'’s call for evidence and background of respondents

APM held an online survey which was open to members and the wider project management community.
Responses came from a wide variety of business sectors such as transport and logistics, consultancy and
construction as well as a broad spectrum of roles including project managers, academics and company
directors. The timing of the call for evidence reduced the opportunity for the fullest consultation, so this
document presents an informal synthesis of responses received, rather than a formal statement of APM

policy.

NIC Call for evidence

I Connecting northern cities

1) To what extent are weaknesses in transport connectivity holding back northern city
regions (specifically in terms of jobs, enterprise creation and growth, and housing)?

Respondents felt that weaknesses in transport connectivity are currently playing a major role in holding
back the development of enterprise creation and growth in northern cities. Job creation was also an area
of concern in terms of connectivity with respondents noting that connectivity played some extent in
regards to this issue. Housing was not a great issue amongst respondents, with most believing that
connectivity had little or no impact on the northern housing market.

2) What cost-effective infrastructure investments in city-to-city connectivity could address
these weaknesses? All transport modes are open for consideration.

Some respondents noted that road users could be reduced by expanding the Manchester Metrolink into
Cheshire which would primarily serve to support the Cheshire hinterland around Manchester. It was felt
that Manchester Airport railway station has a useful range of services but the lack of parking, very limited
pick up and no bike facilities, means it is impractical for many would be travellers particularly locals who
have not flown into Manchester Airport. A railway link from Manchester Airport south connecting into the
Manchester- Chester line, would considerably improve the access to the Airport from Chester and
surroundings. Modern electrified rail services with fast and reliable commuter services are desperately
needed throughout the north of England, both between and within cities. Rail connection to airports such
as Leeds and Manchester are essential. Rail networks should also consider more reliable goods transport
to take heavy goods vehicles off the road thus rail development should be prioritised over building new and
enhancing existing roads.

All respondents felt that, although road transport will continue to be highly important, is important to note
that it is only one form of communication and is currently close to maximum capacity. Respondents noted
that by including on-line and virtual communication methods when considering infrastructure investments,
it would be easier to identify the essential from the nice-to-have. It was felt that a policy of nationally
driven localisation would create the capability for regions to identify and resolve their own transport needs
which would speed up action and create a greater focus on sustainable regional needs.



In terms of funding, respondents believed that the current regulated privatised system in key transport
modes exposes the taxpayer to all of the downside risk and the private sector to all of the upside risk.
They considered whether it would be possible to run a multimodal tender where private and public sector
bid on the same basis. It was felt that running a tender like this, with all costs truly pushed up front, allows
for the different bodies real risk appetite to be shown, ensuring that a true cost can be identified and
assessed appropriately.

3) Which city-to-city corridor(s) should be the priority for early phases of investment?

Respondents considered a number of potential corridors which they felt should be considered as priorities
for early phases of investment. These included:

e The expansion of the Metrolink into Cheshire

e Hull and Grimsby (docks) to Leeds

e Leeds to Birmingham

e Leeds to Newcastle

e Manchester to Birmingham

e Manchester to Liverpool

4) What form of governance would most effectively deliver transformative infrastructure in
the north, how should this be funded and by whom, including appropriate local
contributions?

It was suggested that a strategy of regional empowerment could involve some type of pan-northern political
body to make the decisions. This could potentially be headed by Ministers and include northern MP's and
Councils with oversight from central government to ensure that national interests were not compromised
when achieving only local gains. The advantage of such an approach would be centralised information and
idea sharing which might stimulate growth with sustainable solutions conceived by the areas impacted by
change. It was also felt that local employers should have a voice and thus involved in the funding solution.

Funding could be from a combination of central and regional potentially supported by fairer distribution of
existing subsidies, possibly away from London, and by reducing road infrastructure development in favour
of rail and by private contributions from rail operators as well as government capital and borrowing.

5) What are the key international connectivity needs likely to be in the next 20-30 years in
the north of England (with a focus on ports and airports)? What is the most effective way
to meet these needs, and what constraints on delivery are anticipated?

Respondents believed that both Leeds-Bradford and Manchester airports had the potential for expansion
but require enhanced rail links and more long distance flights in order to reduce the need to travel to
airports in the south east. All respondents noted that northern ports have an important role to play in
terms of international connectivity over the next 20. Sunderland, Grimsby/Immingham and Hull were cited
as potential models which would serve to support UK import and exports and hopefully help support a
northern powerhouse built around engineering and advanced manufacturing. Success at these ports may
also open the way for Newcastle or Middlesbrough ports to be further developed to respond to changes in
demand and volume.

2 London’s transport infrastructure

1) What are the major economic and social challenges facing London and its commuter
hinterland over the next two to three decades?

Nearly all respondents believed that the UK is overly reliant upon London and the South East which has led
to over-crowding, inflated property prices and increasing pressure upon its infrastructure and services.
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Many also felt that this ‘London centricity’ fuelled unnecessary travelling into London whilst creating a lack
of investment in the northern cities and elsewhere. Most respondents felt that incentives are needed to
encourage people to move to other parts of the country to utilise the available resources and capacity in
other UK settlements.

2) What are the strategic options for future investment in large-scale transport
infrastructure improvements in London - on road, rail and underground - including, but
not limited to Crossrail 2?

Respondents only offered limited guidance in answering this question but many felt that large scale
infrastructure developments could be diverted from London to northern cities.

3 Electricity interconnection and storage

1) What changes may need to be made to the electricity market to ensure that supply and
demand are balanced, whilst minimising cost to consumers, over the long-term?

Many respondents noted that in the short term, local generation though wind and solar energy should be
encouraged and supported, with some local storage and less reliance on the national grid. Demand
management can only be assisted by improving housing stock and price incentives. Participants noted that
the UK faces a major power supply shortage with poor resilience, lack of generating capacity and poor
distribution. Most of the market questions cannot be addressed adequately until secure supply is achieved.

2) What are the barriers to the deployment of energy storage capacity?

Much household demand could be for low voltage, such as can be generated by solar energy and stored in
batteries. Respondents suggested that new housing might have a low voltage distribution network for
lighting and electronic items. For higher voltage storage, options were limited.

3) What level of electricity interconnection is likely to be in the best interests of consumers?
Respondents believed that one of the main issues is the fragmentation of the market which makes it
impossible to coordinate interconnection. Participations considered that a larger grid may not be required
if there were more localised generation and storage.

Daniel Nicholls

Research Manager

Association for Project Management
Ibis House

Regent Park

Summerleys Road

Princes Risborough

Bucks HP27 9LE

January 2016



Alderney Renewable Energy response to National Infrastructure Commission
call for evidence on delivering future-proof energy infrastructure, January
2016

Alderney Renewable Energy (ARE) is a renewable energy developer in the Channel Islands, focused on
two projects.

Firstly, and of particular interest to the Commission, is the FAB Link electricity interconnector (France,
Alderney, Britain Link). This will be a 1400MW interconnector that will facilitate lower prices for British
consumers and improve our security of supply by broadening potential sources of power generation
at peak times. This includes access to renewable energy from our associated tidal array project, as
well as cheap French nuclear power.

FAB Link was referenced in the government’s National Infrastructure Plan 2014 and has now been
granted an electricity interconnector licence and a cap and floor regime in principle by Ofgem.
Independent analysis by Poyry, commissioned by Ofgem, found that, using a baseline case of future
market projections: “FAB Link presents large benefits to GB consumers.”

FAB Link is progressing well but it is essential that policymakers continue to provide a stable and
positive policy environment that reflects the importance of FAB Link and interconnection more broadly
for UK consumers and in addressing any potential imbalance between energy supply and demand.

Alongside this, if the UK is to ensure future energy security and a balance in supply and demand, it is
essential that the government supports integrated energy projects. ARE’s second project is a tidal
array in the fast waters of the Alderney Race that will ‘plug in” to FAB Link. Unlike many forms of low
carbon power, tidal provides 12 hours of reliable and completely predictable power output each day.
The tidal flows of the Alderney Race could provide c3GW of predictable renewable energy. However,
in order to take forward our tidal array project we need stability in the UK’s support mechanism for
renewable energy and to be given the opportunity to access Contracts for Difference (CFD) support
for an initial 300MW array.

We would note that the development of predictable renewable generation may help the UK’s energy
system in the long term, as larger volumes of unpredictable generation come on stream.

This will provide the support necessary to bring the technology to scale and subsequently undertake
the additional arrays; as well as enabling the marketisation of a technology that has not yet been given
the opportunity to establish itself. This would have significant benefits not only for the UK’s
decarbonisation targets but also security of supply and in bringing about lower costs for consumers.

The integration of the tidal array with the FAB Link interconnector offers an exciting solution to a
potential imbalance between energy supply and demand. It will provide the UK with access to
predictable, renewable tidal energy as well as cheap French nuclear power. This will be a vital
contributor to security of supply. However, unless the government provides the support needed to
take the tidal array forward, this potential will not be realised.

As the Commission takes forward its work on electricity supply in the UK we hope it will consider the
potential, beneficial role that predictable power generation projects such as tidal arrays can have for
the UK, particularly when combined with interconnection. This combined project allows the UK to
access tidal power for 12 hours a day, and affordable French nuclear for the other 12 hours, bringing
significant new supply to the UK at a blended cost that is highly affordable.
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8 January 2016
Dear Sir/Madam

NIC Consultation — Energy interconnection and storage

For this topic area, we have not attempted to answer each question as set, however, we
would hope it may be helpful to contribute some remarks that might inform the process
and suggest a direction toward future lines of enquiry.

Electricity interconnection and storage

The foreword refers to ‘Improving how electricity demand and supply are balanced’ and
then sets out highly detailed questions at a level of granularity which seems to indicate that
the direction of thinking within the Commission may already be rather advanced in terms
of specific options in certain areas.

Without trying to second guess current or future work streams, it may be useful to flag
other areas of focus where the NIC could exert influence where little or no coordination
currently exists. This could be fertile ground for future review and research.

For example, the NIC is well-placed to examine opportunities in areas where energy from
any number of sources interfaces within other significant infrastructure environments, such
as cities, transport or water. Although the question you raise refers to electricity, taking a
more holistic view of the broader energy landscape will perhaps provide more useful
insights in the medium and long-term development of the market.

This is partly because interconnection and energy storage are developing in new ways to
form what will likely be key elements of the future energy landscape. To date, they have
had a somewhat challenging genesis on account of the fact that these elements do not
easily conform to the regulatory and policy frameworks that were set up for a linear, one-
way supply-to-demand energy system.
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However, the trend is certainly real and it raises a great many challenges such as the
inclusion of disparate sources; tenure in the Capacity Auction; and network connection
charges, which currently do not reflect the benefits they bring.

Analogous to the energy system at large, there is also the increasingly critical issue of
storage to consider. Storage is very likely to become an integral element of future
networks. Storage will be required centrally and locally, covering a range of fast and
slower response rates, and with higher and lower capacity. Innovations are developing fast
across a number of areas from pumped hydro storage to molten salt or hydrogen.

All these opportunities require deeper consideration and may need support to drive
innovation and implementation, perhaps with direction from the Commission.

It is already clear that there is no single solution that will define the future energy market.
Rather, we will see a range of appropriate solutions evolving. Storage of electricity,
thermal storage and potentially hydrogen as a storage vector, all ensure both diversity of
supply as well as integration and full life use of existing networks.

In all these areas, the NIC could be a powerful advocate for innovation.

By contrast, there are areas where perhaps the NIC might be advised to consider whether
there is a pressing need to take a lead given the potential for regulatory overlap and the risk
of creating mixed messages in the market.

For example, large-scale electrical interconnection is making great strides at present
through the efforts of National Grid and other developers in Europe and elsewhere.
Although broad NIC support may be valuable in terms of engendering support for the UK-
Icelandic interconnector for instance, in general terms, electrical interconnection is
proceeding well and should perhaps not be a primary area of focus for NIC.

At the same time, interconnection and storage form part of a much broader physical and
virtual energy system. These elements must be deployed in a manner that is balanced with
the anticipated policy and regulatory framework for all the components of the overarching
energy system, including renewables for example. These mechanisms do not operate in
isolation. Neither should the determination of interconnection and storage. And here, the
NIC could make a valuable contribution.

In particular, regulatory certainty and a willingness to take a broad, holistic view of all the
key elements of the energy system will be the key to future success in creating a balanced
energy market that meets the needs of energy security, sustainability and affordability. The
NIC could drive this thinking.

Equally, demand side measures must also come into consideration. Leveraging elements
such as microgrids and, indeed, micro-generation, will have a significant role to play in
driving the future supply-demand balance equation. The increasing prevalence of virtual
mobilization of existing assets will combine with the development of new physical assets
to create ‘virtual’ opportunities to balance supply and demand. This will form an
increasingly important component of the UK energy mix and the NIC should be at the
vanguard.

This approach could be more productive than adding to the risk of potentially overlapping
with the current roles of the Department of Energy & Climate Change, Ofgem and
National Grid. If the NIC adds to that already complex regulatory and policy mix, while at
the same time loses the opportunity to explore the full potential of future energy
infrastructure systems and how they interface and interact, then that would be a lost
opportunity indeed for the UK.
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The industry as a whole very much welcomes the advent of the NIC. Sensible planning and
prioritisation for long-wavelength infrastructure investment simply must be considered on
a time horizon that stretches beyond single Parliamentary terms. The success of the
Commission’s work will undoubtedly translate into success for UK plc and Arup will stand
ready to support the vital work of the Commission as and when required.

Yours faithfully

James Kenny
Head of Global Affairs, Arup
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Association for the
Conservation of
Energy

Westgate House
2a Prebend Street
London N1 8PT

[phone number redacted]
[email address redacted]

National Infrastructure Commission
call for evidence:
Submission

About the Association for the Conservation of Energy

The Association for the Conservation of Energy was formed in 1981 by major companies active within
the energy conservation industry, in order to encourage a positive national awareness of the needs for
and benefits of energy conservation, to help establish a sensible and consistent national policy and
programme, and to increase investment in all appropriate energy-saving measures.

We welcome this opportunity to provide a short submission to the National Infrastructure
Commission’s call for evidence.

Submission

We were delighted that, when the Chancellor launched the new National Infrastructure Commission on
30 October last year, he announced that one of the three key areas on which the Commission would
initially focus was: ‘energy, particularly exploring how the UK can better balance supply and demand’.

Improving our energy efficiency and thereby reducing demand is the most cost-effective way of
delivering on the UK’s energy policy objectives, and should therefore be at the heart of any serious
appraisal of how better to balance supply and demand.

We were therefore somewhat disappointed that the Commission’s full terms of reference appeared to
exclude consideration of how to reduce overall demand, focusing instead solely on the management of
existing and anticipated demand through storage, interconnection and demand side response. While
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these are clearly very important issues to tackle, we would consider it a serious missed opportunity if
the Commission did not, at an early stage of its existence, investigate fully the pressing case for making
energy efficiency an infrastructure priority.

We are a long-standing member of the core steering group of the Energy Bill Revolution campaign,
whose key ask is that energy efficiency be recognised as a UK infrastructure priority and have funding
committed to it accordingly. We therefore have pleasure in attaching for the Commission’s
consideration the Energy Bill Revolution/UKGBC briefing paper, into which we have had considerable
input.

It is not our intention to rehearse here again the content of that briefing, but we would echo
wholeheartedly its central thesis — namely that the fabric of our existing housing stock is one of the
most crucial elements of our infrastructure and that the Commission should therefore conduct a full
consultation, similar to the current one, to investigate this huge, untapped infrastructure opportunity.
While the Energy Bill Revolution ask is focused on residential energy efficiency, ACE also advocates that
a similar investigation of non-domestic energy efficiency be undertaken.

Were such a consultation to take place, we would be keen to play the fullest possible part in it.
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Balfour Beatty

National Infrastructure Commission
1 Horse Guards Road

London

SW1A 2HQ

Balfour Beatty’s submission to the National Infrastructure Commission (NIC) inquiry into delivering
future-proof energy infrastructure

1. Introduction

Balfour Beatty is a leading international infrastructure group. With 20,000 employees across the UK,
we provide innovative and efficient infrastructure that underpins our daily lives, supports
communities and enables economic growth.

Our Power Transmission and Distribution teams work with regional, national and international
electricity network owners and operators to provide technical engineering solutions. With
experience and expertise across the full spectrum of the electricity grid, including overhead lines,
cable tunnels and distribution networks, we deliver a range of proactive and reactive services which
support a reliable and safe supply of power flowing to millions of homes and businesses around the
world.

From scoping and feasibility, to design, construction and on-going maintenance, our in-house
experts and industry-leading innovations support clients in the development of ambitious power
transmission and distribution projects. We have worked on a range of high profile, complex energy
projects, from installing the high voltage electricity cables for National Grid's London Power Tunnels
project, ensuring London’s electricity needs continue to be met; to Sellafield and soon Hinkley B
nuclear facilities; and reinforcing our leading position in the growing offshore transmission market
through our work on the £317 million Greater Gabbard project, the high-voltage transmission
system located off the coast of Suffolk in the UK.

We recognise that the energy sector is going through a tremendous transformation and faces
significant challenges over the next few years:

e coping with increasing demands for energy;

e moving to a more broader combination of energy sources and making sure the UK’s power
network is ready to connect to them, including the new generation of nuclear power plants;

e playing its part in helping to meet the 2050 carbon targets and the 2020 renewable energy
targets whilst maintaining security of supply;

e becoming more flexible and innovative in order to keep pace with the speed at which the
energy system is changing.

We are keen to use our expertise to help the country meet these challenges and opportunities and
to continue to shape the future energy landscape.

2. Overarching thoughts on future energy infrastructure



Having a resilient energy system is vital for a growing economy*. However Britain has historically
underinvested in its infrastructure?, including its energy networks. In order to make up for this, the
government estimates that it spent £45bn on electricity generation and networks between 2010 and
20133, investment which Balfour Beatty welcomes. However we believe that, in order to rise to the
challenges outlined above, more will be needed. The government’s own calculations are that up to
£100 billion of further investment could still be needed to 2020*. We are therefore keen to see
delivery of the projects in the National Infrastructure Plan, which outlines that energy projects
currently account for around 60% of the UK’s total infrastructure project pipeline, totalling over
£200 billion®.

As well as maintaining the existing system, developing energy infrastructure that is fit for the future
is a significant challenge. Part of the challenge is ensuring that new power sources, whether from
nuclear or wind and other renewables, are connected to the electricity transmission network in
order to move the electricity to where it is needed. In England and Wales, much of the new
electricity generation will be in remote locations such as on the coast, or offshore, where there is
little existing transmission infrastructure, so additional transmission capacity will be necessary to
transport the energy to towns and cities. It will also be necessary to carry out work on existing areas
of the network to upgrade and reinforce it to make it fit for these new low carbon sources of
electricity.

As the UK transitions to a low carbon economy, it is likely that electricity supply and demand
variability will increase, driven by changes in the electricity generation mix; an increased in the
proportion of variable renewable generation such as wind, solar and tidal, and a decrease in the
proportion of flexible, conventional generation likely to be fuelled by gas. In terms of variable
renewables, the output from wind and solar generation for example, can often be unpredictable. To
ensure a reliable supply of electricity, it will be necessary to ensure that reserves can be held. There
are a number of ways this could potentially be resolved, including greater exploitation of
conventional generation and energy storage. Electricity storage could be revolutionary in terms of
balancing electricity supply and demand if it is possible to find a way of doing it cost-effectively
(more detail below).

The UK’s transmission and distribution networks are limited in the investment that they can make to
accommodate increasing amounts of distributed generation. As such, bottlenecks in the capacity of
the networks are stifling the investment in new generation.

The funding mechanism for the network operators is partly to blame, as the funding is focused on
the cost of the transmission and distribution networks rather than the cost impact on the whole
electricity market. These issues are partly the cause for the current crunch in capacity and are
drivers for the introduction of the Capacity Mechanism.

These issues could potentially be addressed through the use of a reopener mechanism for the
distribution networks, to cover additional costs. This could be similar to the Strategic Wider Works®
funding mechanism for the transmission network operators and could be used to develop economic
solutions to accommodate increased distributed generation. Use of a reopener mechanism would

' OECD, Egert, Kozluk and Sutherland, 2009

2 RSA City Growth Commission, Connected Cities — The Link to Growth, July 2014

¥ DECC, Delivering UK Energy Investment, July 2014

“ DECC estimates based on EMR Delivery Plan modelling

® HM Government, National Infrastructure Plan

® Ofgem, Strategic Wider Works mechanism https://www.ofgem.gov.uk/electricity/transmission-
networks/critical-investments/strategic-wider-works
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also mean that grid connections could be more readily available, particularly if the network operator
is funded only for reinforcement or refurbishment work required to accommodate the new
connection and the generator is required to fund the connection, either through higher use of
system charges or a lump sum up front fee.

The UK’s electricity infrastructure is limited in its ability to balance the network without over-supply
of generation, due to the losses in the transmission and distribution networks and the ability to
quickly drop generation to respond to a drop in demand. There are a number of solutions that could
improve this situation and reduce oversupply. These include the installation of more undeviating (via
high-voltage direct current or alternating current) infrastructure to link generation more directly to
demand for example, by linking onshore wind generation in Scotland to demand in South East
England using the planned Eastern bootstraps.

Alternatively a requirement for distribution networks to take a more active role in their system’s
management and balancing, together with an obligation to procure a capacity of storage to support
demand centres — similar to the requirement in California — could create a more efficient and
balanced electricity system. These solutions could also reduce the environmental impact of
developing the network to be low carbon, particularly if network operators are encouraged to
upgrade existing infrastructure or utilise existing network corridors.

In addition if network operators are encouraged to take the lead on developing energy storage
solutions, this could have a positive impact on the cost of electricity by reducing the price-time
differentials. Increased energy storage at distribution and transmission level could also have a
positive impact on the environmental impact of the electricity infrastructure through reducing the
number of ‘peak’ power plants which are required to support demand and by ensuring that low
carbon generation can be stored to meet demand.

The biggest challenge for the network operators in achieving a low carbon network is the limitation
of their funding. Although schemes like the Low Carbon Network Fund (LCNF) have shown the
possibilities for innovation in network design and management, in our view, the cost of
implementing these schemes en masse is too high. When the cost challenge of the RIIO’ regime is
added into the mix, it is easy to see why network operators are looking to low cost contractors to
support them in the maintenance of their networks. Whilst this may be cost effective in the short
run, it stifles innovation within their supply chain and reduces the ability of the network operators to
use more competent contractors to work together to identify opportunities for innovation as part of
the development of the networks or deliver innovative solutions in construction.

Ofgem incentivises the network operators fairly well to develop innovation, but often they are
forced to choose a single solution from a sole supplier to progress for funding support.

Investment in energy networks

Britain is at its highest risk of power cuts, shortages and price spikes for more than 60 years®, with
available electricity capacity in April 2016 calculated to be 52,360MW, falling short of National Grid's
2015-16 winter electricity demand forecast of 54,200MW. We need to invest in our energy networks
across the UK: significant funds will be needed to ensure that the UK’s electricity infrastructure is
resilient and fit for the future. These will not be forthcoming without investors being confident in the
policy landscape.

"RIOis Ofgem’s framework for setting price controls for network companies
8 Centre for Policy Studies, The Great Green Hangover, November 2015
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Investing in energy infrastructure projects is not without complexity. Energy projects take years to
plan, design and build, as well as significant investment. The consenting process alone can span
governments. A stable and predictable planning and investment environment is critical. A good
example is electricity generation, where credible commitments over the long term to measures such
as carbon pricing are required to support private investment in new, efficient low carbon generation
capacity.

There are many points investors will consider before developing key energy infrastructure. These
include:

o Clear political and financial commitment from government to a sector

o Aclear, predictable source of income. This protects the value of an investment whilst
mitigating revenue risk

o A coherent strategy that fits into wider, global goals for energy

e Cross party consensus on the direction of travel for the energy mix

o Clarity on how the government will implement and fund the plan

o Apredictable and stable subsidy regime for nascent technologies

The actual funding approach is secondary to these key concerns. For example, the recent change of
direction on subsidy for renewable energy (onshore wind and solar) calls into question the value in
further development and investment in any renewable sector.

Other points

o The largest blockers to private sector investment are the timescales and risks associated
with consenting, the lack of long term commitment to both the energy strategy and funding
of that strategy and clear routes to income to recover investment costs.

e Withoutaclear 5 - 10 year road map with cross party support, the risks involved in investing
in major energy projects may be difficult to justify. This will drive up expected returns from
such an investment and add cost to the consumer. Frequent changes of direction or lack of
commitment to the “greening” of our energy mix will lead to stagnation in development.

e Much of the investment in UK infrastructure is undertaken by international businesses which
have a choice of markets and projects for their scarce capital. These businesses will naturally
choose those jurisdictions with effective policy frameworks which provide certainty over the
longer term over jurisdictions which do not.

The UK has recently lost its place in the top ten markets for clean energy according to the
Renewable Energy Country Attractiveness Index’, as investors have taken up opportunities
in markets overseas. We therefore urge an end to the recent sudden changes in direction in
energy policy in favour of a financial and regulatory regime that is stable and predicatble, in
order to maintain investor confidence.

e There are currently a number of agencies involved in decision making and enabling
development:

— DECC controls the subsidies required for new technology
— The Crown Estate controls critical development space for marine energy

% EY, RECAI Issue 45, Renewable energy country attractiveness index, September 2015
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— The Treasury controls (and changes at short notice) budgets, local government control
planning and consenting on land
— Various agencies control marine consents and environmental consenting etc.

It would be helpful if these gatekeepers were coordinated and perhaps the planning and
consenting pathways were simplified and related timescales accelerated. One example is
marine consents. If there were a precedent for a given area, then perhaps the next consent
should only have to deal with the incremental differences rather than repeat the entire
consent process.

Procurement models

More broadly, it is Balfour Beatty’s view that the model of procurement should fit to the type of
project being considered. Where there is a critical need with a limited opportunity to develop such a
project, we believe that PFI/PF2 should be considered.

For example, the development of Tidal Lagoons should be centrally planned and procured. Such
projects lend themselves to a PFI/PF2 type model due to the resource limitations required and
scarcity of sites for implementation.

In our view, it makes little sense having numerous parties “reserving” areas of the country for the
development as they do at the moment, by publicising plans and consulting publicly when there is
no guarantee they can implement the plans. The current approach also leads to the risk of multiple
consents on the same site or within the same region and no clarity as to who will eventually be able
to implement their plans. This leads to confusion and potential failure of all plans.

There are also resource and capacity limitations relating to the build of major infrastructure in the
UK market. For economically viable Tidal Lagoons, the quantity of material required would be
enormous. This would need a “one at a time” approach so as not to cause material shortages and
drive cost upwards.

Open competition with clear, committed funding would reduce the costs, risks and invite
competitors into the market.

3. Responses to specific questions outlined in the inquiry

Questions 1. and 2. What changes may need to be made to the electricity market to ensure that
supply and demand are balanced, whilst minimising cost to consumers, over the long-term, and
what are the barriers to the deployment of energy storage capacity?

In our view, in order to ensure supply and demand is balanced at the lowest cost, the regulation
around energy storage needs to be addressed. The current definition of energy storage is not robust
in that it varies from country to country across the EU. In Italy, the regulator has interpreted the
definition in such a way that the system operator (SO) is able to own and operate storage, whereas
the current UK interpretation prevents this.

If the definition of energy storage could be clarified — preferably to enable the SO to own and
operate storage — as well as defining regulation for energy storage for generators, suppliers,
Transmission Network Operators/Distribution Network Operators and the private sector in order to
prevent double charging for generation/transmission/distribution, it would be possible to create a



market for energy storage which will help renewables integrate into the network. This could reduce
the level of network investment required and ultimately drive down costs for consumers.

Importantly, the market should not be subsidised or subject to any price mechanisms which could
prevent the market from developing organically.

Balfour Beatty believes that any support for energy storage should focus on the development of
technologies, in order to support UK industry. Different storage technologies also have different
benefits, from the speed with which they can be dispatched, through to the duration of supply. No
single technology is a ‘silver bullet’: they should all be considered as complementary and viewed
based on their individual merits.

Any regulation needs to consider the speed of dispatch, storage capacity and the duration of supply
for technology, rather than focusing on a single variable — size is not the be all and end all of storage.
Storage should also be considered under the capacity market, as it has the potential to provide
electricity during peak demand (peak shaving) which could reduce the need for (fossil fuel powered)
peaking plants.

In our view, the most appropriate scale for energy storage is a mixture of transmission, distribution
and domestic level, as well as storage at the point of generation. Storage across the network could
provide much greater demand reduction and, through coordination of the transmission and
distribution storage, provide balancing services for all parts of the network. Enabling storage at the
point of generation would enable intermittent renewable generators to limit their generation when
required, without losing revenue or requiring curtailment payments to compensate them.

Finally, we believe that the regulatory regime for Distribution Network Operator funding should be
reviewed in order to consider how the regime can be an enabler for connecting renewable
generation, rather than a barrier. At present, the regulation prevents the network operators from
being able to connect some distributed renewable generation to their network as there is limited
capacity in their network and the cost of the wider works required to facilitate the connection is
considered too high.

If the regulatory regime allowed network operators to apply to Ofgem for funding for the wider
works — on the basis that in the long term it will provide a greater socio-economic benefit and help
drive down costs — then it would be possible to recover a proportion of the funding for these works
from the saving made on capacity market contracts or short term supply agreements made by
National Grid. Particularly if the network operators deployed storage.

Skills and training

Designing, constructing, operating and maintaining the transmission and distribution infrastructure
which supports the electricity market requires specialist skills and experience. In order to support
the balancing of supply and demand it is important to ensure the UK develops and retains the
required level of skilled resource.

Balfour Beatty welcomes and supports the government’s ambitious plans to create 3 million more
apprenticeships by 2020. We invest in apprenticeship programmes across a broad range of
disciplines, employing over 150 apprentices each year in the UK in addition to the 320 currently
under training in a diverse range of roles across the business*. We employ around 700 more young
people on graduate and part-time higher education / degree schemes. We are also members of the

1% http://www.balfourbeatty.com/index.asp?pageid=364
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5% Club, and are committed to the aim of ensuring that 5% of our UK workforce are apprentices,
graduates or sponsored students on structured education programmes within the next five years.
We recognise the valuable contribution our apprentices make to our business and as the pipeline
of future talent. By investing in growing numbers of apprenticeships, we believe that we are not
just helping young people build productive careers and successful lives, but also making a sound
investment in our own future.

However, we do not believe that the apprenticeship levy alone will be enough to meet the shortfall
in skilled workers the infrastructure industry needs.

e Business needs confidence in the quality of the pipeline in order to ensure it has the skilled
staff for some of the specialist roles in energy projects. This is especially the case where new
skills are required, for example in new nuclear build. It can take a decade from starting an
apprenticeship for someone to gain all the skills they need to work in this area. Early, firm
decisions are needed to enable us to invest in the people we need.

e The NIC could help drive investment in skills across the industry, in both contractors and
network operators (transmission and distribution), by promoting a requirement to include
minimum training requirements within OJEU tenders.

e The NIC could also work with the regulator (Ofgem) and network operators to look at how
they can manage workflow across the sector. Recognising the specialist nature of the skills
required in the industry, it is possible for the skilled operatives from the industry to find
work abroad when the workload drops in the UK. This ‘brain drain’ means that when work
increases, it is often challenging to find the number of skilled staff needed. This results in
higher costs that are subsequently passed on to consumers.

e To ensure that costs are kept low for consumers, training requirements across the industry
need to be clearly shared, and network operators should (where possible) ensure that they
provide a steady flow of work for contractors and the industry needs to be encouraged to
and supported in developing the skills needed to support the networks.

Question 3. What level of electricity interconnection is likely to be in the best interests of
consumers?

Interconnection has significant benefits for balancing supply and demand in both the UK and across
Europe. Greater interconnection from the UK to Europe will have significant long term benefits in
terms of balancing the networks and reducing carbon emissions across Europe. In our view, capacity
should be developed in line with the current cap and floor regime as a minimum.

There may be a case for developing interconnection at a higher rate beyond 2020 if projects in North
Africa (Morocco/Egypt) and parts of Europe (Spain/Portugal/Ireland) provide low cost, reliable
generating capacity, but bottlenecks in the existing (onshore) system prohibit the UK from accessing
this generation. In this case the current regime may be prohibitive to the development of these
projects, as the window for applications is not frequent enough. A continuously open window for
applying to the cap and floor regime would allow projects to be brought forward for assessment
sooner than the current programme.

Question 4. What can the UK learn from international best practice in terms of dealing with
changes in energy technology when planning to balance supply and demand?



Balfour Beatty highlights the following international examples:
e California —encouraging storage.

The Californian energy market regulator has set a requirement for the distribution network
operators to each develop 1325MW of storage capacity by 2020 in order to provide network
balancing services as they integrate renewable generation into the system.

e Uruguay — decarbonising without subsidies.

In Uruguay the country has managed to shift electricity generation to 94.5% renewable
sources without the use of subsidies. Renewables now make up 55% of the country’s overall
energy mix (including transport fuel) compared to the global average of 12%".This has been
facilitated by a supportive regulatory environment and strong partnership between the
public and private sector.

¢ India - developing solar without subsidies.

In India, the government has set out an ambition to develop 100GW of solar by 2022 —
which is half of the world’s current installed capacity. The government is not providing any
subsidies for solar, instead they are relying upon the fact that the cost of the technology has
fallen sufficiently to make it competitive with coal. In the UK, the subsidies for solar have
hidden the true cost of solar, so as the cost has fallen, the benefit of having the subsidies
increased. But once the subsidy was removed it created a false fall in the returns from
investing in solar.

Contact
Veena Hudson

Head of Public Affairs | Balfour Beatty
[Contact details redacted]

1 http://www.theguardian.com/environment/2015/dec/03/uruguay-makes-dramatic-shift-to-nearly-95-clean-
energy
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National Infrastructure Commission
1 Horse Guards Road

London
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19" December 2015

Dear National Infrastructure Commission,

RESPONSE TO NATIONAL INFRSTRUCTURE COMMISSION CALL FOR EVIDENCE

Please accept this letter as London Borough of Brent's response to the National Infrastructure
Commission’s (NIC) call for evidence on the following three issues:

1. Improving connectivity between cities in the north of England
2. Large-scale transport infrastructure improvements in London
3. Improving how electricity demand and supply are balanced

Brent appreciates the opportunity to contribute towards the NIC’s work and the Borough supports the
process currently being undertaken by the Commission. The following response has been prepared
based on the questions put forward by the NIC for each issue.

ISSUE 1: IMPROVING CONNECTIVITY BETWEEN CITIES IN THE NORTH OF ENGLAND

Brent has no comment on the issue of connectivity between cities in the north of England. We
support Local Authorities in the north of England who wish to comment on this issue.

ISSUE 2: LARGE-SCALE TRANSPORT INFRASTRUCTURE IMPROVEMENTS IN LONDON

Q1: What are the major economic and social challenges facing London and its commuter

hinterland over the next two to three decades?
Brent is facing many of the same economic and social challenges as London and the United
Kingdom as a whole. Sustained high population growth is a challenge across many policy areas,
including housing, transport and employment. Brent's population is projected to grow by 24% to
almost 390,000 over the period from 2012 to 2036 compared to 22.5% growth London-wide over
the same period'. This growth will place greater pressure on housing and services which are
already straining to cope with record populations and usage, such as transport. In addition, it's a
continuing challenge for the borough to support employment growth within the borough to provide
jobs and economic stimulus for residents.

In recent years, the dynamic of these challenges has also changed, with greater focus on
sustainable development. This trend is likely to continue in the future, with an increasing focus

! Office of National Statistics, 2015, ONS 2012-based subnational population projections, [Sourced from London Datastore]
http://data.london.gov.uk/dataset/ons-2012-based-subnational-population-projections/resource/dfdd7444-ea66-4a27-91ft-
a95fdcofe611#
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on car-free development and localised employment and services, thus reducing the need to
travel, along with the provision of sustainable transport options, such as walking and cycling in
addition to public transport.

In order to deal with these challenges, significant investment is required in local transport
infrastructure, including resolving existing maintenance requiremennts on local road networks. At
the same time, investment is also required in large both new large-scale infrastructure (such as
the Crossrail/West Coast Main Line link) and the modernisation of existing infrastructure (such as
the Bakerloo line modernisation).

Q2: What are the strategic options for future investment in large-scale transport infrastructure

improvements in London - on road, rail and underground - including, but not limited to Crossrail

2?
Brent believes that the greatest opportunity for investing in transport infrastructure in London is
not in the strategic network, but in the local network. It is local transport networks which are
currently suffering from deferred maintenance and lack of investment due to funding cuts, while
additional funding is being made available for strategic transport networks, which, while
important, do not carry the vast majority of vehicles (either passenger or freight) and can not
support economic growth without a well maintained local network. At the same time, we
recognise that funding must be provided to the strategic network as well. We do not see the
demands of the different networks as an ‘either-or’ scenario, rather investment must be directed
towards both networks to ensure the delivery of high quality national transport networks which
support economic growth and improve peoples’ wellbeing.

At a strategic level (both nationally strategic and regionally strategic), there are a number of
major schemes which Brent supports:

West Coast Main Line / Crossrail link:

This project is Brent’s highest priority transport project, on the condition that Crossrail trains call
at Wembley Central Station. This project will support substantial regeneration in Wembley, along
with providing high speed, high quality access for residents and businesses to Central London,
Heathrow and the rest of the nation via the Old Oak Common Interchange.

Brent continues its work with Transport for London (TfL) on this issue and we would encourage
Central Government and any other stakeholder to support it.

Upgrade and extension of the Bakerloo Line:

In addition to supporting growth in southeast London, the Bakerloo line currently has the oldest
rollingstock on the London Underground network, dating to 1972. These trains are in
considerable need of renewal, in addition to the need to modernise track and signalling along the
route.

An upgrade of the Bakerloo Line, completed in conjunction with an extension in southeast
London would improve access to public transport, reduce car usage and associated emissions
and congestion across northwest London. The extension would support regeneration in
Wembley, South Kilburn and Old Oak Common / Park Royal, improve journey times and provide
better connections, improving public transport capacity and passenger satisfaction along the
length of the Bakerloo Line.

High Speed 1/ High Speed 2 link:

While this project has been excluded from the HS2 Hybrid Bill, currently before parliament, Brent
believes it is essential towards achieving a comprehensive national High Speed Rail network in
the future. At the same time, the previous proposal via the North London Line in Camden,
impeded the capacity of this route and would have had a detrimental impact on local
communities.

17,

o NS «
{ 2 Q’/"/ s
P Ly

\'“.\_,\4.

i
,

: Q
rsap©
INVESTORS IN PEOPLE 2



An improved solution needs to be developed now, so that other projects do not jeapodise the
practicality and deliverability of this link in the future.

Electrification of transport networks (road and rail):

Brent supports the electrification of transport networks (including both road and rail vehicles) for
both freight and passenger services. While rail electrification works are planned with lengthy
lead-in periods, the electric vehicle market is less certain, and as these vehicles become cheaper
and more widely spread, there is a risk that domestic energy consumption could rise considerably
for these vehicles. This could potentially require additional infrastructure to support these
vehicles.

Increasing the uptake of electric vehicles in commercial fleets and household vehicles is
predicated on having sufficient charging infrastructure to give people the confidence to switch to
a hybrid or fully electric vehicle. Domestic infrastructure, coupled with nation-wide charging
infrastructure is essential to ensuring that the nation’s homes, offices businesses are prepared
for zero-emission vehicles of the future.

Freight transport networks:

An essential requirement of any strategic infrastructure is the provision for freight to utilise the
network. Pursuant to this, where possible, Brent strongly supports the relocation of freight from
road haulage to rail, given the impacts on local amenity of poor air quality, traffic noise and safety
risk of freight vehicles. We also support maintaining and/or improving access in the form of
service slots and sidings for freight to rail networks, such as the West Coast Main Line, Dudding
Hill Line and the Midland Main Line.

Cycling infrastructure:

While cycling infrastructure has generally not been considered to be strategic infrastructure, with
the addition of high-capacity cycling infrastructure currently being constructed and/or planned
across Greater London, along with the demand for greater cycling provision means the scale of
infrastructure and popularity of cycling is increasing. The greater number of cyclists will generate
additional demands on strategic road networks and for regional cycling infrastructure. These
considerations should be taken into account both for strategic planning and in assessing
individual traffic schemes.

Resolution of London’s air capacity issue:

In February 2015, Brent Council wrote to the Davies Commission to recommend that of the three
options being considered to increase London’s air capacity, Brent's preferred option was the
Heathrow Northwest Runway. The Davies Commission agreed with this and recommended the
government move forward with this option. A final decision on how the government will proceed
has been delayed several times. Ongoing uncertainty regarding whether an additional runway
will be built at Heathrow or Gatwick Airports, or not at all affects the planning and transportation
decisions being made by Brent, other Local Authorities and TfL. Resolution of this issue needs
to be a priority in consideration of national infrastructure.

Q3: What opportunities are there to increase the benefits and reduce the costs of the proposed

Crossrail 2 scheme?
Brent understands that Transport for London has already undertaken considerable work to
evaluate and increase the benefits of the proposed Crossrail 2 scheme. In spite of not being
located on the route for Crossrail 2, Council officers have been kept abreast of the project’s
evolution as there are potential long-term impacts for the borough in relation to connections to
Crossrail 1 (at Tottenham Court Road) and HS2 (at Euston), along with the interchange between
these two projects at Old Oak Common.

Given that the opportunities for increased benefits will come with greater demands on local
authorities along the route, Brent will reserve contribution on this question to those authorities.
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Q4: What are the options for the funding, financing and delivery of large-scale transport
infrastructure improvements in London, including Crossrail 2?
Brent supports the funding arrangements for Crossrail 2, as currently outlined by TfL. We believe
that it is fair and reasonable that large-scale, transformative infrastructure projects (including
Crossrail 1 and Crossrail 2) should be funded by a combination of Central Government funding,
Greater London Authority (GLA)/TfL funding, S106/Community Infrastructure Levy development
contributions and localised business rates supplements for beneficiaries of the scheme.

A key consideration of equity which must be addressed for Crossrail 2 and future regional
schemes such as this is the disparity of power for enforcing localised contributions between local
authorities under the GLA and those located in the Home Counties. It certainly is achievable to
come to negotiated settlements on funding agreements with these local authorities, however the
Mayor of London does not have any authority to enforce them outside of the terms of the
agreement. This will be of particular concern for Brent in support of the Crossrail / West Coast
Main Line link, which will travel through the London Boroughs of Brent and Harrow, before
continuing through Three Rivers District, Watford, and Dacorum Councils, which are all located
outside of Greater London.

Q5: How have major metropolitan areas in other countries responded to similar challenges and
priorities? Are there any lessons to be learned and applied in London?
No specific comments on this question.

ISSUE 3: IMPROVING HOW ELECTRICITY DEMAND AND SUPPLY ARE BALANCED

We have no specific recommendations for action on this issue, however we would note our
concern regarding the challenge of ensuring continuity of electricity supply (across both the high
voltage and low voltage networks) given projected population and employment growth,
particularly in areas designated for regeneration, such as Old Oak/Park Royal. Of interest to the
Council is how these services will be accommodated; particularly where they are proposed within
the public highway and may affect transportation networks, other services or potential
infrastructure improvements. In addition to this, Brent would be interested in opportunities for
data to be shared, and upgrade works to be coordinated between utility providers so as to
minimise disruption to residents and businesses.

| trust this response has been of some assistance, however if you have any questions, please feel
free to contact our Transport Planner, Chris McCanna, on [Phone number redacted].

Thank you for your consideration.

Yours sincerely,

Tony Kennedy
Head of Transportation
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7' January 2016
To: Sir John Armitt, Commissioner of the National Infrastructure Commission
From: Angus Macdonald, CEO British Solar Renewables

Re: Call for Evidence

Dear Commissioner,

| am responding to your call for evidence, launched in 2015, on Electricity and Storage.

I am proud to lead British Solar Renewables, the largest integrated developer and operator of PV
systems in the UK. Since our inception with three employees in 2010 we have developed, delivered
and now operate 400MW of PV capacity, representing an investment of around £500m in that
period.

Our view is that while the UK faces significant challenge in the energy “trilemma”, the advent of new
technology offers huge opportunity. Our fear, based on experience, is that the speed of technology
and business innovation will far outstrip the ability of traditional central-generation thinking,
network management and regulation.

BSR has specialised in delivering large scale projects, including 130MW on government property at
RAF Lyneham and RAF Wroughton. We have procurement and joint-development links into China,
including with CNBM (China National Building Materials), with whom we are working on the
integration of energy with housing and commercial property on repurposed brownfield land.

With Western Power Distribution we are in the process of delivering what we believe will be the
UK'’s first demonstration of a grid-integrated PV and battery storage system under the Network
Innovation Allowance scheme. We are also working very actively with a number of UKplc customers
on the development and integration of “behind the meter” generation and storage.

Two themes which commercial customers are bringing to us are their concerns about the rising cost
of grid power, and the risk of grid outages or very high peak pricing.



We believe that those concerns are real, and that we have an unusual perspective on the energy
market because:
- All of our projects have been developed and delivered very quickly relative to their operational

life and level of investment; we nevertheless to achieve over 99.5% availability on all of our sites

- We have had to build strong working relationships with the major DNOs and understand the
technical, financial and regulatory constraints within which they work

- We work with the major suppliers of PV and Storage worldwide, and are increasingly engaged in
project delivery outside the UK

- We have developed a deep understanding of the drivers of the cost of grid power in our
engagement with commercial customers, frequency response aggregators, and funders of
embedded generation and storage

I hope that our views are useful to your Commission’s work. We would be delighted to engage
further in what we see as a vital part of developing the UK’s economy and competitiveness.

Yours sincerely,

Angus Macdonald



1. What changes may need to be made to the eleétricity market to ensure that supply
and demand are balanced, whilst minimising cost to consumers, over the long-term?

Underlying Drivers

We believe that to answer this and subsequent questions it is first important to understand the
drivers of change in today’s energy market and systems.

We identify the following:
- The cost of energy generation and supply will
continue to be driven by the cost of peak
periods (see chart) 365 day's cost of grid power,

shawn by day and by half
hout through the day: UK
water treatment plant

- The cost of delivered grid power will rise, not
just to 2020 but also beyond, and will =
increasingly be biased towards ‘system’ charges 100

100.00
(tax, TNO & DNO charges) and away from the 500
underlying cost of generation g
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@ Conlracts for Difference B Capacity Mechanism

- The cost of distributed generation and storage will continue to fall to the point where subsidy of
PV is not required; commercial battery storage is a fundable proposition today without tariff
support :

- Falling costs for distributed generation, rising charges for gird power and the fear of supply
failure will spur the widespread adoption of embedded (behind the meter) generation,
especially by the commercial sector who face larger impacts from loss of supply

- Reducing levels of fossil-fueled, rotational generation will bring a rising need for frequency
management across the grid

Given that background of on-going change, we strongly support the objective of reducing the cost of
managing the energy system to consumers through long-term planning and evolution of the system.



We strongly advocate the deployment of new energy technologies, and adapting regulation to
encourage technical innovation and to enable a level playing field. We believe that the energy
industry can achieve a balance between central planning and de-regulated delivery which is optimal
for consumers.

Limits of Regulation and Central Governance

Having managed our business through four years of tariff support, we are however very familiar with
how rapidly the changing cost of technology can outstrip the ability of central regulation to respond.
We helieve that the risk of over-investment in stranded, centrally governed assets is very significant
(for example, over-investment in TNO-connected storage, as explained below).

We also believe that the current system of network and supply governance is prone to entrenched
interests and is resistant to change. This underpins our support for development, for example, of a
DNO type-testing facility at the Berkley College

Extract from submission for funding:

1. The UKis undergoing very rapid change in its mix of energy supply. As a de-regulated energy
market and an early adopter of un-schedulable renewables, the UK market is now
potentially in the vanguard of countries developing the technologies to deliver ever-lower
carbon intensity.

2. This change is being forced onto a system of National Grid and Distribution Network
Operators who are supplied by a relatively small pool of equipment suppliers: many global
energy equipment businesses have focussed on HV (132kV, 400kV) generation and
Transmission equipment, and have moved away from lower-voltage (11kV, 33kV)
Distribution equipment supply.

3. The suppliers who have remained in the market have over time established scale and other
barriers to entry, including operation of their own test facilities. The UK does not currently
have a supplier-independent test facility for DNO voltage equipment.

4, Many of the changes to our grid systems will principally impact and will require investment
in the DNOs’ networks:

a. PVis already DNO biased and will continue to grow at this level as it is installed on
commercial and domestic roofs
b. Battery storage and the charging of electric vehicles will follow the same pattern
5. Systems which we can anticipate being needed by grid opérators, or demanded by
consumers, include:
a. Advanced switchgear (or cheaper versions of existing equipment)
b. Storage-integrated DC:AC inverters (paired with PV generation)
¢. Rapid electric vehicle charging stations
d. Distributed demand and storage management systems (linking multiple homes and
commercial sites)
@, DNO integrated and secure data capture and control systems (SCADA)

6. Because of a limited supply base for DNO grid equipment, the UK is faced with delay, a lack
of innovation and higher prices for these types of equipment. It also faces, potentially, losing
the opportunity to establish standards and export systems, equipment and expertise to the
many countries worldwide (including the Commonwealth) whose electrical systems are very
similar to those in the UK




The UK has successfully navigated a similar fundamental and technology-driven change in its
infratsructure in the recent past, in the deregulation and digitisation of the telecommunications
industry.

We take three lessons from the telecoms revolution:

- Embracing technology can yield huge dividends: growth of the de-rgulated City of London was
dependent on (also de-regulated) digital telephony and data networks

- Telecomms systems are regulated by interface protocols, which maintain service while allowing
separation of the roles of carriers (similar to energy networks), service providers (similar to
generators, storage operators) and network administrators (DNOs, TNO, SO)

- The telecoms system in the UK has become increasingly complex and now offers levels of
connecitivty and service which were never anticipated when the original interfaces between the
above players were established; nevertheless the same structure has survived and service has
been maintained (although the interface protocols have themselves changed beyond
recognition)

Answers to questions

e What role can changes to the market framework play to incentivise this outcome:

o Q:lsthere a need for an independent system operator (SO)?

o A:Alarge proportion of the changes to our system are and will be driven by
changes in the cost and scale of generation and storage. These are DNO-level
changes, as new capacity will be connected to the grid on the consumer’s
side of the meter while fossil-fueled central capacity is retired. The role of a
System Operator should be to:

* Project the rate of change of demand, and of the deployment of new
technologies :

» Establish clear boundaries, and develop the roles and responsibilities
(for frequency management, imbalance, generation) between DNOs
and TNOs

= Monitor and administer performance at those boundary points

* Encourage minimum cost solutions, innovation and new technology
adoption

o The SO should not seek to guide investment, but should allow network
operators to incentivise the deployment of technologies on their networks,
providing a clear business case is demonstrated and services such as
generation or frequency management can be delivered on a commercial
basis. Cases for investment by TNOs should be compared with those
presented by DNOs.



o The balance of investment in for example storage should be on DNO
networks as embedded batteries can provide a greater range of services, and
therefore realise greater value, from the lower end of the system

o Arole which is lacking in the current framework is the near-medium term
projection of demand patterns and generation capacities. In an environment
where embedded, deregulated generation is expanding, storage is rising and
new loads such as electric heating and transportation are rising, network
operation is out-stripping regulation. As a first step toward more effective
regulation and as a guide to investment, a regularly revised view of where
power is coming from, how it is being used, the volatility of balancing would
be extremely powerful. This can be seen as an evolution of the existing
pathways work, recognising that we are some way down the path to
transition already.

o Q: How could the incentives faced by the SO be set to minimise long-run
balancing costs? |
o A:We do not see that a SO is best established as a commercial entity, rather
that the SO role is an evolution or a replacement of existing system
administration. We do see that a broader range of experience, not biased
. towards ‘legacy industry’ experience, is important in embracing change and
overcoming obstacles through innovation as opposed to over-investment.

o Q:lsthere a need to further reform the “balancing market” and which
market participants are responsible for imbalances?

o A:lImbalance between supply and demand is a cost to all consumers. It may
be appropriate, given rising levels of distributed generation, to extend
imbalance management to smaller scale generators on a transparent basis.
Aggregation of distributed generation, for the purpose of imbalance
management, would be one way to encourage new approaches from asset
operators.



Q: To what extent can demand-side management measures and embedded
generation be used to increase the flexibility of the electricity system?

A: We see widespread adoption of embedded generation and storage within the
next 5 years, as costs fall and prices rise. That brings huge scope for the expansion of
these services. If encouraged in the near-term, we see that adoption in turn
encouraging innovation and development of new technologies and business models,
with potential for export worldwide.

2, What are the barriers to the deployment of energy storage capacity?

Q: Are there specific market failures/barriers that prevent investment in energy
storage that are not faced by other ‘balancing’ technologies? How might these be
overcome?
A: We can identify three barriers to adoption:

o Entrenched interest in existing technologies and relationships

o Lack of clear standards (protocols) for interconnection and operation

o Lack of opportunity to monetise the services which embedded storage can

provide to DNOs, TNOs

As an example there is a risk that the TNO, driven by traditional thinking and a desire
to expand its asset base, over-invests in under-utilised storage and as a result kills
the market for services to be provided by embedded storage.
Any investment by monopoly players (TNOs, DNOs) in equipment such as batteries
for Fast Frequency Response, should be tested (via open contract tender or another
mechanism) against the open market/deregulated business case for investment

Q: What is the most appropriate scale for future energy storage technologies in the
UK? (i.e. transmission network scale, the distributed network or the domestic scale.)
A: We reference the work of Professor Goran Strbac at Imperial College London in
quantifying the difference in value between distributed and centrally-connected
storage and believe that embedding storage is by far the cheapest way of enhancing
our energy system,

We do understand that multi-purpose batteries are potentially more expensive than
single-application batteries but believe the world market for storage will continue to
drive down costs for the most valuable equipment.

We anticipate rapid adoption by Industrial and Commercial customers, together with
rising adoption by domestic consumers over time



3. What level of electricity interconnection is likely to be in the best interests of
consumers? '

¢ Qs there a case for building interconnection out to a greater capacity or more
rapidly than the current ‘cap and floor’ regime would allow beyond 20207 If so, why
do you think the current arrangements are not sufficient to incentivise this
investment?

o A:We believe that interconnectors should be developed, but that they should not
receive favourable funding or support relative to other means of achieving the same
goal.

o Q: Are there specific market failures/barriers that prevent investment in electricity
interconnection that are not faced by other ‘balancing’ technologies? How might
these be overcome?

o A:We cannot answer this question.

4. What can the UK learn from international best practice in terms of dealing with changes
in energy technology when planning to balance supply and demand?

o A:We believe the parallels between the management of change in
telecommunications within the UK offers a strong guide to the management of:
o Roles of players in order to encourage innovation and competition
o The power and interests of incumbent players
o Advancing technologies and evolving consumer needs
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BSA - The Business Services Association
Response to the National Infrastructure Commission Consultation
January 2016
Improving how electricity demand and supply are balanced

1. What changes may need to be made to the electricity market to ensure that supply and demand
are balanced, whilst minimising cost to consumers, over the long-term?

In August 2015, the BSA produced a policy paper which called for the publication of a National Energy
Security strategy to act as a sub-section of the National Infrastructure Plan’. This will allow for better
understanding of the government’s approach to energy security. Such a strategy would allow a clearer
comprehension of where the government plans to invest in energy generation. With a significant
proportion of the UK’s power generating capacity due to come offline within the next ten years,
clarity on future supplies is crucial to maintaining a healthy balance between supply and demand.

The UK needs a range of solutions with a diverse energy mix in order to increase the reliability and
stability of its power supplies. Nuclear, particularly with the government’s planned developments at
Hinkley Point, Bradwell and Sizewell can provide a baseload of power supply. Beyond this, the
development of renewables should be encouraged, with a focus on bringing down their price and
improving their reliability.

2. What are the barriers to the deployment of energy storage capacity?

The lack of a clear, codified, long-term energy security strategy and stalling construction of new
generating capacity presents a barrier. If the market doesn’t know where and when future supply
capacity is due to come online, it subdues confidence that it is worth investing time, money and skills
into the deployment of storage capacity. Energy storage will become of increasing importance,
especially as the renewables share of the energy mix increases in the short to medium term. As such,
government guarantees may be required to boost market confidence and encourage investment in
this vital piece of infrastructure.

Specifically, there is a need to review the regulatory demands on the providers of large scale energy
storage as the current system is clearly not designed in a way that supports new provision. At present,
energy storage deployment requires a generation licence whilst also being treated as a consumer.

To make a meaningful impact, the BSA considers that deployment should be at a transmission network
scale. However, this scale of development will often require consent through the National Strategic
Infrastructure Planning regime. This, therefore, points to the importance of a strategic plan for
investment and deployment as opposed to a series of urgent demands resulting from reduced capacity
in the system.

Energy storage assets in the UK are treated as generators under current regulations. One of the key
opportunities for deployment of energy storage is to enable providers to defer or avoid network
reinforcement costs. This can help alleviate the high capital costs associated with the construction,

1 http://bsa-org.com/uploads/publication/file/185/BSA_-_Energy_Security.pdf
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operation and maintenance of energy storage facilities. Increasing the provision of battery storage
should be explored as costs have declined 50% since 2010 and are expected to see another 50% decline
by the end of the decade. The structure of the Capacity Market should be examined as well to all
storage onto a more levelled playing field rather than locking in ‘old world’ solutions.

3. What level of electricity interconnection is likely to be in the best interests of consumers?

The deployment of electricity interconnection offers benefits in terms of security, by adding an
alternative source of energy supply to the grid. However, the UK runs the risk of losing control over
its energy supplies if we become overly-reliant on foreign energy sources. Interconnection should not
be seen as an alternative to the construction of new sources of energy generation so that improving
the reliability of energy supplies remains primarily under domestic control.

Another potential advantage of further interconnection with Europe is that the associated emissions
remain in the country of generation. Therefore the displacement of emission neutral imports from
the continent would also help to meet carbon and other environmental targets. Despite this and
despite interconnector developers having access to the ‘cap and floor’ regulated regime, the UK is
still set to miss its 2020 EU target of 10% interconnection. It appears that the main hurdle to achieving
this target is securing finance. The Green Investment Bank could be seen as an option for providing
funds and partnership on future interconnection projects.

4. What can UK learn from international best practice in terms of dealing with changes in energy
technology when planning to balance supply and demand?

Given the complex and often expensive nature of balancing energy supply and demand, nations which
are open to innovation, including from business, are more likely to see encouraging results. The
Netherlands, for example, has demonstrated the ‘Energiesprong’ programme, which manufactures
and fits energy saving solutions for both houses and businesses offsite and within three days. Solutions
such as these offer a more holistic and less piecemeal approach to reducing energy demand. The
Smart Meter programme offers an additional means of further reducing energy demand and the BSA
encourages its deployment as soon as is feasibly possible.



Electricity interconnection and storage
Introduction

With the urgency of both the need for national energy independence and the need to make significant progress on
avoiding climate change, several European countries have made commendable progress in terms of balancing supply and
demand within an agenda for a low carbon future. Denmark has pioneered wind generation and integrated city energy
infrastructure, over many years France has set in place extensive nuclear and hydro infrastructure, Germany has new bold
plans for its energy transition or Energiewende. Spain and Italy are making progress too. A number of these countries are
now not only addressing their internal energy issues but also are in fact exporting their resilient energy products and
experience.

The UK has one of the best national carbon reduction commitments in the form of the 2008 Climate Change Act, which is
further strengthened by the outcomes of Paris COP21. This act of law commits the UK to achieving an 80% reduction in
CO2 emissions from 1990 levels by 2050. This is tough, but it is founded on what needs to be done to limit global
temperature rise by 2°C. This dictates carbon free power and heat by 2050 if not before.

There have been some quick wins, the ‘dash for gas’ in the 1990's cleaned up power generation to a certain degree until
North sea gas production dwindled and prices rose. The last recession also helped to reduce demand. But the hard yards
lie ahead. Renewable incentives in the form of Feed in Tariffs, Renewable Obligation Certificates and Renewable Heat
Incentives have driven the implementation of renewables but: bio fuels, carbon capture, nuclear, energy storage and
smart grid infrastructure are all technologies that take time to implement. In particular technology such as carbon
capture is a pre-requisite in justifying long term investment in shale gas and redeveloping the abstraction of coal, but
predicting when this can be successfully deployed is proving difficult and therefore cannot be relied upon in long term
planning.

This is the Achilles heel, whereas other countries have strong strategy the UK energy strategy is weak, indecisive and
heavily biased towards protecting the incumbent large scale generators rather than encouraging individual and
community participation in local renewable power generation, a cornerstone in energy policy within several European
countries.

The strategy vacuum forces bodies like the Energy Technologies Institute (ETI), National Grid and DECC to talk in terms of
scenarios. For sure demand forecasting is subject to many variables, but one of those variables should not be trying to
second guess national energy strategy!

The ETI boils its scenarios down to two; Clockwork, assuming that a strong top down energy strategy will emerge quickly
and Patchwork which assumes that central strategy will remain weak and it will be local ground up action that will push
us down the carbon reduction curve. The ETI states both are affordable in GDP terms but that patchwork is possibly more
costly than clockwork.

If the UK is to hold true to the Climate Change Act there is a growing realisation that it will be local and regional
patchwork activity that will get us there.

BuroHappold Engineering is a multi-disciplinary consulting engineering practice whose energy consulting group recently
partnered with the Eden project to organise the Energy Island workshop. The goal was simple, to explore whether a
collective approach to Cornish energy which makes the most of Cornish natural resources could significantly enhance
economic benefit to Cornish people. The workshop involved over 150 experts and stakeholders and we have used this as
our basis for evidence, we think that an island within an island would be a key study for further testing, and we are
actively seeking partners, including government, to take this further.

Cornwall already generates 20% of its energy by renewable means. But the Energy Island workshop also highlighted the
issues of a weak national energy policy. One of many examples that emerged over the two day workshop was that on



sunny summer days Cornwall produces over 50% more electrical power than it consumes. To keep the grid stable this
must be exported over the grid to meet demand further afield. Grid reinforcement to meet this transient power flow is
extremely costly and time consuming (planning applications for new overhead lines can take over ten years). These costs
must be met by seeking high connection charges for future solar power generation which in turn provides a degree of
regulation of the deployment of solar power. Why can't these costs be used to incentivise an increase in seasonal
demand?

It may sound counter intuitive to increase demand to lower emissions but perhaps diverting this investment by making
cheap power available for seasonal industry or to increase the use of electric vehicles or to deploy greater storage could
solve the infrastructure problem and enhance the performance of the local economy. The problem is right there, our
regulated utilities are bound to minimise cost to the consumer, and stitching together sensible local solutions does not
compute in the bureaucratic world of utility regulation. It creates a gap between the clockwork and patchwork strategies.

Significant structural and market reform in the energy sector is a necessity and it looks like it may well be the cities and
regions, like Cornwall, who will demand and drive this change for the sake of their local economies.

The Cornwall Energy Island project identified the following relevant points:

Vision: Stories are powerful, and this story should be told consistently by Cornwall Council, the LEP, community
energy groups, businesses investing in the region, and others, in the media and through publications and public
speaking opportunities. This is relevant at a national level particularly when seen as part of a bigger economic
regeneration initiative

Coordinated Leadership: There are many people leading the creation of Cornwall’s energy future, as is the case
across the UK. The involvement of a diversity of stakeholders, and the distributed nature of leadership is a
strength, but greater data sharing and coordination is valuable. Coordination activities should be valued and
resourced.

Infrastructure planning: Develop a detailed understanding of a future energy system in Cornwall to
incorporate demand management, storage, generation and distribution. This study will inform a strategic plan
alongside detailed research into the future management of these systems such as funding, legislation and
ownership to address the issues of the status quo.

Funding: Ensure availability of development funding, address the cost of capital, interest levels on loans, and
support small projects to access larger pots of funding through aggregation.

Policy and regulation: Remove barriers which drive distributors to undertake network reinforcement rather
than storage solutions when faced with rapid increases in transient distributed generation and ensure future
incentives are flexible and able to adapt in a predictable manner in the face of rapid changes in technology.



This response to the call for evidence is structured in the following way:

For each question, an introductory paragraph summarises our perspective. Below this, a series of paragraphs provide
further detail explaining our analysis of the challenges faced by the current system, followed by bullet points outlining
our recommendations for how to approach this.

1. What changes may need to be made to the electricity market to ensure that supply and demand are balanced,
whilst minimising cost to consumers, over the long-term?

The electricity market needs to achieve all three pillars of the energy trilemma: sustainability, affordability and resilience.
This means low carbon, as well as affordable costs to consumers and balancing of supply and demand. Minimising costs
to consumers over the long term will include energy efficiency, and the electricity market can contribute to this through
tariff structures that incentivise investment in efficiency. This could include time of use tariffs and rising block tariffs. with
a focus on sustainability and low carbon, as well as affordability and security. Additionally, the electricity market needs to
take into account the long term impacts of other parts of the energy system, including heat and transport, as these
become increasingly electrified. Domestic heating and hot water systems can provide an electricity market role through
storage of energy as heat in hot water tanks and the fabric of buildings. This can make a substantial impact in peak
electricity demand and the ability for demand side management to provide flexibility. Multi-vector energy planning is
therefore needed, not isolated electricity market planning. Implementing building and behavioural changes requires
action by many individuals and local activity, and devolution provides an opportunity for local authorities and community
energy groups to make a substantial contribution. The design and deployment of smart metering should support this, to
ensure maximum effectiveness of embedded generation and demand-side management measures.

To what extent can demand-side management measures and embedded generation be used to increase the flexibility of the
electricity system?

1. Multi-vector energy planning is needed for greater flexibility. Conversion of energy between different forms
will be of growing importance to meet the challenges of balancing supply and demand in an efficient manner,
including through demand side flexibility. The electricity market should therefore be considered in the context
of multi-vector energy planning, including heat, gas (including natural gas, synthetic methane, and hydrogen as
a means of storage), chemical energy (in fuels and batteries) and transport fuel. This requires systemic thinking.
Heat is on the way to being electrified which will cause significant changes to the electricity market driving up
prices. Electrifying heat will lead to substantial seasonal variations in demand, tripling loads on the electricity
system which will need to be sized to deal with a few cold days per year - quite the opposite to better balance
between supply and demand. Transport is also being electrified, with similar consequences to heat.



e  Ensure that regulation of energy markets supports optimisation of use of different energy vectors,
through systemic thinking.

e Energy efficiency, electrification of heating and transport, use of gas, heat and other energy vectors and
demand response are interrelated with electricity market. The development of the electricity market
should therefore support effective uses of the interfaces between these.

2. Use of more innovative tariff models': Currently tariffs are structured so that domestic customers do not pay
for the cost of balancing supply and demand. With the installation of smart meters there is an opportunity to
change this. Local and social tariffs could also be used to support the business case for investment in energy
efficiency whilst ensuring affordability for vulnerable consumers. Tariffs currently provide cheaper electricity to
those who use more, and more expensive electricity to those who use less. This could be changed with rising
block tariffs, which are used in many countries around the world. .

e  Explore the potential for tariff structures to incentivise demand reduction (e.g. rising block tariffs) and
demand response (time of use tariffs, critical peak pricing), whilst ensuring affordability of basic energy
needs e.g. warmth, lighting and cooking.

3. Demand response and smart meters: The current capacity market favours emergency generation (diesel
generators) over demand response. The roll out of smart meters provides an opportunity for
e  Use capacity market mechanisms to incentivise new and low carbon forms of balancing capacity,
through demand response at all scales, and electricity storage, rather than to support diesel and
existing fossil fuel generators.
e  Accelerate deployment of smart metering and facilitate market in terms of incentivising intelligent

demand management

e Encourage the demand response aggregator market, learning from the US market.

e Encourage domestic demand response through domestic aggregators combined with time of use or
similar tariffs.
Maximise the effectiveness of smart meters by designing new buildings to be 'smart-grid ready’ -
through existing Building Regulations, considering the interfaces between electrical and heating
systems, including dual fuel heat, gas and heat networks with heat and electrical storage capacity.

4. Devolution and electricity market flexibility: this provides an opportunity for integrated delivery of multiple
energy services at a local level, where local energy markets could make use of flexibility in heat, transport, gas
and electricity systems to achieve balancing in each. Integration of local energy system delivery can also include
demand response, network investment, and community engagement. Local ownership through devolution
provides an opportunity to experiment at a local scale, with innovation resulting from diversity of initiatives
across the country, particularly if supported by peer to peer knowledge sharing and learning.

e Local energy markets: provide regulatory space for regional and local experimentation in energy
markets, e.g. in Cornwall building on the foundation of the Cornwall Energy Island project. This should
be an energy market that includes all energy vectors, and the potential to manage heat, transport, heat
networks, electricity generation, storage and demand management within one locality. Local market
mechanisms would allow a variety of local stakeholders to participate, including SMEs, social
enterprises, national businesses, community energy groups and the local authority.

e  Area based smart meter deployment is needed to provide the technical foundation for local energy
market innovation”.

e Smart meters should be designed to support third party access to data, and facilitate community
energy initiatives. Community projects can substantially increase people’s engagement with demand
response and energy saving®.

2. What are the barriers to the deployment of energy storage capacity?

Storage of electricity is essential to enable greater integration of renewable generation, and balancing of the increased
electricity demand peaks which would be caused by electrification of heat and transport. Ownership and operation of
storage should be considered systemically so as to optimise deployment and viability of renewable generation, grid

! https://www.cse.org.uk/downloads/reports-and-publications/policy/pub1111.pdf

2 https://www.cse.org.uk/downloads/file/towards-a-smart-energy-city-maping-path-for-bristol.pdf

® http://smartcommunities.org.uk/
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reinforcement, interconnection and demand response. Storage also needs to be considered in relation to multi-vector

energy management: storage of heat in domestic hot water tanks and the fabric of buildings can make a contribution

alongside electricity storage technologies. Regulation does not currently support deployment of storage, wrongly

classifying it as generation. Storage is required over a number of timescales and geographical scales, leading to potential

conflicts between different demands on storage facilities. These need to be better understood in order to make efficient

use of storage.

Are there specific market failures/barriers that prevent investment in energy storage that are not faced by other ‘balancing’

technologies? How might these be overcome?

What is the most appropriate scale for future energy storage technologies in the UK? (i.e. transmission network scale, the

distributed network or the domestic scale.)

1.

Classification of storage as generation: electricity storage does not have a separate regulatory classification,
and is classified as a generation asset by default. Additionally, DNOs are required to avoid distortion of
competition in generation and supply, which restricts buying and selling of electricity as part of operation of
storage, making the business case more complicated as third parties need to be involved®. DNOs are well
placed to own and operate storage for the purposes of ancillary grid services, and in Cornwall WPD would be
very keen to take on storage assets, which could release grid capacity for further connection of renewable
generation.

e Regulation should create a new category of energy storage, so it is not classified as generation

e DNOs should be allowed to buy and sell electricity to charge/discharge storage, and invest in storage

without requiring complex third party commercial and contractual arrangements.

Potential conflict between different services provided by storage: electricity storage could provide services
at multiple timescales and geographical scales, and to multiple parties: to DNOs, to TNOs, to suppliers, to
generators. Business models for electricity storage require revenue from multiple services, but there may be
conflicts between requirements of different parties at certain times. The extent to which this is an issue is not
well understood, and should be tested. Dialogue between parties relying on storage services, and regulation of
priority levels may be required to ensure grid reliability is not compromised by conflict between different
requirements for storage.

e Invest in modelling and piloting of use of electricity storage to provide multiple ancillary grid services,

to better understand the extent to which there can be conflict.
e Facilitate dialogue between different parties using storage facilities to support

Multiple geographical scales are required: including domestic, distribution network and transmission network
scale. These need to be operated in such a way that activity at each scale supports the needs of other scales:
e.g. domestic operation of storage should be operated to minimise negative impacts of distributed generation
and demand peaks on the local distribution network, and local distribution network operation of storage should
be operated so as to enable greater deployment of distributed generation, electrification of heat and transport,
and support national balancing of supply and demand. The Cornwall Energy Island project considered the
potential for nested optimisation of generation, storage and demand at the local, Cornwall and UK levels (see
Figure 1).

e Design tariffs and distributed generation incentives to maximise self-supply and local (domestic or
demand side) storage operation to serve distribution and transmission requirements

e Enable innovation and experimentation at the local level through devolution and geographically
specific implementation of storage by local area. This could be supported by allowing local energy
market development, including whole-system approaches (storage, smart meter deployment,
generation and supply) to be trialled at a local level.

e Make it easy for commercial customers with generation assets across multiple sites to 'self supply' and
benefit from balancing their own supply and demand in real time through some form of licensed
supplier status or 'net portfolio metering' e.g. many local councils operating heat networks and CHP /
solar have energy consuming assets.

* http://poyry.co.uk/sites/www.poyry.co.uk/files/smarter-network-storage-lcnf-interim-report-requlatory-

legal-framework.pdf



http://poyry.co.uk/sites/www.poyry.co.uk/files/smarter-network-storage-lcnf-interim-report-regulatory-legal-framework.pdf
http://poyry.co.uk/sites/www.poyry.co.uk/files/smarter-network-storage-lcnf-interim-report-regulatory-legal-framework.pdf

UK

Generation Storage Demand

/‘ CORNWALL 1 . d

Generation Storage Demand

Local Local

ral|tT o

Local Local

\ J

Figure 1: Nested optimisation of generation, storage and demand management at the local, Cornwall and UK
levels

3. What level of electricity interconnection is likely to be in the best interests of consumers?

Interconnection can support balancing of supply and demand of electricity in a number of ways: through making use of
geographical differences in natural energy resources (e.g. pumped storage, compressed air storage, variable and
dispatchable renewable energy generation), differences in weather over larger distances increasing the balancing of wind
and solar power, and differences in timings of peak demand between countries. Interconnection also has a role in
enabling export of power. The UK is particularly well placed for offshore and onshore wind power, as well as marine
energy technologies. Interconnection can ensure that these resources can be exported to benefit the UK economy.

Network development within the UK is also important. The Cornwall Energy Island project imagined the national grid
connections from Cornwall to rest of England as ‘interconnectors’, which need to be reinforced so that the Cornish
economy can benefit from export of electricity to the rest of the UK, and contribute to the wider goals of the UK Climate
Act and EU renewable energy targets.

Is there a case for building interconnection out to a greater capacity or more rapidly than the current ‘cap and floor’ regime
would allow beyond 2020? If so, why do you think the current arrangements are not sufficient to incentivise this investment?

Are there specific market failures/barriers that prevent investment in electricity interconnection that are not faced by other
‘balancing’ technologies? How might these be overcome?



1. Systems thinking: Interconnection should be understood as part of a whole energy system:

e Use of interconnection to increase UK electricity resilience, with a focus on export and ability to be
independent rather than reliance on other countries for balancing the UK system. Internal energy
supply should be prioritised before relying on interconnection.

e  Existing interconnectors are operated according to market signals, and it is therefore difficult to rely on
existing usage to model the potential contribution of interconnectors to balancing and energy
security”. This requires research.

2. Long term framework: infrastructure investment should consider the long term:
e Invest in interconnectors ahead of demand as enabling infrastructure to support long term investment
in Atlantic and north sea wind generation

3. Nested model: Consider interconnection internationally as analogous to connections between regions within
the UK.
e Regions such as Cornwall can be operated to be as self-sufficient in energy as possible locally, whilst
contributing to the wider UK system
e In particular, electricity infrastructure development should consider the evolving roles of the rural and
urban areas, which have changed since the electricity network was initially designed, with the rise of
high rural generation of renewable energy, as well as urban distributed generation, increased demand,
and potential for demand response.

4. What can the UK learn from international best practice in terms of dealing with changes in energy technology
when planning to balance supply and demand?

Planning to balance supply and demand must involve consideration of demand reduction and management. Future
sustainable energy scenarios in the UK and internationally rely on ambitious demand reduction to achieve balancing®, a
finding supported by our regional level work in the West of England and Cornwall, which modelled a 50% reduction in
demand to achieve an energy island. The UK has the least energy efficient building stock in northern Europe. Energy
efficiency should be established as a national infrastructure priority, and the business case for investment in demand
reduction should be supported through appropriate pricing and tariff arrangements. The rate at which technology is
changing, particularly in the area of decentralised generation is forcing reactive change in both physical infrastructure
and incentive programmes, for example the rapid reduction in cost of solar PV since the introduction of the Feed in Tariff.
The implementation of relatively mature technology such as thermal insulation, smart metering and demand
management should be accelerated. The development of ‘game changing’ technology such as economically viable bulk
storage and carbon capture appears difficult to predict. The use of Shale Gas should only be developed with a strong
commitment to renewables and low carbon technologies’.

1. Stable and clear energy policy goals: UK energy policy is currently moving against the global trend to
distributed generation as costs for wind, solar and storage continue to fall whilst costs for large power stations,
continue to increase well above the rate of inflation, leading to higher costs for consumers. Having a clear and
consistent policy direction in Germany, with the Energiewende, has driven innovation and activity. The Climate
Change Act 2008 puts the UK in a potentially strong position by setting out very clear goals with respect to CO;
emissions reductions, but recent policy changes have reduced investor confidence and the ability to respond
with agility to changes in technology.

e  Make a clear commitment to a direction of travel that is low carbon, resilient, and affordable.

i.  minimising dependence on fuel imports (including nuclear?)
ii. Clear statement on nuclear
iii. Informed long term planning with respect to Climate Change Act

> http://erpuk.org/wp-content/uploads/2014/10/52990-ERP-Energy-Storage-Report-v3.pdf

® http://www.demandenergyequality.org/2030-energy-scenario.html

7 https://www.taskforceonshalegas.uk/news-and-events/task-force-on-shale-gas-launches
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iv. Cost/medium term viability of carbon capture and storage as a prerequisite for shale gas
development
e Assess long term impacts on bills of infrastructure investment (grid reinforcement) and renewables
(long term fuel-prices etc.), taking into account impact of existing tax breaks and subsidies for fossil
fuels.

e  Prioritise affordability of basic energy access for households, particularly those in fuel poverty
e Address the impacts on energy costs of:

i. Future fuel price instability
ii. Decreased load generation load factor arising from increasing proportion of non-dispatchable
generation (which may change if storage situation improves)

Demand reduction: the UK has the least energy efficient building stock in northern Europe. Building space heat
demand remains a dominant energy demand with its seasonality adversely affecting energy generation and
transmission load factor. If space heating is electrified as part of energy system decarbonisation, this will further
exacerbate the impact on plans to balance supply and demand for electricity. Green deal has not been
successful, but the goal of improved thermal performance of domestic buildings remains an infrastructure
priority, and progress in other countries has demonstrated that significant demand reduction is practical with
current technology. More broadly, other countries have taken a strategic approach to encouraging building
energy efficiency and demand reduction as a key element of energy systems planning:

Performance-based incentives - these have been used to encourage technical innovation in the energy
efficiency market whilst being flexible about how the target is met. Good examples include the NABERS scheme
in Australia or the domestic energy efficiency market in Germany where the availability of low cost loans was
linked to the specific targets being achieved.

Investor confidence - UK investment in energy efficiency and small scale renewables has been undermined by
abrupt changes to the policy regime (e.g. FIT, ECO, Zero carbon Homes) resulting in dramatic collapse of the
supply industries (e.g. Mark Group, Climate Energy) and undermining of confidence for investing in this sector or
the development of new business units within established companies. Other countries have encouraged
businesses to invest their own capital in developing new technologies and business models through providing
long term investor confidence.

Low cost finance - other countries have provided financial support mechanisms that are technology-neutral but
sufficiently long term and low cost as to stimulate a range of technologies and projects to emerge. Good
examples include low interest energy efficiency funds from the German Development Bank KfW and revolving
retrofit guarantee funds in Hungary. Whilst the Green Investment Bank has an important role to play in

crowding in finance and recycling capital for target sectors (e.g. energy efficiency, waste, offshore wind), state
aid limitations have prevented it from achieving the same impact that KfW has managed to achieve.

e  Establish energy efficiency as a national infrastructure priority - Government should invest in energy
efficiency as a national infrastructure priority and realise the strong macroeconomic benefits that have
been clearly articulated in reports by reputable experts including Cambridge Econometrics. These
include tax returns to the exchequer, job creation, regional economic growth, reduced spend on health,
improved energy security and cost-effective achievement of carbon targets.

e Create a demand reduction roadmap - Establish a clear road map for supporting demand reduction
and energy efficiency including targets, milestones and support mechanisms.

e Reform energy pricing within other European countries suggest pricing can be raised through taxation
to both incentivise demand reduction and fund demand reduction programmes focussed on those in
energy poverty. Tariff structures such as rising block tariffs could further support this.

e Develop clear policy and structural incentives to stimulate investment in energy efficiency. The UKGBC
consultation response on “Reforming the business energy efficiency tax landscape” provides a good
reference point for the qualities that need to be achieved, including:



i. Transparency — the final policy mix should make it easier for participants and external
stakeholders to understand how their energy performance compares to their peers and to
invest accordingly

ii. Visibility — the drivers for action under the new landscape must be clear and visible, so that
they attract the attention of senior decision makers

iii. Consistency — as stated above, creating a new regime that is has longevity is absolutely
critical. It should be consistent with the UK's long-term climate and energy needs, to avoid the
risk of near-term changes disrupting investment.

iv. Ambition — as stated in the consultation document, the final landscape must improve the
business case for investment in energy efficiency if we are to deliver a more productive,
efficient, low carbon economy. It is extremely unlikely that simplification alone will achieve
that aim.

The UKGBC Retrofit Incentives task group evaluated a series of potential mechanisms for the non-
domestic sector including variable Stamp Duty, Council Tax and Grants.

Heat supply: heat networks predominate in many Northern European cities. They are a long term investment,
and although the argument can be made that thermal transmission losses negate efficiency benefits in central
heat generation, they allow: flexibility to change heat generation to suit: evolving technology; tightening carbon
reduction targets; and periods of surplus energy production — e.g. wind energy to heat; as well as access to
waste heat sources and reduction in seasonal electrical demand.
e Increase support for public (through local authority) development and ownership of integrated utility
distribution networks (particularly heat)
e Repurpose bodies such as the Green Investment Bank to provide competitive finance for publicly
owned distribution networks

Bulk energy storage vs carbon capture and storage - the development of these technologies appears slow
and is under supported in the UK. Other northern European countries do not predicate the success of their
medium term (10-20 year) energy strategy on the success of this technology. This partially due to a desire to
limit dependence on fossil fuel importing but nevertheless significantly greater emphasis is being placed on
integrated bulk energy storage in other countries.
e Set required deployment dates for bulk energy storage and carbon capture and storage against
Climate Change emission reduction.
e Setin place decision dates at which point deployment of an alternative approach is necessary if
evolution of required carbon capture and storage or bulk energy storage technology appears unable to
meet target deployment dates.
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Dear Sir,

| am aware that you are currently looking at aspects of the energy sector and write to highlight some of the
concerns we have around the current market design.

We are also members of Energy UK and have fed into their response, but thought it worth pointing out some of
our particular concerns too.

As an overview | think it fair to say that the results of the second capacity auction have confirmed the fears of
many. The interventions of recent years, including the fundamental design of the capacity mechanism itself,
have created a market that is not stimulating sufficient investment. Any investment that is forthcoming, is focused
on generation types inconsistent with Government and EU policy objectives.

We believe there are several areas that need to be scrutinised to get us closer to being an efficient and fair
market conducive to investment, as had originally been intended. At an overview level, we believe that
Government policy must aim to create a long-term, stable environment based on market-based mechanisms
that will address the ‘energy trilemma’ by creating proper market mechanisms that allow these objectives to be
met.

We are encouraged by the initial commitment of the new Government to move to a less intervention, more
market-based approach and are keen to help them address the current challenges. In particular, we believe the
following aspects need urgent attention:

Market design

e The current capacity market design is generally accepted as being flawed and is characterised by
vested interests seeking bespoke solutions. As a result, it fails to encourage new build of the type required
by the market (ie new CCGTs) and, more worryingly, is failing to give meaningful incentives to existing
CCGTs to remain open.

¢ The in-built distortion between new build and existing capacity, the artificial encouragement of coal
stations to refurbish and the failure to address how the capacity market interacts with other distorting
incentives for embedded generators have left a market that is encouraging new build diesel generators
over CCGTs and failing to stop existing CCGT stations from closing.

¢ The capacity market needs changing radically and urgently if the UK is to avoid a capacity crisis. We
are encouraged by the Government’s latest consultation in this respect, but would urge that any design
changes focus on providing a market that allows a proper pricing of firmness and flexibility across all
generation types, and that minimises the subjectivity available to the system operator.

Interconnectors

¢  Whilst we understand the desire for greater inter-connection across Europe, this must be done in a way
that does not distort price signals to other generators. Unfortunately, due to artificial ‘subsidies’ such as
the absence of carbon pricing and distortions around transmission charging, inter-connectors are not
competing on a level playing field with other types of generation.

e This naturally makes the market far less attractive for new investment in conventional gas generation. As
an example, new-build interconnectors can bid into the capacity market in direct competition with new
build CCGTs, whilst the certainty of energy output that they provide at key times is clearly different as
energy through an interconnector will flow in either direction depending on price signals (so could
actually deliver negative generation at times of crisis). This should be compared to the generation
certainty provided by existing or new CCGTs.
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Flexibility

¢ Demand side and embedded generation provide many opportunities for increasing the flexibility of the
system but there should be a level playing field across all technologies and additional impacts, such as
grid costs borne elsewhere, must be included in any cost benefit analysis.

e In addition, one form of generation should not have access to sources of revenues that others can’t
compete with (eg triad avoidance, STOR contracts, etc) whilst then competing in the same capacity
market. Given these distortions, it should come as no surprise that new diesel engines are winning
capacity contracts ahead of new CCGTs, despite the fact that they have a much higher average
running cost and produce far more pollution. This same effect is also suppressing the clearing price of the
capacity market, threatening the sustainability of existing, efficient CCGTs.

Storage
e The barriers for storage appear to be mostly technical and economic and we don’t believe that
subsidies in any form are warranted, as any UK subsidies will have minimal effect and are likely to give

negative returns for the UK tax payer due to the global nature of storage development.

| hope that these points will help with your thinking and would be happy to discuss them further with you, or one
of your team, should you find that useful.

| can be contacted at [email address redacted] or on [phone number

redacted]. Yours faithfully

Kevin McCullough
CEO
Calon Energy Limited
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Electricity Connection and Storage — Submission to the National
Infrastructure Commission from the Cheshire and Warrington Local
Enterprise Partnership

Cheshire and Warrington Local Enterprise Partnership

The Cheshire and Warrington Local Enterprise Partnership (LEP) is a private-sector-led partnership
charged with driving the economic growth of the Cheshire and Warrington Sub Region and is one of
39 LEPs in England. Established in March 2011 it covers the three Unitary Authorities of Cheshire
East, Cheshire West and Chester and Warrington, an area of approximately 871 sg. miles.

Summary

The Cheshire Warrington Local Enterprise Partnership is keen to respond to the Call for Evidence
issued by the NIC, however we acknowledge that the questions posed are, on the whole, very
specific and technical in nature. As such the LEP does not have the level of expertise to answer these
in its own right, however the Cheshire and Warrington Sub-Region is home to a number of nationally
significant energy-related companies a number of whom we have consulted with through the
Cheshire Energy Hub (http://www.cheshireenergyhub.co.uk/).

One of the lead partners in the Energy Hub, EA Technology, has responded to the Call for Evidence in
its own right and we have restated their response as Appendix A. Further information is included
below in respect of the barriers to deployment of energy storage.

In terms of key points we would wish the Commission to ‘take away’ from the evidence submitted,
these would be: -

e Continued investment in the development of energy storage capability and technology will
be critical in ensuring energy security and continuity of supply. Having a reliable, affordable
energy supply is crucial for many of the key industrial sectors based in Cheshire and
Warrington and without out such security future investment in new products and facilities
could be at risk.

e Supporting the development of SMART Grid technology will be an important element of
enabling creation of a more responsive, flexible energy market.

Context

Strategically located between the Core Cities of Liverpool and Manchester and with close to a million
people our Cheshire and Warrington is one of the most successful economies in the country.
Generating in excess of £23 billion of GVA per year, our sub-region has a workplace GVA per head
consistently above the national average and around 30% higher than any other economy in the
North of England.

Based on latest 2014-2015 economic data, Cheshire & Warrington is:

e A major economy with a large cohort of world-leading firms, with an annual Gross Value
Added (GVA) of over £23bn, and 430,000 work-based employees. The C&W economy is
equivalent in scale to cities such as Birmingham and Leeds. The sub-region’s key firms include
Bentley Motors, Tata, Vauxhall and Barclays, and there are distinctive sectoral specialisms in
advanced, high-value engineering, energy, and professional and business services as well as
growth potential in food, agri-tech and biological engineering.
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o Adiversified and internationally-oriented economy, with around one-fifth of employment in
Cheshire and Warrington in export-intensive industries, the third highest of any LEP area
across England. Cheshire and Warrington has a consistently strong record in attracting new
inward investment compared to the national average, with the area offering a diverse range
of investment locations for investors: in urban centres, in and around attractive market
towns, and in high-quality, yet accessible, rural spaces.

e A private sector-led and knowledge-rich economy, with a high density of private sector jobs
relative to its population, one of the highest outside of the capital. The area boasts a large
private sector business base, with business density rates well above the national average; the
business base contains a well-defined mix of high profile international companies, well-
established and substantial medium-sized companies, and a dynamic and growing small
business base.

e A connected economy, with long established linkages to Manchester and Liverpool and their
city centres, higher education, and innovation assets, as well as strong economic links to
North Staffordshire and the ‘Potteries’, and across the border to North Wales. Our people
and businesses benefit from key strategic transport infrastructure — the West Coast Main
Line, the national motorway network, the M6, M62, and M56 axis — and proximity to
international transport linkages at Manchester and Liverpool airports, and the Port of
Liverpool, but it is recognised that current capacity limit, resilience and journey times
connecting to this key infrastructure remain poor.

Our current Strategic Economic Plan forecasts economic growth of some £12 billion by 2030 and we
are in the process of revising this to target a £50 billion economy by 2040. We would therefore
stress the importance of not restricting consideration on transport connectivity to city regions.
Important as they are, our big cities are not the only source of economic growth in the UK.

Helped by the proximity to key air and sea gateways and trade routes, Cheshire and Warrington LEP
has developed three interconnected spatial proposals that will increase and accelerate growth,
enhancing the sub-region’s economic impact within the Northern Powerhouse and UK.

These spatial proposals are fundamentally driven by enhanced connectivity and strategic transport
investment and are shown in terms of their spatial locations, and spatial interactions with
surrounding Core City Regions and adjacent LEP’s in the figure below.
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The primary aim of the Northern Gateway Development Zone is to capitalise on Crewe’s current and
future connectivity through the arrival of HS2, delivering high speed connectivity to the Northern
Powerhouse 7 years earlier than otherwise planned.

This will help maximise the benefits and growth opportunities as the “Gateway to the Northern
Powerhouse”, supported by productivity critical improvements in term of access to/from the HS2
hub, by all modes.

Across this area as a whole there is the potential to deliver 120,000 jobs and over 100,000 homes by
2040, with supporting, and required transport investment to consolidate early-HS2 benefits across
the North.

Mersey Dee Economic Axis

C&W is building upon collaborative links with the Mersey Dee region to unlock a number of growth
employment sites in Chester, Ellesmere Port, North East Wales and Wirral. These opportunities
have the potential to bring forward:

e Qver 700 hectares of employment land; and 1 million sift of prime city centre commercial
space; and
e Deliver 54,000 new jobs and 41,000 new homes by 2040

Cheshire Energy Hub, based in Ellesmere Port is supported by a number of leading International
energy systems companies based in Cheshire and Warrington including Atkins, Boulting Group, C-
Tech Innovation, CNS (Capenhurst Nuclear Services), EA Technology, Electricity North West, National
Nuclear laboratory, Storegy UK and Scottish Power.
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Thornton Science Park includes The University of Chester’s Faculty of Science and Engineering which
is fast developing into a major energy-focussed research and innovation hub including development
of a Smart Grid systems demonstrator.

There are strong social and economic links in to North Wales and the next generation of nuclear
power station at Anglesey Energy Island.

Warrington New City

Warrington’s connectivity will be reinforced in the future as it sits at the intersection of HS2/ West
Coast Mainline and TransNorth Networks.

The Town's strategic position is at the heart of the M6, M56 and M62, benefitting from significant
growth potential at Port of Liverpool and the string of ports along the Manchester Ship Canal.

Warrington New City, and associated development proposals is anticipated to deliver 26,000 new
homes, and 55,000 jobs; with additional transport infrastructure to enhance strategic connectivity,
enhance resilience of key Pan-Northern and Trans-European networks, and unlock capacity
constraints preventing local growth.

Warrington is home to one of Europe’s most significant clusters of nuclear-related companies
including NNL (National Nuclear Laboratories), AMEC Foster Wheeler and Rolls Royce Nuclear,
providing engineering and consultancy services and research and development activity.
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Responses to Specific Questions Raised by the Commission

The Cheshire Warrington Local Enterprise Partnership is keen to respond to the Call for Evidence
issued by the NIC, however we acknowledge that the questions posed are, on the whole, very
specific and technical in nature. As such the LEP does not have the level of expertise to answer these
in its own right, however the Cheshire and Warrington Sub-Region is home to a number of nationally
significant energy-related companies a number of whom we have consulted with through the
Cheshire Energy Hub (http://www.cheshireenergyhub.co.uk/).

One of the lead partners in the Energy Hub, EA Technology, has responded to the Call for Evidence in
its own right and we have restated their response as Appendix A. Further information is included
below in respect of the barriers to deployment of energy storage.

Electricity interconnection and storage

1. What changes may need to be made to the electricity market to ensure that supply and demand
are balanced, whilst minimising cost to consumers, over the long-term?

e What role can changes to the market framework play to incentivise this outcome:

e Isthere a need for an independent system operator (SO)? How could the incentives
faced by the SO be set to minimise long-run balancing costs?

e Isthere a need to further reform the “balancing market” and which market
participants are responsible for imbalances?

e To what extent can demand-side management measures and embedded generation be used
to increase the flexibility of the electricity system?

2. What are the barriers to the deployment of energy storage capacity?

Cheshire is location for the UK’s largest onshore gas storage facility, one of a number of such assets
which utilise the vast salt caverns found under the sub-region. Strategically it allows security of
supply in case there are disruptions to production, transport or supply. These could be due to
commercial reasons (e.g. somebody else has paid a higher price for the gas), political reasons or an
outage. Gas storage is also important in balancing seasonal variations in consumption where the
winter demand is greater than the summer usage. It can also cover peak demands such as weekday
evenings. It can also enhance the effectiveness of gas transport and production, where it can be
stored locally to where it is being used.

However there are limited areas where the geology is suitable for underground gas storage and as
such this means that such facilities could be located a significant distance away from where demand
for the gas actually is.

In addition to possible financial barriers, there are also Technology barriers to energy storage to
consider. Market failures preventing investment in energy storage are mainly centred on the cost to
develop technologies alternative to existing storage capacity. The dominant technology is pumped
hydroelectric, with around 99% of installed capacity. The possibility to expand this capacity further is
limited, and is in any case not suited for flexible deployment to reinforce the grid in an effective and
cost-neutral manner. A further limitation is its slow response time. The dominance of pumped-hydro
is due to its low cost, typically 100 €/kWh, which is a proven target that any new storage technology
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must approach to be commercially viable. The next most widely deployed storage technology is
compressed air (CAES). CAES is also cost effective, but again limited by the availability of suitable
locations and is typically deployed at a scale of 100s of MW.

The remaining electricity storage technologies are based on electrochemical systems. Sodium-
sulphur (NaS), lithium ion and lead-acid batteries are the major contributors to current capacity. NaS
systems are exclusively produced in Japan and the ability of European companies to enter this
market is limited by the extensive IP protecting this technology. Lithium ion batteries remain
expensive, and due to their high power density, are most suited to smaller scale applications such as
electric vehicles and portable devices. Long term, the use of lead-acid batteries will be limited by the
supply of lead and its perceived negative environmental implications. Other technologies, including
flow batteries, are mainly at the development scale and unproven, with prohibitively high capital
costs (>€1000/kW).

Whilst many energy storage technologies remain within the realms of academic research, aside from
Li-ion, the number of industrial organisations involved in deploying these technologies remains
relatively low. The lack of financial incentives in the way that feed-in tariffs benefited the renewable
generation market, and a lack of understanding of how storage should be integrated into existing
distribution networks are clear barriers to wide-scale deployment of electricity storage. Investing in
these areas will help raise awareness of the capabilities of new and existing storage technologies,
and create interest and investment for wide-scale deployment.

The most likely scenario for future energy storage is likely to be a combination of many technologies,
with solid state batteries and supercapacitors being widely used for short-term energy “power-
hungry” domestic applications (<10’s kWh). For longer term energy requirements (100’s kWh —
MWh), redox flow batteries (RFB’s) have the flexibility to decouple power from energy, and
therefore capacity can be scaled up without the need for additional battery hardware, significantly
reducing costs when compared to other battery technologies.

3. What level of electricity interconnection is likely to be in the best interests of consumers?

e s there a case for building interconnection out to a greater capacity or more rapidly than
the current ‘cap and floor’ regime would allow beyond 20207 If so, why do you think the
current arrangements are not sufficient to incentivise this investment?

e Are there specific market failures/barriers that prevent investment in electricity
interconnection that are not faced by other ‘balancing’ technologies? How might these be
overcome?

4. What can the UK learn from international best practice in terms of dealing with changes in
energy technology when planning to balance supply and demand?
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APPENDIX A - EA Technology Submission provided to NIC.

Electricity interconnection and storage

The following response has been provided under the National Infrastructure Commission’s call for
evidence, published 13 November 2015.

EA Technology has a strong heritage working with the owners and operators of energy networks to
increase their reliability or make them more cost-effective. We have a rich technical knowledge base
and are passionate about using this to deliver economic benefits to our customers, and the customers
they ultimately serve. We have pioneered world-leading developments ranging from intelligent
investment planning software, to electrical energy storage, through to running large scale projects on
electric vehicles.

We therefore focus these responses on the electricity interconnection and storage consultation on
how changes to existing market frameworks, increased interconnection and new technologies in
demand-side management and energy storage can better balance supply and demand.

For more details please contact: [email address redacted]

Changes to the electricity market to ensure that supply and demand are balanced

Domestic energy consumers — representing approximately 40% of UK consumption! — are not
currently exposed to half-hourly balancing costs. There is currently therefore little or no incentive for
individual customers to modify their demand to reduce these costs. The reasons for this lack of
exposure include:

e |egislation enacted to simplify tariffs means that electricity supply companies cannot easily
offer variable half-hourly tariffs (i.e. political constraint);

e the market demand for variable half-hourly tariffs is still to emerge (i.e. economic constraint),
although fixed-time tariffs such as Economy 7 remain popular and account for 25% of
domestic consumption; and

e the smart meters necessary for half-hourly billing are not yet widely deployed in the UK (i.e.
technical constraint).

For non-domestic energy consumers — representing approximately 60% of UK consumption — the
situation is different as approximately 70% of demand is half-hourly metered. Therefore 42% of UK
electricity consumption is potentially exposed to half-hourly balancing costs and could therefore be
incentivised via tariffs to ensure supply and demand are balanced. In practice, consumers do not like
the variability that this entails and so they will generally look for a tariff arrangement that limits their
exposure to this variability.

The result of this is that electricity consumers in the UK currently have very little incentive to ensure
that supply and demand are balanced, even if it were beneficial for them to do so. As a result,
balancing costs will inexorably rise (in the absence of any other controlling factors). This situation
represents a market failure.

L https://www.gov.uk/government/collections/sub-national-electricity-consumption-data
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The need for an independent System Operator

The above market failure can be addressed in a number of ways. The debate is often framed in terms
of a dilemma between the two following choices:

1. should consumers and generators be exposed to balancing costs (thereby applying free
market mechanisms to keep balancing costs down), or

2. should the task of minimising balancing costs be entrusted to an independent System
Operator (thereby limiting the exposure of consumers and generators to balancing costs)?

EA Technology does not have a strong preference for either option.

We believe that Option 1 would, ultimately, produce the best outcome (i.e. the lowest costs to
consumers, over the long term). However, all the political, economic and technical constraints
described above would need to be addressed beforehand in order for this market to function.
Furthermore, the current half-hourly market (on which all electricity trading is based) may ultimately
be much to slow to reflect the real-time nature of balancing costs, especially as the generation mix
becomes ever more intermittent (see Figure 1). Moving to real-time electricity trading would be a
massive, unprecedented undertaking and not a decision to be taken lightly.
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Figure 1 Increase in in intermittent, non-despatched generation connected to the UK distribution network

Option 2 represents a more pragmatic approach, in that an independent System Operator would
undoubtedly drive incremental reductions in balancing costs over a realistic timeframe. Our concern
is that this approach will not, ultimately, produce the best outcome. The System Operator may have
only limited authority over the real-time behaviour of generators (especially distributed generation)
and will have little or no control over consumer behaviour (unless the political, economic and technical
constraints are addressed, as above). Therefore, rather than influencing generator and consumer
behaviour to minimise balancing requirements, the System Operator is likely to respond to balancing
issues through costly infrastructure investments and changes to operational procedure — over
timescales measured in years. This is very different from being driven solely by a desire to reduce
balancing costs. In this light, it is hard to conceive of an appropriate set of financial incentives for the
System Operator that would —somewhat perversely — need to offer greater rewards as its services are
needed less and less.

Interconnection versus balancing
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On a small highly islanded electricity network, balancing is a real-time, technical imperative. Without
balancing, the lights go out. Instantly.2 Keeping the lights on can result in very high balancing costs.

On a heavily interconnected network (with the necessary robust transmission infrastructure)?,
balancing costs are less of an issue. Generators generate, consumers consume and the market takes
care of the energy pricing. Local system operators manage power flows as best they can, but can
(generally) fall back on the backbone transmission system as needed. This results in very low balancing
costs.

There is therefore an opportunity to reduce balancing costs by increasing interconnection.
A market opportunity

EA Technology believes there is a strong case for using market mechanisms to minimise balancing
costs to consumers over the long term.

However, EA Technology does not believe that an electricity market based around half-hourly energy
prices is the right market mechanism to reduce balancing costs. Even with significant reform and
investment, it is hard to imagine how variations in half-hourly pricing can achieve the desired
outcome; if energy consumers are exposed to sudden price spikes, the outcome is likely to be anger
and dissatisfaction directed at “those in charge” rather than any meaningful change in behaviour.

On the other hand, consumers are more likely to change their behaviour if offered a direct reward for
any change they make. If inflexible generators (and network operators) are exposed to significant
balancing costs, they may well be willing to pay consumers directly to help them reduce these costs.
If this were a direct payment — outside of any half-hourly trading mechanism — then this would
immediately address the three constraints identified above:

e there would be no change to domestic energy tariff arrangements between consumer and
supplier;

e demand would be created by the offer of a payment to those able to change behaviour to
address balancing costs; and finally

e the implementation of this market framework would not necessitate smart meters.

We believe that a new ‘direct balancing market’ mechanism that exposes market participants in the
following way would produce the desired outcome:

System Operator sets the balancing price for a specified period

Flexible generators adjust their output during this period to minimise balancing charge
Inflexible generators either pay the remainder or pay flexible consumers to help minimise it
Flexible consumers modify their demand in return for payment from inflexible generators
Consumers who choose to remain inflexible do not benefit from such payments

vk wnNeE

Only those consumers participating in balancing activities need to have a measuring device or other
mechanism to confirm participation. This would offer far more opportunity for innovation over what
can be achieved using a typical domestic smart meter e.g. use of smartphones to provide monitoring
and/or evidence of behaviour in return for payment. Furthermore, because there would be an active
market in influencing behaviour to minimise balancing costs, together with a clear financial advantage
for flexible generation over inflexible generation, any dependence on the independent System

2 http://www.independent.com.mt/articles/2014-01-09/news/widespread-power-cut-3641016320/
3 http://www.entsoe.eu
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Operator to manage these costs is reduced. The System Operator merely needs to set the balancing
cost and let the market take care of the rest.

The effectiveness of Demand Side Management

Demand Side Management is sometimes referred to as demand side response. This alternative term
recognises that demand isn’t something that can easily be “managed”. However, it may be possible
to shift useful amounts of demand using appropriate signals and incentives, at the same time as
ensuring that customers retain overall control over their electricity consumption.?

The understandable concern about this more voluntary approach is that it may be ineffective: what if
consumers are unwilling (or unable) to shift demand in response to these signals? Won’t this lead to
significant imbalance?

Such concern is well-founded. There is relatively little deferrable load currently in consumer premises:
other than cooling and heating, most existing load (such as lighting and cooking) cannot be deferred
for long. However, this rather pessimistic outlook ignores the fact that there are very significant
changes occurring (and about to occur) in electricity usage patterns. The most significant changes
include:

e The connection of photovoltaic (solar) generation to domestic premises (3kW-10kW+)
e The use of heat pumps for heating (3kW-15kW+)
e The charging of electric vehicles (3kW-10kW+)

These new electrical loads all share some interesting characteristics:

o They are all significant — often much bigger than existing domestic loads
e They are all becoming increasingly commonplace
e They are all controllable and/or deferrable to some degree

The Transform Model® developed by EA Technology has shown that demand will change significantly
moving forward with the electrification of heat and transport and the proliferation of small scale
generation (and potentially, small scale storage). Furthermore, recent work by National Grid with
Element Energy® has indicated that, by 2030, the contribution of such deferrable loads could provide
over 80% of GB’s requirements. This is because loads such as electric vehicles are plugged in for an
average of 8 hours per day, but only require 3 hours to draw charge, meaning the window within this
load can be managed is significant.

The opportunity is there for these new loads to play a significant and increasing role in minimising
balancing costs. The technology is already available: EA Technology / SSEPD’s My Electric Avenue
electric vehicle project® has shown beyond doubt how its Esprit managed electric vehicle charging can
deliver significant shifting of electric vehicle loads without detriment to the customer experience.
What is currently missing is any market mechanism to enable adoption of such technology. This is the
opportunity currently available to the UK and we urge the National Infrastructure Commission to play
a key role in realising this outcome.

4 Koliou, E.; Eid, C.; Hakvoort, R.A., "Development of Demand Side Response in liberalized electricity markets:
Policies for effective market design in Europe," in European Energy Market (EEM), 2013 10th International
Conference on the, vol., no., pp.1-8, 27-31 May 2013

doi: 10.1109/EEM.2013.6607403

5 http://www?2.nationalgrid.com/UK/Industry-information/Future-of-Energy/Technology-reports/

5 http://myelectricavenue.info/
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Barriers to deployment of energy storage

The existing energy market and balancing regime considers “generation” (with one set of rules) and
“demand” (with another set of rules). Storage technology is unique, in that it can be both generation
and load. Distributed storage is often able to switch from one mode to another in a very short space
of time — yet this is not recognised by the traditional market. The developing UK Balancing Services
market (especially STOR?) provides one model to address this limitation, but unfortunately the
minimum generator size (3MW) is prohibitively large and the frequency of balancing requests (~70
p.a.) much to infrequent to encourage commercial deployment of storage technologies.

Storage operators therefore need to operate two supply contracts — one for demand, one for
generation — with limited opportunity to optimise between them: even if the electricity supply
contract recognises that the storage unit can reduce its demand to zero at any time, it will not be able
to recognise that it could also become a generator (i.e. negative load) at times of high demand.
Likewise for the generation contract, which will not be able to recognise that the storage unit could
become a load (i.e. negative generation) at times of excess generation. Both of these capabilities
would enable storage to contribute effectively to balancing services, but cannot be achieved through
conventional energy trading mechanisms. As a result, the positive contribution that storage can make
to balancing at all voltage levels cannot currently be recognised.

There is another aspect of storage that is often overlooked: such technologies often make use of heat
energy (e.g. phase-change heat pumps, compressed air storage). Unlike electricity, heat is extremely
difficult to transport over long distances and so for these storage technologies to be cost effective,
they must be in a geographically suitable location. The economically ideal location for storage would
contain a synergistic mix of local heat and electricity demand that can be balanced off using the
storage unit. Heat energy is not regulated and can be traded locally; unfortunately the same is not
true for electrical energy. If storage operators want to make use of the local electricity grid, they can
only do so by trading through the energy market — which, as described above, does not recognise the
contribution that storage can make to balancing services.

EA Technology believes that two changes to the existing market would enable greater uptake of
storage capacity:

1. The enabling of “Storage” connection agreements and tariffs, instead of requiring storage
operators to hold both “Generation” and “Supply” contracts.

2. The enabling of electricity to be traded directly between third parties over the local electricity
network (via contract with the local electricity network operator), without requiring
participation in the national electricity market.

It is realised that the above proposals would represent a radical shift away from the national half-
hourly trading regime and we recognise that such market freedom may be somewhat risky of adopted
on a large scale. However, we think there is a case for trialling these freedoms with small scale storage
units. Not only would this remove a significant barrier to the uptake of storage, but also the behaviour
of these smaller units could be closely observed with a view to further relaxing national trading
arrangements as more is learned about the contribution that storage can make to balancing.

Such wider uptake should also drive down the price of storage technology — an issue that must be
addressed if storage is ever to make a significant contribution to balancing service.

7 http://www.thinkinggrids.com/ancillary-services/stor-provides-short-term-generation-support-and-cost-
62m-in-2014-2015
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Appropriate level of electricity interconnection

As described above, increased interconnection leads to reduced dependence on balancing services. In
EA Technology’s view, the economic case for increased interconnection should always be weighed up
against the economic case for reducing the requirement for such interconnection through demand
side response. The optimum mix of interconnection and demand side response will change and
develop continually. We believe this mix should be determined though market mechanisms wherever
possible.

The ‘cap and floor’ regime provides a useful mechanism to encourage the building of interconnection.
Our primary concern is that such market “distortions” might encourage building of interconnection
when it is not needed (if the floor is set too high) or discourage the connection of necessary
interconnection (if the cap is set too low). There does not appear to be any reflection in this
mechanism that the actual need for interconnection may change over time. Given the significant
changes expected in electrical demand patterns that is expected over the lifetime of these ‘cap and
floor’ contracts, we think there is a high risk of an eventual mismatch between the level of required
interconnection and the level that is actually built.

The ideal approach would be to expose interconnection, demand side response and storage to the
same market drivers — given that they all contribute to the same outcome i.e. a balanced system. We
would encourage further discussion and analysis on whether the ‘direct balancing market’ proposed
earlier in this response could be usefully extended to interconnection providers as well.

International best practice

An example of allowing consumers to participate in the market via a mechanism other than through
smart metering tariffs is that provided by Powershop in New Zealand.® This is a model whereby
customers have the option of purchasing different ‘packs’ of electricity units at different prices in
advance of using them. In this way, customers can purchase units at a saving compared to the standard
tariff. The interface is accessible via an app on the customer’s phone or tablet, putting them in control
of their energy purchase, and allowing them to monitor their consumption. This model is soon to be
brought to the UK via partnership with RWE npower®.

8 http://www.powershop.co.nz/
% http://www.npowermediacentre.com/r/5298/rwe_npower_and_meridian_energy_limited_enter_into
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Electricity Interconnection and Storage

Q2. What are the barriers to the deployment of energy
storage capacity?
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The National Infrastructure Commission is to carry out independent and unbiased
assessments of the UK’s long-term infrastructure needs, including a specific study on
how the UK can better balance electricity supply and demand. Below is Capita’s
response to one set of questions relating to the barriers to the deployment of energy
storage capacity.

Capita Plc is interested in supporting the development of a low carbon economy in
the United Kingdom. Capita is already heavily involved in the UK energy industry,
primarily by running the top-level control software behind the UK’s largest existing
battery storage facility in Leighton Buzzard and establishing and managing the smart
metering data and communications infrastructure for the GB roll-out of smart meters.
Capita has an active CSR policy and has been recognised and listed in the
FTSE4Good Index for 14 years.

The NIC is interested in ensuring the energy market and operators manage an
effective supply, but they are also tasked with assessing how the UK will remain
competitive in this area in comparison to other G20 countries. This means that the
key characteristics of the national electricity supply can be described as the following:

Secure, stable and safe from failures

As low carbon as possible

Available at low cost to consumers

As far as possible self-sufficient (as per the remit for the NIC)

To reduce its carbon footprint, the UK is investing significantly in renewable energy,
which causes some new difficulties for maintaining system stability. Due to the
reduced control over the energy source (wind and solar) and reduced system inertia
provided by these generators, a greater proportion of renewable energy generation is
making system balancing more difficult. This will be seen in a decrease in frequency
stability in the electricity signal. In order to pursue the low carbon economy, it is
important to invest in technologies such as energy storage that enable the effective
use of more renewable energy sources. At the same time the cost of batteries has
reduced sufficiently, which means it is now possible to build Grid scale energy
storage capacity that can respond very quickly to imbalances in supply and demand,
providing the potential for frequency response services that have previously been
unavailable. The lower costs of energy storage technologies open up the possibility
of building assets dedicated to providing balancing services, rather than balancing
activity purely being an ancillary service for an asset built primarily for a different
purpose. Such assets can offer a high availability, providing a greater certainty for
system stability. They also have an advantage over the use of Interconnectors,
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because it can help the UK be more self-sufficient and competitive amongst the G20
members.

Pricing structures & uncertainty

There is currently limited price information available for balancing-only services,
which makes investment decisions for constructing purpose-built assets more
difficult. Generally, the business cases for non-purpose-built assets are not
predicated on balancing service prices, and so they have already made investment
decisions based on more predictable revenues. This isn’t possible for investing in
dedicated assets, so to take advantage of the greater speed of response and
availability these new technologies can offer, there should be greater transparency
on expected market prices.

Part of the issue is that the value of fast response balancing services is not clear; no
exhaustive end-to-end business case is available that describes exactly the intention
for its use. Being able to respond to imbalances quickly should support a more stable
network better than slower responses, but it is not yet clear if such a service would
replace existing services or be additional to them. The uncertainty of the future
demand adds risk to the investment of these assets. Moreover, the value of the
generation/absorption capability of energy storage might change under different
conditions, but it is unclear if the price will change to reflect this. For example, in low
demand periods, generators are paid to constrain their output, but instead, an energy
storage asset could absorb excess energy and then use it in high demand periods.
This would likely save the consumer money, but the price might not reflect this
system benefit. It would help to improve the visibility of potential price-points and
mechanisms.

Contract lengths

The last major ‘balancing technology’ facility built in the UK, the Dinorwig hydro-
electric facility, was a multi-hundred-million pound investment made by the state on a
business case with a long payback period. Currently, there is a call for more
investments to be made nationally, but for contracts that are being let only for short
periods. Since the predictable revenue period is so much shorter than the life of the
assets being built, capital expenditure will be amortised over the contract term,
meaning the short contract durations will artificially inflate costs significantly. In order
to address this, longer-term contracts should be let.
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Regulation & charges

Energy storage investments face significant regulatory uncertainty around charges
and obligations, particularly for larger scale facilities. This is one of the most
significant market barriers that is solely in the control of regulators and network
operators, and should be addressed with urgency. National Grid and Ofgem should
be supported in fast-tracking the update of regulation, but also in providing clarity on
short term exemptions for assets to be built within the next two years.

Some mandatory requirements set out within the existing regulation are counter-
intuitive for the new technologies providing new balancing services. For example,
assets with a large generation capability are required to provide continuous output
through a wide range of system frequencies. This makes sense for a generator
sourcing its energy from carbon-based materials, but a battery will have a finite
capacity before needing to recharge. Enforcing this requirement would require the
batteries to be oversized, adding unnecessary cost to the consumer. The new
frequency response services are also described differently to mandatory frequency
response criteria, but it is not clear if the service description supersedes the
regulation.

Battery storage technology will also respond to high frequency (generation higher
than demand) in a different way to traditional FFR suppliers, in that instead of
reducing output, it absorbs energy from the grid and acts like an increase in demand.
Even though the facility would only be storing energy to be released later, under
existing regulations, the facility would become a consumer of energy, requiring it to
pay both for the supply of electricity, but also consumption tariffs such as use of
system charge, the climate levy and feed in tariffs These are not required to be paid
by traditional suppliers, and causes an unnecessary barrier on energy storage. As
these charges will also be paid by the end consumer, this will lead to a double
recovery and artificially increase the operational cost of storage facilities. In
summary, frequency response criteria designed quite sensibly for generators, aren’t
necessarily appropriate for such fast response, short-duration facilities.

It is particularly worth exploring the application of the climate levy more fully. Energy
storage facilities are to be built specifically to enable the UK to move towards a
reduced carbon footprint and reduce the human impact on the climate, and yet
because they currently need to fit with existing regulation, they would be charged as
an end user. It is counter intuitive to place a charge designed to reduce the UK’s
carbon footprint, on technologies that also reduce the carbon footprint. This creates
an unnecessary barrier, and increases the cost to consumers for this development.

Planning permission

Another area of uncertainty is on obtaining planning permission for these
investments. There is no current definition of asset class for energy storage, so these
facilities risk being classed as large scale generation in spite of the characteristic
differences. In particular, for battery-based technology, there are no large chimneys
releasing by-products, the noise levels are lower and the equipment could largely be
contained, and look less ‘industrial’ than a large generator. A balancing service is
also of a national benefit that is being requested with some urgency, and so a
national fast-tracked planning process would be a significant benefit. The NIC should
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look at ways to speed up the planning approval process for large scale storage
projects.

Site availability

But even before seeking planning permission, there is a limited availability of suitable
sites for large storage facilities. This is driven by both the physical land requirement
and also the capacity of the electricity network local to the intended connection point.
Mothballed generators, often designed to use carbon-based fuels, are included in
calculations to understand network capacity, meaning they can prevent other assets
connecting even if they are not expected to use the capacity allocated to them.
Energy storage can be provided by new technologies, meaning it is appropriate for
new companies to enter the market, but they won’'t necessarily own existing land
near connection points. Owners of that land are not incentivised to sell, and so
suitable sites could remain unused. Given the national interest in energy storage, the
NIC could look into ways to develop a “use it or lose it” approach to plots that meet
the criteria for new balancing services.

One of the important factors of developing and investing in new technology is
ensuring best value for the consumer. The requirement for a national balancing
service capacity could be satisfied by multiple small storage assets or fewer large
storage assets, but at Capita we believe smaller storage devices would represent
poor value to the consumer. Using fewer larger facilities would benefit from
significant economies of scale, particularly by reducing the cost of grid connections
and sites.

Energy storage provided by battery technology can be used for multiple services, and
when connected at a distribution level, it can be deployed to provide stacked services
that can benefit local priorities as and when required. However, to support the
national system stability through frequency response services, it is advantageous to
connect onto the transmission network, as this improves availability and alignment to
national priorities. Distribution Operators could choose to prioritise local requirements
over national requirements at any given time, which risks diminishing the value of the
assets employed to the National Grid. Equally investors may choose to stack
services when connected at the DNO level to drive maximum ROI, supporting DNOs
with specific local challenges through services such as peak shaving and voltage
support. This could further limit the reliability of balancing services for National Grid

Distribution Operators have expressed concern over installing fast responding
balancing assets near consumers, as they could cause high rates of change of
voltage. This could at best cause a DNO to limit the use of the asset for frequency
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response to protect local security of supply, or at worse could cause inconsistent
supply for a consumer. This issue is reduced if the asset is connected at a
transmission level, due to the increased distance from consumers and the higher
network voltage at the point of connection.

While we recognise that domestic services will play their part, wholesale changes to
the UK energy landscape will be required. The UK will need to rollout smart
metering, time of use tariffs and have more intelligent customer interaction before
domestic balancing services will be fully viable. Only when smart metering is rolled
out will we be able to determine if they change consumer behaviour. Along this path,
there will likely need to be better understanding on how to regulate domestic
services, before they can be designed into the national balancing strategy.

In the near future a large scale energy storage facility (potentially 100MW+)
connected to the transmission network delivering dedicated balancing services would
be valuable in securing resilient and cost-effective infrastructure. This should be
complemented by smaller scale (~10MW) facilities on distribution networks providing
non-dedicated services, and supporting local requirements. It is difficult to determine
the scale required in the future, however it is generally agreed that the amount of
storage on the network will need to increase significantly to meet some of the
challenges on in the near future such as decreasing system inertia and larger
potential infeed losses.



From: Martin Crane [email address redacted]

Sent: 08 January 2016 23:51
To: EnergyEvidence Infrastructure-Commission
Subject: Value of district heat to electricity networks

My experience is in district heating so will confine my comments to this area.

The economic opportunity for DH is in area of high heat density eg city centres, where individual renewable energy
solution are not practical eg limited roof space for solar and air source heat pumps. Potentially DH could also work in
small rural centres. Both these applications of DH would be displacing the use electricity for heating — so the there is
an immediate reduction in electrical demands and most probably peak electrical demands.

The heat sources that DH uses can have significant benefit electricity networks. Gas CHP installed with thermal
storage (large hot water tanks) can respond to price signals so it generates at times of high electrical demand and is
off at times of low demand. A well designed UK new build DH scheme with CHP will have sufficient thermal storage
to make the time of electrical generation independent of the times of heat demands over the period of 24 hours.
Typically the thermal store size will supply all the overnight (the off — peak electricity period) heat demands on the
DH scheme. In Denmark the electricity price signals have led to thermal storage on gas CHP schemes being sized
such that the CHP does not need to operate at the weekend (as the electricity price is lower). With the correct price
signals CHPs could be sized larger and thermal stores sized bigger to allow the CHP generation to be focused into
smaller higher price portion of each day. This is all tried and tested, bankable technology. Price signals should be
easy to set up to incentivise optimal CHP operation. An SSE DH scheme | have helped design will when fully built out
to serve 4000 new flats in London will generate 2200kW — just over 0.5 kW per flat, this generation should be
operating through all the winter evenings when the grid demand peaks. The annual CHP electricity generation per
connected flat is 2.6MWh per year (equivalent to the electricity demand for heating / DHW in a similarly size new
build electrically heated flat, or 2 heat pump heated flats). There will across a fleet of CHPs connected to DH and
Heat pumps in dwellings a high correlation between them operating — the CHP operating hour matching the heat
pump operation (except where the price signals has got the heat pump operation moved to the off peak periods).

There is a clear benefit from gas CHP, and | would suggest that gas CHP is one of the most beneficial uses of gas, the
electrical efficiency at 37% (gross) vs 52% (gross) for a CCGT is lower but the use of heat can lifts the overall
efficiency up to 85% (gross) if supplying a well-designed (Danish standard) DH network, the current UK design
practices means only 78% efficiency is achieved at best and with higher heat distribution losses. This crude efficiency
analysis overlooks the fact that the extra electricity from the CCGT could be more valuable than the heat from the
CHP, but to the CHP’s credit is also overlooks the flexibility and potential speed of response of gas CHP with a start
up time of a few minutes and that the CHP is at the demand end of the distribution network so reducing losses and
reducing the need for grid reinforcement. The network loss reduction is greater than the average network losses as
the CHP will tend to be operating at times of higher network loads which are times of higher losses.

Thermal storage can also help at times of surplus electricity, again look to Denmark to see that district heating
operators (responding to straight forward price signals) are installing heat pumps and even direct resistance heaters
to use surplus electricity — eg at times of high levels of wind generation. So the thermal store on the DH allow this
electricity to be usefully consumed. At other times of low power prices the boilers would operate rather than the
CHP so not adding to the generation at time of surplus / lower power prices.

Benefits of DH post natural gas, DH allows the use of the all the heat that most ‘Energy’ from Waste plants in the UK
currently throw away — so this will reduce future electricity demands. DH networks with thermal storage can use
heat pumps in place of the CHP and use the thermal stores so the heat pumps operate at the time of cheapest
electricity availability, or DH could be heated from biomass or from CHP fed from AD plants or geothermal or solar
thermal.... The benefits of DH is the flexibility in that one plant change can change the main heat source for a whole
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town — which is somewhat easier than a number of thousand of individual changes of heating plant. DH also allows
the use of heat generation solutions that are not possible on a small scale eg AD, EfW, or are less efficient at a small
scale eg gas CHP. DH could take heat from large scale thermal power stations — it just at the moment no UK DH
network is large enough for the economics of connecting to a large power station to be viable.

Question 1
DH with thermal storage and CHP can provide significant benefits to the electricity system. As can DH with thermal
storage to usefully soak up excess electrical generation.

Question 2

Very pleased to see the question phrased as ‘energy storage’ not ‘electricity storage’. DH and the storage of heat
can offer scope for CHP to operate when network needs power and for heat pumps and direct electricity heating to
operate when there are power surpluses. The scale of DH means these operations would be undertaken by a
relatively small number of DH operators in the UK, potentially easier route to demand management than solutions
on for example thousands of domestic properties to achieve the same demand response.

Question 4
Look at Denmark to see what district heating offers to both reduce peak electrical demands and balance electrical

supply and demand.

Martin Crane CEng MEI
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COUNTY COUNCILS NETWORK

Introduction

1. The County Councils Network (CCN) represents 37 English local councils that serve counties.
CCN membership includes both upper tier and unitary councils who together serve over 25
million people across 86% of England. CCN develops policy, shares best practice and makes
representations to government on behalf of this significant proportion of the country. CCN is a
member-led organisation which works on all party basis and seeks to make representations
which can be supported by all member councils. CCN welcomes the opportunity to respond to
the consultation, and would also direct the National Infrastructure Commission (the
Commission) to the responses submitted by our individual member authorities.

2. CCN councils account for 41% of England’s GVA, a combined output of £527bn. Reflecting this
county areas are also the nation’s most significant contributors to the Treasury. County
economies represent a very healthy mix of occupations — they have above average levels of
skilled trades, managers and senior officials and private sector employment. Additionally the
largest proportion of active enterprises in the country can be found in counties, the total
number of which currently amounting to well over a million. To ensure that these opportunities
are maximised we argue that the National Infrastructure Commission (the Commission) and
government must work with county areas, alongside cities, to develop national infrastructure
strategy and secure investment.

3. Within this submission CCN express our disappointment that the work of the Commission,
leading into the 2016 Budget, will focus on London and big city regions. We set out a number of
recommendations which would give a broader basis for the work of the Commission, to ensure
that vital economic opportunities presented by county areas play a key role in national strategy.

The remit of the Commission — investing in counties and cities

4. Ensuring the right strategic infrastructure is in place will be key to the future economic health
and competitiveness of the country. CCN therefore welcome the formation of the independent
National Infrastructure Commission (the Commission) as a permanent statutory body.
Government has an important role, working with local areas, to prioritise nationally important
schemes, make capital available, encourage private and international investment and enable
areas to raise investment in innovative ways.

5. The overarching role of the Commission is described as carrying out ‘independent and unbiased
assessments of the UK'’s long-term infrastructure needs ... to give clear strategic direction to
industry and government and provide a firm basis for planning and investment.” The Chancellor
has asked that the Commission undertake this role through five yearly National Infrastructure
Assessments (NIA). In support of the first NIA the Chancellor has asked the Commission to
propose some initial schemes for in-depth analysis in early 2016.

6. CCN welcome the introduction of NIAs, as they should ensure greater certainty for private
investors, and provide greater assurance to local authorities and the development industry that



growth is deliverable in a sustainable manner, supported by existing and planned infrastructure.
We strongly suggest that the Commission thoroughly engage with the robust and
evidence based priorities of counties in drawing up their NIA, and in making initial
proposals for in-depth analysis in early 2016. CCN would be happy to facilitate and
support such engagement.

Additionally the Chancellor has written to Lord Adonis, Interim Chairman of the Commission,
explaining that the Commission should concentrate its initial focus on three key areas; northern
connectivity, London’s transport infrastructure, and energy. As these are considered by central
government to be the most pressing for the national economy, and these initial investigations
will influence the 2016 budget. The Chancellor has issued the Commission detailed terms of
reference for these first three projects.

CCN would like to express their disappointment that the work of the Commission has been so
limited in the scope of its initial investigations, which will inform investment and priorities of the
2016 Budget. These initial inquiries focus entirely on London and the northern cities, without
any regard to the rest of the country, except through references to ‘commuter hinterland’.

We suggest that limiting the scope of these inquiries in such a way is not in the best interests of
unbiased assessment of the UK'’s long-term infrastructure needs. We argue that strategic
infrastructure investment is as pressing in county areas as it is city areas, that cities and
counties function together, and that county regions represent substantial economic
opportunities which must not be overlooked. These points are explained in further detail
through this submission.

10. To address these points we strongly recommend that the Commission takes a

11.

comprehensive, country-wide approach in making recommendations through its
initial investigations, to inform the 2016 Budget. We urge the Commission to
carefully consider the evidence put forward by CCN members to these initial
inquiries, and broader evidence established through Strategic Economic Plans and
other mediums to help inform this.

We also suggest that the Commission commit now to undertaking specific detailed
inquiries into investment in county infrastructure as part of its next tranche of
analysis and recommendations.

Achieving our shared devolution goals

12.

13.

CCN share government'’s goals to devolve functions and financial freedoms, to bring decisions
closer to the people and business they affect and to stimulate economic growth. To support this
we must ensure that the Commission takes a localist approach and does not inadvertently
centralise powers and decisions. Equally we must ensure that the work of the Commission and
of government considers the economic opportunities in all areas and does not disenfranchise
swathes of the country.

We note that government consider regional transport partnerships / Sub-National Transport
Bodies to be an important stakeholder in the work of the Commission. We believe that in
principle this is supportive of the devolution agenda. For example we are pleased to note that in
its inquiry into infrastructure in the north the Commission will work closely with Transport for
the North (TfN) to establish and evaluate options for investment.



14.

15.

16.

17.

18.

We are also pleased that Sub-national Transport Bodies will involve joint decision making
between the local elected representatives and businesses, the Department for Transport,
Highways England and National Rail. These factors represent meaningful devolution and public
service reform, which we hope will evolve over time.

To ensure that the best value is derived from these approaches we strongly suggest that
where counties wish to be a part of regional transport partnerships / Sub-national
Transport Bodies they are encouraged to do so, and that government publically
commits to promoting and listening to the important voice of counties alongside
cities within these arrangements.

In summer 2015 the Chancellor stated that TfN would be underpinned by ‘devolving far
reaching powers over transport to the North’s Mayor-led city regions to deliver fully integrated
public transport systems’. We must evolve this approach and ensure that the important
economic and logistical hubs represented by counties are equally empowered, and able to
contribute to regional growth. We strongly suggest that transport and growth powers
and budgets are devolved to counties where there are rigorous and appropriate
governance measures in place and without a pre-requisite for metro mayors.

In this context we are pleased that there has been a broadening of the membership of the TfN
Partnership Board in recently months, beyond a city region focus to involve more county
partners in the area. We would expect to see the role and voice of counties in such
arrangements to growth over time, and would expect the Commission to fully consider the
views of counties in its engagement with Sub-national Transport Bodies and individual areas.

Where formal regional transport partnerships / Sub-national Transport Bodies are
not in place, we still suggest that the Commission strive to engage groupings of
local areas to help establish and appraise investment options put forward to
government. CCN would be happy to facilitate such an approach.

Counties role in sub-national transport and infrastructure governance

19.

20.

21.

Counties are ready to take a lead role in driving sub-national transport and infrastructure, with
local, national and international partners. Beyond the TfN example above counties have also
been heavily involved with their city partners in the creation of Midlands Connect. This initiative
has been promoted by Ministers and the Chancellor as a vital aspect of the ‘Midlands Engine’ for
growth. We believe that Midlands Connect will play a key role in the infrastructure, transport
and growth of the area, and would expect the Commission to engage with the board, in the
same way they will engage with TfN.

Elsewhere in the country counties have come together to found England’s Economic Heartland
partnership. It is intended that this partnership will drive innovation in the area, as well as
effective transport and infrastructure strategy. Forums such as this would be the logical point of
contact for the Commission going forward, and help ensure that infrastructure opportunities
from all parts of the country are considered.

In response to the national infrastructure, Sub-national Transport Body and devolution agendas
more groupings of counties, counties and cities, or large county areas may begin to formalise
sub-national transport arrangements. We must ensure that a one size fits all approach is
avoided and that all areas have the chance to take on powers and influence national strategy.

The importance of county economies



22,

23.

24,

25.

26.

27.

To give a sense of scale, counties cover 86% of the landmass of England, they represent 47%
of the country’s population and are responsible for 70% of maintained roads. The combined
population of counties now stands at 25.5m, and has grown 2.6% between 2010 and 2014,
compared to 2.5% in metropolitan boroughs. It is estimated there are 10.6m households in CCN
member councils, which is projected to rise 18% to 12.8m by 2037.

Using the latest data (2013) the economies of the areas served by the 37 CCN councils
accounted for 41% of England’s GVA, up 1% from the previous year, with a combined GVA of
£527bn. This is strong performance compared to other areas of England. Further analysis of
GVA growth since the recession shows that outside of London counties have seen the largest
growth - 36% of GVA growth compared to 13% in the Core Cities. Equally county areas are the
nation’s most significant contributors to the Treasury. The latest breakdown of income tax
receipts show that county populations contributed £66.4bn, which is 49% of all income tax in
England and contributed 41% of all residential stamp duty.

County economies represent a very healthy mix of occupations — they have the highest levels of
skilled trades in the country, above average levels of managers and senior officials and are only
behind London for levels of technical jobs. Outside of London CCN members also have the
highest levels of private sector jobs, and in counties the proportion of private to public sector
jobs is steadily growing over time.

Additionally the largest proportion of active enterprises in the country can be found in counties,
the total number of which currently amounting to well over a million. Outside of London
counties hold by far the largest number of businesses created per 10,000 of population. There
are countless FTSE 100 company headquarters based in county areas, to name a handful BAE
Systems in Hampshire, National Grid in Warwickshire, Next in Leicestershire and Experian in
Nottinghamshire.! Underlining this the Independent Commission for Non-metropolitan England
stated ‘Internationally mobile firms overwhelmingly choose non-metropolitan areas, not
conurbations, as their base if they don't choose London’.

We argue that securing the national economy must take a broader view than simply connecting
city regions together. Evidence is showing that county regions are growing faster than city
regions and that the scale of business undertaken in counties is substantial. Equally evidence is
showing that county areas are some of the most innovative? and that specialisation can be
equally, if not more, successful outside of big city areas.> We must ensure that infrastructure
links cities and counties across sub-national areas and that business and commuting links for
counties are built into infrastructure plans.

Rural areas, the majority of which can be found in counties, are set to become ever more
important to the national economy according to DEFRA. A report of late 2014 found a net
migration from urban to rural areas in England, stating ‘whilst in many OECD countries there
has been a trend towards greater urbanisation, the UK has been experiencing net migration
from urban to rural areas’. This strengthening of the rural economy is associated with
innovation, knowledge-based industries and a strong entrepreneurial make up. DEFRA conclude
'if harnessed, these trends could help drive significant growth in productivity, employment and
output ... for the UK economy’ and ‘could offset aging demographics ... in such areas’.*

1 The Independent Commission for Non-metropolitan England, Devolution to Non-metropolitan England : Seven steps to growth and prosperity, Final
Report of the Non-metropolitan Commission, March 2015

2 DEFRA, How increased connectivity is boosting economic prospects of rural areas, December 2014

3 Respulica, The Missing Multipliers: Devolution to Britain’s Key Cities, September 2014

4 DEFRA, How increased connectivity is boosting economic prospects of rural areas, December 2014



28. Echoing these points the Independent Commission for Non-metropolitan England stated that
‘non-metropolitan areas’ high skills base positions them well for a world where trade is
increasingly blurring the line between goods and services. They have an edge in knowledge
intensive sectors, where getting people around the globe easily can be as important as moving
goods ... Future transport investment decisions will be informed by local and global connectivity,
including the role of regional airports in accessing global markets’.?

29. Many ports, freight routes, airports and logistical hubs sit within counties. These gateways to
international markets must play a central role to infrastructure strategy and not just an
afterthought as means of moving goods in and out of cities. Logistical hubs and routes present
important economic opportunities in their vicinity, alongside their broader reach.

30. Alongside cities English counties have strong identities, commodities and brands which attract
international attention. This is borne out by the number of FTSE 100 companies based in county
areas, but has huge potential to continue to grow. Counties are iconic to British life and
business; they represent the land and the mix of business and lifestyle opportunities which are
attracting big business. They have the high value skills base and growing track record of
innovation and specialisation to service start-up, growing and international business — we must
ensure that physical and digital infrastructure keeps pace with this and helps the nation grow.

Capacity for improved productivity and growth

31. Despite counties’ strong and vibrant economies delivering growth, employment and taxes for UK
Plc, productivity remains a long-term weakness. Figures for counties show that their average
productivity is 91, compared to the UK 100 Index. This is considerably below the London
average of 122, and also the Core Cities average of 94.

32. A key factor in addressing this productivity gap is the right strategic infrastructure interventions.
With this in mind central government and the Commission should work with county areas to
secure investment in infrastructure priorities and devolve growth, infrastructure and transport
powers. CCN have calculated that if counties were enabled to raise their productivity to the
national average, this could contribute an additional £100bn to the UK economy.

The ability of local areas to invest in infrastructure

33. Alongside the devolution of transport, infrastructure and growth powers and budgets mentioned
earlier in this submission CCN strongly suggest that national and sub-national growth will be
maximised by equipping all areas with the fiscal tools they need to invest in infrastructure.

34. Greater London, and now Greater Manchester are able to raise a region wide CIL to fund
strategic infrastructure projects. Equally the Chancellor has proposed that those areas with a
metro mayor are able to increase Business Rates. CCN strongly argue that such powers must be
extended beyond big cities, and must not be arbitrarily connected to the mayoral model of
governance. We strongly suggest that county areas are equipped with a full suite of
fiscal freedoms, so that their businesses and residents are able to decide what
measures are put in place to invest in strategic infrastructure projects.

5 The Independent Commission for Non-metropolitan England, Devolution to Non-metropolitan England : Seven steps to growth and prosperity, Final
Report of the Non-metropolitan Commission, March 2015



Carbon Capture &
Storage Association

05 January 2015

CCSA response to:
National Infrastructure Commission call for evidence

The Carbon Capture and Storage Association (CCSA) is pleased to respond to the Open
consultation on the National Infrastructure Commission (NIC), in particular the remit of the
NIC in relation to the delivering future-proof energy infrastructure.

The CCSA brings together a wide range of specialist companies across the spectrum of
CCS technology, as well as a variety of support services to the energy sector. The CCSA
exists to represent the interests of its members in promoting the business of Carbon Capture
and Storage (CCS) and to assist policy developments in the UK, EU and internationally
towards a long-term regulatory framework for CCS as a means of abating carbon dioxide
(CO,) emissions.

Although the consultation document does not explicitly ask questions about different
electricity generation technologies, CCS on coal, gas and biomass power stations has the
potential to deliver large volumes of clean, dependable (reliable) and affordable energy to
UK consumers. On this basis, and given the specific infrastructure requirements of CCS
projects, the CCSA has provided some high-level comments in response to the consultation
and would welcome further engagement with the NIC as it further develops its thinking.

The value of CCS to the UK electricity sector and wider economy

CCS is unigue amongst low carbon technologies in its ability to reduce emissions from fossil
fuel electricity generation and thereby provide dispatchable’, low carbon electricity. Recent
reports from the ERP and the CCC have found that with an increasing amount of renewable
technologies on the system there is a growing need for zero carbon firm capacity (such as
Carbon Capture and Storage (CCS)) in order to deliver an affordable and secure electricity
system that contributes towards the fulfilment of UK carbon budgets.

Energy systems analysis from across the world has consistently demonstrated that CCS has
an important role to play as part of a diverse energy mix and that it has the greatest potential
to reduce the costs of meeting climate objectives to consumers of any low carbon
technology. The Intergovernmental Panel on Climate Change (IPCC) found in its Fifth
Assessment Report that the costs of meeting 2 degree climate objectives could more than
double without CCS (increasing by more than 138%)?. By comparison, the same study found
that 2 degree objectives could be met without any new nuclear capacity with a cost increase
of just 6% and with only limited solar deployment at a cost increase of just 7%.

A similar conclusion has been reached for the UK through energy systems modelling
conducted by the Energy Technologies Institute (ETI), Energy Research Partnership (ERP)

! Electricity supply that be turned on or off rapidly and ramped up and down according to supply and
demand.
% Fifth Assessment Report: Working Group IlI: Mitigation (IPCC, 2014)



and the Committee on Climate Change (CCC). The ETI, for example, finds that without CCS
the costs of meeting UK climate targets could more than double, costing an additional £32
billion per year by 2050°. Analysis conducted by Cambridge Econometrics for the CCSA and
TUC translates this value to approximately £82 per household, per annum in 2030*. The
recent CCC ‘Power sector scenarios for the fifth carbon budget’ report further highlights that
‘CCS is very important for reducing emissions across the economy and could almost halve
the cost of meeting the 2050 target in the Climate Change Act’.

The initial investment costs of First of a Kind CCS projects in the UK may appear high
(thought to be in the region of £150 - £200/MWh for the first projects that build out
infrastructure) but this will rapidly reduce below £100/MWh as infrastructure is shared,
economies of scale are achieved and the cost of capital comes down®. CCSA analysis has
suggested that a CfD Strike Price of less than £100/MWh can be achieved with just 2.5GW
of installed capacity®. In addition, CCS infrastructure (CO, pipelines and geological storage
sites) can also present opportunities to reduce emissions from the industrial heartlands of
the UK, preserving existing- and attracting new jobs, and unlocking new opportunities for
innovation, for example decarbonised hydrogen production. This value is currently not
captured when the costs of CCS are compared to those of other low carbon generation
technologies.

Due to its flexibility, the longer term value of CCS to the UK energy system is estimated to
be more than £200 billion by 2050. The recent Government decision to withdraw £1 billion
from the UK CCS Commercialisation Programme (Competition) has dealt a significant blow
to the CCS industry and risked significantly delaying its deployment, in-turn putting at risk the
considerable economic benefit CCS has to offer the UK. Government justified its decision on
the basis of affordability and (short term) value for money but maintains the position that
CCS will be important to the UK in the longer term. If the UK is serious about wanting access
to CCS in the future then it is essential that policy focuses on commercial-scale deployment
and developing CO, transport and storage infrastructure. To this end, the NIC should ensure
that the electricity market is able to support investment in CCS-equipped electricity
generation whilst also working with DECC and the Oil and Gas Authority (OGA) to consider
how the UK can most cost-effectively deliver CO, transport and storage infrastructure.

Q4.1 What changes may need to be made to the electricity market to ensure that
supply and demand are balanced, whilst minimising cost to consumers, over
the long-term?

The electricity sector is transitioning to one where all future electricity supplies will be from
low carbon energy sources. In order to balance supply and demand in the future, significant
investment in low carbon generation is required now. With a widespread increase in
deployment of intermittent renewables, thermal generation plants, including those fitted
with CCS, are likely to be increasingly used as back up generation. Although thermal
generation plant are expected to operate at reduced capacity in the longer term future
they will be vital for providing firm and dispatchable electricity and ensuring security of
supply. When fitted with CCS these plant can also provide low carbon electricity and
make a significant contribution towards reducing the emissions intensity of the power
sector and therefore their development and operation should be incentivised
appropriately.

% carbon capture and storage Building the UK carbon capture and storage sector by 2030 —
Scenarios and actions (ETI, 2015)

* The economic benefits of carbon capture and storage to the UK (CCSA, TUC, 2014)

®> CCS Cost Reduction Task Force Final Report (2013)

® Delivering CCS (CCSA, 2015)



To bring forward new low carbon thermal plant policy measures are likely to be needed
to provide revenue certainty in light of uncertain operating hours. In the 2011 EMR White
Paper’, DECC introduced the concept of a ‘flexible CfD’ that combined elements of a
capacity payment with a payment for low-carbon output. Although this idea has yet to be
developed further by Government, the CCSA believes the concept of a flexible CfD has
merit and warrants further consideration as the UK energy system becomes increasingly
reliant on intermittent and inflexible generation.

In addition to an appropriate investment framework that rewards both low carbon
electricity generation and availability, there is a need for additional measures to support
investment in CO, transport and storage infrastructure. Investment in this infrastructure
(e.g. in advance of commercial operations commencing) should be an immediate priority
given that the development of stores, or construction of new pipelines can take between 5
and 10 years before a generation/CO, capture project begins operating. The Zero
Emission Platform — advisors on CCS to the European Commission — published a report
in 2014, which outlined the market failure for investment in CCS infrastructure and
recommended a ‘market maker’ type approach be adopted, based on a public private
partnership to enable investment and reduce risk®. Such an approach may need to be
considered in the UK to secure the necessary investments and warrants further
consideration by the NIC, in conjunction with DECC and the OGA.

Recommendations for the National Infrastructure Commission

Given the significant value of CCS to the UK economy and the unique challenges facing the
public and private sectors in its commercialisation, the CCSA believes that the NIC could
make an important contribution towards the delivery of early CCS projects. It could do this
by:

e Building on existing research and evidence to report on the likely infrastructure needs
relating to CCS deployment in the UK, particularly the CO, transport and storage
requirements necessary to meeting climate objectives at least cost.

e Working in conjunction with the DECC and the OGA to support development of a
strategic CCS infrastructure plan for CO, storage in the UK Continental Shelf
(UKCS).

e Considering and reporting on the need for a strategic CO, transport delivery body, in
particular consideration of a Regulated Asset Base approach that could deliver right-
sized infrastructure and enable economies of scale to be realised.

e Supporting CCS policy development in relation to infrastructure, particularly whether
there is a need for Government intervention to support development of CO, transport
and storage solutions. This issue is also being considered by a Parliamentary
Advisory Group on CCS being led by Lord Oxburgh.

" EMR White Paper (DECC, 2011)
® Business Models for Commercial CO, Transport and Storage (ZEP, 2014)



National Infrastructure Commission call for evidence

Response from the Chief Economic Development Officers Society
(CEDOS)

CEDOS

1. This Memorandum of evidence is submitted by the Chief Economic
Development Officers Society (CEDQOS). The Society represents Heads of
Economic Development in upper tier local authorities throughout England.
Membership includes county, city and unitary councils. The Society carries out
research, develops and disseminates best practice, and publishes reports on key
issues for economic development policy and practice. Through its collective
expertise, it seeks to play its full part in helping to inform and shape national
and regional policies and initiatives.

OUR OVERALL VIEWS

2. We welcome the creation of the National Infrastructure Commission as a new,
independent body which will look broadly at long-term infrastructure needs and
provide impartial advice to ministers and Parliament. However, we note that
detailed work on the purpose and structure of the Commission, its economic and
fiscal remit and its relationship with Government has still to be completed. We
welcome the fact that these fundamental aspects will be the subject of future
consultation, which we will be pleased to engage with.

3. In the meantime, as a national organisation we would like to take the
opportunity to respond to this call for evidence issued by the Commission,
notwithstanding the fact that it focuses on three very specific areas for which
terms of reference have been set out for the Commission, two of which are
limited geographically:

e future Investment in the North’s transport infrastructure;

e London’s transport infrastructure;

e delivering future-proof energy infrastructure.

4. In providing evidence we would like to emphasise the importance of the
purpose of the National Infrastructure Commission as set out in the
Government’s Autumn Statement, to “enable long term strategic decision
making to build effective and efficient infrastructure for the UK”!. We recognise
that the three areas referred to above were stated as the Commission’s initial
focus, when it was launched in October 20152, At the same time, the facts are:
that the Commission is required to report on these three areas with
recommendations by Budget 2015; that it is expected to deliver a long-term
plan and assessment of national infrastructure needs early in each parliament,
setting out what a government is expected to do over the next five years3; and
that the Government intends to publish a National Infrastructure Delivery Plan

1 Spending Review & Autumn Statement HM Treasury November 2015

2 Infrastructure at heart of Spending Review as Chancellor launches National Infrastructure Commission HM
Treasury news release 30 October 2015

3 Chancellor announces major plan to get Britain building National Infrastructure Commission & the Rt Hon
George Osborne MP news release 5 October 2015



next spring, setting out in detail how it will deliver key projects and programmes
over the next five years®.

5. We support the need for action on infrastructure but the reality is that the
Commission will need to consult and take evidence much more widely if it is to
make a realistic assessment of national infrastructure needs to enable
Government to put in place a comprehensive National Infrastructure Delivery
Plan to meet the needs of this country as whole. The current limited focus of the
Commission and the timescale to which it is required to operate are hardly
consistent with the Chancellor’s intention that it will “calmly and dispassionately
assess the future infrastructure needs of the country”.

THE SPECIFIC AREAS BEING CONSULTED ON
Transport infrastructure

6. As a national organisation our evidence concentrates on the one area that has
a UK wide focus - delivering future-proof energy infrastructure. Nevertheless, on
transport we would make the point that important though improving connectivity
between cities in the north of England, and transport infrastructure in London
are, the shortcomings of transport infrastructure in the UK are by no means
confined to these areas. The Commission and indeed the Government will not
need reminding of the commitment to the Midlands Engine, where, for example,
the relationship between the Port of Immingham (the largest in UK by tonnage)
and major manufacturing areas across the Midlands should not be
underestimated.

7. Equally there are significant infrastructure needs in many other areas. An
example that has been highlighted in the soundings we have taken with our
members is the proposed re-instatement of a rail link between Oxford and
Cambridge as a key part of East West Rail, a major project to establish a
strategic railway connecting East Anglia with Central, Southern and Western
England. These and other essential projects need to be addressed if the strategic
aims of achieving consensus and building effective and efficient infrastructure for
the UK as a whole are to be achieved.

Delivering future-proof energy infrastructure

8. It is evident from feedback we have received from our members that an
imbalance between electricity demand and supply is a major issue in many areas
of the country. It is constraining residential projects, wider business
development and growth and is holding back the use and development of
renewable energy projects. For example, we have been told:

e "“There are real issues around poor and unreliable electricity supplies
constraining growth and deterring further business investment. This
affects urban fringes, towns and rural areas” — Dorset;

4 Spending Review & Autumn Statement HM Treasury November 2015
5 Chancellor announces major plan to get Britain building National Infrastructure Commission & the Rt Hon
George Osborne MP news release 5 October 2015



e “The mismatch between electricity demand and supply is a massive
consideration which plays out at local levels as well as on a national scale.
We have met several businesses recently whose growth is constrained due
to a lack of power supply. The cost of installing a new supply is the
responsibility of the first business that uses it and it would be helpful if the
Commission could explore ways of spreading the cost with developers or
with potential users over several years” - Lincolnshire;

e “The distribution network is now at capacity and in some parts of the
county, particularly around the Greater Cambridge area, renewable or
other energy projects cannot be connected to the network without paying
significant grid reinforcement costs, which render most smaller scale
renewable energy projects unviable” - Cambridgeshire.

9. There is a particular issue, which is being experienced in a number of areas,
around the high cost of providing supply when the network is at capacity. As this
is falling on a single user, it is making developments unviable. The Commission
should consider mechanisms to allow for the forward funding and planning of
new energy infrastructure.

The importance of all essential infrastructure

10. We recognise that in this consultation the Commission has had to focus on
the specific objectives set for it. However, in delivering an overall assessment of
this country’s infrastructure needs it is essential the Commission looks at
infrastructure more broadly and does not concentrate exclusively on transport
and energy supply, important though they are. The soundings we have taken
with our member authorities have also highlighted for example, water supply
constraints on industries such as food production in some areas; and the fact
that limited access to digital technology in particular superfast broadband
remains a barrier in too many areas.

11. On the subject of superfast broadband, as we said in our evidence to the
recent Inquiry into the digital economy by the House of Commons Business
Innovation and Skills Select Committee®, digital connectivity is essential for our
economy to adapt, innovate, compete and grow - globally and locally - but as
the Government’s recently published Productivity Plan acknowledges, although
our digital infrastructure is improving, “there are still too many businesses
hampered by slow connections”’. In CEDOS’ view superfast broadband should be
regarded as a fundamental infrastructure in much the same way as electricity,
water and transportation networks are.

12. The Commission must also seek to align with the wider National
Infrastructure Planning Processes, in particular the Planning Inspectorate, to
ensure that the critical planning and consultation processes required for
nationally significant infrastructure are considered as part of the wider delivery
process. Further details of how the Commission will operate with the Planning
Inspectorate are needed.

6 Evidence to the Business Innovation & Skills Committee Inquiry into the digital economy CEDOS October 2015
7 Fixing the Foundations — Creating a more prosperous nation HM Treasury July 2015
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NATIONAL INFRASTRUCTURE COMMISSION CALL FOR EVIDENCE
ELECTRICITY INTERCONNECTION AND STORAGE
Executive Summary - key points of our response

The UK faces an unprecedented challenge in meeting electricity demand in the coming years

National Grid estimates that UK electricity capacity is at its tightest level for a decade. Coal stations are
closing; the UK’s nuclear fleet is ageing with only Hinkley C (earliest start-up 2025) agreed; and old gas-fired
power stations are coming offline.
Renewables have grown, but remain intermittent.
Against this backdrop the UK can balance its electricity needs by supporting larger power stations that
provide capacity; smaller peaking plants as well as other balancing services. Specifically measures would
include:
0 Increasing support for gas power stations to maintain existing sites and encourage new build;
0 Facilitating interconnection with Europe, whilst recognising that interconnectors already benefit
from a number of incentives and cannot be relied upon during times of system stress;
O Supporting and growing Demand-Side Response (DSR) services and Distributed Electricity
Resources (DER), which can help to manage peaks in electricity demand;
0 Support battery storage technology, which could help manage peak demand.

Gas is a more certain source of security, but currently interconnectors receive more support

Interconnectors can play an important role in balancing the UK electricity system, but they cannot be relied
upon for security of supply (as they can export as well as import) and new electricity interconnectors are
already strongly incentivised as Table 1 highlights.

Evidence suggests that interconnectors such as IFA (France-England) cannot be relied upon to flow
consistently to Great Britain (GB) in cold winter periods when French electricity demand for heating may
also be very high.

We believe there is greater incentivisation for interconnection than there is for gas-fired generation in GB,
which is distorting the market and there is evidence that greater encouragement of interconnection would
further damage the economics of domestic gas investment. If not addressed this imbalance is likely to make
the achievement of government policy objectives for gas a major challenge and could potentially threaten
UK security of supply.

Tablel: Incentives and Costs for Combined Cycle Gas Turbines (CCGTs) and Interconnectors showing disparity

Market conditions/rules

Gas Generation

Electricity interconnectors

Commodity market prices

Low clean spark spreads

High geographical spreads

Merchant risk

Substantial

Limited (cap/floor regime)

Transmission charges

Both TNUoS and BSUoS

Subject to neither

Carbon pricing

UK Carbon Price Floor

EUA (ETS price) only

Capacity market

Participates

Participates (from Dec 2015)

Locational incentives

Yes, via transmission charging

No locational price signals apply

structure (known as TNUOS)

The Capacity Market is the correct instrument to support gas, but needs reform

The GB Capacity Market (CM) is an essential instrument for maintaining security of supply; supporting
existing power stations and incentivising new-build gas. We believe it is generally well-designed, but there
are concerns it has procured too little capacity and in two years has not yet delivered any viable, new
CCGTs.

Amber Rudd’s ‘Energy Reset’ speech in November 2015 supported a switch from coal to gas power stations
by committing to the phase out of coal by 2025 and reviewing mechanisms for supporting new-build gas.
We believe that coal stations are on a glide path to closure by 2025 and as more stations close, the
economics for gas will improve. However, this improvement in economics for gas may not be sufficient to
support new investment until 2019/2020 when significant levels of coal have been phased out, which could
significantly threaten security of supply.

The CM should be the mechanism to ensure there is sufficient gas to meet the phase out of coal.
Government has rightly initiated a review of CM arrangements ahead of the forthcoming 2016 auction for
2020/21. In our view the following adjustments would ensure the CM is fit for purpose:



0 review the ‘de-rating’ applied to certain types of capacity (e.g. wind and interconnectors);
0 introduce tougher incentives (penalties) and collateral requirements for new-build plant, with a
view to ensuring that contracted capacity actually gets built;
0  bring forward some of the earmarked ‘T-1’ auction capacity in to the main CM auctions 4 years
ahead to encourage new investment now; and
(o] procure more capacity to ensure security of supply is maintained as margins tighten.
We are also concerned that the Capacity Market may not be strongly enough incentivising reliable capacity.
The future of the only new build CCGT project, Trafford, which received a contract in 2014, is uncertain and
a number of the contracts awarded are short term. The Government should assess ways to ensure more
reliable plant that can contribute in the longer term receives contracts, by: incentivising more new-build
projects; considering lowering the investment threshold for existing 3 year refurbishment contracts;
strengthening the penalties for generators that do not deliver their contractual requirements and assessing
whether the current contract length and structure is providing adequately for long term security of supply.
Electricity balancing and cash-out arrangements have recently been reformed and generally appear to be
robust. There is, for example, a risk that significantly higher cash-out prices disincentivise ownership of
generating assets, as opposed to buying in the market, due to an increased outage liability.

Distributed Energy and Demand-Side Response can smooth peak demand problems

The future electricity system will need more flexibility services to manage times of the day when electricity
demand peaks. Distributed Electricity Resources (DER) (generation and supply connected directly to the
distributed networks) and Demand Side Response (DSR) (reductions in the amount of electricity consumers
use) can achieve these aims cost effectively and should be encouraged further by the Government.

As DER/ DSR become more important in the future system design and operations, it is essential that the
national and local electricity systems are aligned and coordinated. With more electricity being generated
at the distribution level there is a risk of making the balancing of the national system more challenging. It
will be important for the Transmission System Operators (TSOs) and Distributed System Operators (DSOs),
who manage these systems, to coordinate their work.

We believe this work should be done before considering whether SO (System Operator) independence is
sufficiently assured. But it is important that the TSOs and the DSOs act as neutral facilitators when providing
connections, assessing flexibility services (e.g. DER/DSR) and communicating. They also need to be
transparent and act in a non-discriminatory way - neither the TSO nor the DSOs should be active as
commercial service providers.

Policy incentives should consider the desired mix of embedded plant, making use of existing back-up diesel
plant on industrial and commercial sites and flexible open-cycle gas generation to manage peak demand —
without unduly incentivising new-build diesel ahead of other embedded generation types.

Battery Storage will make a major difference to the design of transmission and distribution

Battery storage will likely bring benefits in a number of different areas. Battery storage will allow more
efficient use of renewable energy and will have a significant positive impact on the grid’s ability to balance
and manage pressure at peak times. To help enable this product to come to market, battery storage should
become eligible for Enhanced Capital Allowances.

The UK is a world-leader in balancing decarbonisation with affordable and secure supply

There is much that the UK can learn from international experience, but in our view there is as yet no
superior ‘blueprint’ model of international best practice and in some respects (e.g. the design of the CM
and steps taken to reduce the level of unabated coal capacity on the system) the UK has been ahead of
many other countries. The European Commission’s updated ‘Target Model’ for EU electricity seeks to
integrate renewable generation into the wholesale electricity market in a way which is already taken as a
‘given’ in the UK.

The UK’s carbon tax approach to carbon pricing is an important part of the policy framework and should
be supported. Its market-based approach helps to create a simpler energy system and has the ability to
create a market signal in favour of decarbonisation.

Our full consultation response



1a. What changes may need to be made to the electricity market to ensure that supply and demand are
balanced, whilst minimising cost to consumers, over the long-term?

Overview

The CM is an essential instrument for maintaining supply security in today’s market conditions. It is
generally well-designed, but it has procured too little capacity overall and deferred volume to ‘T-1’ which
new CCGT can’t access. The incentive structures do not yet support sufficient investment in new-build gas
generation.

Electricity balancing and cash-out arrangements have recently been reformed and generally appear to be
robust. The future electricity system will need more flexibility services to maintain security of supply.

The market needs to facilitate the growth of Distributed Electricity Resources (DER) and Demand Side
Response (DSR) to deliver this cost-effectively.

Capacity margins in the GB wholesale electricity market are currently very tight and this is expected to remain
the case for several more years. National Grid issued a NISM (Notification of Inadequate System Margin) on 4
November and has indicated that more NISMs should be expected in an average 2015/16 winter. This does not
mean an imminent threat of ‘the lights going out’ but it does signal to the market an exceptional need to make
additional supply available and/or manage demand.

Partly due to the growth of intermittent renewables with very low variable costs, gas generation has seen lower
utilisation in recent years and clean spark spreads (a measure of operating profit margins) have also been
squeezed. Gas generation has become non-viable on the basis of the traditional energy market alone and
Centrica’s gas fleet made a 2014 operating loss of £120m (and £133m the year before). Gas generating capacity
is vital to ensure a satisfactory level of supply security, including the provision of back-up generation when wind
and solar generation are low. The CM has a key role to play in supporting existing gas stations and incentivising
the development of new gas stations. Existing gas and nuclear stations require significant ongoing investment,
and the CM is a key revenue. The CM is an important part of the revenue available for non-subsidised
technologies, providing a lower cost and less volatile capacity in comparison to some intermittent and subsidised
capacity. Therefore the CM should continue to include existing plant as well as new-build.

We supported the introduction of a market-wide, technology-neutral CM auction which excludes only those low
carbon facilities already in receipt of subsidies. Unfortunately, experience with the ‘T-4” auctions held to date
suggests some major flaws:

e The government has not procured sufficient capacity to encourage the development of new-build
CCGTs; the auction for 2018/19 cleared at £19.40/kW/a, which is far from sufficient incentive.

e Moreover, the weak incentive structure applicable to new-build plants encouraged some projects to
remain in the auction and accept a capacity price which is less than they appear to need to justify a
Final Investment Decision. The large 1.6 GW CCGT at Trafford Park secured a 15 year contract but has
not yet gone into construction.

e The auction for 2019/20 cleared at a slightly lower price of £18/kW/a. Contracted new-build capacity
was dominated by small embedded diesel plants rather than CCGTs.

e The set-aside of 2.5GW of the required volume to the ‘T-1’ auction precludes new CCGT from bidding
for this as the 1-year lead time is insufficient for new plant; bringing this volume forward to ‘T-4’ would
provide a better opportunity for new plant to be successful in the CM.

The Government has stated they will review arrangements for 2020/21, but gas stations currently face major
challenges and without greater support there could be risk of companies being unable to develop new stations
and struggling to maintain existing sites. We believe the Government’s announcement of a phase out of coal-
fired power by 2025 could improve the economics for gas in the coming years, but we are concerned that this
trajectory is unlikely to improve the market for gas until 2019/2020, causing capacity challenges.



We are also concerned that the Capacity Market may not be strongly enough incentivising reliable capacity. The
future of the only new build CCGT project, Trafford, which received a contract in 2014, is uncertain and a number
of the contracts awarded are short term. The Government should assess ways to ensure more reliable plant that
can contribute in the longer term receives contracts, by: incentivising more new-build projects; considering
lowering the investment threshold for existing 3 year refurbishment contracts; strengthening the penalties for
generators that do not deliver their contractual requirements and assessing whether the current contract length
and structure is providing adequately for long term security of supply.

The move to a low carbon economy introduces large volumes of intermittent renewable generation. These make
balancing supply and demand more difficult, and also introduce operability challenges for the network,
impacting its resilience to faults (i.e. reduced system inertia and resilience).

Electricity balancing and cash-out arrangements have recently been reformed and generally appear to be robust.
The future electricity system will need more flexibility services to maintain security of supply. The industry has
just completed a long-running Significant Code Review led to an Ofgem decision to reform these arrangements
to enhance supply security. These reforms are split into two phases, the first of which took effect from 5
November 2015 and the second of which is scheduled to be implemented in 2018.

We generally supported these reforms, which should allow markets to operate more effectively to preserve
supply security. They will mean ‘sharper’ (higher) cash-out prices when capacity margins are tight in order to
incentivise appropriate responses from market participants, including as regards demand-side response. We still
have reservations around the proposed move to ‘PAR 1’ in 2018, particularly around the risk that competition
in setting very ‘marginal’ cash-out prices may not be sufficiently robust. This will need to be monitored carefully,
to balance the potential gains to supply security against the increased risk and cost to market participants and
consumers. There is, however, a risk that significantly higher cash-out prices disincentivise ownership of assets,
as opposed to buying in the market, due to an increased liability.

Growth in DER DSR is needed to provide the GB electricity system with the flexibility it needs to evolve from a
conventional centralised generation system to one that has significant contributions from intermittent sources
of generation.

DER and DSR can be used in a number of ways to provide numerous benefits:

e They allow the TSO to balance electricity supply and demand both on short timescales, for frequency
response services, and longer term, in Capacity Market to ensure periods of high demand can be met.

e They can reduce the demand peaks on the Transmission and Distribution networks.

e Suppliers may also use DER/DSR to reduce wholesale costs for consumers or reduce exposure to
imbalance charges.

e DER/DSR can also improve choice by increasing market competition between these services.

e DER/DSR can also provide a source of value for consumers e.g. rewards changing consumption
behaviour as load shifting reduces the costs of electricity.

1b. What role can changes to the market framework play to incentivise this outcome?

Overview

We would emphasise again (as stated above) the important role gas-fired power generation will play as the
country switches away from coal. It is important to ensure the sector is incentivised both to maintain the existing
gas generation fleet and build new gas as soon as possible to meet the potential capacity shortfall.

As DER/ DSR become more important and services increase, it is essential we have aligned positions and
processes between system operators to ensure the networks can be managed effectively.

The separate uses for DER/DSR identified above have different requirements, location may be important, the
notice period to initiate the DER/DSR, the duration of the service and frequency of events will all impact
availability. Whilst some DER/DSR may be better suited to certain uses, others can supply multiple uses. As a
result there may be conflicts or synergies for the TSO (and/or DSOs) in managing their deployment.



TSOs have overall responsibility for system security while DSOs have responsibility for the secure operation of
their distribution networks. This means TSOs will need to continue to have the leading responsibility for national
balancing, frequency control and system restoration, whereas DSOs will maintain their responsibility for
congestion and voltage management on their networks. As an increasing share of electricity generation connects
to DSOs, one of the major operational challenges for the TSO will be maintaining overall system security. Scarcity
of system services will become more acute in the future meaning new operational arrangements between TSOs
and DSOs to unlock the capabilities of DER and DSR and maintain security of the distribution and transmission
networks.

The TSO and the DSOs will both have a responsibility for providing information and support to market
participants at their respective network levels. They must act as neutral facilitators when providing connections,
assessing flexibility services (e.g. DER/DSR) and also need to be transparent and act in a non-discriminatory way.
Neither the TSO nor the DSOs should be active as commercial service providers.

1c. Is there a need for an independent system operator (SO)? How could the incentives faced by the SO be
set to minimise long-run balancing costs?

Overview

We do not believe now is the right time to address this issue. The first priority should be to establish the right
set of SO roles and responsibilities across the system so that transmission and distribution system operators
can work effectively at a time when balancing the networks is becoming more challenging. There is probably
a case for longer duration SO incentives (provided that these are not over-generous) and in future it will also
be important to incentivise the proactive management of ‘smarter’ distribution systems.

The SO has recently taken on new roles as the Delivery Body for the CM and the CfD auctions and plays an
increasingly important role within the GB electricity system. An independent SO, with a dedicated board focused
solely on electricity system issues, could be beneficial.

However, we do not think that these are current issues, and to date business separation arrangements appear
to have worked well. Hence, any decision to separate out the SO business from NGET would need to balance
the costs (and risks) with the benefits it could bring. For example separation could require the division of and/or
investment in new information systems, increasing costs for consumers and potential disruption to the industry.

As outlined above, the GB electricity system is undergoing fundamental change and getting this right, is more
important than establishing an independent SO. We have concerns that separating out the SO at this critical
time would be a distraction and could introduce uncertainty when the industry is trying to encourage more DER
and DSR. The first priority should be to define an appropriate set of SO roles and responsibilities across the
electricity system as a whole (including the interfaces between transmission and distribution) and then to
consider how best to ensure the independence of the system operator(s).

Finally, it is important to consider how the SO or SOs can best be incentivised to carry out their roles efficiently
and invest where necessary to reduce the longer term cost of system operation to consumers. In particular:

e  Current TSO incentives tend to be at most two years in duration. It is for consideration (a) whether this
is long enough to incentivise the right investments, in some instances and (b) whether the risk/reward
balance is appropriate from a consumer point of view. Longer duration incentives could be beneficial,
but care would be needed to ensure that these are not over-generous.

e Inthe medium-long term, as DER and DSR continue to expand, there will need to be further incentives
for pro-active system management at a distribution level. This will become a major issue by the time
the current electricity distribution price controls come to end in 2023, but in the meantime the interim
review to take effect from 2018 may provide an opportunity to begin to address this point.

1d. Is there a need to further reform the “balancing market” and which market participants are responsible
for imbalances?

Overview

The Balancing Markets will need to evolve to take account of the need for more flexibility services; the
number and range of balancing players; and to solve operational constraints of TSOs and DSOs which may
conflict.



The TSO is currently responsible for forecasting national electricity demand and undertakes operational planning
from year ahead to day ahead to match generation and demand with an appropriate level of security margin. It
has to take into account generation availability, the transmission systems capability and outages.

All system users are then responsible for balancing their own electricity “contractual” positions with their
counterparties (through Elexon). These positions are fixed at gate closure, one hour ahead of real-time. The
TSO, as the “residual balancer” must then ensure that electricity generation and demand are balanced across
the GB transmission system on a second by second basis in real time. It does this by procuring a wide variety of
Balancing Services to balance the power flows around the electricity transmission system and is responsible for
contracting short term generating provision to cover demand prediction errors and sudden failures at power
stations.

Distribution networks are currently largely passive and do not have any material balancing operations. This
approach is starting to be challenged by the growth of DER, smart metering and DSR. The future development
of ‘smarter’ distribution grids which can adapt to more complex and unpredictable electricity flows will in time
require both new incentives and a different organisational ‘mindset’.

Looking forward the balancing market will need to be responsive to the changes identified in this paper and
evolve over time. A few of the principles and features we believe will be necessary are provided below. We do
not believe wholesale reform is absolutely necessary; an evolutionary approach which engages all stakeholders
will be less disruptive and create less uncertainty for the market.

e The TSO will need more visibility of all the DER/DSR connected to the distribution network (and the
deployment of emerging technologies such as electrical vehicles and storage). Visibility will help the
TSO maintain security of supply, lessen demand forecast errors and limit increases in reserve margins
driven by growing uncertainty, which will benefit consumers by increasing cost-efficiency.

e The DSOs must avoid creating exclusive, fragmented markets in their respective areas as this will impact
the ability for DER/DSR resources to maximize their economic potential at scale and could ultimately
impact the efficiency of the market and overall effectiveness of system operation.

e DER/DSR sources should be able to sell their services where it is the most profitable for them (e.g.
balancing, system services, valuation in the energy market, congestion management, contracts with
DSOs or TSOs as an alternative to grid reinforcement, etc.)

e TSO and DSOs cannot be on both sides of the market as both the market facilitator and service provider.
If they are demanding or buying a system service, then this service cannot be provided by them as well.

e DER/DSR should be integrated into the market on equitable and transparent terms with those offered
to generation and storage. This will require opening all markets to DER/DSR on a non-discriminatory
basis and creating suitable products and services to allow markets to deliver appropriate price signals
and incentives to develop DER/DSR.

e Barriers to DER/DSR aggregation should be removed so consumers can aggregate their services with
third parties, regardless of their connection points. However, suppliers will need to be protected from
imbalances created by third party aggregation of their consumers.

e Markets need to be left to deliver appropriate price signals and incentives to develop DER/DSR in the
system. Network companies should focus on efficient grid operation and should not be playing a role
as commercial intermediaries as this is better fulfilled by market participants subject to competitive
commercial pressures.

2a. What are the barriers to the deployment of energy storage capacity?
2b. Are there specific market failures that prevent investment in energy storage that are not faced by other
‘balancing’ technologies and how might they be overcome?

Overview

The cost of battery storage needs to fall to become commercially viable, which the Government could
support. There has, until now, been a ‘missing market’ in frequency response and other forms of flexibility
within the GB electricity sector. This will be required increasingly in the future to maintain system stability
and security in the face of the growth in intermittent decentralised generation.



Partly through the impact of subsidies, there has been a very rapid growth in ‘embedded’ intermittent
generation connected to distribution networks. This includes c. 9 GW of solar plant, of which most is free-
standing rather than installed on residential customers’ roofs. Such developments are starting to create system
stability issues for the electricity networks, which are required to keep system frequency within narrow
tolerances. There has also been a sharp reduction in the costs of solar power, which is encouraging, but this now
needs to be complemented by the development of cost-effective energy storage.

Battery storage is an emerging market, which has made significant steps in recent years. Battery storage will
allow us to use renewable energy more efficiently and will have a significant positive impact on our ability to
balance and manage pressure on the grid at peak times.

While we do not believe there are any specific market failures, the costs of battery storage mean that it is
currently not a commercially viable proposition. To help enable this product to come to market, we would like
to see battery storage added to the Enhanced Capital Allowances list. This would allow businesses to realise
financial benefits immediately, improving the payback period. It also has the benefit of not being recovered
through energy bills, so avoids a regressive impact on bills.

It is interesting to note that National Grid is launching a national tender for rapid frequency response which is
expected to take place in Q1 2016. Battery storage is ideally placed to provide these services and existing
‘brownfield ‘generation sites with good existing grid connections will be among the most suitable locations for
it. Together with partners, we intend to participate in this auction which represents a first move to create the
‘missing market’ in flexibility which we mentioned above.

2c. What is the most appropriate scales for future energy storage technologies in the UK? (i.e. Tx network
scale, Dx network scale or domestic)?

Overview

We believe that battery storage will bring benefits in a number of different areas. There are a number of
different types of battery storage, with different technical and operating characteristics, which we consider
further in the answers to this response.

These technologies have the potential to help businesses manage their energy usage more effectively,
particularly where they use on-site renewable generation, such as solar and wind. Companies with solar PV that
currently export some of their generation during the day will be able to store excess generation to use later in
the day such as at peak times of demand, known as network red periods. It would also allow companies to import
excess during low cost HH periods such as early morning or early afternoon and then use that power in high cost
Triad and red periods.

They will allow homes to do the same, shifting the power generated from solar PV to more useful times of the
day such as the evening maximising consumption and minimising less valuable export. In the longer term, this
could further be supported by dynamic time of use tariffs.

They will also deliver whole system benefits, by removing pressure from the grid and reducing peak demand.
Battery storage also has an important role to play in National Grid’s Enhanced Frequency Response.

3a. What level of electricity interconnection is likely to be in the best interests of consumers?

b. Is there a case for building interconnection out to a greater capacity or more rapidly than the current ‘cap
and floor’ regime would allow beyond 2020? If so, why do you think the current arrangements are not
sufficient to incentivise this investment?

c. Are there specific market failures/barriers that prevent investment in electricity interconnection that are
not faced by other ‘balancing’ technologies? How might these be overcome?

Overview

The development of new electricity interconnectors is already strongly incentivised, including via a transfer
of market risk and onshore transmission reinforcement costs to GB electricity consumers. We believe there
is greater incentivisation for interconnection than for new gas-fired generation in GB. If not addressed, this
imbalance is likely to make the achievement of government policy objectives for gas a major challenge.

The GB wholesale power market is currently characterised by a relatively low level of cross-border
interconnection, at around 4 GW, equivalent to c. 5% of installed generating capacity. In part, a lower level of
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interconnection (by Continental European standards) is explainable by the much higher cost of constructing sub-
sea cables as opposed to conventional onshore electricity transmission lines. For example, the 750 km NSN link
under construction between Norway and northern England is reported to have a total capex cost of €1.5-2.0 bn,
i.e. well in excess of £1 bn.

However, partly in response to the ‘cap and floor’ regime more projects are now going ahead: two further
projects (with a combined capacity of 2.4 GW) have now begun construction and it seems likely that further
Final Investment Decisions will follow in the next few years. Several factors are incentivising the development
of interconnectors:

e There are currently large electricity price differentials between GB and various Continental markets.
German power for 2016 is trading at €30/MWh, whilst UK power is priced at close to £40/MWh.! In
Germany renewable generation with very low variable costs is displacing thermal generation in during
off-peak periods and driving wholesale power prices at such times to very low or even negative levels.

e The EUA carbon price under the European Emissions Trading Scheme is around €8-9/tonne (c. £6),
whilst UK generators are also subject to a carbon tax of £18/tonne.

e Interconnectors are exempt from National Grid’s Balancing Services Use of System (BSUoS) charges
which apply to GB generation and supply, the latest 2015/16 forecast being just over £1.80/MWh.

e Interconnectors are exempt from electricity transmission charges (known in GB as generation TNUoS)
from which National Grid expects to recover just over £600m in total during 2015/16. Many Continental
generators do not appear to face these similar charges.

e New interconnector projects are able to benefit from a supportive ‘cap and floor regime’.? This has two
particular effects:

0 First, the “floor’ on ROCE (return on capital employed) is generally set at the cost of debt —thus
providing debt service assurance to providers of finance and allowing owners to take
advantage of low borrowing costs by ‘gearing up’ the project balance sheet.

0 At the same time, since the floor applies to the whole of capital employed (and not just the
debt portion), it also limits the extent of downside equity risk.

e In current market conditions, interconnector projects operating under this regime may expect to earn
returns much closer to the cap than the floor, but the ‘cap and floor’ combination provides protection
against future changes (such as a reduction in the carbon cost differential), as well as providing
encouragement to any subsequent interconnectors with more marginal project economics.

e Finally, a number of interconnector projects are expected to benefit from EU subsidies, since they have
been classified as ‘Projects of Common Interest’ (PCls).

The Secretary of State set out in her November energy speech that building new gas-fired power stations would
be a key priority. However, providing support for interconnection and gas-fired power stations could create
challenges. The impact of more interconnection on the economics of gas-fired power is three-fold:

1. Bydriving marginal GB (gas) generation out of merit, it will tend to reduce the average level of wholesale
power prices in GB. There is likely to be a similar impact on clean spark spreads, which are a key
indicator of viability for gas-fired power stations.

2. Increased interconnection capacity operating at reasonably high load factors and mainly in the GB
import direction will also reduce the average utilisation of GB gas-fired generating plant, perhaps by
€.2.5% for each additional GW of interconnection.

3. Finally, interconnection bidding into the Capacity Market will tend to push back demand for GB
generating capacity and thus reduce the amount of GB gas plant which secures Capacity Market
contracts. It may also reduce the level of Capacity Market exit prices, at least in some periods.

1 This does not mean that retail energy prices are lower in Germany; in fact they are significantly higher than in
the UK, in large part because the rising cost of renewable generation subsidies more than outweighs the lower
wholesale electricity price.

2 Exceptionally, the proposed 1 GW Eleclink project from France to GB via the Channel Tunnel is planning to
operate on a merchant basis, exempt from regulated third party access rules.



In reality, therefore, any artificial ‘over-promotion’ of electricity interconnector investment is likely to damage
the incentives for investment in GB gas-fired generation which the government wishes to see. Although GB
interconnectors with the Continent will tend to flow in the UK import direction during most hours under current
market conditions, it cannot be assumed that they will always do so and the benefits to GB supply security may
thus be lower than is sometimes portrayed. This was noted in the European Commission’s state aid report on
the GB capacity market (para 119), which stated “...for the hours of highest GB system stress (i.e. where capacity
margins are below 10%) interconnection flows have not consistently helped and have sometimes worsened
capacity margins in GB. “

To illustrate this point, we show in the chart below the daily electricity flows on the 2 GW IFA (France-England)
interconnector in the period from 2011 to 2015. Flows have mainly been in the GB import direction, but there
have been peak winter periods (in 2011/12, 2012/13 and again in 2013/14) during which the IFA was exporting.
In a number of instances, this took place even though wholesale electricity prices in GB were above those in
France. When the weather is cold, French heating demand can increase sharply and electricity which would
otherwise have been exported to GB is retained within France itself.

IFA interconnector flows, May 2011 to date

2500.00

GB imports (French exports)
2000.00

1500.00 -

1000.00

500.00 u

0.00

011

-500.00 &

05
7/07/2011
7/09/201:
101/26T
7/03/2012 |
7/05/2012
7/07/2012
7/09/2012

-1000.00

-1500.00

=
_J
\ /o1,
N

@

-2000.00

GB exports (French imports)

-2500.00

<

Examples of export flows during winter peak

For these reasons, interconnector capacity is typically ‘de-rated’ (reduced) for the purposes of GB capacity
market participation. This suggests that around half the nameplate interconnection capacity can be relied up to
contribute to GB supply security in peak hours. However, we suggest that the extent of de-rating should be
reviewed ahead of the next ‘T-4’ CM auction, in the light of the above flow patterns and other relevant evidence.

The development of further interconnection at the expense of new GB gas generation is likely to erode the level
of government tax receipts from the UK carbon price floor and other sources. The Carbon Floor is an important
element of the UK’s decarbonisation policy and is a sensible market-oriented approach to this policy aim.
Therefore any move to harmonise UK carbon pricing with its neighbours should be by raising the latter’s (most
likely through reform of the EU ETS), not by eroding the UK’s Carbon Floor. However, as it relates to
interconnection, there is a disparity that distorts the cross-border economics.

Finally, we note that GB gas generation is incentivised under transmission charging arrangements to locate in
‘deficit’ regions which need the additional supply; this also allows the best use to be made of existing
transmission infrastructure — thus helping to defer the need for additional capacity investment. By contract,
there are no such locational investment signals applicable to interconnectors and as a result interconnectors
may trigger material transmission grid reinforcement which will fall as an additional cost on GB electricity
consumers. We believe interconnectors can play an important role, but we do not believe there is a need for
further incentives, or a removal of existing barriers. We believe developing gas-fired generation should be the
priority.

4. What can the UK learn from international best practice in terms of dealing with changes in energy
technology when planning to balance supply and demand?

Overview

There is much that the UK can learn from international experience, but in our view there is as yet no superior
‘blueprint’ model of international best practice and in some respects (e.g. the design of the Capacity Market
and steps taken to reduce the level of unabated coal capacity on the system) the UK has been ahead of many
other countries.



Gas-fired power generation has recently been struggling for viability right across much of the EU. Gas plant
utilisation has typically been lower in recent years than it was in the period to around 2010, in part due to
reduced demand and (even more so) the rise of renewables. In some Continental markets, such as the
Netherlands and Germany, there has also been construction of new, unabated coal or lignite capacities.
Nevertheless, gas generating capacity is often vital to maintaining supply security at those times when
intermittent renewable generation (whether wind or solar) is significantly lower than average.

Several other EU Member States (e.g. France) which are facing similar challenges to the UK already have their
own capacity markets. A number of others have capacity payment mechanisms, of which some (including Italy
and Ireland) have plans to move from capacity payments to a proper capacity market. As mentioned above, the
UK has been ahead of many European states in this respect, but there is longer-running experience of capacity
markets in several US jurisdictions.

The UK could learn the lessons of countries like Germany and Ireland in terms of integrating high volumes of
intermittent renewables, which will be a key challenge for the networks in the coming years:

e In Germany, most wind capacity is in the north of the country whilst the early shutdown of existing
nuclear stations has particularly affected the south. There are severe north-south transmission
constraints which require (otherwise economically non-viable) thermal plants in the south to remain
open. At a local level, there are also capacity issues on the local electricity distribution system in areas
(such as Bavaria) where there are very high amounts of installed solar PV, with output typically
concentrated in a relatively few hours per day and annual load factors of the order 10%.

e In Ireland, the rapid growth in onshore wind on a relative small power system has led to a very
considerable escalation in transmission constraints and constraint costs. Partly in order to comply with
EU legislation, a decision has also been made to replace the existing Single Electricity Market based on
a mandatory Power Pool with a revised market design (I-SEM) which will provide for a balancing market
and support intra-day trading across the electricity interconnectors. (These features are already
provided for in the GB wholesale market design.)

It will be important for the UK to be prepared to handle growing issues of intermittency and regional imbalance.
The very rapid recent growth in UK solar capacity to around 9 GW is already giving rise to distribution network
constraints (e.g. in SW England) and issues around controlling frequency (system stability) in some parts of the
electricity network. (See our answer to qu. 2 above re the role which energy storage can potentially play in
helping to provide frequency response to the grid.)

Inthe USA, there is a somewhat different set of issues there are also significant differences between the different
US regions. Given low wholesale gas prices, gas generation is more competitive in North America that it is in
Europe.

North America is also the world leader in carbon capture and storage (CCS) applied to power generation. One
Canadian CCS/coal plant is already in operation, with a pre-combustion coal facility in Mississippi and a post-
combustion coal plant in Texas under construction; these two plants are expected to be on-stream at some point
in 2016. In North America, CCS economics are somewhat enhanced by the scope to use CO, for enhanced
hydrocarbons recovery in onshore oil and gas fields, which is not yet envisaged in either of the first two candidate
UK CCS projects. However, the capital costs of these “first of a kind” projects are extremely high. In our view,
these costs would have to come down very dramatically before CCS could play a material role.

Centrica’s downstream business in North America, Direct Energy, has seen considerable growth in energy
technology in recent years. One key area has been battery storage, which is increasingly used to manage
pressure on the grid. Battery storage in North America is further along the commercialisation curve than the UK.
Market conditions, such as volatile demand and an increased amount of renewable generation have contributed
to this, but incentives have also been put in place to speed up commercialisation. Government may want to
consider this when looking at the role battery storage can play in the UK.
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EVIDENCE SUBMISSION CMM.

Introduction

Over the past decade we have seen infrastructure creep up the agenda to a point that it is now firmly placed at
the heart of the political debate. With investment in major transport, energy and utility projects increasing to
record highs and the development of the National Infrastructure Plan to set out key Government priorities, we
have reached a stage where infrastructure is a nationally significant issue that transcends party political ties.

The formation of the National Infrastructure Commission last year was greatly welcomed by the industry and
provided a great level of confidence in the deliverability of major projects and enables the current Government
and future administrations to speed up decision-making on vital transport, energy and housing programmes that
Britain needs to continue to grow its economy.

CH2M is a global engineering and programme management company that works in the areas of areas of water,
transportation, environmental, energy, facilities and defence. With over 2,500 people employed in the UK, CH2M
is currently working on some of the most iconic infrastructure programmes including Crossrail, High Speed 2,
Thames Tideway Tunnels, Crossrail 2, the decommissioning of Dounreay and was one of the leading partners in
CLM, Delivery Partner to the ODA for the London 2012 Olympic & Paralympic Games.

Given our experience of working on the development and delivery of major UK infrastructure projects, we felt it
may be helpful to share some of our thoughts around the points laid out in the NIC’s call for evidence in order to
share the lessons learned for the efficient delivery of future infrastructure priorities. In particular, this document
presents our views for regarding Electricity Interconnection and Storage. We have made separate submissions
outlining our views for infrastructure priorities for London and Northern Cities.

Electricity Interconnection and Storage

Q1 —What changes may need to be made to the electricity market to ensure that supply and demand are
balanced, whilst minimising cost to consumers, over the long term?

As large quantities of electricity cannot be stored easily, the key function of the system operator is to balance
generation and demand to ensure a reliable supply of power to consumers and prevent damage to infrastructure
such as power lines, transformers and generation plant. Within this context, National Electricity System Operator
(NETSO), as the system operator for Great Britain (GB), has an obligation to balance the GB transmission system.
Ofgem, the regulator of the GB market, operates a Balancing Services Incentive Scheme (BSIS) to incentivise
National Grid to act economically and efficiently in performing its balancing role.

There are two broad categories of balancing actions available to the system operator (SO):

e  Energy imbalance actions address overall mis-matches between generation and demand at a national
level across the settlement period as a whole.

e  System imbalance actions tackle local or regional constraints in the capacity of the transmission network,
or short-term variations between demand and supply within a settlement period. Constraint actions can
result in compensation ('constraint payments') for generators which lie behind a constraint barrier.

A recent assessment by the National Audit Office confirmed that the total cost of balancing services has
considerably increased since 2010. The assessment concluded that this increase in cost of balancing services was
predominantly due to growth of constraint costs. The increase in constraints was attributed mainly to
unavailability of some transmission assets due to ongoing investment programmes of transmission owners in
Scotland and elsewhere. In addition, the introduction of the 'Connect and Manage' policy, which allows certain
types of generation to connect ahead of the required increase in transmission capacity was also identified as a
driver for growth in constraints.

The 'Connect and Manage' policy was developed to facilitate a step change in renewable deployment across the
GB market, by removing barriers for connection. Although largely successful in achieving this objective, in some
isolated cases the policy has resulted in connection agreements for intermittent generation in areas where the
transmission network is weak. Such agreements could result in further increase in constraint costs and impact
adversely on balancing costs for the GB system. Considering the growth achieved in renewable generation
capacity over the past decade (as well as additional Connect and Manage capacity expected to get connected in
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the coming years), and the typical lead times for implementation of major transmission upgrades, there is a need
to closely monitor that the ‘Connect and Manage’ is achieving its objectives without adding disproportionately to
constraint costs. If necessary, there may be merit in reshaping the policy in the future.

Given the emissions target and forecasts for carbon prices, the GB market is likely to see a significant reduction of
thermal fleet. This could result in tightening of the capacity, which can have further impacts on system balancing
costs. A significant proportion of this capacity is likely to be replaced by inflexible nuclear or further intermittent
transmission connected and embedded generation, posing further pressures on system balancing. The recently
introduced capacity market auctions provide a way tackling some of these pressures. However, as identified by the
National Audit Office, there may be merit in reviewing current arrangements for balancing services as a whole fit
for purpose in the light of current and future developments (including the growth of intermittent and embedded
generation).

The System Operator already plays a critical role in the capacity auctions. It also monitors the impact of ‘Connect
and Manage’ policy on constraint costs. However, an independent SO (ISO), if necessary, could play a vital role in
redesigning a forward looking 'Connect and Manage' policy, which could minimise the GB consumers’ exposure to
constraint costs. Equally, an ISO with greater authority could more actively transfer certain costs of imbalances in
the system to respective players in the market, than it currently does. Furthermore, with extensive knowledge of
the system, an ISO could facilitate creation of zonal markets to manage inefficiencies and reduce constraints.
Equally, an ISO or an enhanced SO (ESO) could facilitate competition and ensure cost efficient and timely
implementation of non-build solutions (e.g. demand side response) and new transmission assets, further reducing
the GB consumers’ exposure to system balancing costs. Both I1SO and ESO could also play a critical role in
facilitating the development of necessary cross border interconnection, which supports greater efficiency in
system balancing costs.

The current incentives for system balancing costs, which are based on profit or loss sharing, are more suitable for a
joint transmission ownership and system operation licence. Such incentives may continue to be suitable for an
ESO, whose liabilities are borne by the parent transmission owner. However, considering the critical nature of the
system balancing function, there may be merit in reassessing the caps on profit and loss sharing arrangement. On
a different note, the current package of incentives will not be feasible for an I1SO, who will predominantly be
performing a revenue based public service.

Q2 —What are the barriers to the deployment of energy storage capacity?

Under current arrangements within the GB electricity market, storage is considered as a ‘generator’ like any other
non-synchronous fuel types. However, unlike all other intermittent generation, net production based asset
utilisation of storage plant is affected through the market prices. In particular, such units generate revenue and
profit through price arbitrage based actions within the market (unless they are directly linked to a cross border
interconnector). Hence, under current market arrangements they are not incentivised to operate in a manner
which could deliver economic externalities such as reduction in energy prices and improved efficiency in system
balancing costs.

This inability of the market to extract economic externalities from energy storage demonstrates the market
failure. Furthermore, storage has the potential to act as an alternative to significant transmission investment.
However, the GB market’s current arrangements limit transmission companies from development and ownership
of storage assets under most network conditions, as they are considered as ‘generation’.

The GB market currently has less than 4 GW of transmission connected storage capacity. If incentivised through
income guarantees which fully recognise their potential for delivering the basket of economic impacts and go
beyond the current arrangements, the existing storage capacity has potential to deliver some reductions in GB’s
electricity costs as well as system balancing costs. However, the size of the impact could be noteworthy if such
new market mechanisms were also offered to attract new private sector investments, which could deliver a critical
mass of strategically planned transmission connected storage. Furthermore, there may be merit in considering a
review of licence arrangements for transmission ownership, such that existing transmission owners and any new
entrants to the market, can deliver additional storage capacity as an alternative and / or complementary to new
transmission assets.

Smaller scale storage, based on technologies such as batteries, is less advanced. Subsequently capital costs of such
developing technologies are not economically efficient yet. However, such storage technologies have good
potential at micro level such as domestic use. In particular, they can complement the growing critical mass of
embedded generation, facilitate demand management at distribution level and subsequently make further impact
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on the market’s energy prices. However, there may be merit in considering some upfront capital support for
households and small and medium enterprises for the short term, until the costs become economically efficient.

Q3 —What level of electricity interconnection is likely to be in the best interests of consumers?

The Barcelona agreement in 2002 set a non-binding aspirational target of interconnection of 10% of installed
capacity for all member states. The European Commission (EC) is currently reviewing this position and determining
more appropriate objectives to ensure the correct level of interconnection. This is not least because
interconnection between member states is considered as a key driver for EC to implement the Single Energy
Market (SEM) policy across Europe, which aims to maintain affordability of energy, whilst ensuring security of
supply and delivering target levels of renewable generation and reduction in carbon emissions.

There is currently 4 GW of interconnection between Great Britain (GB) and other European electricity markets
(including All Islands Irish market). Considering approximately 75 GW of installed capacity in the GBLin 2015, this
equates our market’s interconnected capability of some 5% of the total installed capacity. The five interconnectors
which have been awarded Cap and Floor support (IFA2, Fablink, NSN, Viking and Greenlink) over the past twelve
months along with Eleclink and NEMO (interconnector projects in advanced delivery stage which are being
developed as merchant projects) will increase GB'’s interconnected capability to 11 GW. If all this interconnected
capacity is delivered by 2020, it will momentarily increase the GB interconnected capability beyond 10% of our
installed capacity. However, with increase in generation capacity between 2020 and 2030, our interconnected
capability will drop again below the 10% target.

Interconnectors currently generate revenue through market arbitrage and subsequent trading of their capacities.
Their current economic function from the GB consumers’ perspective is predominantly to deliver socio-economic
welfare externality, defined as reduced energy prices in the GB market. This is primarily due to the prevailing
energy mix within the GB market and the GB specific price of emissions, which typically results in higher per unit
cost of electricity compared to markets in continental Europe.

Depending on the future mix of GB’s generation capacity, which will be influenced by both top down national
policy drivers and supporting mechanism and bottom up activities in the market, this primary economic function
of interconnectors may change. For example, any reduction in deployment of renewable generation from current
levels due to lack of funding or technological issues, would result in continued disparity between electricity prices
in GB and European markets over the foreseeable future. Greater levels of interconnection under such a scenario
will continue to offer the above mentioned socio-economic welfare externality.

In comparison, persisting with current policies and mechanisms such as increasing carbon emission prices and
financial support for renewable technologies, will lead to greater continued deployment of intermittent renewable
generation. This is likely to result in some cannibalisation of prices between the GB and certain continental
European markets in the medium term. However, increasing levels of non-synchronous generation will lead to
considerable system balancing issues (summer minimum and winter peak demand), which are not currently
common to the GB market.

A critical mass of interconnection, under such a scenario, can deliver notable system operation benefits such as
black start capability, frequency response and reserve response. If their location on the GB network is planned
strategically, in light of the recently implemented pan-European Capacity Allocation and Congestion Management
(CACM) network code, new interconnectors can support notable reduction of system balancing costs or even
displace major transmission investments. Active participation of interconnectors in services which are considered
as ancillary to their price arbitrage based primary revenue stream, would expand their economic function towards
ensuring security of supply, increasing system flexibility and improving efficiency in system balancing costs.
Introduction of interconnectors in the capacity market auctions will be a step in the right direction.

Furthermore, increased level of direct and indirect support for renewable generation coupled with maturing
technology and subsequent reduction in equipment costs, can lead to even greater level non-synchronous
generation. This, coupled with aggressive decommissioning of nuclear and lignite fleet in across European member
states, may lead to lower prices in the GB compared with most European markets in the medium to long term.
Under such a scenario, although the socio-economic welfare benefit for GB consumers would diminish, the role of
interconnectors in providing ancillary services would expand significantly.

1 source: Europe’s Ten Year Network Development Plan - Scenario Development Report, produced by European Network of Transmission
System Operators of Electricity (ENTSO-E) in November 2015.
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The revenue streams for interconnectors’ ancillary services are poorly developed at present. Although attempts
were made to establish the potential scale of GB consumer benefit of such ancillary services as part of the recent
round of Cap and Floor by the System Operator, there continues to be a lack of clarity around how interconnectors
can draw ‘steady’ income from provision of such services over the long term. Inability of the interconnectors to
extract long term income from delivery of ancillary services based products, which lead to economic externalities
such as security of supply, increase system flexibility and more efficient system balancing highlights the current
market failure for new interconnector projects. In particular, further intervention is required to main stream an
interconnector’s long term revenues derived from ancillary services. This could also reduce the burden borne by
the GB consumer through a new interconnector’s Cap and Floor support.

Equally, there is need for strong leadership from the regulator and the system operator to ensure that appropriate
products as part of CACM which will allow interconnectors to participate in system balancing activities are
developed and operational soon. There may also be merit in considering improvements to enhance the planning
of new interconnection projects which go beyond the recently announced Network Options Assessment for
Interconnectors, by taking in account both socio-economic welfare and ancillary services benefits, as well as
facilitate transfer of financial reward to interconnectors for outcomes such as increase in capacity of a major
transmission boundary through formal contractual arrangements between transmission owners and project
developers.

Q4 —What can the UK learn from international best practice in terms of dealing with changes in energy
technology when planning to balance supply and demand?

Our response to the above questions already draws upon international good practice approaches such as the role
of an independent SO, use of storage and interconnection for ancillary services (including constraint
management), role of storage and interconnection in managing electricity prices within a market and creation of
zonal markets for improving efficiency in system balancing costs.

We can provide further case study based evaluation on such specific issues to assist the evidence building exercise
currently being undertaken by the National Infrastructure Commission.
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Question 1: What changes may need to be made to the electricity market to ensure that supply and demand are balanced, whilst minimising cost
to consumers, over the long-term?

What role can changes to the market framework play to incentivise this outcome: Is there a need for an independent system operator (SO)? How
could the incentives faced by the SO be set to minimise long-run balancing costs? Is there a need to further reform the “balancing market” and
which market participants are responsible for imbalances?

Apart from crude ‘economy 7’ tariff mechanisms there is very little to motivate grid users to demand shift. Smart metering that can deliver ‘Real
time tariff’ information to large consumers will help them demand shift more effectively.

To what extent can demand-side management measures and embedded generation be used to increase the flexibility of the electricity system?

There are a number of large scale borehole thermal energy schemes (Churchill hospital Oxford, Karolinska Hospital Stockholm). We should
rethink district heat and coolth as a means of tapping into low carbon electricity for recharging hot or cold boreholes whilst simultaneously
unloading grid excess generation. As we know, the earth is the biggest capacitor — both electrically and thermally.

Question 2: What are the barriers to the deployment of energy storage capacity?

Are there specific market failures/barriers that prevent investment in energy storage that are not faced by other ‘balancing’ technologies? How
might these be overcome?

The current regulations make it difficult to operate storage. See this article on page 26 of attached.

What is the most appropriate scale for future energy storage technologies in the UK? (i.e. transmission network scale, the distributed network or
the domestic scale.)

Heat network scale. Heat networks could enter arrangements with individual wind farm operators to recharge their boreholes when the wind farm
would otherwise be furling its turbines.

Heat rejection networks also make sense in London (Victoria circle has set a precedent in this)

e Alarmingly, most heat networks that are being put in place at present are not optimised for heat pumps (90degC and greater flow

temperatures). This flies in the face of a lot of advice, including the recent CIBSE/ADE Code of Practice for Heat networks: CP1.

Question 3: What level of electricity interconnection is likely to be in the best interests of consumers?

Is there a case for building interconnection out to a greater capacity or more rapidly than the current ‘cap and floor’ regime would allow beyond
20207 If so, why do you think the current arrangements are not sufficient to incentivise this investment?

| don’t understand this.

Are there specific market failures/barriers that prevent investment in electricity interconnection that are not faced by other ‘balancing’
technologies? How might these be overcome?

Question 4: What can the UK learn from international best practice in terms of dealing with changes in energy technology when planning to
balance supply and demand?
Look at Germany, Sweden + Denmark
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About the Chartered Institution of Building Services Engineers (CIBSE)

CIBSE is the primary professional body and learned society for those who
design, install, operate and maintain the energy using systems, both mechanical
and electrical, which are used in buildings. Our members therefore have a
pervasive involvement in the use of energy in all types of buildings the UK. Our
focus is on adopting a co-ordinated approach at all stages of the life cycle of
buildings, including conception, briefing, design, procurement, construction,
operation, maintenance and ultimate disposal.

CIBSE is one of the leading global professional organisations for building
performance related knowledge. The Institution and its members are the primary
source of professional guidance for the building services sector on the design
and installation of energy efficient building services systems to deliver healthy,
comfortable and effective building performance.

This response is concerned with the third national challenge highlighted in the
National Infrastructure Commission’s call for evidence, improving how electricity
demand and supply are balanced.

1. What changes may need to be made to the electricity market to
ensure that supply and demand are balanced, whilst minimising cost
to consumers, over the long-term?

1.11t must first be noted that reducing demand is a more time and cost
effective approach than investing in new generation and distribution
capacity. Improving energy security and reducing consumer bills are
positive outcomes of a greater focus on energy efficiency, and would
benefit from a coherent overall approach. Reducing energy demand in
existing buildings (domestic and non-domestic) is an effective way to
reduce consumption and costs and therefore to reduce demand on the
national electricity infrastructure. This will then free up funds to be invested
in other pressing types of national infrastructure, such as those highlighted
in this call for evidence.

1.2We have the experience and knowledge to improve the performance of

building stock, but need Government to provide an appropriate policy and
legislative infrastructure to support and implement this on a national scale.
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2. What are the barriers to the deployment of energy storage capacity?

2.1There are a number of publicly funded research projects which look into
this issue. For example, Understanding the Balancing Challenge produced
by Imperial College London analyses the merits of, and the interaction
between, alternative balancing technologies (interconnection, flexible
generation, storage and demand side response) in minimising the costs of
balancing the system in short and long-term. It also considers the key
barriers to achieving the efficient deployment of and investment in
alternative balancing technologies.

2.2Combined Heat and Power (CHP) and District Heating (DH) with large
thermal storage could play a major role in balancing supply and demand.
Large thermal storage can be used to smooth/prolong heat demands so
that CHP can generate more in peak times. The lack of regulation in this
area has created a barrier that prevents investment in heat energy
storage. Adding heat storage into infrastructure can act as a balancing
mechanism to assist the grid both at a local and a power station level.
Storing heat is practical, feasible and reasonably cheap. The Institute of
Mechanical Engineers highlights the issues around heat energy
infrastructure in the report Heat Energy: The Nation’s Forgotten Crisis.

2.3There is a vibrant district heating sector with a number of towns and cities
either doing feasibility studies or installing plant. These localised (often city
wide) heat networks provide the opportunity for connecting local CHP and
renewable technologies such as water source heat pumps. These systems
almost always include large heat storage capacity that can help buffer the
energy supply system and the generation capacity can act as a spinning
reserve for the electricity grid. Examples include Southampton,
Birmingham, Leicester, Sheffield, Kings Cross, the Olympic Park and
Citigen in London and many more. The scheme at Pimlico includes 3MW
electrical output combined heat and power (CHP) and three 8MW gas
fired boilers and has the largest thermal store in the UK with a capacity
of 2,500 m3 of water.

2.4 Another barrier is the lack of a systems thinking approach when it comes
to energy infrastructure. For example, using rejected heat from power
stations. Also, taking into consideration the rise of heat pump technology
and the effect on our electricity infrastructure. Cooling is another forgotten
part of the UK’s energy infrastructure, electricity consumption for cooling is
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increasing and renewable forms such as water source heat pumps should
be considered.

2.5CIBSE has produced, with others, Codes of Practice on both Heat

Networks and Water Source Heat Pumps to help raise standards across
the supply chain and overcome the barriers of poor coordination and
quality management in these areas.

2.6 There is a pressing need for greater systems thinking in the planning and

design of energy and electricity related infrastructure to deliver energy in
the most cost effective and secure manner in a given set of
circumstances.

2.7The most appropriate scale depends on the specific circumstances of the

3.

case — this is one aspect of the lack of systems thinking which we face. In
some circumstances domestic scale may be cost effective, especially in
isolated areas. In other circumstances, such as the Elephant and Castle
regeneration programme, a district level solution is likely to be appropriate.
It is least likely that storage at network level will be as efficient as more
localised solutions.

What level of electricity interconnection is likely to be in the best
interests of consumers?

3.1 Interconnection is a tacit admission of inadequate local supply. Investment

4.

in local energy demand reduction measures would reduce the
requirements for interconnection to supplement local supply, would reduce
aggregate demand and promote security of supply and would be a more
robust overall solution for the UK.

What can the UK learn from international best practice in terms of
dealing with changes in energy technology when planning to balance
supply and demand?

4.1 Thermal storage has been used with District Heating Networks for more

than two decades, for example, in Denmark, large-scale thermal store
systems have been deployed to take advantage of liberalised electricity
market and now almost all DH systems with CHP plant include heat
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storage?.

4.2In a number of European countries, heat networks are planned in a
strategic way to integrate them into wider infrastructure. The City of
Copenhagen’s district heating system is one of the world's largest, oldest
and most successful, supplying 97% of the City with clean, reliable and
affordable heating. Set up by five Mayors in 1984, the system simply
captures waste heat from electricity production - normally released into the
sea — and channels it back through pipes into peoples' homes. The
system cuts household bills by 1,400 EUR annually, and has saved
Copenhagen district the equivalent of 203,000 tonnes of oil every year -
that's 665,000 tonnes of carbon dioxide?.

! The potential for thermal storage to reduce the overall carbon emissions from district heating systems,
Tyndall Centre for Climate Research
2 For further details see, C40 Cities
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1. What changes may need to be made to the electricity market to ensure that supply
and demand are balanced, whilst minimising cost to consumers, over the long-term?
e What role can changes to the market framework play to incentivise this
outcome:

o Is there a need for an independent system operator (SO)? How could
the incentives faced by the SO be set to minimise long-run balancing
costs?

o Is there a need to further reform the “balancing market” and which
market participants are responsible for imbalances?

e To what extent can demand-side management measures and embedded

generation be used to increase the flexibility of the electricity system?

In our view, the key to ensuring that supply and demand are balanced at reasonable cost
over the long term is stable policy and the use of market mechanisms and price signals to
drive down costs. Some stimulus - subsidy - may be needed in addition of this to develop
new technologies in order to meet low carbon targets but it should be tightly focused,
restricted to only what is needed, and should supplement the market rather than
replacing it. Policy should always prioritise the most cost effective measures, choosing

lower cost options where these are available.

Those ideals are very far from what the current market framework currently delivers and
this needs to change. Recent policies, in particular the Electricity Market Reform
package embodied in the Energy Act 2013, have seen Government intervention in the
electricity market become pervasive to the point where no power production technology
can be brought forward without some form of public subsidy, whether low carbon (through
contracts for difference or feed in tariffs) or high carbon (through the capacity
mechanism). This dependence on policy stimulus rather than market signals distorts the
market and creates investor signals to chase the investment that provides the greatest
guaranteed return from Government rather than that which delivers the greatest benefit to
society. Government in turn has adopted contracting procedures which are inefficient
both in terms of prioritising higher cost measures where lower cost ones are available,
and in failing to adequately introduce competitive stimulus into its procurement
processes. The Competition and Markets Authority (‘CMA’) has suggested that the

decision to award a majority of (existing) CfD funding ‘outside the competitive process



under the Final Investment Decision Enabling for Renewables scheme is likely to have
resulted in higher costs to customers of approximately £250-£310 million per year for 15
years,”" building on similar criticism already expressed by the National Audit Office.? The
CMA'’s energy market inquiry has also provisionally concluded that the Government’s
ongoing methods of allocating CfDs give rise to an ‘adverse effect on competition,’
expressing considerable concern that DECC is not supporting its decisions around the

allocation of budget into funding pots for different technologies with robust evidence.

In its first CfD auction round, DECC allocated 80% of the available budget to the less
established (eg more expensive) technologies pot. This trend to favour the most
expensive technologies has since embedded further, as the Government has
subsequently announced its intention to preclude new onshore wind projects from
receiving CfDs and that the next CfD allocation round will see budget allocated

exclusively to the less established technologies pot.

The consequences to consumers of banning cheap technologies and prioritising the
procurement of expensive ones are potentially highly material. We commissioned NERA
Economic Consulting to model the results of low carbon generation auctions both with
and without onshore wind.® Its exclusion imposed significant costs on electricity
consumers - around £0.5 billion over the term of the CfD auctions awarded in a single
auction round. Because auctions may be repeated over a number of years, the eventual
costs to consumers could be much higher. We also asked NERA to model what savings
could be achieved if the technology pots were merged - eg that low carbon auctions
simply focused on buying the cheapest low carbon generation it could. Applying that
approach reduced consumer costs by around £1 bn, again, only in relation to a single

auction round.

The absence of financial discipline in generation procurement decisions is coming at a
significant cost to consumers. Given a budget during the last Parliament rising from
£3.5bn this year to £7.6bn by 2020 to build new clean energy generation, DECC is
already forecast to spend £9.1bn.* This overspend has forced DECC to scale back a

range of policies during summer/autumn 2015 with consequential negative effects on

' ‘Energy market investigation - provisional findings report, CMA, 2015. http://tinyurl.com/hust94g

2 ‘Early contracts for renewable electricity,” NAO, 2014. http:/tinyurl.com/h5uygwx

% You can find the results of its modelling on our website: http://tinyurl.com/zwr4o5n

4 ‘Written ministerial statement to the Lords on the Levy Control Framework,’ 22 July 2015. http://tinyurl.com/q2jkand
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investor sentiment and confidence in policy durability. This boom/bust approach is a

lose-lose situation for both consumers and investors.

In our 2015 report, ‘Generating Value’, we analysed the effectiveness of current and
recent past policies to stimulate low carbon generation and came forward with a range of
recommendations for how policy could be improved to keep the lights on and meet

carbon targets at lower cost to consumers. We recommended:

e The government should allocate the majority of CfD funding to the most currently
cost-effective technologies.

e |Instead of barring onshore wind from CfD allocation completely, government
should instead lower the cap on strike prices (for example, by changing the
previously set administrative strike price cap on auction clearing prices) to a level
equivalent to the cost of new build gas generation.

e Any future decision to allocate funding to the less established technologies pot
must be accompanied by a rigorous value for money assessment. DECC needs to
start demonstrating the value (if any) of keeping the more expensive technology
options open. If it cannot, they should not be funded.

e The criteria used to assess bill-funded low carbon deployment should be
consistent across impact assessments. They should be heavily weighted towards
reducing emissions at the lowest cost. Government can and must do more to
quantify currently uncosted externalities given the size of investment it is
committing to at consumers’ expense.

e |If job creation is the principal, or a major, consideration in the government’s
decision to stimulate a new project or technology, it should fund the job-creating
proportion of any needed deployment support from general taxation.

e Where DECC proposes to award a substantive contract that has been bilaterally
negotiated rather than competitively procured, it should publish a full impact
assessment for consultation.

e As well as ensuring full impact assessments are carried out in future, the CMA
should also demand full publication of terms in existing contracts that affect
consumers’ liabilities.

e The government should set an upper limit for subsidy per MWh as a stop-loss
policy. It should degress over time. A medium term target trajectory should be

published to allow investors to have confidence that they understand the terms on



which support will, or will not, continue. Competitive procurement processes for
new low carbon contracts, such as auctioning, should continue in order to
encourage developers to beat the degression curve and not simply to match it.

e Low carbon generation deployment and energy efficiency programme costs
should be transferred from levies on bills into tax-funded programmes.

e Re-establishing energy efficiency policy in the wake of the cancellation of the
Green Deal should be undertaken as a matter of urgency. Efficiency policies will
be essential to mitigate the bill impacts of decarbonising generation. This should
include targeting the successor to the ECO scheme towards fuel poor households,

and designating energy efficiency as a national infrastructure priority.

We append that report to our submission and suggest that it provides a good starting

point for informing your work on how to cost effectively stimulate new generation projects.
5

We are open-minded regarding proposals to introduce an Independent System Operator
(‘1SO’) function. In principle, we can see theoretical benefits in keeping the System
Operator (‘SO’) and Transmission Owner (‘TO’) functions of National Grid bundled as
they currently are. This is because we see some natural interactions between the two -
TO is what you build, SO is how you use it. Trade-offs must exist between the two: eg
investing in (TO) capacity (or not) should affect (SO) system constraint costs. As a
consumer, one would want those trade-offs to be made in a way that reduces total costs
and divorcing these functions into separate bodies could preclude or frustrate those
trade-offs from being made. In practice, we acknowledge that theoretical benefit to
keeping these roles bundled has not been as manifest as it could be in practice. While
TO and SO functions are both price controlled they are subject to separate price controls
which may impede the extent to which regulation drives efficient totex trade-offs. In
addition to this, while the SO function is at GB level, TO is separated between England &
Wales (also National Grid) and Scotland (Scottish Power and Scottish Hydro) which may

constrain the synergies.

We think much of the current debate on whether or not there should be an ISO is driven
by perceived conflicts of interest between National Grid’s role as the EMR Delivery Body

and as an advisor to government on issues like volumes to be procured through the

® ‘Generating Value, Citizens Advice, October 2015. Also available on our website: http:/tinyurl.com/hi8zvmg
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capacity mechanism, and the potential that government decisions made on that advice, or
delivered through that role, could impact on its bottom line. If these perceived conflicts of
interest were to crystallise, this could potentially have an adverse effect on the extent to
which the market ensures that demand and supply are balanced at minimised cost.

While we do not see evidence that the potential for conflicts of interest is occurring in
practice, we recognise the arguments being made here and that this perception could

affect investor, political or consumer confidence in the UK market.

We think that alongside consideration of whether there should be an ISO it may also be
worth considering whether system balancing should remain the preserve of a single body
acting at transmission level, or whether there is a role for distribution networks to take on
such a role too - is it enough to have a TSO, or do we also need to develop DSOs?
Volumes of (distribution) embedded generation have increased sharply in recent years,
and much of the potential for demand side response and storage is also distribution
rather than transmission connected. These changes mean that the balancing assets
available to keep the lights on in future may not be transmission connected as they were
in the past. While a single remote SO may be able to continue to call on such assets
through new products and services, there may be a case that the distribution network
they are connected to has a better view on how to operate those balancing assets in such
a way that the total costs to consumers are optimised. Should DSOs be able to bid in to
the balancing mechanism? Should they be able to procure balancing services in the

same way that a TSO - whether independent or not - can?

While your consultation briefly mentions demand side management it only does so in the
context of ‘new technologies’ and energy efficiency is not mentioned. This may suggest
that you are only interested in new and novel demand side management technologies
such as active demand side response and energy storage, and not more established
markets like demand reduction through energy efficiency. We think this would be a
mistake as energy efficiency has a potentially huge part to play in ensuring supply and
demand are balanced at minimum cost. Energy efficiency has proven highly effective in
reducing demand in recent years. Weather corrected domestic electricity demand
dropped by 13% between 2008 and 2014, with a larger drop still in gas of 19%.° Much of
this demand reduction will have been through measures that are far less cutting edge

than those you are considering - loft insulation, boiler replacement etc - but they are also

® DECC Digest of UK Energy Statistics. http:/tinyurl.com/pf9vrgv
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low cost (when compared to subsidising large new power stations), low regrets and can
deliver significant social benefits through helping to tackle fuel poverty and cold related
illnesses. Energy efficiency is also essential if you are going to pay for large upstream
infrastructure projects through bill levies - because reducing the volume of energy
consumers use can counteract some of the inflationary pressures that subsidising power
stations will put on unit prices. But government ambition here is low. The Conservative
manifesto committed it to making one million homes more energy efficient in the 2015-20
Parliament - but this is a very significant drop on the deployment rate from the last
Parliament.” The Green Deal has been scrapped and ECO2 is largely delivered with no
replacement yet in place. In combination we are currently left with an unambitious energy
efficiency target and a lack of credible policies to achieve even that limited ambition. The
National Infrastructure Commission could usefully play a role in setting out a more
ambitious pathway for UK energy efficiency policy to keep the lights on while minimising
consumer costs. Ultimately the UK’s buildings are its biggest single infrastructure asset -
at the end of 2013, dwellings accounted for 61% of the UK’s £7.6 trillion net worth?® - it

would be perverse if the NIC’s work ignored our largest asset.

2. What are the barriers to the deployment of energy storage capacity?
o Are there specific market failures/barriers that prevent investment in energy
storage that are not faced by other ‘balancing’ technologies? How might

these be overcome?

The market for gas storage is considerably more functional than the market for electricity
storage. Gas storage assets built under the British Gas monopoly and since unbundled,
combine with North Sea production, the gas interconnectors and expanding LNG import
infrastructure to provide a robust security of supply environment. This has occurred largely
absent any specific policy incentives or mandates for storage nor supply diversification. In
particular, it has avoided the risk of ‘oversupplying’ storage. Consumers have not had to
bear the costs of construction and operation of unneeded storage facilities, yet consumers’
needs for reliable gas supply has been met, even during times where gas supplies in Europe
have been disrupted. We see no reason for the government to change this market-driven

approach to gas storage in upcoming years.

" For example: 860,000 major measures (boiler replacement, loft, cavity wall or solid wall insulation) were installed between
October 2011 and March 2012. ‘Left out in the cold,” Energy Bill Revolution and the Association for the Conservation of Energy,
February 2015. http://tinyurl.com/pkue7en

& ONS, ‘National Balance Sheet: 2014 estimates’ http://tinyurl.com/gtetnbb



http://tinyurl.com/pkue7en
http://tinyurl.com/gtetnbb

Electricity is very different. The technologies that can store electricity are either very new and
expensive (including most prominently batteries but also more esoteric storage methods
such as flywheels and power-to-gas storage), or very old and expensive (such as

constructing pumped-storage hydro facilities).

The electricity market has evolved largely on the basis that electricity cannot be stored, or at
least can only be stored at high cost and with low efficiency. The possible emergence of new
technologies that can supply electricity storage much more cheaply, especially the reducing
costs of large battery systems, fundamentally challenges many of the assumptions and
market structures that currently exist. The commercial viability of proposed applications,
such as arbitrage between periods of peak renewable energy supply and peak demand,

under existing market arrangements is unclear.

The focus of policy should be on enabling efficient and cost-effective investments in storage,
and not trying to push investment at any price. As is the case with gas storage, it is not

simply that more is always better. Given the uncertainties around future costs we agree that
the initial focus of policy assessment should be on removing barriers rather than developing

additional funding mechanisms whose need is as yet unknown.

While we are not in a position to provide a comprehensive assessment of all such barriers,

some examples may prove instructive.

For example, following unbundling initiatives at a UK, and subsequently at the EU level,
network operators have been restricted from operating generation and supply assets. As
costs of storage come down, there may be instances where it is cheaper for a DNO to add a
storage system to a constrained network than to reinforce it in the conventional way. Yet
present regulatory arrangements may preclude this. (There are other ownership models that
may allow a storage facility owned by a third-party to provide an equivalent function, but it is
unclear whether the current remuneration arrangements for DNOs would provide any
incentive for them or a third party to participate in this way.) It is our understanding that
these restrictions are under review in Brussels, with the European Commission and
ENTSO-E considering the next round of electricity market legislation. The UK Government
and Ofgem may also want to consider whether current unbundling arrangements would
interfere with cost-effective deployment of storage options. A regulatory regime analogous to

the one now in place for interconnection may facilitate the development of storage by



networks but outside their regulated monopoly business, or under a cap-and-floor style
regime that limit networks' ability to use their monopoly position to drive excessive

profitability in a non-monopoly storage business.

Another instance where the regulatory treatment of storage could potentially dissuade new
entry is in the charging for balancing services (BSUo0S) charges. Storage operators face
BSUoS charges twice - once when drawing from the grid to fill up storage, and again when
supplying to the grid emptying storage. Conventional load or generation would only face one

of these charges.

e What is the most appropriate scale for future energy storage technologies in
the UK? (i.e. transmission network scale, the distributed network or the

domestic scale.)

It is too early to judge the scale that energy storage technologies could interact with the
electricity system. It is quite plausible that it could play roles at all the levels suggested,
working alongside wind farms and other intermittent generation on the transmission network,
being used to avoid distribution grid constraints or reinforcements, and in household

applications with electric vehicles, or in combination with solar PV.

At this stage in their evolution we see little merit in government trying to close off any of
these options, or trying to steer deployment towards any particular application. Rather, the
first stage in ensuring policy is ready for cheaper electricity storage should be to assess
whether there are any regulatory barriers that would currently impede any of these
applications, or which would distort incentives, such as those described in the response to

the previous question.

3. What level of electricity interconnection is likely to be in the best interests of
consumers?
e Is there a case for building interconnection out to a greater capacity or more
rapidly than the current ‘cap and floor’ regime would allow beyond 20207 If
so, why do you think the current arrangements are not sufficient to

incentivise this investment?



e Are there specific market failures/barriers that prevent investment in
electricity interconnection that are not faced by other ‘balancing’

technologies? How might these be overcome?

Interconnection can provide a valuable tool to the UK economy and to its consumers. As
intermittent generation comes to form a higher proportion of total generation both within our
borders and in neighbouring countries it can help to provide both with a balancing tool and a
route to markets. Where the cheapest megawatt, or negawatt, is outside our borders
interconnection can provide a route to deliver this benefit to UK consumers. Conversely, it
provides export opportunities for our most efficient producers. Interconnection should also
help to create deeper, more liquid wholesale markets, reducing total consumer costs. Itis
hard to see how a single european market could be completed without the integration of

markets facilitated by interconnectors.

Notwithstanding these benefits, we are unconvinced there is either a need to prescribe a
certain amount of electricity interconnection or a case to conclude that current arrangements
will leave us short of the interconnections we need. It is often pointed out that the UK has
lower levels of interconnection than the European average, and than the EU’s (non-binding)
10% target, but this in part simply reflects a wider trend that is driven more by physical or
political geography than market (or policy) signals. Low levels of electricity interconnection
are a characteristic of the geographically peripheral EU states - of the 11 EU Member States
who fall below the 10% interconnected capacity target, four are islands (the UK, Ireland,
Malta, Cyprus), three are peninsular (Italy, Portugal, Spain) and another three are largely
physically separate from the rest of the EU (Estonia, Latvia, Lithuania). A flat (10%)
aspirational target is never likely to represent the geographical practicalities of individual

member states.

According to the European Commission, interconnectors accounted for 6% of the UK’s
electricity capacity in 2014.° There is 4GW of current UK interconnector capacity, of which
1.5GW (37.5%) has entered service in the last 5 years (a 1GW link to the Netherlands and a
0.5GW link to the Republic of Ireland).’® Another 7.3GW is planned by 2022. It is possible,
perhaps likely, that not all of those prospective projects will come to fruition but if even half

do the UK should meet the 10% target. This large volume of interconnected capacity either

® ‘Achieving the 10% electricity interconnection target,” European Commission, February 2015. http://tinyurl.com/j55xmg2
"% “Electricity interconnectors,” Ofgem. http://tinyurl.com/iodw2nk
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recently built, or in the near term pipeline, suggests that current market arrangements and
policies are not a deterrent to interconnectors coming forward. This does not signify that
arrangements are perfect and the NIC may be able to identify incremental improvements to
the regime. But we would caution it against starting from a position that assumes major
reforms are needed to bring forward new interconnection; it is not clear that the evidence

supports such a view.

While not necessarily a deterrent to new interconnections - indeed, it may actually stimulate
them because it may create arbitrage opportunities - it is worth being aware that the UK’s
decision to impose a unilateral carbon floor price may distort cross border electricity trading.
UK power generators face a higher carbon price than those in our interconnected markets in
Ireland and mainland Europe. This may give generators outside our borders a competitive
advantage compared to indigenous generation and may undermine the case for investment
in UK thermal generation. This problem may get worse if the carbon floor price ceases
being frozen and returns to the year-on-year ‘escalator’ that was envisioned for it on

introduction.

“4. What can the UK learn from international best practice in terms of dealing with

changes in energy technology when planning to balance supply and demand?”

No comments.
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National Infrastructure Commission call for evidence, November 2015

Memorandum from the City of London Corporation
Response to Question 4: Electricity interconnection and storage

Introduction

. This submission provides the City Corporation’s views on the need for greater
regulatory flexibility and more targeted investment and calls for better
planning of the delivery of capacity in the system. The submission concludes
with a suggestion for a new approach to the capacity problem.

. The City Property Advisory Team at the City of London Corporation works
alongside developers, utilities and telecoms providers in ensuring that the
Square Mile provides the optimum environment for existing and new
businesses. It is in the context of the City’s role in promoting the Square Mile
as a world leading hub for business, that the City of London Corporation
makes this submission.

. The Square Mile directly competes with other cities to be the premium
destination for global business. One part of the City’s, and London’s,
attractiveness to international business is the ability to provide the highest
quality commercial buildings and services. A significant factor working against
London’s position is exemplified by a recent World Bank Report which placed
the UK as the 62nd out of 184 countries for getting an electricity connection
on time.

. The City of London's area has the largest electrical footprint (over 600
megawatts) in the UK and demand for electricity in the Square Mile has
greatly increased in recent years, owing, for example, to the widespread use
of power intensive IT equipment and cooling systems.

Lack of Capacity

. UK Power Networks (UKPN) is the District Network Operator (DNO) for
London. It is clear that its network in London does not have available spare
capacity to cope with future demand. This poses risks to future development
and refurbishment cycles because developers and property owners are
unable to be sure of the availability of electricity capacity. Further uncertainty
results from the fact that it can take up to 3 years for substations to be
reinforced and installation works completed so as to have sufficient capacity
to supply a new building.

. Given that Ofgem’s existing regime does not incentivise investment ahead of
need, new connections generally occur on an ad hoc basis, responding to
immediate demand. The difficulty of creating such new connections at the
last minute is hampered by the physical characteristics of the City (such as
utilities congestion under the highway. This is a further factor that creates
uncertainty and results in a lack of capacity in the system.



Resilience and Security - Generation

7. Recent research’ undertaken by the British Council for Offices has outlined
that the forthcoming closure of the UK’s legacy generation plant and lack of
available new sources of generation has increased the likelihood of blackouts
from 1 in 3,307 years in 2012 to 1 in 12 years in 2015. Moreover, the sector’s
regulator, Ofgem, does not incentivise DNOs to modify and improve aging
network assets. The City Corporation is concerned that a possible “black
start” - where supply is suddenly unavailable across the whole of a network
and needs to be restored - would severely affect the Square Mile and its
ability to continue to operate as a business centre. We are also gravely
concerned about the effect that such an event would have on London’s
reputation.

Network Resilience / Power Network Distribution

8. As a regulated monopoly, UKPN is obliged to carry out a price control review
every 8 years, which involves submission of their business plans to Ofgem, to
determine future investment plans, and the overall revenues that UKPN is
permitted to recover from customers. Under the latest price control review
process, UKPN is required to consult with stakeholders and ensure that their
views are represented in the final business plan. As part of UKPN’s
consultation, the City of London provided information to UKPN on likely
forthcoming developments. After considering the draft business plan produced
at the end of this process, the City concluded that UKPN’s investment plans
for the period 2015-2023 (which included the reinforcement of 6 existing
substations serving the City of London). Whilst UKPN received considerably
less funding than expected from Ofgem’s final determination, it is understood
that the planned level of new capacity will be sufficient to support forthcoming
development activity in the Square Mile for the next 10 years. It is therefore
the timing of investment that remains key.

9. The City Corporation is concerned that Ofgem’s reduction in UKPN’s
proposed funding could affect UKPN’s plans for investment in greater network
automation enabling the provider to switch power between substations and
thus avoiding loss of supply to businesses and residents. Investment in such
automation would do much to provide a more robust network for Central
London.

10.1n a further aspect of its final determination of UKPN's business plan, Ofgem
has reduced the amount of expenditure that UKPN will be allowed to make in
installing deep level tunnels to house critical 132kv transmission cables.
These operate at high voltage and deliver power to substations from the
National Grid. If, because of Ofgem’s determination, UKPN is required to take
the cheaper route and install such cables under the public highway, there
would be a serious negative impact on traffic across London. In addition,
placing such heavily powered cables under the public highway could pose

! http://www.bco.org.uk/Research/Publications/Britains_Energy Gap.aspx




considerable risk of catastrophic district wide network outages should one of
the cables be disturbed by any of the many utilities companies that regularly
dig up the highway.

11.Following UKPN'’s final determination, it is understood that new investment in
central London has recently been constrained due to an appeal lodged
against UKPN’s 2015-2023 settlement by a third party energy provider. This
matter needs to be resolved as soon as possible to avoid any impact on
delivery of energy supplies to key strategic development sites across central
London.

Size of Connection

12.The planning process for large developments can take many years. In an
ordinary case, for example, it will take about 3 years. During the planning
stage for large office buildings in central London, there are often difficult
negotiations with UKPN over the availability of power supply to the building.
These negotiations arise for two reasons: (i) there is very little spare capacity
in the system; and (ii) the work required to reinforce a substation such that it is
able to supply the required amount of power often takes longer than the
design and build of an office block.

13. A separate problem arises because there appears to be an unknown amount
of reserved capacity on the network which is currently unused. Some of the
larger buildings in the Square Mile are now requesting up to 15MW, enough
electricity to power a small town, which is largely to cater for trading floor
operations. Developers (whether in relation to new build or to refurbishment)
are likely to request large amounts of capacity because, given the difficulty of
obtaining supply in a timely manner, they cannot sure what type of tenant is
likely to occupy the building and so hedge their bets. The additional cost of
reservation charges is borne by the business because they regard it as a way
of mitigating the severe difficulty and uncertainty surrounding a future request
for the supply of electricity.

14.UKPN has confirmed to the City Corporation that UKPN would consider a
scheme where capacity could be sold by a building back to UKPN for use
elsewhere on the network. UKPN maintains, however, that it is constrained
from progressing this idea because the existing regulatory regime prevents it
from engaging in such arrangements.

15.The City Corporation considers that, given the scarcity of available capacity in
substations serving the Square Mile, UKPN should be permitted to take an
active role in policing the size of the connections which developers and
occupiers are able to retain when it is beyond their requirements.

16. UKPN should adopt the model used by Consolidated Edison, the electricity
network operator for New York City, whereby developers are told what size
connection they are allowed based on industry standard formula (10Kilowatts
per sq m), and the amount of capacity taken is therefore dictated by a
calculation of watts per square metre of the whole building. Developers are



able to reserve extra capacity for future expansion, if they agree to pay the
cost of additional power at the start. Network capacity is, however not
reserved, and Consolidated Edison will agree to invest in the network to
create the additional capacity at an agreed point in time, providing the
developer exercises the option for additional power at a contracted point in
time. If the developer does not exercise its option, Consolidated Edison
retains all monies paid by the developer and the capacity is released for use
by other customers.

Investment ahead of need / timing of investment

17.The scenario set out above leads the City Corporation to conclude that there
is a failure in the regulatory framework that prevents DNOs investing ahead of
need. The City believes that in an area with the largest electrical footprint in
the UK investment ahead of need should be permitted.

18.The City of London, London First and the City Property Association
commissioned the “Delivering Power” study? in April 2012 which found that
UKPN is not incentivised to invest ahead of need under Ofgem’s current
regime. The existing system promotes a “just in time” approach. The failure to
allow investment ahead of need constrains developers’ ability to ensure
network capacity for new developments. Consequently, businesses and
developers suffer from uncertainty in crafting their business plans, delays to
new developments and risks to their business.

19. Together with Westminster City Council, GLA, City Property Association,
Westminster Property Association and London First, the City Corporation has
engaged with UKPN to feed into their business plan and called for central
London to be allowed greater flexibility in investing in spare capacity.

20.In August 2013 the City submitted to UKPN'’s business planning consultation
details of forthcoming developments in the Square Mile. The timing and
distribution of the investment remains key - to ensure that capacity is
delivered in a timely manner so that it does not pose risks to the delivery of
new development. There must be better predictability of UKPN'’s investment
path. The City Corporation’s planning policy, in its 2015 Local Plan, requires
developers to engage with UKPN as soon as possible. Developers must
include the building’s likely electricity footprint in the planning application so
that this information can inform UKPN’s future demand modelling for network
upgrading. This approach can make, however, only a limited impact on the
overall problem.

21.Engagement, by the City Corporation and others, with developers has shown
that they are willing to pay more if it means that their connections will be
delivered faster. In certain cases developers are prepared to pay for full
reinforcement of substations, despite only using a fraction of the new
reinforcement and accepting that refunds (calculated on subsequent use by
other parties) may be paid at a much later date. This highlights how desperate

2 http://www.cityoflondon.gov.uk/business/economic-research-and-information/research-
publications/Documents/research-2012/Delivering%20Power.pdf)




developers are to secure electricity supplies for their building. It is therefore
likely that developers would support any future developer-funded proposal to
facilitate investment ahead of need.

22.0fgem has argued that DNOs can invest ahead of need under Section 22 of
the Electricity Act 1989. This provision allows developers to act as a
consortium which may be effective on brownfield sites where there are 3 or 4
major developers, but it would not be practical in areas such as the City of
London or other urban areas where there is a high level of continuous growth
and with, for instance, over 70 developers operating across 120 development
sites with varying timescales and developers requiring electricity connections
at different times.

23.The City Corporation supports the Mayor of London’s representations to
Government on investment ahead of need, which led to Ofgem’s “Quicker and
more efficient connections” consultation in March 2015. This consultation
brought forward good suggestions for addressing the issue of investment
ahead of need. Whilst the City broadly supports incentives which could allow
DNOs to make investment ahead of need in areas where there is an expected
high level of development growth, some of the proposals required UKPN to
seek Ofgem approval and for Ofgem to publicly consult on the location and
level of investment being made. This is likely to be a protracted and
cumbersome process for developers to manage, (for whom time is key). Itis
therefore unlikely that any developer would await the outcome of a public
consultation to find out whether they have sufficient electricity supplies for
their development as it would present too big a risk to their project. For this
reason, the model would only be suitable for developments in areas where
there is no spare network capacity in (or plans to upgrade) any of the
surrounding substations and no other obvious immediate connecting
customers in the surrounding area. It is highly unlikely that this model would
be able to be adopted in the City of London given the continuous cyclical
nature of development and differing timescales of developments which would
mean that the need for consultation on investment would be too time
consuming and present too many risks to timely investment and delivery of
power supplies.

24 . The consultation also suggested private investment in the form of a “DevCo”
proposal that would be able to investment in new capacity. The City of
London felt that this arrangement would give the DevCo inappropriate powers
and the DNO onerous responsibilities in selection of development types which
could benefit from reinforced infrastructure. The proposal would cut across
the existing regime for planning new infrastructure (through the Community
Infrastructure Levy), which considers a wide range of factors in consideration
of the types of schemes which are appropriate in a given location, and would
be inappropriate. DNOs in particular could be seen to be acting outside of
their remit given that they are bound by existing regulation to not discriminate
between those requesting connections.

25.The City of London welcomes Ofgem’s findings from this consultation,
however the starting point for the verification of any case for investment



ahead of need will be a clear overview of available DNO substation capacity
in areas of high development growth. Regrettably this data is currently
unavailable. Ofgem and the Government should ensure that DNOs make this
information publicly available. It would be important to consider this data
alongside information from developers, market details and Local Authority
information (in London at the GLA level as well as at borough level) in
determining appropriate areas. The City, for example, has robust information
on the timescales of forthcoming developments.

26.The City has met with Ofgem and suggested that the link between local
authorities and DNOs should be restored to allow UKPN to be able to
compare future investment with local authorities’ development projections, to
coordinate connection works more effectively, and install spare ducts in areas
of expected need. Areas such as the Square Mile benefit from high levels of
continuous development growth and the City maintains a development
pipeline that can pinpoint where large loads will occur. Based on this suite of
information it can be argued that there will be a very high utilisation of
investment in capacity ahead of need in such areas.

City of London Corporation
January 2016
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The Prince of Wales’s Corporate Leaders Group

National Infrastructure Commission — Call for Evidence

The Prince of Wales’s Corporate Leaders Group is pleased to provide a response to the call for evidence.
Please find a short introduction to the Group followed by our response, concentrating in particular on
the third challenge to improve how electricity demand and supply are balanced.

The Prince of Wales’s Corporate Leaders Group (CLG)

The CLG is a select club of European business leaders working together, under the patronage of The
Prince of Wales and with the support and advice of the University of Cambridge Institute for
Sustainability Leadership, to advocate solutions to climate change to policy makers and business peers
at the highest level, both within the EU and globally.

The CLG members are committed to working towards business models that are compatible with the
global emissions trajectory required to keep cumulative emissions below one trillion tonnes of carbon
from manmade CO2, thus striving to limit global temperature rise to 2°C. CLG members are committed
to playing a leadership role in securing a just, low carbon transition, both in terms of changing their own
businesses and sectors, and advocating change in the wider economic and political context. At a
minimum the CLG supports the goal of achieving net zero emissions globally well before 2100, and “at
least” 40 per cent emissions reductions overall by 2030 and at least 80 per cent by 2050 EU-wide.

The CLG seeks to deliver its goal through bringing European business leaders together to advocate for
policy change in relation to climate change and a low carbon transition, drawing on high-level
convening, thought leadership, business innovation and new partnerships as required.
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The Corporate Leaders Group — National Infrastructure Commission Call for Evidence Jan 2016

The CLG is composed of major companies including market leaders and household names that are
representative of the majority of EU member states. It is deliberately composed to represent a broad
cross section of business sectors, including service providers, retailers and consumer goods companies,
infrastructure operators, energy generators, energy producers, energy intensive industries, advanced
manufacturing, and technology suppliers.
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The Prince of Wales’s Corporate Leaders Group (CLG) is an initiative of the University of Cambridge
Institute for Sustainability Leadership (CISL). CISL is not a member of the CLG but provides the
secretariat to it'. For further details on the CLG’s activities and plans please see
http://www.corporateleadersgroup.com/ .

1 Decisions of the CLG do not represent the policies or positions of CISL or of the wider University of Cambridge
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Consultation Response

Over the next 15 years nearly £60trillion will be invested in global infrastructure in urban, land-use and
energy systems. Resource efficiency, infrastructure investment and innovation are key drivers of a new
low-carbon growth model.?

As business leaders, our interests are aligned with the future of the UK economy, and we believe that
the future could be bright. The UK has world-leading expertise and capacities in innovation, engineering,
finance, and business that provide the foundation for leading the global transition to a sustainable,
resilient and low carbon economy that would create jobs, prosperity and growth. As major UK
businesses, we are playing our role by investing in new resilient, low-carbon infrastructure, goods and
services, but a new economy will only by realised if government actively works with us to deliver this
transformational change. This means a strong and stable policy framework, consistent rhetoric, and
making the right choices about the infrastructure we plan to build, the way we intend to run it, and the
incentives faced by business.

We believe there are four key characteristics of a prosperous and sustainable economy:

1. A secure, efficient and decarbonised power sector

2. A resilient, efficient and low carbon built environment

3. An integrated and secure transport system that enables ultra-low carbon choices

4. Sustainable consumption patterns that are supported and encouraged by policy frameworks,
business models and supply chains.

The Corporate Leaders Group would like to emphasise the need to embed resilience to extreme
weather and climate change into UK national infrastructure, all plans must look to reinforce and actively
compliment UK decarbonisation in line with long term climate goals.

2 ‘Better Growth, Better Climate’, The Global commission on the Economy and the Climate, September 2014

d UNIVERSITY OF Sk

 CAMBRIDGE THE PRINGE OF WALES'S

INSTITUTE FOR ‘
SUSTAINABILITY LEADERSHIP CORPORATE LEADERS GROUP




The Corporate Leaders Group — National Infrastructure Commission Call for Evidence Jan 2016

National Challenge 3

The future of UK energy infrastructure will be defined by a broad range of national and international
trends and risks including: the Carbon Budgets; the EU Energy Union; European grid interconnection;
the falling cost of renewables; resource price shocks; the Post-Paris international climate change
regime; the electrification of transport and heat; and political pressure to control or reduce prices.

We advocate that advancing efforts to address this challenge will need the Commission to ensure that it
invests in its ability to exploit synergies across technologies, sectors and national borders, that it
remains alert and flexible to opportunities and that it empowers those who control demand to be able
to decide on relevant infrastructure. Future UK electricity and energy systems should be considered with
a holistic infrastructure view, not contemplating electricity, heat and transport as separate and
unconnected systems. Integration of these energy vectors is a necessary step towards decarbonisation;
infrastructure development has to recognise this assimilation.

The UK Climate Change Committee (CCC) develops common, consistent and robust scenarios to
underpin all infrastructure planning. Bodies such as UK Foresight show how complex and uncertain
trends and technologies can be assessed in an open and participatory way so as to inform a
comprehensive strategy.

1. What changes may need to be made to the electricity market to ensure that supply and demand are
balanced, whilst minimising cost to consumers, over the long-term?

The CLG recognises that in efforts to balance supply and demand in the long term whilst minimising
costs to consumers the Commission should recommend reforms that are likely to correct predicted
imbalances in the 2020s at the lowest costs. Responding to these predictable future uncertainties
requires an ability to understand and manage demand, integrate across infrastructure systems, build-in
flexibility and preserve optionality.

The CCC’'s lowest cost decarbonisation scenario through to 2030 shows interconnection, demand
response and storage deployment significantly increasing system flexibility. They have demonstrated
that the lowest-cost trajectory to the UK'’s legally binding carbon targets requires that the carbon
intensity of power generation decreases from around 450 gCO2/kWh in 2014 to 200- 250 g/kWh in
2020, and to below 100 g/kWh in 2030°. Under this lowest-cost trajectory low-carbon generation
reaches a total share of around 75% of generation by 2030. The CCC’s analysis shows that the demand
side has an important role in increasing the flexibility of the power system, alongside interconnection,

3 Committee on Climate Change, Sectoral scenarios for the fifth carbon budget - Technical report, November 2015,
https://www.theccc.org.uk/publication/sectoral-scenarios-for-the-fifth-carbon-budget-technical-report/
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storage and flexible back-up capacity; supporting the Commissions initial focus on lowest-cost
balancing®.

Recent policy changes have removed all public investment in carbon capture and storage (CCS)
development and deployment creating a very significant barrier to lowest cost balancing which the
Commission should address in its recommendations to Government. The Department of Energy and
Climate Change and the CCC conclude that a major deployment of carbon capture and storage (CCS)
technology in the first half of the 2020s will drive down costs by reducing the requirement for low-
carbon new generation. The Commission should draw on the expertise of the CCC and the Department
of Energy and Climate Change to insure that it is addressing current and future balancing challenges
rather than those that have already passed. If the Government chooses to ignore the changes to the UK
energy system predicted in its own scenarios, and specified in its legally binding Carbon Budgets in order
to simplify decision making today there is a high risk of policy failure; policy designed to address the
balancing challenge of today will fail to address the very different challenges of the 2020s.

e What role can changes to the market framework play to incentivise this outcome:
o Is there a need for an independent system operator (SO)? How could the incentives faced
by the SO be set to minimise long-run balancing costs?

o Is there a need to further reform the “balancing market” and which market participants
are responsible for imbalances?

e To what extent can demand-side management measures and embedded generation be used to
increase the flexibility of the electricity system?

The potential for consumers to respond to price signals and adjust demand is currently unknown but
may be a very significant and cost-effective alternative to achieving system balance through supply side
measures. The Commission should consider initiating or recommending a fundamental review of the
issue of consumer engagement in the context of maximising the potential for demand flexibility and the
decarbonisation of heat. The current market is based on the presumption that consumer engagement
should be driven by price and price alone. Whilst there is likely to be a proportion of consumers,
particularly those that are large or sophisticated, that will respond to price, many will not despite the
low levels of effort required.

4 ‘Flexibility is important. To maximise the value of these investments and ensure security of supply it will be important to improve the flexibility of
the power sector. That will require investment in flexible gas-fired generating capacity alongside expansion of international interconnection, flexible
demand response and potentially electricity storage. The costs of these measures are included in our assessment of intermittency and system costs.’
Committee on Climate Change, Power sector scenarios for the fifth carbon budget, p7, October 2015,
https://www.theccc.org.uk/publication/power-sector-scenarios-for-the-fifth-carbon-budget/
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2. What are the barriers to the deployment of energy storage capacity?
e Are there specific market failures/barriers that prevent investment in energy storage that are not
faced by other ‘balancing’ technologies? How might these be overcome?

At present, energy storage does not provide the most efficient means to help balance the energy system
when compared to demand side response, interconnection or generation. Energy storage systems are
currently technically immature but have the potential for significant cost reductions over the coming
years and decades.

Driving forward these technical developments requires new and additional R&D investment but also a
programme of deployment to deliver ‘learning by doing’. This, in turn, might require system operators,
both at transmission and distribution level, to take a long term perspective on the potential benefits for
cost efficiencies. These considerations must therefore be included within the relevant regulatory and
incentivising frameworks.

e What is the most appropriate scale for future energy storage technologies in the UK? (i.e.
transmission network scale, the distributed network or the domestic scale.)

3. What level of electricity interconnection is likely to be in the best interests of consumers?

Evidence suggests the UK is currently under-connected with its neighbours and significantly greater
levels of interconnection would be in the interests of consumers. The current wholesale price of
electricity in the GB market is double the price of the German and Nordic electricity markets. Greater
interconnection should lead to greater price convergence, including lower costs for GB consumers.

UK interconnection capacity represented only 6% of installed generation capacity in 2014. This puts the
UK 21st out of 28 member states. In 2002, the European Council (including the UK) agreed a target for
member states to reach interconnection capacity equivalent to 10% of installed generation capacity.
The UK is unlikely to meet this level until 2021, 19 years after it was first agreed.

Interconnection is a strategic system resource. It plays four key functions to support the interests of UK
consumers:

- First, greater interconnection between GB and European markets can enable optimal use of
existing generation assets, meaning the most efficient plant are used first — lowering costs to consumers
- Second, interconnection across European markets can enable new generation (and/or demand)
to be sited in the most optimal locations — for example for wind power to be located in the windiest
regions and solar PV to be located in the locations with the most solar irradiation.

- Third, interconnection can act as a flexibility resource, to facilitate the integration of variable
renewable generation.
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- Fourth, interconnection can support energy security across asset replacement cycles — meaning
the UK can import power when margins are low (as at present) and have the potential to become an
electricity exporter in the future.

In this context, determining the best value interconnection level for consumers requires an assessment
of the full system benefits, including enabling role interconnection plays in the energy transition - not
just price differentials.

Interconnectors are long-term infrastructure. In a rapidly changing electricity system with major shifts to
both generation and demand, the UK is unlikely to have completely optimal interconnection capacity at
every moment in time. However, given the role of interconnection in creating system options and
managing risk, underinvestment in interconnection may be more damaging to UK consumer welfare
than overinvestment.

In recognition of the value of interconnection in developing the internal energy market, in October 2014
the European Council agreed a target for countries to achieve 15% interconnection capacity by 2030.
This target helps to provide forward certainty for the industry as well as adding a political focus on
moving investment forward. The 15% target should be seen as an appropriate minimum level of
interconnection capacity for the UK to achieve by 2030, with further interconnection capacity developed
if needed.

e Is there a case for building interconnection out to a greater capacity or more rapidly than the
current ‘cap and floor’ regime would allow beyond 20207 If so, why do you think the current
arrangements are not sufficient to incentivise this investment?

The 2020s will see the continuing convergence of investment in building efficiency, electricity and gas
infrastructure, and the beginning of the integration of electricity and transport systems. It will be
impossible to make a credible case for future energy investment without a clear assessment of the
impact of regulation and public investment on future demand. This must include assessment of
international power resources as the UK grid will be increasingly balanced at European scale, drawing on
Norwegian hydroelectric, Irish wind and Spanish solar power’

5 https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/68816,/216-2050-pathways-analysis-report.pdf

 UNIVERSITY OF I
) CAMBRIDGE THE PRINCE OF WALES’S

INSTITUTE FOR -
SUSTAINABILITY LEADERSHIP CORPORATE LEADERS GROUP




The Corporate Leaders Group — National Infrastructure Commission Call for Evidence Jan 2016

e Are there specific market failures/barriers that prevent investment in electricity interconnection
that are not faced by other ‘balancing’ technologies? How might these be overcome?

Interconnection faces specific barriers and challenges that are not faced by other balancing
technologies. It is cross-border by nature, which means dealing with multiple jurisdictions and plays
multiple roles in the energy system beyond system balancing alone.

Realising the benefits from more coordinated and strategic grid planning and interconnector system
balancing requires the Commission to make significant political and regulatory reforms.

e Political reform can be achieved by refocusing political engagement with neighbouring countries
to explore opportunities to co-operate on energy system planning and low carbon resource
sharing. This should include bi-lateral discussions with key neighbouring countries and placing a
strong mandate on the North Seas Countries Offshore Grid Initiative to exploit the opportunities
associated with developing an offshore network.

e Regulatory reform requiring Ofgem to reform the regulatory system for onshore and offshore
networks and interconnections to ensure effective co-ordination across the regimes as well as
realising the full value of creating options to manage future uncertainty.
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01872 245566
enquiries@cep.org.uk

: www.cep.org.uk
Dear Lord Adonis, Loparg

Registered Charity 1068990
) . r . Registered Company Limited
Home energy efficiency infrastructure opportunity by Guarantee 03533571

| am writing to add my support to the briefing which has been submitted by Energy Bill Revolution
and the UK Green Building Council. Their briefing paper titled ‘Fixing the roof while the sun is
shining’ highlights the home energy efficiency infrastructure opportunity which is presented by the
country’s move towards decarbonised heat.

Community Energy Plus is a charity and social enterprise providing services to help householders and
communities in Cornwall to enjoy warmer, more energy efficient homes. Up until 2014, a significant
focus of our charity’s work was centred on the delivery of energy efficient home improvements and
we are proud to have installed loft and cavity wall insulation and heating improvements in over
25,000 Cornish homes.

We believe that the government has previously taken a ‘one size fits all’ approach to the design and
delivery of energy efficiency initiatives which have failed to meet the needs of rural housing stock.
Successive schemes have focused on delivering the most cost effective measures and have not
tackled the problem of improving the energy efficiency of homes with solid walls, which account for
35% of the Cornwall’s housing stock.

Cornwall currently ranks as having the twelfth worst problem with energy affordability in the
country due to a combination of low incomes, a high number of homes with solid walls and high
proportion of properties which are not served by the gas netwaork which are reliant on expensive
forms of heating. The latest report on fuel poverty in England has shown that 14.4 percent of
households in Cornwall, which is almost 35,000 homes, have above average energy costs.

Community Energy Plus strongly believes that energy efficiency needs to become a UK national
infrastructure priority and be allocated sufficient funding to make cold homes and fuel debt part of
our history, with assistance prioritised to the most vulnerable in our society.

| would therefore like to take this opportunity to echo the call made by the Energy Bill Revolution
and the UK Green Building Council for the National Infrastructure Council to carry out a full J
investigation as soon as possible to investigate the opportunity to improve the energy efficiency of

the UK's housing stock as a crucial part of the infrastructure that is required to de-carbonise heat.  GREEN DEAL

Yours sincerely, Assessor*
b~
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Chief Executive
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8t January 2016

Dear Andrew
National Infrastructure Commission call for evidence - Delivering future-proof energy infrastructure

| am writing in my role as portfolio lead of the Core Cities Low Carbon, Energy and Resilience Policy Hub.

First of all, on behalf of the Core Cities, | want to welcome the establishment of the National Infrastructure
Commission. It comes at a critical time in unlocking future investment to enable our UK economy to plan,
grow and deliver sustainable and inclusive growth over the long term.

Our Cabinet members would be keen to meet with you and other members of the National Infrastructure
Commission to help inform both the current and future stages of work and consider the vital role that Core
Cities (and wider City Regions) can play in the delivery of the Commission’s objectives.

The Core Cities Cabinet will be meeting in Sheffield on Tuesday 26™ January, which we would be delighted if
you could attend. If this is not possible, then please advise if there is another suitable date.

Our response below sets out our view on delivering future proof energy infrastructure, recognising also that
the separate Transport for the North Board will respond to the challenge of improving connectivity
between Cities in the North of England.

However, we would also like to make some more general points with regard to future infrastructure
investment that we feel are critical in terms of enabling long term planning and ensuring future resilience;
also taking into account the discussions and commitments made at this year’s COP21 deal in Paris. These
include:

Ensuring climate resilience is assessed and included in all planned investment — Following on from the
recent flooding in the North of England and elsewhere, as well as the number of disruptions to transport
during a number of extreme weather events in 2012, 2013 and 2014; the National Infrastructure
Commission needs to embed climate change adaptation appraisals as part of its investment approach. The
Parliamentary Office of Science and Environment cited in 2014 that estimated annual damages from
flooding were in the region of £1.1bn a year in England alone. Failing to account for climate change when
seeking to rebalance the economy risks undermining the very ambitions we are working towards for the
long term.
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Transport for the North of England — The Department for Transport’s resilience review identifying and
addressing a range of transport issues to build a more reliable and resilient transport system. Globally, cities
are recognising that there is a need, wherever possible, to encourage sustainable transport options to
reduce carbon, but they are also inherently more resilient. Greater investment and co-ordination of
transport offers strong opportunities to manage extreme weather better, but needs an enabling framework
which places this need for a climate resilient transport system at the heart of transport policy. Additionally
(going forward from this initial phase), we would like to see this extended to Support for all UK pan-city
region transport projects that are sustainable, affordable and provide real economic, social and
environmental benefit at both a national and local level.

Balancing Energy Supply and Demand — In a similar vein to transport, the transition to a low-carbon
economy will inevitably involve a diversification of supply and demand. Our energy sources will comprise a
range of renewable and low carbon sources, as well as technologies to manage them, such as smart grids
and storage. In essence this creates a broader resilience, allowing the grid to manage disruption from
extreme weather. . However our current energy management structures, regulations and organisational
frameworks need to be reviewed to ensure that they are fit to deliver a long term planned approach to
national, regional and sub-regional supply and demand.

In recognition of the general direction of travel towards greater devolved powers for local government and
the benefits of a more holistic approach, we would like to suggest that Core Cities should have the
opportunity for involvement in the decision making process around current/future infrastructure policy and
service delivery, including at City Region level and through for example a duty to co-operate. We would be
happy to elaborate on this and any other points in any future discussion.

In the first instance, our views, specifically in relation to delivering future proof energy infrastructure are set
out in the attached appendix.

We look forward to the opportunity to discuss this further.
Yours sincerely,
George Ferguson CBE

Mayor of Bristol
Portfolio Lead for the Core Cities Low Carbon Energy and Resilience Policy Hub
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Appendix

Overview

The Core Cities strongly support the establishment of the independent National Infrastructure Commission
and the inclusion of the energy infrastructure as one of the first priorities. However, we believe that energy
infrastructure also needs to be seen and considered in a holistic way. At a local government level we see
and have to respond to the outcomes of the various interconnected elements, as the following three
examples demonstrate:

e Vulnerable households living in inefficient homes, which they cannot heat, or power. This creates
additional demands on health and social care services and reduces quality of life for residents.

e Failure to invest in low carbon / decarbonised transport systems at the pace that we need within
cities and their natural hinterland and between cities, leading to the associated economic and health
consequences.

e No requirement for the statutory utilities to link their infrastructure investment with our economic
growth plans, leading to the associated economic and social consequences.

Therefore, while we have responded to the detailed questions as asked in the consultation report later we
would like to set the context of the Core Cities approach to sustainable growth and reducing social
inequalities, and the infrastructure investment and approach that is needed to enable this is happen.

Resilience

The development of new infrastructure should be undertaken with a full resilience audit, not limited to but
including; how the new infrastructure will meet the challenges of climate adaptation, i.e. more frequent
extreme weather events, how the new infrastructure will support the UK resilience to geo-political events,
e.g. not relying on security of supply from unstable regions or governments and how the new infrastructure
will support the UK resilience to terrorist attack? Consideration should also be given to current existing
energy assets, such as electricity sub stations, many of which were previously built in areas with high level
of flood risk.

All these questions suggest a more decentralised, embedded and diversified form of energy production,
storage and interconnectedness; not only geographically, but also between systems; heat, electricity,
transport, water, waste and digitally and between regulatory entities especially at the city region level to
ensure efficiencies in the investment provision and decision for infrastructure construction.

Efficiency

The development of infrastructure should be considered in the context of efficiency. The Core Cities
strongly support the UK Green Building Council’s response to the National Infrastructure Commission’s call
for evidence. We suggest that energy efficiency investment in UK homes should be seen as an
infrastructure investment. In addition to the UK Green Building Council’s well evidenced response for a
wide-scale and deep retrofitting of energy efficiency measures to homes, the Core Cities would like to see a
national infrastructure approach to the provision of heat networks. The provision of heat networks allows
the delivery of heat to be undertaken in the most efficient and low carbon manner, while improving the
overall efficiency, resilience and capacity of the UK energy system through the increased use of combined
heat & power plants on heat networks.
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Environmental standards

The provision of the infrastructure as outlined in the National Infrastructure Plan 2014 amounts to £466bn,
in addition this call for evidence is likely to increase the level of investment by many further tens of billions.

The Core Cities advocate that during the design and construction phase whole life-cycle environmental
impacts assessment are undertaken and that high environmental standards are built into the tender and
design specifications. The opportunity to achieve high environmental standards on the design, construction
and ongoing usage on such a scale of investment will impact positively on developing the necessary UK
industries, skills and knowledge about how society will live in a very low carbon / decarbonised world. This
is a set of skills and knowledge that the UK can export across the globe.

Interconnectedness

The provision of the future infrastructure that will ensure that the UK can compete in the global economy,
contribute to reducing climate change emissions and be resilient to the future local and world extreme
events, suggests that the various strategic infrastructure investments be coordinated. Currently this does
not happen successfully in the UK and is invariably ad hoc.

As an example, the provision of increased demand side management of the electricity network at a local
level, through the provision of smart metering and in-home management systems could also support the
development of smart city improved transport management, waste management and heat and electricity
storage and capacity solutions. However, because the UK has system regulators; Ofgem, Ofcom, ORR,
Ofwat, Environment Agency, Natural Resources Wales, central and local government, this makes the
coordination difficult. Core Cities have long advocated that we can take the local lead, responding to the
local circumstances of each of our cities and its region. However, currently we have no mechanism to
enable this to happen; if we did have a mechanism we suggest that we would enable the provision of more
interconnected diverse future proofed infrastructure investment quicker.

Response to Consultation Questions (Energy section 4.1)

1. What changes may need to be made to the electricity market to ensure that supply and demand are
balanced, whilst minimising cost to consumers, over the long-term?

e What role can changes to the market framework play to incentivise this outcome:

o Is there a need for an independent system operator (SO)? How could the incentives faced by
the SO be set to minimise long-run balancing costs?

o Isthere a need to further reform the “balancing market” and which market participants are
responsible for imbalances?

e To what extent can demand-side management measures and embedded generation be used to
increase the flexibility of the electricity system?
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Response Q1

With regard to the question: What role can changes to the market framework play to incentivise this
outcome?

We consider changing the market framework to ease coordination could have a positive impact. As
previously mentioned we would strongly argue that there should be a duty to cooperate on other
infrastructure providers to ensure that their investment plans interface with the growth and economic
plans of the city region.

With regards to the second bullet point; Core Cities recognise that we can and could play a significant
positive approach to assisting the development of demand-side measures on the local electricity network
and increasing the take up of embedded generation systems.

Demand side management and embedded generation will be key to a flexible and robust electricity system
in the future. Micro generation at the local or community level will form part of the energy mix
underpinned by a centralised base load of gas/nuclear generation when required. Wherever possible
embedded generation linked to energy storage will be able to increase the length and frequency of demand
side management, allowing the National Grid to increase the flexibility of the energy system.

Set out below is an example of where we are currently doing this and with further support and access to
infrastructure funding and local mechanisms, this could be accelerated.

Bristol City Council Community Energy Fund

To assist local embedded generation, Bristol City Council, supported by DECC, has developed an approach
with community groups and social investors to enable them to invest in installing embedded generation
on Bristol City Council’s land and buildings, or investing in Bristol City Council’s energy generation
projects. One of the key aspects to the project is the requirement for the project to negotiate a Power
Purchase Agreement with Bristol Energy, a 100% Bristol City Council owned licensed energy supplier.

In addition to the example above, Liverpool, on behalf of the Core Cities, have been working with
Government and their network operator over the last eighteen months regarding the strategic role that we
could play in ensuring that the electrical infrastructure investment is undertaken in a coordinated manner
which both supports economic growth and meets the needs of the distribution network operator. DECC and
Ofgem have now committed to explore further Liverpool City Region’s proposals on how innovation and
collaboration can enable a more coordinated approach to network investment, in order to meet growing
network demands. To deliver this, Ofgem commit to considering proposals put forward by the Liverpool City
Region and the DNO as part of the ‘Quicker and More Efficient Connections’ project.
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2. What are the barriers to the deployment of energy storage capacity?
e Are there specific market failures/barriers that prevent investment in energy storage that are not

faced by other ‘balancing’ technologies? How might these be overcome?

e What is the most appropriate scale for future energy storage technologies in the UK? (i.e.
transmission network scale, the distributed network or the domestic scale.)

Response Q2

With regard to the market failures/barriers question we believe that there is strength in tying together
generation and storage, otherwise there can be little incentive to install energy storage if you have to ‘pay’
to then fill it. Without clear links between the two, energy storage by itself will have limited appeal in wide
scale deployment. There is a lack of clear and stable incentive mechanisms to give confidence to the
market for it to invest in meaningful energy storage and management systems.

While the National Grid does provide incentives for players at scale (3MW+) to participate in demand
response (DR) for frequency control purposes - this can only be seen as a small scale solution with limited
returns for companies to participate should the numbers of DR events increase (currently typically 10 -
30pa) due to coal being phased out and renewables offering a variable mix. While it is likely that many of
these players participating in DR will have redundancy plans in place to ensure that they are not adversely
affected by these events, the next logical step would be to incentivise them to invest in (or increase their)
energy storage solutions as well, in order to allow them to withstand a higher frequency or increase the
duration of events.

Equally as DR technology and energy storage becomes easier to implement and aggregate into the domestic
market, large portfolio owners (such as Housing Associations) will be able to be offer DR aggregation at
scale to the Grid, providing a new set of partners the National Grid can work with to peak shave demand. If
energy storage is coupled with renewable generation & DR technology then there are opportunities for
estate owners moving towards self-sufficiency, reducing demand on the Grid.

With regards to the second bullet point, Core Cities would strongly advocate that all the scales mentioned
in the question are appropriate for future energy storage technologies. Technologies employed at the
transmission and distribution levels will provide additional levels of redundancy and contingency scales and
allow the Grid to balance the energy mix at times of stress. The domestic scale will be able to benefit
hugely from localised energy storage, which depending on type — battery, hot water or both — will allow
householders to have a level of energy independence which when aggregated nationally can be used to
shave peak demand where required.

New smart metering and digital technologies and software will enable each of the scales to “talk” between
each other and also between technologies. It is imperative that as we move to a more decentralised,
embedded and diversified form of energy production, that the large scale centralised approach that has
served the UK well for the last 60 years, allows for a more pluralistic approach to meet our energy
challenges and opportunities.
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Therefore, we would advocate that if any future funding approaches are being devised, that they are open
to non network operators to make applications and in addition, that a proportion of funding is allocated for
each of the three scales.

Currently a number of Core Cities are exploring, or have in demonstration, the following distribution
network or domestic storage options:

e Electrical battery storage in properties linked to solar PV generation (in demonstration).

Installing solar power (canopies and domestic) for electricity (as part of FIT), with further future
potential for any surplus electricity not required in the house being directed to the immersion
heater in the hot water cylinder to support further energy conservation.

e Cryogenic liquefied gas electrical generation from waste heat (in discussion).

e Phase change material heat storage from waste heat arising from electrical generation (in
discussion). This approach improves the overall electrical system generation efficiency.

e Use of Dimplex quantum storage heaters and immersion heaters with smart controls throughout
several tower blocks as a means to aggregate peak shaving (in discussion)

e Liquid Air (compressed when electricity is plentiful) as a transport fuel (funding application
submitted)

e Connection of solar PV, electric vehicle charging, heat pumps, heat network and smart control
technology in a holistic system configuration (funding approved commencement February 2016).

e Energy Storage test bed at Newcastle University.

3. What level of electricity interconnection is likely to be in the best interests of consumers?
e Is there a case for building interconnection out to a greater capacity or more rapidly than the current

‘cap and floor’ regime would allow beyond 20207 If so, why do you think the current arrangements
are not sufficient to incentivise this investment?

e Are there specific market failures/barriers that prevent investment in electricity interconnection that
are not faced by other ‘balancing’ technologies? How might these be overcome?

Response Q3

We currently do not wish to make any comment regarding question three.

4. What can the UK learn from international best practice in terms of dealing with changes in energy
technology when planning to balance supply and demand?

Response Q4
Previous EU Green Capital Cities such as Copenhagen, Stockholm, Hamburg have all set their own ambitious

climate targets (Copenhagen to be carbon neutral by 2025 and Stockholm to be fossil fuel free by 2050) and
can provide key learning in terms of balancing energy supply and demand.
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In addition, forums such as the Covent of Mayors, the Compact of Mayors and Rockefeller Resilient Cities
provide global learning and commitment to tackle climate change (including through reducing energy
demand and finding more efficient and cleaner forms of energy supply) including the most recent learning
and commitments made at COP21, which Bristol supported as part of its year as EU Green Capital 2015 - the
Paris City Hall Declaration and the ‘Under2’ Memorandum of Understanding.

Japan has a very strong track record of research and investment in this field through their ‘'NEDO’ (New
Energy and Industrial Technology Development) Governmental arm which is running a number of ground
breaking pilot on energy storage and demand side response technology in pilots across Europe including
Greater Manchester.

The UK is also making its own progress in other areas with innovative and collaborative work across our
different sectors such as on the development of Ultra Low Emissions Vehicles, Marine Energy Accelerator

programmes and longer term energy storage.

ENDS
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8t Jan 2016

Dear recipient
Our comments below are in response to the question of future energy

https://www.gov.uk/government/consultations/national-infrastructure-commission-call-for-
evidence/national-infrastructure-commission-call-for-evidence

1. What changes may need to be made to the electricity market to
ensure that supply and demand are balanced, whilst minimising cost to
consumers, over the long-term?

The electricity market allows benefits to accrue to different stakeholders in a seemingly
fragmented way resulting in the ‘broken value chain’ problem. This is especially relevant in
constraining smart grid development. An independent system operator can be influential in
deciding when and how to use flexibility (DSR — Demand Side Response) for system
balancing vs local network congestions. All existing actors will want to guard their own
benefits whereas an independent body might ensure maximisation of overall system benefits.
Risk evaluation cannot be conducted easily for all actors in the current regime and risks can
be taken blindly leading to uncertain investment outcomes.

Large scale batteries are too expensive and frequency support for batteries applies not for
DNOs but for large scale renewable generators but because they pay for connection
capacity. This effectively doubles the amount energy they can sell', see for example.
Energy storage particularly at micro level is very expensive although it avoids distribution
costs. Renewable generators might benefit from energy storage, for example for large PV
operators in northern England.

. What role can changes to the market framework play to incentivise this
outcome:

" Koch, S. “Assessment of Revenue Potentials of Ancillary Service Provision by Flexible Unit Portfolios” in
Energy storage for smart grids”, editors Du and Lu.
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. Is there a need for an independent system operator (SO)? How could
the incentives faced by the SO be set to minimise long-run balancing
costs?

« Is there a need to further reform the “balancing market” and which
market participants are responsible for imbalances?

Regulatory changes allowing energy storage would help DNOs. It would help to better
regulate the use of energy storage by DNOs by resolving constraints (e.g. overloaded
assets, frequency problems and disconnect DNO from energy market) and for TSO
(Transmission Service Operator — National Grid) balancing purposes. The TSO has a larger
interest and so can draw from broader geographical range. The DNO would be using
storage to resolve problems in local areas. There would need to be rules prioritizing between
DNOs and TSO.

Engaging in and purchasing energy, charging and dis-charging at different price points, is
not supposed to happen but does and leads to profit-making. Current policy is to segregate
the market and to have non-overlapping load for each player.

¢ To what extent can demand-side management measures and
embedded generation be used to increase the flexibility of the
electricity system?

Flexibility is the ability to accommodate unexpected demand and supply in the short term,
see Lund et al (2015)2. The Falcon project suggests that DSR does not improve flexibility.
Similar findings are suggested by the Smart Networks work-stream 7 project. DSR does not
create capacity. Traditional reinforcement for example creates capacity.

Two approaches to building capacity are possible thereby creating flexibility. First, an
evolutionary approach is suggested in Falcon to deal with adaptation and increase flexibility.
Starting with the current network and modifying it using new approaches based on
comparison of value to existing approaches, adopting the fittest solution, allows the network
to evolve. Second, a top-down planning approach can be taken, starting with an aspiration
targets, such as 2050 carbon targets, and then back-casting, or forward-planning to reach
the end point/goal. For example CASCADE plans for 2050 targets by increasing renewable
penetration thus meeting anticipated demand for electric vehicles (EV) and heat pumps, etc.

Flexibility is needed because in an electricity system especially in an energy system with
renewables meeting base load, peak demand would be at different points from peak
generation. It may be possible to de-charge car batteries in the day to create flexibility but
the electricity charging infrastructure would need upgrades for de-charging, e.g. 3.7 lithium
ion 2.5 to 4.2 depending on state of charge, 36-96V - close to sequential batteries, so power
electronics quite expensive. A decay in the state of charge of battery 5% per day for lithium

2 Peter D. Lund, Juuso Lindgren, Jani Mikkola, Jyri Salpakari, Review of energy
system flexibility measures to enable high levels of variable renewable
electricity, Renewable and Sustainable Energy Reviews, Volume 45, May 2015, Pages
785-807, ISSN 1364-0321, http://dx.doi.org/10.1016/j.rser.2015.01.057.



ion is suggested, and efficiency would decrease with the distance travelled from de-charging
to use.

Embedded generation such as PV, Combined Heat and Power (CHP), or diesel provide
short-term assistance. On a daily basis it could be 10-20 times more expensive than
traditional approaches. The problem is with reliability. Embedded generation could compete
against traditional re-enforcement provided there are strict reliability controls, to provide “n-1”
functionality above TMW. If customer has more than 1MW capacity, then should be able to
supply to the customer. The implications for the regulator in operator mode is that networks
need to be over-designed. “n-1”is probabilistic, and so may not happen for years but the
system needs to cope in the event it occurs. [f distributed generation is present the DNO is
not paying for it and it is possible to use the capacity of firms to cope with “n-1” and specific
voltage over-loading conditions, but both are very rare. Contracts would be needed with
social infrastructures, such as hospitals, and with businesses. Even with contracts, reliability
would be a problem. Testing would be needed not only of the hardware but of the links and
networks to companies. Falcon found only 50% despatch reliability and in the second phase
of published trials with one week advance notice to predict when generation needed results
90+% reliability.

DSR at the distribution level is challenging as there is minimal industrial participation. There
are no mechanisms in place, manual, contracted, nor automated. There is the potential for
some UPS aggregation providing potential business opportunities.

2. What are the barriers to the deployment of energy storage capacity?
. Are there specific market failures/barriers that prevent investment in
energy storage that are not faced by other ‘balancing’ technologies? How
might these be overcome?
. What is the most appropriate scale for future energy storage technologies
in the UK? (i.e. transmission network scale, the distributed network or the
domestic scale.)

A key issue is that currently DNOs are not allowed to own storage because storage is
defined as generation. The regulatory framework needs to change. However, would storage
at the DNO scale be best placed for national system balancing or to resolve network
congestions at local level? To overcome the national balancing problem, city or region
balancing could be considered especially as meso-level solutions such as the Swansea
320MW tidal barrage come on line with improved predictability of renewables contribution.
Trading could occur between lower scale operators who have excess capacity which can be
sold to the market.

3. What level of electricity interconnection is likely to be in the best
interests of consumers?
. Is there a case for building interconnection out to a greater capacity or
more rapidly than the current ‘cap and floor’ regime would allow beyond



20207 If so, why do you think the current arrangements are not sufficient
to incentivise this investment?

. Are there specific market failures/barriers that prevent investment in
electricity interconnection that are not faced by other ‘balancing’
technologies? How might these be overcome?

Given the expectations concerning the future generation portfolio, the growth in electricity
demand and a CO2 price, the cross-border transmission capacity expansion by 2025
expected by ENTSO-E will reduce dispatch costs by 1%. However, the impact of cross-
border transmission investment on the electricity bills of the European consumers will
depend on the impact of the investment on electricity prices (not necessarily related to
dispatch costs) and on the capital costs of such investment.

A higher renewable energy sources penetration causes higher variability in the supply curve
and therefore increases the demand for arbitrage in the system. In a future generation
scenario with doubled wind and solar installed generation capacities than expected by
ENTSO-E, the demand for hydro pumping decreases with higher cross-border transmission
capacity. The reason for this behaviour is that cross-border transmission and pumped hydro
storage are partly substitutes. Cross-border transmission can spread fluctuations in supply
geographically, thereby reducing the impact per system, but because it does not offer inter-
temporal arbitrage its potential to flatten residual load is limited.

The expected expansion of cross-border transmission capacity by 2025 has a limited impact
on unserved load in the face of the expected low growth rate of electricity consumption in
Europe (0.9%). However, if demand grows at the historical rate of 2%, the expected
development of cross-border transmission will be needed to maintain the current level of
security of supply in 2025 by avoiding 20 TWh of unserved load in Europe. Moreover,
statistics of 18 European countries since 2002 show that as the normalised sum between
remaining margin and import capacity increases, the frequency of major fault events in a
European network between 2002 and 2011 decreases considerably.

4. What can the UK learn from international best practice in terms of
dealing with changes in energy technology when planning to balance
supply and demand?

In countries with high renewables penetration, such as Germany with close to 30% of power
on an average basis, some peak days, solar and wind supplied close to 80% of peak power
demand at specific times of the day. In the near future, the UK is targeting a 20% average
share by 2020 and a 50% average share by 2030.

The most important reasons on why Germany has a stronger position to accomplish EU
goals are: (1) the existing strength of its power grids; and (2) flexible operation of coal and
nuclear plants (and to a lesser extent gas and pumped hydro). In addition, Germany has
managed quite well because of: (3) better design of the balancing (ancillary) power markets,
to make them more effective, faster, and open; (4) better system control software and day-
ahead weather forecasting; (5) modest technical improvements to local-level distribution



systems; (6) exports of power to neighbouring countries; and (7) solving the “50.2 hertz”
inverter problem.

A number of issues remain unsolved for the future, and will play a role in the future, but have
not yet significantly to the ability to integrate and balance supply and demand today.

Capacity market or payments. Some coal and gas plants are required by the regulatory
authority to remain operating, even if they generate very little power. These plants have
been determined to be necessary for covering regional bottlenecks or seasonal variations.
These plants receive “capacity payments” to cover their costs of operating at zero output.

Demand response. This is still small relative to the potential for providing flexibility and
balancing, WPD Innovation had proven that creates more flexibility than operational capacity
in the system. Some large power generators are selling this flexible demand into the
balancing markets. Some generators are integrating demand response with their coal plants
to give them economic flexibility for selling into the balancing market. Some system operators
(ISOs) have also been contracting directly with large demand response providers on a pilot
basis. However, the regulator does not explicitly include demand response in its planning, or
set rules specifically for demand response. (See the California and Denmark cases for more
on demand response.)

Curtailment of wind power output. Curtailment is when wind power output must be shut-
down to balance the grid, resulting in economic losses. Strict curtailment rules have been
instituted for ISOs, which have to curtail wind power output if transmission bottlenecks
appear. Curtailment may become a bigger issue in the future, depending on progress with
transmission upgrades and planning. (Germany, California and Denmark cases for
curtailment are different approaches to discuss.)

Storage. Energy storage has played almost no role in the UK’s integrating and balancing
mechanisms so far. Many do not expect storage to play a role in the coming decade, or at
least until the share of renewables goes above 40%. There is interest in household-level
storage in conjunction with the “self-consumption” economic model for distributed solar PV.

Yours sincerely,
Liz Varga, Jesus Nieto Martin, Nazmiye Ozkan and Eugene Butan



From: [email address redacted] on behalf of Alister Scott
[email address redacted]

Sent: 21 December 2015 09:55
To: EnergyEvidence Infrastructure-Commission; Emma Bridge; Philip Wolfe
Subject: Infrastructure and energy efficiency

To Infrastructure Commission

I am writing to commend that you adopt energy efficiency as one of your key infrastructure opportunities
and targets. I commend to you the idea of "Negawatts" as most recently put forward by The Green Alliance
but going back many years to the time of electricity privatisation.

An LED light bulb that uses 90% less power is infrastructure - but how do we incentivise its use?

Beyond this, many new developments such as Smart meters and grid, energy storage and the internet of
things provide huge opportunities for us to change dramatically the way we produce and use energy - away

from the old style centralised "build and supply" model to a more demand responsive and interactive model.

This is not a problem that government has ever got to grips with and it needs a group of bright and
influential people like you to do it.

Please take this opportunity.
With thanks,

Dr Alister Scott
Chair, Cuckmere Community Solar




Electricity Interconnection and Storage

1. What changes may need to be made to the electricity market to ensure that supply and demand
are balanced, whilst minimising cost to consumers, over the long-term?

e What role can changes to the market framework play to incentivise this outcome:
o Isthere a need for an independent system operator (SO)? How could the incentives
faced by the SO be set to minimise long-run balancing costs?
o Isthere a need to further reform the “balancing market” and which market
participants are responsible for imbalances?
e To what extent can demand-side management measures and embedded generation be used
to increase the flexibility of the electricity system?

Local authorities have little or no direct influence over the electricity market, connections or
managing supply and demand. Local authorities have more influence over areas such as energy
efficiency/housing, planning, health and issues around fuel poverty. These issues whilst not directly
linked are affected by connectivity and market variations in electricity/heating costs.

However, there is potential in Cumbria for the county to make a significant contribution to
increasing national energy security through nuclear new build at Moorside, and the potential for
other large scale projects such as the Solway tidal lagoon and the extension to Walney offshore
windfarm. Increasing generation and connections through these sources will have a significant
impact on the domestic market.

A large percentage of Cumbria’s population is off the mains gas grid. A lot of housing, particularly in
the most rural areas, relies on expensive and inefficient heating oil. The cost of heating oil is more
volatile than gas, making budgeting utility costs more difficult and less predictable. Many Cumbrian
homes use electricity to heat their homes which is also expensive and often less efficient. As a result
the rates of fuel poverty in Cumbria are well above the national average.

Microgeneration is a potential growth sector for Cumbria. This sector could move further into the
energy mainstream with the right support, offering consumers affordable, and cost-effective low
carbon energy products.

Community scale generation can also reduce reliance on the grid and make rural communities less
susceptible to price fluctuations and contribute to the achieving the right energy balance. As well as
delivering economic benefits, this will give consumers and communities much greater opportunity to
generate their own renewable heat and electricity, and play their own part in tackling climate
change.

The Government has a Microgeneration Strategy — do the electricity market reform objectives
support the objectives contained in the Microgeneration Strategy?

2. What are the barriers to the deployment of energy storage capacity?

e Are there specific market failures/barriers that prevent investment in energy storage that
are not faced by other ‘balancing’ technologies? How might these be overcome?

e What is the most appropri