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1.Introduction

This report addresses a range of issues and the impacts that they have on decentralised energy schemes.

Decentralised energy is energy generated off the main transmission grid and includes micro-renewables, local and
district heating and cooling, energy from waste plants, combined heat and power (CHP), geothermal, biomass and
solar. It can be for a single building, whole community or a whole town or city. The motives behind these schemes
are to take control of future energy security, cut carbon emissions, increase prosperity and resilience of local
communities.

Specifically, this report provides a high level review of the GB energy markets, including the physical infrastructure
and market structure. It also looks at government policy on both energy and land use.

Land is key to everything we do and need i food production, leisure, forestry, infrastructure, housing and energy and
we explore these topics in detail in this report.

The report looks at how the structure of the GB energy market, changes in land use and the income derived from it
will influence small scale generators in the future as well as looking at the potential implications of Brexit for the
market (as far as these are known in the current climate of uncertainty).

We explore the factors affecting the routes to market and the sources of revenue open to energy projects, whether

they be spatial, technological or market driven. Specifically, we analyse the routes to market and the component
parts of the revenue fAstackd for a range of technology
alternative revenue streams.

We also discuss seven key ownership models for decentralised energy resources, and some short case-studies
where these models have been used by existing market participants. We introduce the concept of aggregation, which
can allow generators and energy users to develop value from their flexibility and generation assets, where they would
otherwise be too small to enter these markets.
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As part of this report we have sought to analyse data from operational projects. We have utilised data gathered from
Community Energy England (www.communityenergyengland.org). We reviewed the available data and excluded
member organisations where no operational projects were identifiable. Where possible the identified projects have
been geocoded and are referred to throughout the body of this report. A location plan of those projects identified is
shown below.

Location Plan, Community Energy England
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2.Summary of Opportunities and Barriers

Figure 1 summarises the potential opportunities and barriers for decentralised energy schemes. These will be
analysed in more detail including land grade, population density and location, in the final report using examples of

actual schemes.

Figure 1. Potential opportunities and barriers to decentralised energy schemes

. . Main

ENERGY

Market access

Regulation

Connection cost

Connection
viability

Significant code
reviews

The Smart Export Tariff will improve
market access, when introduced, for
small-scale (<0.5MW) generators.
Revenues are higher where connection
can be made behind the customer
meter.

Aggregation of smaller sites to improve
value is possible, but is still in its
infancy.

Licence-exempt generators (<50MW)
do not have to sign up to industry
codes.

Licence-exempt distribution networks do
not have to sign up to industry codes.
This saves time and money, and limits
complexity.

Areas with high connection costs could
provide opportunities for private wires or
smart grid projects.

Areas with low connection viability could
provide opportunities for private wires or
smart grid projects.

The market access of small-scale
renewables generators is currently
limited due to high transaction costs and
limited appetite among offtakers for very
small parcels of intermittent power.

Local energy markets and peer-to-peer
trading are not supported under current
regulation, and ongoing changes to
network charging regimes will not
introduce this capacity.

The cost of the connection itself can vary
considerably depending on size and
technical characteristics. Connections in
rural areas are likely to be further from
substations and therefore  more
expensive.

Many regions cannot accept any new
generation being connected to the
networks without exceeding limits on
transformers and wires. This is
particularly the case on rural networks,
which tend to be f\
spare capacity than urban networks.

Reviews are likely to make embedded
generation less viable overall by
reducing the benefits of having
generation connected to the distribution
networks, or behind the meter.
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. . Main

Energy policy

Heat policy

Electrification of
heat and
transport

Heat networks

The DSO
transition

Corporate social
responsibility

RURAL

Reducing carbon emissions from space
and water heating will create investment
opportunities in new technologies, for
example heat pumps, district heating
networks and energy efficiency

Will create new electricity demand as
fossil fuels are replaced. May also
deliver new sources of flexibility, if smart
technologies are deployed.

Rural population centres which are not
connected to the gas networks will be
key targets for heat networks.

Drive towards efficiency for network
operators is creating value in delivering
local flexibility to support the grid. These
values can be tapped by existing or new
decentralised energy resources.

Industry is increasingly aware of and
looking for a way to be green and local.
Decentralised renewable energy is well-
placed to serve this agenda.

May also make charges more granular,
again damaging the business case for
rural generation.

Onshore wind, one of the most cost-
effective generation technologies and
one suited to rural environs, is not
supported by central government.

There is yet to emerge a unified
decarbonisation policy for heating, and
little financial support is available for
high-cost technologies (beyond the
RHI).

Rural areas with weak networks may
struggle to roll out electric vehicle
chargers and heat pumps to meet
targets.

With lower-density populations,
connection charges may be higher than
for urban networks.

Revenue streams are not investable,
being short term and uncertain.

Companies are often reluctant to pay
significantly over the odds for
environmental benefits

Historical rural
policy

Future rural
policy

Historic opportunities for energy
schemes within the productivity
programmes under funding for non-
agricultural uses although this is very
difficult to quantify.

Public money for public goods which
may include energy security

Public money for public goods will
include carbon capture which will
include more trees and therefore
biomass for CHP plants

Eligibility for funds widened beyond
active farmers with collaboration likely
to be a key principle

However historical funding has been
very much focussed on agriculture and
the environment and the direct
payments received by farmers tend to
reduce innovation and investment

Alternative income streams including
food production, forestry, leisure, public
access and wellbeing programmes
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. . Main

Collaboration is likely to be a key policy
principle. Therefore, the scope of
opportunities for decentralised,
especially at a community level, are
likely to be higher.

Demise of BPS income as landowners
look for alternative income streams, to
reduce costs and risk. This will include
energy security and efficiency

The diversity of property assets and
therefore energy consumption offers

Rural estates strong incentives to consider
decentralised energy schemes to
tenants and occupiers.

Competing uses 1 for example timber
for construction v use CHP schemes

There is the potential for significant
change in the way land is used in the
UK over the next 30 years with Competition for access to land not least
potentially 13 million acres of land being | from afforestation, housing and
i r el efeom aglicultural production. | infrastructure. This is likely to be

Land availability | Therefore, there could be significant particularly strong in urban-fringe areas 12.4
opportunities to increase the where access to land for housing,
deployment of land intensive energy infrastructure and recreation will be at a
technologies including ground mounted | premium.
solar and bioenergy crops for anaerobic
digestion and biomass plants.

The structure of land occupation is likely
to change as we move into the post
direct payment subsidy era. We
envisage that there will be more
flexibility in land tenure
tenancies/agreements

Inflexible land tenure agreements not
allowing tenants to diversify may limit
opportunities

More flexible tenure combined with a
Land more stable land market may make
values/prices investment in and use of decentralised

energy schemes more attractive

High land prices i strategic
development land especially near
settlements

High population density looking for Remote areas where capital cost

Location ) h
energy security outweighs returns
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About the Authors

Savills

Savills UK operates across 135 offices nationally and services the full spectrum of the real estate sector through our
300 different service lines. We provide a complete range of property solutions throughout the life-cycle of any real
estate asset nationwide. A unique combination of sector knowledge and flair gives clients access to real estate
expertise of the highest calibre. We are regarded as an innovative organisation and a number of recent market
awards are a testimony to our success.

Our energy team work for a range of clients, from developers to consumers, and investors to landowners, helping
them to take advantage of opportunities in creative, efficient and cost-effective ways. Traditionally, we have worked
with clients to help source, fund, deliver and monetise their energy assets and infrastructure. However, as the cost
and security of energy and other essential resources become acknowledged as integral to the viability and vitality of
businesses and real estate, we now work increasingly with other teams within the UK and international Savills network
to bring energy projects to life.

We have an independent and proactive approach to research and consultancy, which comes from a clear
understanding of market dynamics in close consultation with our local market agents. Our data provides the backbone
enabling us to provide analysis, commentary and forecasting that creates real value for our clients. Using our data
and first-class market knowledge, we produce a number of regular reports on the regional UK markets.

Our research can also work with our analysts, producing cross sector reports i the only UK agent with the capability
to do so. These look at the dynamics between the residential and commercial markets in key regional cities,
uncovering potential development challenges and opportunities.

At the heart of this process lies the t e a maldility to generate innovative and fresh solutions, rooted in commercial
reality. We are thought leaders in commercial property research and have produced several white papers that
demonstrate our ability to apply our market knowledge to understand current and future market drivers. This can be
provided on a bespoke consultancy basis.

Cornwall Insight

Cornwall Insight is a trusted provider of expert research, insight and intelligence to over 300 companies in the GB
and Irish energy markets. Cornwall Insight works closely with clients across generation (renewables, conventional
fossil fuels, flexible and peaking), storage and demand side, network companies (national and regional), suppliers
(new and established, household and business), market intermediaries, local authorities, and end customers.

Providing consultancy services such a wide range of clients provides us with unrivalled insights and understanding
of the links between different segments of the entire energy value chain. We are able to rapidly track how changes
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in each segment will play out across the whole system, and the impacts on their component companies. This is
immensely important as the component sectors become more integrated.

Alongside consulting, we hold forums bringing together industry stakeholders to receive presentations from our
experts on key policy, regulatory and market developments that will impact their businesses. We produce a wide
range of market intelligence and cost forecasting reports across energy retail, wholesale and regulation. These rely
on our experienced modelling team which has developed comprehensive forecasting and analysis models, and which
develops new models as required for consultancy projects. Finally, we have a respected training business that last
year trained 1,500 industry professionals.

Wholly-owned subsidiary Pixie Energy was set up in 2015 to develop innovation ideas and initiatives, focusing on
decentralised energy markets and local transformation through new commercial models. Through our work with local
authorities, local enterprise partnerships, distribution network operators, generators, suppliers and community energy
groups, we have developed a good understanding of the developing compelling economic cases for development of
low carbon energy systems at a sub-regional scale, as well as a strong understanding of current and future enablers
and barriers to decentralised energy markets.

This allows us to explain how regionalised energy markets and distributed generation are likely to develop going
forward and how local stakeholders can influence the underpinning economic realities to encourage this
development. Our experience has been refined through work supporting local energy stakeholders, including local
authorities, helping them understand market access options and energy value optimisation
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3. Glossary

Generation connections offered by DNOs at a lower cost and/or on a
shorter timescale, in return for being able to reduce the amount of power a
Active Network Management generator is allowed to export at times of network stress

Also known as Flexible Connections, Active Connections, Managed
Connections, Connect and Manage, and other names

The primary balancing service which National Grid uses to balance

BRI [ G T S electricity supply and demand close to real time

Code covering balancing and settlement processes by which the electricity

ErelEnien) e SsliamEn Cets e system is kept stable and the correct parties are charged for energy use

) The CM is designed to ensure that there is sufficient generation capacity
Capacity Market available to the system to maintain supply

A figeoner ati ono plant which produce:
heat to provide hot air or water. Combining both sources of energy, this
plant can be 80-90% efficient, compared to the most efficient power-only
plant at 60-65%

Combined Heat and Power

Independent advice to government on building a low-carbon economy and

Committee on Climate Change CEE preparing for climate change

Competition and Markets The government department responsible for business competition and
Authority preventing and reducing anti-competitive activities

4
<.
o
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o
c
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Connection and Use of System

Code CuscC Code covering transmission network connection and usage charges

The government department responsible for environmental protection,
food production and standards, agriculture, fisheries and rural communities
in the United Kingdom of Great Britain and Northern Ireland.

Department for Environment,
Food and Rural Affairs

Distribution Connection and Use

DCUSA Code covering distribution network connection and usage charges
of System Agreement

Distribution Use of System Recovered by DNOs to pay the costs of maintaining the distribution
charge networks

Generators connected to the distribution, as opposed to transmission,

EilIEEEe GEnEEeT networks. Typically, small in size and often renewable

Environmental Land New scheme within the new Agricultural Bill to allocate a greater
Management Scheme proportion of funds to environmental enhancement

Car, van or truck fuelled by electricity rather than fossil fuels. Zero tailpipe
Electric Vehicle emissions, offering fume and noise emissions reductions, and if charged
with low-carbon electricity, carbon emissions reductions also

Extra High Voltage Distribution
Charging Methodology

A set of principles set by Ofgem, used by the DNOs to set distribution

ERCL charges fairly amongst users connected to the EHV network

The FiT scheme supports small scale (sub 5MW) generation by providing

FEEe i T a guaranteed price for electricity generated.
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Producers of electricity, typically either thermal (coal, oil, gas, biomass
Generator etc.), nuclear, or renewable (solar, wind, hydro), though other technologies
exist

Code covering engineering principles of connections, safety and usage on

Grid Code the transmission network

Supply of heat or cooling to multiple properties from a central unit. Likely to

EE MRS be one key route to decarbonisation of heat.

High Voltage The mid-levels of the distribution network, 1kV and over

Imbalance Settlement The process

Independent Distribution Network IDNO Small localised distribution network, typically for a campus, housing
Operator development or commercial development

Generators, distribution networks and supply businesses can all be
operated outside of the usual licencing requirements, by meeting the
criteria set out in the Electricity (Class Exemptions from the Requirement
for a Licence) Order 2001

Licence-exempt

Low voltage The lowest level of the distribution network, under 1kV

Net Environmental Gain The government's ambition is to embed the wider principle of
‘environmental net gain' in development, to drive measurable
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improvements for all aspects of the environment such as air quality, flood
defences and clean water

Office of Gas and Electricity

Markets Ofgem The gas and electricity market regulator

Over-the-Counter A set product for wholesale power, typically traded via a broker

Sale of power directly from a generator to a consumer, outside of the
Peer-to-peer trading normal market structures. Usually envisaged over the local networks, but
currently not economically possible under market rules

An agreement between a supplier and generator to buy the electricity

Power Purchase Agreement output of the generator

A blanket term for i g r eoefnlo@ & r bgemexation technologies.
Renewables Typically include solar, wind, hydro, wave, tidal stream, biomass, and
biogas. May also include hydrogen

Revenue = Innovation +

Incentives + Outputs Price control framework for networks, operated by Ofgem

A large and wide reaching review of the operation of an area of the
Significant Code Review electricity industry. Run by Ofgem to look into perceived faults, and
allowing it to introduce sweeping changes in relatively short timescales
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Smart Energy Code Code covering the smart meter rollout and data protection

Supplier Energy retailer

The party responsible for ensuring the safe operation of the transmission

S IR system and balancing the system where it does not deliver

The elements of an energy bill other than wholesale costs, tax and supplier

Third party charges margin

Own and maintain the transmission network, the high-voltage, long-
Transmission Owner distance energy network. There is one transmission network in GB, with
three TOs

See TNUoS

A social scheme which requires suppliers with over 250,000 accounts to
Warm Home Discount identify vulnerable customers and provide them with an annual rebate
payment

The only global international organisation dealing with the rules of trade
between nations. At its heart are the WTO agreements, negotiated and
signed by the majority of the world's trading nations and ratified in their
parliaments.

World Trade Organisation
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4.Overview of the GB Electricity Market

In this section, we present an introduction to the market structure in which decentralised energy projects will operate.
The current market is not highly supportive of local energy markets, bringing several barriers to the trading of energy
on a sub-national level, but there are several opportunities to highlight. Understanding the market and the existing
roles will be crucial to market entry and operating in this complex sector.

4.1. Key Roles in the GB Electricity Market Under most circumstances, a decentralised
energy scheme will need to interact either

The GB electricity market is formed of a number of distinct roles and  RSLCEUASRUICTT YR CIERERATG R

functions encompassing physical infrastructure, competitive activities, =GR ERSEE IR RECTH R RGN Cl (1)
and regulatory and policy authorities. A simplified overview of the BEOEICIURCIES

electricity market roles is shown in below in Figure 2. It is important to

remember that decentralised energy schemes will operate within the single national GB electricity market, with a
single structure for balancing and settlement.

Figure 2. GB electricity physical infrastructure

/ T

electricity'from

/ b burning fossil fue% J g%
\ nuclear %
50 > O 2
{ I tE > 4 on. sy,
Pa ! % /s
» ‘ ﬁ & ¢

] Operator
/O,E’u‘"?,,: Balancing suppl

-
S
Domestic Supply §

Retail to \ 7 Business Supply

households Sale to non-domestics

The physical infrastructure of the GB electricity market is made up of sources of energy input (electricity generators)
and networks to transport the energy from where it is produced to where it is consumed by final users (demand).
There are a range of bodies that act to maintain and regulate these systems.

The System Operator (SO) is responsible for ensuring that the electricity transmission system is operating safely in
real time and accounting for any energy it procures where the market does not deliver. This activity is currently
undertaken by National Grid.

Figure 3 sets out the five key roles, which are explained in more detail below.
Figure 3: Electricity system roles
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I T

Numerous i competitive market. Examples of large generators include: Drax, Marchwood, EDF,
Generator . .
Innogy, Uniper, Macquarie
Transmission Three T O 6 Mational Grid Electricity Transmission; Scottish Power Transmission; Scottish
Owner (TO) Hydro Electric Transmission

Six DNOs: UK Power Networks; Western Power Distribution; Scottish Power Energy Networks;

Distribution Northern Powergrid; Scottish and Southern Energy Power Distribution; Electricity Northwest

Network Owner

(DNO) 13 independent DNOs (IDNOs)

Syster?sg[)aerator One System Operator: National Grid Electricity System Operator

Over 100 licensed suppliers. Examples include: the Big Six (British Gas, E. ON, EDF, npower,
Scottish Power and SSE); large non-domestic suppliers (Haven, Smartest, ENGIE, Opus) and
the independent or challenger suppliers (First Utility, OVO Energy, Cooperative Energy,
Octopus Energy)

Supplier

There are a large number of codes which market participants may be required to sign up to. There are the Balancing
and Settlement Code (BSC), the Connection and Use of System Code (CUSC), the Distribution Connection and Use
of System Agreement (DCUSA), the Distribution and Grid Codes, the Master Registration Agreement (MRA) the
Smart Energy Code (SEC), and the new Retail Energy Coe (REC). Figure 4 sets these out, and indicates which
parties are required to accede to which codes.

Figure 4: Electricity industry codes

Ofgem
I
v v v v v

Interconnector Transmission Generation Distribution Supply
Licence Licence Licence Licence Licence

- Cd

o
CuUsC DCUSA Distribution Grid
Code Code

NSNS

Balancing Transmission & Engineering Smart meter

costs, distribution network principles of Me;igng roll-out,

settlement connection and connections, i data
harges switching .
usage cnarg safety and usage protection
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4.1.1. Generators Most electrical generation plant is located in
rural or urban fringe areas due to size,
noise and emissions considerations. This
applies equally to large-scale and
decentralised plant.

Electricity generation involves the production of electricity onto the
public network for onwards transport to customers. This can be either
be large scale generation (several hundred megawatt (MW) or more)
connected to the transmission network or smaller scale generation connected to the distribution network (known as
6embedceceacr adtdiiosntdg e In e r eathd odnedc, e n ternael rirgsyefiedngeably). Large generators must
have a generation licence awarded by the sector regulator, Ofgem. This mandates that generators sign up to several
industry codes: the Balancing and Settlement Code (BSC), Connection and Use of System Code (CUSC),
Distribution Code, and Grid Code.

41.1.1. Licence-Exempt Generators Small-scale decentralised generators can

avoid the expense and complexity of
Generation is a licence-exempt activity for specified classes of acquiring a generation licence.

generators; typically, smaller generators. This avoids many of the

regulations and costs associated with obtaining a licence, for example acceding to various industry codes and central
market systems. The Electricity (Class Exemptions from the Requirement for a Licence) Order 2001 sets out the
following exemption classes:

A Class A: Small generators whose generation is under 1T0MW at any time or under 50MW from a station with
a declared net capacity of under 100MW, disregarding power supplied to customers on the same site as the
generator
Class B: Offshore generators who only generate from offshore locations
Class C: Generators not exceeding 100MW which were connected before 30 September 2000
Class D: Generators never subject to central despatch, i.e. those who were connected to the network before
30 September 2000 and were not on that date already required to submit to central despatch

Licence-exempt generators do not have to sign up to industry codes, avoiding significant cost and complexity. Most
decentralised generation will be under 50MW in capacity and therefore will fall within the exemption regime.

4.1.2. Transmission Networks Small-scale decentralised generators will
not be connected to the transmission

The national electricity transmission network provides bulk transport networks.

of power up and down the country at high voltages: 400kV, 275kV,

and 7 in Scotland i 132kV. There are three transmission owners (TOs) across the single national transmission
network. The transmission networks connect large generation assets (currently around 68GW in total capacity),
interconnectors (which connect to international power markets), and some of the largest electricity consumers. The
transmission networks connect the distribution networks to the generators and to one another.

Charges for the monopoly services provided by the transmission networks are regulated by Ofgem under a price
control framework, known as Revenue = Incentives + Innovation + Outputs, or RIIO. This sets out how much in total
networks can recover from customers over the eight-year period of the price control, and how much of this sum in
each year. It also sets out how much networks are expected to invest in upgrades. The RIIO price control is currently
being renegotiated, with new charges to take effect from April 2021.
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Other parties own and operate the various international interconnectors, mostly under cap-and-floor arrangements,
and the offshore transmission owner (OFTO) licensing regime controls connections for large-scale offshore wind
farms. These operate under price controls under the fi ¢ ampd-f | oregime, which operates for the lifetime of the
asset.

Transmission networks must sign up to several industry codes: the BSC, DCUSA, the Distribution Code and the Grid
Code.

4.1.3. Distribution Networks Small-scale decentralised generators and
electricity consuming projects will connect

The lower voltage regional distribution networks step down BRECRERCRGIEREREISReIE eIV NI/ CF

voltage levels to safe levels for consumers: 132kV (in England

and Wales) and below. There are six distribution network operators (DNOs) across the fourteen regional distribution

networks, with operators managing between one and four networks each. Figure 5 shows the DNOs and their areas

of operation.

Figure 5: Distribution Network Operation regions

Electricity Distribution

g At b Sen e

SP ENERGY
NETWORKS

-~
- Electricity
W Networks

‘electricity
et ~1) S\-awby.m-

™

v

‘ NCR”% g @ NETWORKS

g

Source: Energy Networks Associstion

They connect most consumers, with larger (industrial and commercial) consumers being connected at higher
voltages, and smaller consumers at lower voltages. Distribution networks are also host to increasing amounts of
generation. In 2018, around 45GW of distribution connected or i € mb e dgkretion was connectedtothe DN Os 6
networks.
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Like transmission networks, charges for the monopoly services provided by the DNOs are also regulated under the
RIIO framework. The RIIO incentives are soon to be re-negotiated, with a new price control to commence from April
2023.

Distribution networks must sign up to the BSC, CUSC, DCUSA, Distribution Code, Grid Code, MRA, SEC and, from
February 2019, the REC.

4.1.3.1. Independent Distribution Networks Independent network operators may be

able to offer lower-cost connections to the
As well as the six main DNOs, there are a number of independent B S A o (=0 Talelt 101 0| a1 &

distribution network operators (IDNOs). These IDNOs are small
localised networks within the main DNO areas. There are 13 licenced IDNOs in GB, with each operating multiple
networks.

Like the DNO licence, the IDNO licence is also overseen by Ofgem. It is similar to the DNO licence but has fewer
conditions. Prices are regulated under a relative price control mechanism, which caps charges at a level consistent
with the charges of the equivalent DNO.

IDNOs are now responsible for around 50% of new connections. These providers may be able to offer faster or
cheaper connections to new generation or consumption users than the main networks, though this will be dependent
on local conditions. Many IDNOs look to provide services to an entire new development site, but others will connect
a single premises or generator.

4.1.3.2. Licence-Exempt Distribution Networks Small scale networks can avoid the

expense and complexity of acquiring a
distribution licence, but connections to
consumers, particularly domestics, will be
restricted.

It is possible to operate small distribution networks, often known as
private networks or private wires, without a distribution license. The
Electricity (Class Exemptions from the Requirement for a Licence)
Order 2001 details the situations in which it is not necessary to hold
a licence. These are:

A Class A: Small distributors: Parties who do not at any time distribute more electrical power than 2.5MW to
domestic consumers

A Class B: On-site distribution: Parties who do not at any time distribute from any distribution system more
electrical power than 1MW to domestic consumers, provided that each domestic consumer receives the
electrical power, disregarding stand-by electrical power, from a generating station embedded in the same
distribution system
Class C: Distribution to non-domestic consumers: Parties who do not at any time distribute electrical power
for the purpose of giving a supply to domestic consumers or enabling a supply to be so given with that
electrical power

Like licence-exempt generators, licence-exempt distribution networks do not have to sign up to industry codes. Many
decentralised energy schemes make use of private wire networks to move power to customers. They will usually fall
within the exemption regime. Ex amp|l es of private wire arrangements
Renewabl es Ener gy Nsdawarayk pbwerind th® keWghbouring South West Water Nanstallon
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sewerage treatment works, to the large commercial-industrial development site Protos near Manchester, which will
host several large generating and energy storage plants.

There is no such thir

in GB; setting up a supply business is a

complex, expensive and high-risk

An energy supplier contracts to deliver electricity through a meter [EVRL[EgEVoIok

to a customer. Suppliers purchase energy in the wholesale markets

and supply this to their customersit hey buy energy directly from generator
and also indirectly through traders and brokers. Suppliers also pay the costs of networks and government policy
programmes, passing these costs on to consumers.

4.1.4. Suppliers

Supply contracts are known as tariffs, and there are a number of structures. Domestic customers typically have
single-rate or Economy? tariffs (two-rate) tariffs, although more complex time-of-use (ToU) tariffs are starting to
appear, enabled by the smart-meter rollout. Domestic tariffs have one or more unit rates for kWh consumption, and
a daily standing charge.

Non-domestic tariffs come in a variety of forms, depending on the level of consumption. Small non-domestic
consumers tend to have similar tariffs to domestic consumers, while larger consumers may have various cost
elements separated out as pass-through costs. The largest users may even manage their own wholesale trading,
through the supplier.

Supply contracts allow customers to access products with predictable costs that match their appetite for price risk;
for example, variable or fixed term tariffs for domestic customers. Once contracted, the supplier will register the
c u st o mmeter,dasse bills, collect payment, and manage the customer relationship until the contract ends.

To handle consumer contracts, a supply licence is needed from Ofgem. Under a concept known asthe Aisupp!l i
h u btlie supplier is the single point for customers to interact with the energy market and is responsible for managing
nearly all energy market activities through a wide variety of commercial contracts and regulated industry codes.
Suppliers are obligated to sign up to the BSC, CUSC, DCUSA, the Distribution Code, the Grid Code, MRA, SEC, and
REC.
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Figure 6: Supplier hub responsibilities
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The supplier hub concept is illustrated in Figure 6. The core obligated activities which suppliers are responsible for
are:

Providing the commercial point of interface between the consumer and the energy system i the retail part
of energy supply
Paying for (and recovering from customers) all costs incurred from the electricity system, including network
charges, wholesale costs, system operator costs and policy costs
Metering electricity consumption, including providing of meters, and appointment of agents to install and
maintain meters. Suppliers are also responsible for the smart metering programme and obligated to offer
smart meters to all domestic and small non-domestic customers by the end of 2020

A Delivery of government energy policies (such as payment of the Climate Change Levy, Renewables
Obligation, Feed in Tariff, Contracts-for-Difference, and Capacity Market)

A Meeting regulatory standards for customer service and interactions

In practice this means that suppliers have three key roles in the energy industry:

Collecting revenues to pay for the entire electricity industry value chain
Managing the risk arising from the differences between consumer actions and the costs incurred
Providing the interface for customers to the electricity industry

While suppliers are ultimately responsible for the delivery of these tasks in the market, it is up to them how they
deliver these functions. This means that it is possible, and indeed common, for activities to be outsourced to specialist
organisations, for example metering provision, operation and reading.
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4.1.4.1. Licence-Exempt Suppliers Small scale suppliers can avoid the
expense and complexity of acquiring a
supply licence, but supply to consumers,
particularly domestic consumers, will be
restricted.

It is possible, in defined circumstances, for supply to be made
without the need for a supply licence. The primary benefit of
unlicensed supply is that it avoids many of the regulatory
compliance and IT infrastructure requirements associated with
interfacing with market administrators. It may also be possible to avoid significant costs in government obligation
levies and network charges, depending on how the supply interacts with public networks.

The details of the supply exemptions are contained in the Electricity (Class Exemptions from the Requirement for a
Licence) Order 2001. These fall into four categories:

A Sale of self-generated electricity, up to a limit of 5SMW, of which not more than 2.5MW is supplied to domestic
customers

A Re-sale of electricity purchased from a licensed electricity supplier; or re-sale of power from another licence-
exempt supplier provided that this from an on-site generator (with other conditions attached)
Sale of self-generated power to consumers on the same site, and re-sale of electricity purchased from a
licenced electricity supplier to the same customers. Up to 200MW can be supplied to an off-site but adjacent
customer

A Power sold from and to offshore locations

Broadly, the intention of these rules is that the volumes of power supplied are to customers on the same site as the
generator, and that only small amounts are supplied to domestic customers. Like other licence-exempt parties,
licence-exempt suppliers are not required to sign up to industry codes. Some decentralised energy schemes will
operate as suppliers, as they sell energy to end-users. They will generally take care that activities fall within the
licence-exempt regime.

4.1.5. Supervisory Bodies Energy market regulation is fluid and
constantly in flux. Schemes must monitor
change to ensure that impacts on activities

In addition to the infrastructure and competitive activities in the ) i
and business cases is understood.

market there are a number of regulatory bodies involved in the
regulation and policy setting of the energy market.

The Department of Business, Energy and Industrial Strategy (BEIS) is the government department responsible
for ensuring that the UK has secure, clean, affordable energy supplies. BEIS sets energy policy and is responsible
for energy security; making sure UK businesses and households have secure supplies of energy for light and power,
heat, and transport.

The UK-wide Competition and Markets Authority (CMA) is also active in the energy market. The CMA is a non-
ministerial government department responsible for business competition and preventing and reducing anti-
competitive activities. It has a broader set of powers than Ofgem for regulating the market, including both the actions
it can take and the parties it regulates. To date, the C M A daggest intervention in the energy industry has been its full
market investigation into the levels of competition, conducted 2014-2016. This resulted in over 30 measures being
brought forward to try and save customers money and increase competition. One of the most important of these was
bringing in a price cap for customers on prepayment meters.
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The Gas and Electricity Markets Authority (GEMA) is the governing body of the Office of Gas and Electricity
Markets (Ofgem). Ofgem is responsible for regulating the gas and electricity markets. Its role is to protect the interests
of consumers, particularly vulnerable consumers, regulate competition between providers, and monitor social and
environmental issues within the industry. It primarily focuses on the following areas:

Making gas and electricity markets work effectively by promoting competition in generation and supply
Ensuring companies in the sector fulfil their legal and licence obligations

Regulating the revenues of monopoly businesses, e.g. network companies

Ensuring social and environmental responsibilities on energy companies are met

The regulator is tasked with assessing market power, preventing predatory pricing, assessing the effects of inter-
company agreements on competition, and ensuring compliance with legal requirements. The strategic direction of
the UK energy sector is to a large extent set by government policy.

There are also a number of organisations outside of government that are involved in managing and maintaining the
energy sector.

National Grid has two distinct roles as both the system operator of the electricity transmission network in GB, and
the owner of the electricity transmission network in England and Wales. Its primary role is to ensure system security.
This requires monitoring the instantaneous generation and demand, to keep frequency stable at 50Hz, +0.2Hz, by
taking actions to balance the system by adding or subtracting generation or demand. National Gr i béesues are
regulated with incentives to deliver at the least cost. National Grid also manages the CUSC and Grid Code.

Elexon is responsible for administering the Balancing Settlement Code for the electricity industry. In practice, this
means that it compares how much electricity generators and suppliers say that they will produce or consume ahead
of time, with the actual volumes following delivery. It then works out the imbalance price that is used to balance each
p a r tdsclared position and manages the necessary transfer of funds.

Other code bodies include Electralink, which manages DCUSA, Gemserv, which manages the MRA, and the
Energy Networks Association, which manages the Distribution Code.

4.2. GB Wholesale Markets There are no filocal o
GB. Decentralised energy schemes 1

Wholesale power prices can be extremely volatile and have RUASUEIRIelelVelleRelReelEFIylleRsll SR
numerous drivers, including commodity markets, renewables FAMRUNESREEETIAEELRGRCRE LS RC]
generation, demand, generator availability, interconnected power USSR RVIUREUR VAT SRR 6]
markets and currency exchanges. Decentralised energy generators UEIREERIRGESCNNEC SR

will need to access wholesale value for their power in some way:

many sell directly to consumers (being located close to or on the same site and operating behind the meter). Other
will need to make arrangements to sell the power which is generated.

The operation of the GB wholesale market for the electricity sector is shown in Figure 7. The market is a bilateral
market, meaning that suppliers must buy all the energy their customers use by signing deals with generators or
traders in the market to match their position. Trades are bilateral (between two parties) and open to different time
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frames and contract lengths. The day is split into 48 half-hour trading or settlement periods i a half-hourly settled
market T although products traded in the wholesale market may include power in multiple trading periods.

Figure 7. GB electricity wholesale operation
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At gate closure, one hour before the start of the settlement period, the opportunity for market parties to notify physical
contracts for bought or sold power closes i no more trades can be carried out. Following this, National Grid in its role
as System Operator (SO) uses the Balancing Mechanism (BM) and a range of balancing service contracts to ensure
the market is balanced in terms of generation and demand. Actions taken by the SO can include paying power
stations to turn up or down, rewarding demand side response, or activating flexible generators through contracts for
a number of services.

Following the end of the 30-minute settlement period, p a r t physicabpositions (how much they actually produced
or consumed in the period) are compared with notified positions (how much they informed the SO they would
consume or produce). Where there is a difference between these positions, parties are subject to imbalance prices
for the difference. Imbalance prices are linked to the costs which the SO incurred in taking actions to balance the
market. This process is known as Imbalance Settlement (IS).

Prior to gate closure, the market for trading wholesale electricity is not centrally prescribed. It is up to parties to trade
for power themselves. In practice, this is normally done via either a bilateral trade, a power purchase agreement
(PPA), an over the counter trade (OTC), or for shorter-term trades, over exchanges. The different options for trading
are explained in Figure 8 below. Parties are free to use any of these options (or most likely a combination of them)
to trade power.

However, it should be noted at this point that most small generators will not trade energy directly, as there are
significant fixed costs to do so i perhaps £500,000 to set up a trading team and become a member of the relevant
markets and exchanges, with ongoing costs of several hundred thousand pounds a year. The minimum portfolio size
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we would expect to see trading directly is in excess of 100MW, or often larger. We discuss later in section 8.1 suitable
routes to market for smaller generators.

Figure 8. Wholesale power trading options
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4.2.1. Wholesale Market Trends Wholesale prices for power, gas and other
fuels are volatile and unpredictable. Most

Wholesale power prices are heavily influenced by oil, coal, carbon, SN CEERTIRECRERIETIEIS

and gas prices. As gas-fired power stations continue to make up RUEIUECIEERICINRUEEER U EXATE R TRl

the majority of the GB generation mix, the price of gas has the most  [RLE

notable influence on power prices. Furthermore, as many gas

contracts are linked to the price of oil, oil prices can indirectly impact power prices through the gas market. While

coal-fired power output has been declining rapidly, it still exercises some influence over the power market, while the

cost of emitting carbon is also incorporated into the price of power. Figure 9 illustrates this linkage.
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Figure 9: GB Wholesale market trends
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This position is beginning to change. Renewables output tends to have a downwards impact on wholesale prices,
mostly because the primary renewables generation types in GB i solar and wind i have low operational costs, with
no fuel inputs. Despite having a downwards impact on prices, renewables tend to increase market volatility due to
their intermittent nature. If there is a sudden decline in renewables output due to weather variations, wholesale prices
can spike upwards as more expensive forms of generation are called on to meet demand over a relatively short time
scale.

The relative differences between demand and generator availability continues to impact prices. Times of high power
demand and low generator availability experience the highest prices, while periods of low demand and high
availability see the lowest prices.

Finally, interconnected markets are having a rising impact on G B 6vwgholesale power market. Interconnectors are
large subsea cables that act as links between the electricity transmission systems in GB and other markets. GB
currently has five electricity interconnectors (two 0.5GW interconnectors to the Irish network, one 2GW to France,
one 1GW to the Netherlands, and since January 2019, one 1GW to Belgium). As the number and capacity of
interconnectors with the continent is planned to increase sharply over the next decade, prices and events in Europe
will more frequently impact on the GB market.

422 Wh0|esa|e Tl’adlng fOI’ Sma”'Scale Genel’a'[Ol’S Direct access to wholesale markets
expensive and complex; decentralised

The market access of small-scale renewables generators is currently  BEREIC) AR EERTIIREEROR [ R-T))
limited due to high transaction costs and limited appetite among GINECERATR MR RIETE L EU R RIESS
offtakers for small parcels of intermittent power. This limitation mostly BUEWLEER
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applies to generators which are smaller than 0.5MW, and particularly to those smaller than 0.3MW.

The bulk of existing small-scale generation assets under 5SMW are achieving value for power exported to the networks
through the Feed-in Tariff (FiT) subsidy scheme. Accrediting to the FiT removes the need to contract for power
offtake. Instead, power is spilled to the grid with generators paid the FiT export rate i which is 5.38p/kWh in 2019-
201 by obligated suppliers.

Requirements are even lower for generators under 30kW in capacity, which are not required to meter exports, instead
being paid the export rate for an assumed or i d e e nveldrte of 50% of power generated.

The closure of the Feed-in Tariff to new generation in April 2019 ended this guaranteed route to market. There remain
some routes to market, such as auctions for short-term PPAs with durations of 6-12 months, but supplier interest in
intermittent sites under 500kW is low and value retention for generators is commensurately low. See section 8.1 for
more on existing routes to market. The Smart Export Guarantee, discussed further in section 8.1.2.3, may alleviate
some of these issues when it is introduced.

The lack of a guaranteed route to market is expected to limit deployment of small-scale low-carbon generation in the
immediate future, though as set out in section 8.1.2.3, the government is moving towards providing a guaranteed
route to market for generators of the size and technologies which would previously have been eligible for the FiT.
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5. Gas and Off-Gas Networks

Mains gas is the lowest-cost heating fuel in
GB and a relatively low-carbon option.
Many rural areas do not have access to this
fuel and so present opportunities for new
routes to decarbonisation.

The gas networks provide over a third of the energy consumption in Great Britain. While historically, the UK produced
the majority of its own gas from the UK Continental Shelf, we now import over half our gas. Becoming a net gas
importer in 2005 exposed the GB market more heavily to international gas price fluctuations, a factor of particular

significance as gas-fired generators produce over 40%

of GB electricity, and gas is generally the marginal fuel for

electricity price-setting. While the stereo-typical view of decentralised energy generation is of renewable
technologies, small peaking gas plant is also common, and gas-fired CHPs may lead the way on heat decarbonisation
in the short- to medium-term by powering heat networks.

As explained in section 6.5, many policy costs have been loaded onto the electricity rather than gas bill, making gas
a relatively much cheaper fuel. This is particularly important in relation to space heating, as those who do not have
access to gas heating will generally have much higher heating costs. 12% of English and 19% of Welsh households

are not connected to the gas networks, with these
households predominantly concentrated in rural
areas.

Figure 10 shows the percentage of domestic
households in each region which do not have access
to mains gas. The source of this map contains
extensive and highly granular information about gas
penetration across the country, down to the lower
super output area (an area containing a population of
1,000-1,500).

These houses are likely to be heated by electricity,
bottled gas, fuel oil, or biomass. All of these solutions
are likely to be higher cost and more carbon intensive
than modern gas-fired condensing boilers. Therefore,
it will be no surprise that prevalence of fuel poverty and
energy vulnerability in these areas is much higher than
the national average.

Introducing lower-cost and more sustainable heating
technologies such as heat pumps and heat networks
to off-gas regions could be a sensible option for rural
energy projects, with lower economic barriers to
displace oil or conventional electrical heating than
displacing gas central heating. One project looking to
do this is Swaffham Prior Community Heat Scheme,
albeit in a relatively affluent area. Government policy
is discussed further in Section 11.2 below, and low-
carbon heat provision in Section 9.

Figure 10: Non-gas map of England and Wales
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GB energy markets are not set up to
account for local systems, or to reflect the
different characteristics of rural and urban
landscapes.

6. Electricity Network Charges

All parties using the public networks to move power from generators to consumers are required to pay towards the
development and maintenance of these networks. Historically, the GB electricity system has operated it -d p wn 0 ,
assuming that all power enters the system through the transmission network, then moving down the various voltage
levels of the distribution network to end-users. This system does not support local energy markets, where a generator

and consumer are connected to the same part of the distribution network and will therefore be using fewer wires to
move electricity: they are required to pay the same charges unless they have established behind the meter
arrangements or private wire networks. In this section, we introduce the transmission and distribution charging
regimes, and explain how these impact on decentralised energy markets.

6.1. Setting Network Ch arges Decentralised energy schemes will find it
difficult to affect charges but may find

opportunities to help consumers to
minimise their charges, sharing the cost
savings.

Network charges are paid by all parties which use the public
networks. While some decentralised generators will be able to
|l ocate their assets behind the - g S
exposed to network charges for either power exported, or power imported. Understanding how network charges are
set will help users to understand how their exposure to charges can be minimised.

Figure 11: Charge-setting process

Cconsumers

The charge setting process is controlled by Ofgem, which regulates network company revenues via the RIIO
framework. Figure 1 sets out the process of setting cost-reflective charges for customers.
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