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Table1l List of key acronyms

AAHEDC
ANM
BEGA
BM
BMU
BSC
BSIS
BSUoS
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CfD
CLASS
CcM
CMSC
Csp
CusC
DA
DG
DNO
DSR
DTU
DUoS
EBSCR
EFR
EHV
ENA
ERPS
FCDM
FES
FFR
FR
GDE
HV

1D
LCNF
LHS
LLF
LNG
LOLP
LRMC
LRS
LV
MBSS
NGET

Assistance for Areas with High Electricity Distribution Costs (charges)

Active Network Management

Bilateral Embedded Generation Agreements
Balancing Mechanism

Balancing Mechanism Unit

Balancing and Settlement Code
Balancing Services Incentive Scheme
Balancing Services Use of System (charges)
Combined Cycle Gas Turbine

Contract for Difference

Customer Load Active System Services
Capacity Market

Capacity Market Supplier Charge
Concentrating Solar Power

Connection and Use of System Code
Day Ahead

Distributed Generation

Distribution Network Operator
Demand Side Response

Demand Turn-Up

Distribution Use of System (charges)
Electricity Balancing Significant Code Review
Enhanced Frequency Response

Extra High Voltage

Energy Networks Association

Enhanced Reactive Power Service
Frequency Control by Demand Management
Future Energy Scenarios (National Grid)
Firm Frequency Response

Fast Reserve

Gas Deficit Emergency

High Voltage

Intra-Day

Low Carbon Network Fund

Latent Heat Storage

Line Loss Factors

Liquefied Natural Gas

Loss of Load Probability

Long Run Marginal Cost

Long Range Storage

Low Voltage

Monthly Balancing Services Summary

National Grid Electricity Transmission
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ORR
PAR
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PPA
PSH
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PSH
RHI
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SBP
SCR
SHS
SO
SOF
SMES
SRMC
SRS
SSP
STOR
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TNUoS
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TSO
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Net Imbalance Volume

Open Cycle Gas Turbine

Obligatory Reactive Power Service
Operational Reserve Requirements

Price Average Reference

Phase Change Material

Power Purchase Agreement

Primary Secondary High

Primary Secondary

Pumped Storage Hydro

Renewable Heat Incentive

Residual Cashflow Reallocation Cashflow
Renewables Obligation

Rate of Change of Frequency

System Buy Price

Significant Code Review

Sensible Heat Storage

System Operator

System Operability Framework

Super Conducting Magnetic Energy Storage
Short Run Marginal Cost

Short Range Storage

System Sell Price

Short Term Operating Reserve
Thermochemical Energy Storage
Transmission Network Use of System (charges)
Time of Use

Transmission System Operator

United Kingdom Continental Shelf

Table2 Glossary of key terms

Availability / holding volume

Embedded Benefits
Gate Closure
Long-run costs
Price arbitrage
Short-run costs
Spill

Utilisation volume

Positioning of plant/technology to be able to provide/withdraw energy within given response time
Indirect benefit through avoidance of network charges by positioning at distribution/building level
Point at which bilateral or exchange energy trading ceases and the system operator takes direct control
Total investment and operating costs of the technology

Revenue achieved by exploiting price differentials in particular markets

Operating costs (only) of the technology

Generation effectively curtailed due to constraints on network or inability to store

Action by system operator to use holding volume to provide/withdraw energy
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Executive Summary

The purpose of this report is to explore the potential in Great Britain (GB) for energy storage in the
next 5-10 years based on the current market arrangements focusing primarily on electricity, but also
exploring the possible role of other storage options for other energy vectors in the same timeframe.

Electricity

The near-term potential for additional electricity storage is focused primarily around new grid-scale
Li-lon battery storage (alongside existing pumped storage). The GB market arrangements for
electricity are highly complex and a qualitative summary of the opportunities for new electricity
storage is provided below.

Market area Opportunities for electricity storage

The FFR market has good potential as a revenue stream for new storage entrants due
to the fast response times of storage technologies, which allows them to compete in
tenders for all FFR products. Response time and power rating are key design
considerations. Providing dynamic frequency response may involve a large number
of short charging and discharging periods each day

Firm Frequency
Response (FFR)

Storage assets currently competing in the FFR markets operated by National Grid (as

Enhanced . .
Frequenc the Transmission System Operator) are well placed to provide the new Enhanced
Respoc:15e (E‘ICR) Frequency Response balancing services product in future due to their fast response

times?.

The Fast Reserve market has low potential for new storage entrants as it is saturated
by existing pumped storage plant. Power rating is important as a high minimum MW
threshold is applied. Frequent cycling of assets providing Fast Reserve could increase

Fast Reserve (FR)  gpheration and maintenance costs and accelerate the degradation of the storage
asset

New service with first capacity procured for delivery in summer 2016. Although there
is no mention of storage assets in the design documents for this service, the

Demand Turn Up  requirement to “increase” demand could in future be met by a storage operating in
charging mode during periods of low demand and high supply. Therefore, if allowed
by National Grid, this could be a potential revenue stream for new market entrants.

! This is used to provide direct Rate of Change of Frequency (RoCoF) control, which is faster acting compared to
other FFR requirements and may allow National Grid to reduce the total requirement for frequency
containment —i.e. 1 unit of EFR may be able to displace >1 unit of ‘slightly’ slower FFR products.
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Market area Opportunities for electricity storage

Short Term
Operating Reserve
(STOR)

The STOR market has potential as a revenue stream for new storage entrants,
however there are a range of competing technologies currently participating in STOR
tenders which means this is likely to be challenging. In addition, size of energy
capacity is a key challenge as energy has to be delivered for up to a 2 hour
continuous period. Scheduling of availability for STOR has to also account for periods
ahead of the morning and afternoon STOR windows to bring the State of Charge up
to an adequate level for subsequent delivery of the service if called.

Reactive Power

The current reactive power market has low potential as a revenue stream for new
storage entrants as current requirements are satisfied by the obligatory (non-
tendered) service. Use of storage would need to consider the interaction between
provision of reactive power and provision of active power for market trading and/or
Balancing Services

The Black Start market has low potential due to incumbent providers (including
pumped storage) and highly specific locational requirements. Storage must be kept

Black Start . " . . -
with a minimum charge level at all times in order to be able to provide necessary
power to start the neighbouring large generator
Large scale storage assets may participate in the BM (by providing bids and offers)
but this has been focused on pumped storage to date, along with traditional thermal
Balancing generators and STOR providers. Small scale storage assets may not directly

Mechanism (BM)

participate in the BM (unless they have opted in via a BEGA? agreement) but will still
be impacted by the system imbalance prices (as the price received for energy
delivered for reserve Balancing Services).

Wholesale energy
arbitrage

The potential for energy arbitrage revenues for new storage assets is highly
dependent on prevailing market conditions (affecting available price differentials)
and route to market (ability to capture these price differentials). The expectation is
that wholesale revenues alone would not be sufficient and batteries would need to
access other revenues to make a sufficient return. However it is not always possible
to access these multiple revenue streams (e.g. with balancing services). Moving
forwards this may become more challenging due to e.g. increasing levels of
interconnection and DSR (competing across a range of markets and balancing
services).

Embedded
benefits

Embedded benefit revenue streams offer high potential to new storage entrants but
are only available to distribution connected or demand (behind-the-meter)
connected resources. However, these benefits are heavily dependent on the
structure of the charges that they can potentially avoid. For example, careful
scheduling of the storage asset is required to optimise the likelihood of receiving
Triad avoidance revenues given the uncertainty surrounding when the Triad periods
will occur. Ofgem have recently launched a review of embedded benefits citing a
concern that these charges are becoming increasingly non-cost reflective and
potentially distorting investment decisions.

2 Bilateral Embedded Generation Agreement
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Market area Opportunities for electricity storage

The CM offers an additional revenue stream for new storage entrants. However,
competition has been high in the CM auctions held to date with low clearing prices
and no new storage assets have been successful in receiving a CM agreement. In
addition, at times of system stress, storage capacity may be required to deliver
energy over an undefined period of time or face penalties for non-delivery.

Capacity Market
(cm)

Currently the direct costs of curtailment (e.g. BM constraint costs) are socialised
across all market participant through the Balancing Services Use of System (BSUoS)
charge (which National Grid applies to recover the balancing costs they incur in
managing the system). Furthermore, the owner of the renewable asset will be

Avoiding wind indifferent in revenue terms between generating and being curtailed. Therefore

curtailment there is currently no way for the owner of a storage asset to monetise the benefit

provided to the system of reducing renewable curtailment at the transmission level.
This is similar at the distribution level, due to most Distribution Network Operator’s
applying a simple ‘Last In First Out’ approach to curtailment of distributed
generation.

Current regulatory and commercial frameworks do not allow for either a) direct
ownership of storage assets by the transmission or distribution network operator or
b) direct compensation for new third-party owned storage assets for the avoided

Avoided network  network reinforcement benefit they may provide to the system. This is based on the

reinforcement current interpretation of storage as a form of generation. However, current

distribution level demonstration projects are providing evidence for the value of
storage in this area and the necessary commercial arrangements may be put in place
to provide an explicit route to market to help realise this value

It is acknowledged that “benefit stacking” is a key requirement to making future storage investment
economic and a number of papers discuss this issue further®. However, given the current market
arrangements in the near term (and complexities in accessing multiple revenue streams) it is expected
that the primary and secondary reserve markets (e.g. including EFR and FFR) are likely to be the key
source of revenue for driving tangible deployment of new battery storage.

It is currently only possible to contract for delivery of one balancing service in the same period with
National Grid and this is not compatible with accessing wider energy arbitrage revenues. In addition,
although provision of services into these reserve markets is technically compatible with receiving
Capacity Market (CM) revenues, the potential for penalties and indeterminate delivery window
(coupled with low CM clearing prices seen to-date) mean that it is highly unlikely that new electricity
storage will be supported via this route.

Using Baringa’s Balancing Services stack tool we have modelled the potential role of batteries bidding
into the auctions for these PSH (Primary, Secondary and High) reserve services against competing
alternatives. Batteries are very competitive in all our scenarios (combining low/central/high battery
cost projections with low/central/high estimates of market size), which results in them having a very

3 |EA: Technology Roadmap Energy Storage, 2014; Rocky Mountain Institute: The Economics of Battery Storage,
2015; Carbon Trust & Imperial College London: Can storage help reduce the costs of a future UK electricity
system, 2016.
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large share of the PSH products; 100% until 2020 due primarily to the EFR requirement and around
~80% to 94% to 2025 (with DSR providing some competition), as shown in Figure 1.

There is a good investment case, albeit for a relatively modest volume, for batteries in the near-term
driven primarily by the high-value frequency service markets with fast response requirements.
However, there are a number of risks associated with an early decision to investment in batteries.
These include the expected rapid decline in future battery costs which means that there exists the
potential for batteries deployed in early auctions (which have limited 4-year contracts) to be
outcompeted in future auctions, as they are effectively undercut by newer and considerably cheaper
batteries.

The battery investor would then need to look to other revenue streams to recover their remaining
investment over the full life of the plant, but these are also subject to various risks:

»  Other balancing services outside of frequency response, although these generally have
lower clearing prices

»  Wider electricity market revenues (e.g. wholesale market and BM), although these are not
guaranteed and cannot be accessed simultaneously with balancing services contracts for
the same period and widespread deployment of batteries may also cannibalise the
potential for arbitrage by reducing the price spread across the day.

» Embedded benefits, although these may be reformed in future reducing their value

»  Capacity market revenues, but with potential risks of penalties due to an undefined
delivery period

High-level Baringa estimates are that wholesale arbitrage might provide revenues equivalent to ~10-
50% of the long-run costs for new battery entrants built in the nearer-term, embedded benefits ~10-
25% and the CM ~10-30%. Given these wide ranges and the challenges in capturing and stacking
these multiple revenue streams it is clear why most developers (at least in the near term) are
pursuing the higher value and more certain Balancing Services based route to market, focused
around frequency response, even if these excludes the potential for other revenue streams and has
limited overall market size.
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Figure1 Market share of batteries in the selected PSH reserve auctions

Market share of batteries for PSH products
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Note: Solid lines illustrate the size of the selected balancing service requirements and the dotted line the share provided by
batteries.

Illustrative calculations were also undertaken to estimate the breakeven point for domestic-scale
electricity battery storage in 2020, 2025. These considered low, central and high battery costs under
three sets of additional assumptions:

»  Whether only wholesale price shape is passed through to the consumer or other forms of
shaped charges (e.g. distribution network) are also passed through

»  Whether the building also has heat storage or not

»  Whether the building also has solar PV or not

The economic case for using a domestic battery for load shifting and management of solar output
appears weak in the near term to 2025, in particular when cheaper heat storage is used to manage
electrified heat load as this removes much of the arbitrage potential from the battery. In the few
sensitivities where the savings are sufficient to break-even with the battery costs, this is reliant on
the consumer seeing the full shaped pass through of all key tariffs, and successfully avoiding the
most expensive periods under the tariff via use of the battery. However, it is unlikely to be
politically acceptable to expose domestic consumers to such stringent price differentials given the
potential distributional impacts on consumers who are unable to avoid the most expensive periods.
With only wholesale price shape passed through the potential battery savings appear highly
uneconomic in all sensitivities considered.
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Heat storage

The near term potential for new building heat storage is likely to be driven indirectly by the rollout of
low carbon heating systems, for which storage is required to size and operate them efficiently (with
further potential benefits under ToU tariffs or in providing DSR). New heat storage installations are
likely to be limited due to the modest impact of the RHI (Renewable Heat Incentive) scheme. Asa
proxy the estimated deployment of domestic low carbon heat installations in National Grid’s Future
Energy Scenarios (FES) is shown below. However, deployment is likely to be focused initially in more
cost-effective off-gas grid applications, where building heat storage is more likely to exist already.

Figure 2 Estimated low carbon heat domestic installations from National Grid FES scenarios
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Note: shows average and max/min from across the 4 published scenarios. Technologies covered include heat pumps and
biomass

Large scale heat storage for district heat networks is generally considered an integral part of the
design and hence the near-term potential is driven primarily by the underlying requirement for the
network itself. Published scenarios (from e.g. National Grid and the Committee on Climate Change)
show a wide range of potential increase in the scale of delivered heat of ~2-7 times by 2025, but this
is an increase from a low absolute base.

Gas storage

Despite two projects completed in the last year and 11 with planning permission the economics of
new build are challenging in the near term due to the reduction in price volatility and significant
narrowing of seasonal price spreads. This has been compounded by a decision not to consider direct
intervention for storage to provide strategic security of supply, as part of the recent (2014) Gas
Security of Supply Significant Code Review. The extent of future UK shale gas is a significant
uncertainty, but may further dampen the economics for storage given the US experience of
significant within year flexibility in response to price changes. As a result it appears unlikely that any
significant new gas storage capability will be developed in the next 5-10 years.
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1 Introduction

1.1 Background

The primary objective of the Storage Flexibility Project is to develop the capability to improve
understanding of the future role of energy storage and the provision of system flexibility within the
context of the overall energy system. This aims to provide a techno-economic evaluation of energy
storage across multiple energy vectors (electricity, heat, gas and hydrogen) accounting for the
different services that could be provided (e.g. frequency response or avoiding wind curtailment) and
at which points in energy system (transmission, distribution, building level) they are most
appropriate.

Stage 1 of the project is comprised of 3 deliverables

» D1.1 Energy Storage Mapping Report a first principles framework for mapping the system
technical services and benefits that storage (heat, hydrogen, gas and electricity) and
competing flexibility options could provide

» D1.2 Assessment of the near term market potential for energy storage (this report), over
the next 5-10 years given the current market structures, with a particular focus on
electricity

» D1.3 Approach for modelling long term role of energy storage - which defines the
modelling approach to analysing the longer term role for storage and other relevant
flexibility options in GB from a system operator perspective

1.2  Purpose of this report

The purpose of this report is to explore the potential in Great Britain for energy storage in the next 5-
10 years based on the current market arrangements® focusing primarily on electricity but also
exploring the possible role of other storage options for other energy vectors in the same timeframe.

It includes the following:

»  Adescription of the current market for flexibility services in electricity (e.g. reserve, back-
up capacity) and a high level view of the economics of electricity storage against
competing alternatives within each service segment

»  Ahigh level assessment of the potential for:

— Gas storage including fast-cycle and seasonal storage (it is assumed that there is no
meaningful role for hydrogen and hence associated storage requirements in this time
frame),

*In comparison, the D1.1. Storage Mapping Report and D1.3 Framing approach for longer term role
of storage deliverables consider the underlying technical drivers of different system services and
benefits, agnostic of the market or policy arrangements to procure or incentivise providers of these
services.
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- Heat storage, focussing primarily on building-level storage and buffer/accumulator
storage for district heat networks

1.3  Structure of the report

The structure of the report is as follows:

»  Section 2 focuses on electricity storage and starts with an overview of relevant
technologies.

— Subsections 2.2 to 2.7 provide a detailed view of revenue streams currently
available for both balancing services and in the wider electricity market, and then
moves onto how these may evolve in future

— Subsections 2.8 to 2.9 summarise the near term opportunities for- and barriers to-
new storage deployment

— Subsection 2.10 presents the modelling results of potential near-term electricity
storage deployment

»  Section 3 focuses on heat storage, it provides a summary of relevant technologies, an
overview of the relevant market structure and a semi-quantitative view of near term
opportunities from published literature

»  Section 4 focuses on gas storage and is structured in a similar manner to the section on
heat storage

» Appendix A provides an overview of the modelling methodology used in section 2.10

»  Appendix B provides an illustration of the tender data required to participate in the FFR
market
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2  Electricity Storage

2.1  Electricity Storage Technologies

2.1.1 Current deployment

The U.S. Department of Energy collates information on worldwide energy storage capacity and
maintains a comprehensive database of current and planned installations®. Figure 3 shows current
and planned global deployment for a selected set of energy storage technologies. The recent
deployment history of these technologies is shown in Figure 4.

Figure 3 Operational, announced and under construction capacity of selected storage
technologies®

900 228
800
=700 - g3
2 600
486
3.500 435
= 400
o
2200
“ 200 147 108
100 3 E 38 . 37
. 16 6 30 23 21
5 = g = = = E
g» = 3 g g g &
£8 T 8¢ B S & £Es
=2 % o ow c & o = o ¢ =
£ o o3 5 ® T = E= g 3
5 8 & I = o & o o2
E (=] h 2 w 5o
3 v B = Rk
=2 £ w
o
=
= Operational B Announced and under construction

This is dwarfed, however, by existing Pumped Storage Hydro (PSH) capacity, which exceeds 127 GW
globally including around 40 GW in Europe, 20 GW in each of North America and China, with the
majority of the rest spread across other parts of Asia’.

5 http://www.energystorageexchange.org/

6 Excludes pumped hydro storage, flywheel capacity and chilled water / ice thermal storage.

7 NHA (2014) National Hydro Association - Pumped Storage Development Council Challenges and Opportunities
For New Pumped Storage Development
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Figure 4 Recent deployment of selected storage technologies®.
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2.1.2 Technical characteristics

There are a number of technical characteristics that are important when selecting a specific
electricity storage technology for a desired application or set of applications. These are described in
more detail in the separate deliverable D1.1 Storage Mapping Report, but include:

» Efficiency: The difference between the amount of energy input to the storage and the
amount of energy subsequently released.

»  Energy density: storage of energy per unit volume or mass

» Injection/withdrawal rates: relationship between the energy storage capacity (as defined
by the energy density) and the power output of the storage determines the length of time
for which the storage can operate at full power.

»  Cycle life: The number of complete cycles a storage unit can complete before losing
considerable performance.

»  Depth of discharge: The amount of a storage’s capacity that has been utilised. It is
expressed as a percentage of the storage’s full energy capacity.

»  Ambient conditions: Conditions such as temperature may influence the performance of
the storage asset®.

»  Maintenance requirements: Across the lifetime of the storage, degradation can occur,
which requires ongoing maintenance and potentially the expense of replacing damaged
equipment.

Of the above characteristics, most are applicable to all types of electricity storage, with the
exceptions of depth of discharge and ambient conditions which may be highly relevant to battery

8 Excludes pumped hydro storage, flywheel capacity and chilled water / ice thermal storage.
% In the particular case of batteries, high temperatures can lead to a more rapid loss of capacity and cold
temperatures may lead to sluggish reactions:
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storage!® but less relevant for other technologies. Depth of discharge is very influential for battery
storage as deeper discharge during cycles are expected to shorten the lifetime of the asset.

Differences in technical characteristics, combined with varying physical sizes, makes the different
storage technologies suitable for different applications, as illustrated in Figure 5.

Figure 5 Summary of typical applications for electricity storage technologies

Storage Technology System Location Typical Applications Charg.e/Dlscharge Cycles
duration

Pumped Hydro, Transmission Daily and weekly storage: 4 —24 hours Up to 1 per day
Compressed Air Arbitrage applications.
Flywheels, Transmission and  Within day storage: 1 min -1 hours 20 — 40 per day
Supercapacitors, Distribution System balancing
Super Conducting applications (frequency
Magnetic Energy response).
Storage (SMES)
Large Scale Transmission and  Within day storage: Minutes — hours 1 to 100 per day
Batteries Distribution System balancing

applications (frequency

response, reserve,

voltage support),

network reinforcement

deferral (peak shaving),

renewables integration.
Small Scale Distribution / Within day storage: Minutes — hours Up to 1 per day
Batteries Building Renewables integration

and arbitrage

applications.

2.1.3 Storage costs

There are a number of different ways in which storage costs can be reported. These include metrics
referring to power output £/kW and energy storage capacity £/kWh individually or a cumulative
combination of both components. Care therefore needs to be taken when comparing costs estimates
from different sources. The approach differs between available sources and this is noted in
subsequent sections where relevant. Additionally conversion between currencies and monetary
terms (real vs nominal) may also be required.

10 http://www.irena.org/documentdownloads/publications/irena battery storage report 2015.pdf
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The availability of cost information will depend upon how developed a storage technology is. The
electricity storage technologies covered in Figure 5 can be broadly categorised as follows!!:

Research and Development: Supercapacitors, superconducting magnetic energy storage (SMES),
certain forms of flywheel and flow batteries. Assessing the costs of these technologies is difficult due
to a lack of reference data resulting from few (if any) commercially operating installations.

Demonstration and Deployment: Batteries (lithium-ion and sodium sulphur chemistries). Battery
storage technologies are rapidly moving from demonstration projects towards deployment and
commercialisation. The costs of battery storage have been widely acknowledged to be falling, driven
by economies of scale and the development of manufacturing supply chains. The most dramatic cost
decreases have occurred for lithium-ion batteries!?. This has been attributed to learning achieved in
other sectors as lithium-ion batteries are widely used in consumer electronics and electric vehicles.

Commercial / Near Commercial: Pumped hydro and compressed air storage technologies. The costs
associated with these large scale installations are highly dependent on locational factors, such as the
geography and geology of the proposed site. The underlying technology components are already
mature with well-developed designs suggesting that there is limited potential for learning effects to
reduce future costs?3,

Current battery costs

There are a number of components making up the fixed costs associated with a battery installation.
These include:

»  Battery cells*
»  Module materials
»  Power conversion system

»  Management and monitoring control system

In addition to these fixed costs, there will be variable costs associated with operation and
maintenance. The total system cost payable by a project developer may also depend on locational
and commercial factors such as equipment/labour availability and competition between vendors.
Furthermore, the performance of the battery can be impacted by ambient conditions and usage
patterns. This makes it difficult to compare manufacturer specifications which may have been
produced under different testing conditions. Development of standardised testing, with reference
duty cycles and defined ambient conditions, would be beneficial in providing cost transparency.

Recent trends for lithium-ion battery costs are shown in Figure 6 and estimates of future battery
costs (for lithium-based batteries) used as part of the assessment of the near-term potential are
described in section 2.10.

11 See Figure 3 in https://www.iea.org/publications/freepublications/publication/technology-roadmap-energy-
storage-.html

12 http://www.irena.org/documentdownloads/publications/irena battery storage report 2015.pdf

3 Lazard (2015) Levelised cost of storage analysis

14 For cell based battery technologies — flow batteries consist of external tanks filled with electrolyte.
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Figure 6 Recent lithium-ion battery cost developments
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2.2 Overview of potential revenue streams

A wide range of potential revenue streams are potentially on offer to electricity storage comprising
different requirements, routes to market and value. These are broadly divided into the following
categories:

»  Balancing Services, including the Balancing Mechanism, which help support the operation
of the electricity system in the very short-term (i.e. from Gate Closure one hour ahead
through to real-time operation).

»  Energy arbitrage revenues (injecting when prices are low and withdrawing when high),
from trading in the Day-Ahead and Intra-Day markets (i.e. ahead of Gate Closure and the
transition into the Balancing Mechanism)

» Embedded benefits - by positioning storage (and other distributed generation) within the
distribution network it is possible to avoid a number of highly shaped charges (which can
vary by season and time of day) associated with use of the transmission and distribution
system

»  Capacity Market payments to help support existing and new investment in capacity to
ensure longer term security of supply

The current and future evolution of these markets is discussed in more detail in sections 2.3 to 2.6,
along with potential additional revenues streams that could be made available in future with an
appropriate route to market (section 2.7). For example, alleviation of network constraints (ahead of
expensive actions in the Balancing Mechanism) and better integration of intermittent generation at
both transmission and distribution level to avoid spill of renewables.
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A high-level overview of the different potential revenue streams is provided below and a snapshot of
their potential risks:

» Level of competition within each market
»  Potential for new entrants for displace incumbents

»  Given the two elements above the potential for significantly lower prices (and hence
revenue streams) over the longer term

»  Risk of revenue streams changing due to policy

It is important to note that not all revenue streams are directly comparable, having a mix of different
technical requirements (to be able participate), contractual requirements (e.g. periods over which
plant must be available or operate to access revenue) and contractual structures providing differing
certainty over revenues (e.g. long-term multi-year contracts versus continuous auctions) and the
specifics of each area of the market are discussed in more detail in subsequent sections. In addition,
not all revenue streams are accessible simultaneously, given potential risks or contractual
requirements and such trade-offs are discussed in section 2.8, which makes stacking revenue from
multiple services / areas of the market challenging.

Figure 7 High-level overview of current potential revenue streams and risks

2.3  Current Electricity Balancing Services

2.3.1 Overview

In the GB power market, supply and demand balances are managed by generators and suppliers
through bi-lateral OTC (Over The Counter) forward contracts, season and month-ahead exchange
traded contracts (e.g. on the ICE Endex exchange) , and to an increasing extent through Day-Ahead
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