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EXECUTIVE SUMMARY

Project Overview

The London Borough of Redbridge is participating in the Decentralised Energy Masterplanning
(DeMAP) Programme, which was developed by the LDA / GLA to help meet the Mayor of London’s
target of providing 25% of London’s energy supply from decentralised sources by 2025.

As part of this programme, Redbridge undertook a ‘*heat mapping’ exercise in 2010 to identify
areas in the borough of high heat demand which may be suitable for decentralised energy
networks. The heat mapping exercise identified five decentralised energy opportunity areas
within Redbridge, two of which London Borough of Redbridge subsequently shortlisted for further
study on the basis that it felt they were the most suitable and deliverable for future decentralised
energy networks.

As the next stage in the process, London Borough of Redbridge commissioned Ramboll Energy to
develop a decentralised energy masterplan for the two preferred opportunity areas which are:

a) Decentralised Energy Opportunity Area 1 — Barkingside Investment Area
b) Decentralised Energy Opportunity Area 2 - Ilford Town Centre / Crossrail Corridor
(including the Goodmayes ‘Outlier’).

The aims of this decentralised energy masterplanning study have been to:-

a) Establish to what extent the two nominated decentralised energy (DE) opportunity areas
are suitable for a DE network (in all or part of the opportunity area).

b) Provide a DE evidence base which can be used in Redbridge’s Local Development
Framework (specifically for the upcoming Core Strategy review).

This study has considered four discrete decentralised energy network opportunities in the
following geographical areas within the study boundaries:

a) Ilford Town Centre

b) Crossrail Corridor

c) Goodmayes Outlier

d) Barkingside Investment Area

Assessment methodology

The network opportunities have been assessed over 25 and 40 year periods. Establishing a
decentralised energy network requires capital investment which can be repaid by revenues from
sold heat and electricity. Projects can therefore be seen as business opportunities depending on
the balance between investment and revenues. Viability has been assessed on the basis of
minimum required Internal Rates of Return for fully private sector and fully public sector (ie
London Borough of Redbridge) based procurement models. We have assumed minimum
acceptable nominal internal rates of return of 10 % and 6 % respectively based on widely used
industry benchmarks.

Project viability for each network opportunity has been tested on the basis of a fully built out
network comprising identified suitable existing ‘anchor heat loads’ as well as identified suitable
planned developments. The viability of ‘initial cluster networks’ has also been tested for each
geographical area representing cases of connection of only existing buildings not relying on
future planned developments.

The scale of projects depends on the size of heat demand. Heat demand projections for each of
the identified existing and new developments within each of the Opportunity Areas are presented
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in Figure 1. This figure shows the cumulative annual heat demand for all of the indicated
developments considered for connection to the project opportunities presented in this report!2.

25,000
20,000
15,000
—_ M Barkingside
N}
E m liford Town Centre
= Crossrail Corridor
10,000 B Goodmayes Outlier
5,000 —
o 4

2014 2015 2016 2017 2018 2015 2020 2021 2022 2023 2024 2025 2026 2027 2028

Figure 1: Heat Demand Projections for the Identified Developments for connection in the Opportunity
Areas

Key Findings

The main conclusions in relation to the economic appraisal of the opportunities are presented
below for each identified project, based on an assumption of required nominal internal rates of
return of 10 % and 6 % respectively for private and public sector led projects.

The modelling on which these conclusions are based assumes a range of electricity selling
arrangements appropriate to each project as described elsewhere in the report and are based on
best estimates of electricity and heat selling prices and volumes sold, project running costs and
capital investment requirements.

Ilford Town Centre

The cluster project at Ilford Town Centre is made up of a number of existing buildings, with the
fully built out project expanding the cluster project and connecting future developments.

The fully built out project at Ilford Town centre is likely to be an economically attractive
proposition to both the public and private sector.

However, the development timescales for the project are such that a fully built out project
opportunity would not materialise until around 2025 and it is unlikely that the private sector will
step in to develop a project in the interim period as the IRR for the initial cluster project is below
10% (7.1%). The IRR for the fully build out project is 11.3%.

! In this figure, the first year of operation represents the existing demand in each opportunity area, and the subsequent increases
reflect the assumed demand growth projections as identified in the Housing Trajectory 2011-2028 [16]. Beyond, 2028 no further
growth in demand is assumed to occur
2 The figure includes the impact of energy efficiency measures for existing buildings and reflects expected standards of building fabric
insulation under future building regulations and Zero carbon homes policy. The reduction in demand for the Goodmayes Outlier
occurring in 2020 reflects the conversion to residential use of the existing King George hospital site.

Page 2



On this basis, London Borough of Redbridge should consider establishing an initial cluster project
to catalyse the opportunity and lay the foundation for any future involvement by the private
sector.

In order for the initial cluster project to be economically attractive to London Borough of
Redbridge, it is likely to require an Electricity Supply Licence Lite*. London Borough of Redbridge
should therefore pursue developments in this area as part of any business planning undertakings,
should it wish to take the opportunity forward.

IRR is seen to increase to 9.5% and 13% for a grant contribution of £1M for the cluster and fully
built out projects respectively.

In the event that an Electricity Supply Licence Lite cannot be secured, the cluster project is
unlikely to come forward, although the fully built out project may still be of interest at a later
point in time, once a larger heat customer base has been established.

A public private sector partnering* approach may be of interest to certain ESCos and should
therefore be considered by London Borough of Redbridge as a possible way forward for the
cluster project. London Borough of Redbridge should however recognise that it will need to
champion the development of such a project, since the private sector is unlikely to step in and do
so.

If London Borough of Redbridge is prepared to take a long term view over the project term, the
initial cluster project can also be considered as an economically attractive option.

If it chooses to develop the initial cluster project, London Borough of Redbridge could reasonably
expect to attract interest from the private sector at a later stage, should it choose to sell the
project once much of the development risk has diminished and additional investment into Ilford
Town Centre is underway / completed.

There are relatively few Local Authority owned assets within the initial cluster project. London
Borough of Redbridge should recognise that this will introduce complexity and risk in delivering
the project since multiple, protracted stakeholder negotiations are likely to be required.

Crossrail corridor

There is insufficient anchor heat load to support an economically viable initial cluster heat
network in the Crossrail Corridor. The current characteristic of the area is one of relatively low
heat density and any opportunity would primarily be related to future developments.

The calculated economic indicators for the Crossrail Corridor project would be of no interest to a
private sector ESCo and equally would offer only a barely acceptable return to London Borough of
Redbridge over 40 years, assuming an Electricity Licence Lite could be set up.

The recommendation is therefore for this opportunity not to be taken forward as a stand-alone
project in isolation of other heat network opportunities.

The opportunity to develop Crossrail Corridor should be considered in conjunction with a project
opportunity at Ilford Town Centre. Under this scenario, acceptable project returns can be made
by avoiding the need to invest in an energy centre for the Crossrail Corridor project.

3 A simplified electricity licence that would enable the licence holder to retail electricity to domestic and non-domestic customers.
4 Partnership can de-risk the project for the ESCo with planning aspects and access to anchor heat loads
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Ilford Town Centre and Crossrail corridor

In the event that the Ilford Town Centre heat network is taken forward, the case for
interconnecting developments within the Crossrail Corridor to the Ilford Town Centre heat
network at a future time appears to be reasonably strong, returning an IRR of 10.1% over 25
years.

However, it should be recognised that this is marginally lower than for the Ilford Town Centre
only project and therefore is likely to require direct involvement from London Borough of
Redbridge to bring about expansion into the Crossrail Corridor, since a commitment to do so from
the private sector cannot be assumed. London Borough of Redbridge’s interest in doing so would
need to be predicated on the additional carbon reductions associated with the wider project
opportunity.

In order to safeguard for future expansion into the Crossrail Corridor, the initial Cluster project in
IlIford Town Centre would need to include additional investment in large diameter pipework and
additional space within the energy centre. This will reduce the calculated IRR and London
Borough of Redbridge will need to take a view on the acceptability of this safeguarding position in
financial terms.

If London Borough of Redbridge is prepared to take a long term view over the investment
proposition, the IRR for the safeguarded cluster project and the fully built out project can be
expected to return IRRs that London Borough of Redbridge are likely to consider attractive.

The future of a possible Crossrail Corridor interconnection will rely on the presence of an initial
cluster network in Ilford Town Centre. Therefore, the project opportunity will ultimately rely on
London Borough of Redbridge to push forward the project at IlIford Town Centre in order to create
the correct conditions to allow the Crossrail Corridor project to be taken forward.

Goodmayes Outlier

There appears to be a viable project opportunity for Goodmayes Outlier, based on the existing
CHP assets at King George Hospital. It is recommended that the project opportunity is considered
further by Barking Havering and Redbridge Hospitals NHS Trust.

The project benefits from an existing private wire arrangement®. Under this arrangement, the
initial cluster project based around the existing buildings would deliver an IRR of around 11.0%
over 25 years and the fully built out project would deliver an IRR of 11.6% over 25 years.

An initial cluster project is likely to be of interest to a private ESCo based on the calculated IRR
over 25 years, the investment period over which the ESCo would typically consider the project.
This could also be expected to interest Barking Havering and Redbridge Hospitals NHS Trust.

IRR is seen to increase to 19.0% and 18.4% for a grant contribution of £1M for the cluster and
fully built out projects respectively.

Due to long development timescales of identified development opportunities, the IRR for the fully
built out project viewed over 25 years are similar to that of the cluster project viewed over the
same period. Whilst the Trust might find the calculated IRR of both scenarios acceptable over 25
years, it is difficult to see what incentive the Trust or an ESCo would have for extending the
project beyond the initial cluster.

Viewed over 40 years, the IRR of the fully built out project exceeds that of the initial cluster
network viewed over 25 years. This suggests that if the Trust were prepared to invest in the
project and view its return over a long term, it could potentially sell the project to the private

® Electricity being sold directly to the customer through a private electricity network
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sector at a later stage in its lifecycle, at which point the project would represent a low risk
proposition that a private ESCo might be prepared to take on.

A comparison of the cases with and without inclusion of the low density housing elements
(located mainly towards the west of the site) indicates that the low density housing elements
reduces the economic case for the overall project. Although the indicated IRR’s are still likely to
be acceptable to Barking Havering and Redbridge Hospitals NHS Trust, it is difficult to see how
connecting these developments could be an attractive proposition for the project. Our
recommendation is therefore that these developments should not be required to safeguard to
connect to the heat network.

London Borough of Redbridge are likely to have little interest or incentive to become involved in
the project, since the scope for reducing local authority carbon emissions and future fuel costs
would be limited due to its limited landholdings within the initial cluster area and the opportunity
to extending the project beyond the immediate vicinity appear to be very low. London Borough of
Redbridge’s role in this project should be to act as a facilitator for the project bringing together
key stakeholders and to require the new schools, polyclinic and high density developments to
safeguard for connection to the project if it is taken forward.

Barkingside Investment Area

There is insufficient anchor heat load to support an economically viable initial cluster heat
network in the Barkingside Investment Area.

The calculated economic indicators for the future development opportunity in Barkingside
Investment Area suggest that the project would be of no interest to a private sector ESCo or to
London Borough of Redbridge.

The recommendation is therefore for this opportunity not to be taken forward.

Barriers to Development

Of the recommended projects opportunities, no insurmountable technical barriers have been
identified. Further work will be required for projects taken forward in relation to more detailed
network route planning. In relation to the Ilford Town Centre project, detailed technical feasibility
of the energy centre proposals will also be required at the next stage.

Recommended Next Steps

The economic appraisal of the identified opportunities has shown that the Ilford Town Centre,
Ilford Town Centre / Crossrail Corridor and Goodmayes Outlier projects could potentially be taken
forward on the basis of reasonable economic propositions. The planned developments along the
Crossrail Corridor can potentially be included in the Ilford Town Centre project, but will not stack
up independently as a standalone project. The planned developments in Barkingside Investment
Area are not considered to be viable to take forward and should not be pursued further in our
opinion.

On this basis, the recommended next steps for London Borough of Redbridge are presented
below.

Ilford Town Centre and Ilford Town Centre / Crossrail Corridor Projects

London Borough of Redbridge will need to consider the level of involvement it wishes to have in
the identified project opportunities.

Under a do-nothing scenario, new developments within the opportunity areas are likely to come
forward with individualised piecemeal solutions involving a range of low carbon technologies.
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This approach risks failing to deliver significant carbon savings under the identified opportunity
areas and also misses an opportunity to integrate existing buildings into any proposed network.

If London Borough of Redbridge chooses to pursue the do nothing route it should, as a minimum,
ensure that its local planning framework requires that local heat networks with gas fired CHP are
considered and implemented if feasible in line with GLA policy, and that new developments in
indicated areas are designed with heating systems to be ready to connect to a future heat
network.

London Borough of Redbridge may decide to use its planning powers to facilitate future
development of the identified heat networks, but leave the actual development of the projects to
the market to deliver. This approach risks failing to deliver the true project potential because of
long term nature of the investment, the time scales for payback and the multiple stakeholder
engagements required to drive the project forward. It is likely that, given the investment costs
and payback periods involved, the market may consider the projects too unattractive an
investment proposition to take forward, and certainly are unlikely to do so until a considerable
amount of development has taken place.

The alternative to this scenario would be for London Borough of Redbridge to take an active role
in developing the identified project opportunities with the intention of securing a stake in the
infrastructure assets and facilitating development to their full potential. There are considerable
potential advantages to London Borough of Redbridge in adopting this approach including:-

e contributing towards Redbridge’s CO2 emissions reduction targets

e avoiding piecemeal approach to compliance for new developments

e developing a viable business with the opportunity to generate income for the Local
Authority

If London Borough of Redbridge wishes to adopt this proactive approach, it should implement a
range of measures to take the project opportunities forward including carrying out business
planning and engaging with possible project partners and potential heat customers. These are
detailed further in Section 10.

Goodmayes Outlier Project

The Goodmayes Outlier opportunity is considered to be of interest to Barking Havering and
Redbridge Hospitals NHS Trust and / or a third party provider such as an ESCo, rather than to
London Borough of Redbridge directly.

However, London Borough of Redbridge can play a role in the development of this opportunity by
acting as a facilitator by bringing together the major stakeholders involved, guaranteeing the
connection of the new schools, ensuring all new developments are safeguarded for future
connection to the heat network through the planning process and considering how it might
influence the massing design of the new residential developments to improve underlying project
economics.
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1. INTRODUCTION

1.1 Introduction to Decentralised Energy

Decentralised Energy is a term used to describe the supply of electricity and/or heat to end users
from local sources, as opposed to via the national gas and electricity grids. In the context of this
report, decentralised energy refers to the use of district heating networks to distribute heat to a
number of buildings from energy centres hosting combined heat and power (CHP) plants together
with boilers and thermal accumulators.

Heat generated within these energy centres is distributed to local buildings through a network of
pre-insulated buried underground pipes. This heat is transferred to the buildings through
Hydraulic Interface Units (HIU) located within each building, beyond which the heat is distributed
for the purposes of space heating and domestic hot water provision. Where larger developments
are concerned, the interface with the heat network can also take place at local community level,
through one or more small energy centres located within the development.

District heating serves as an alternative to the use of gas or electricity to provide heating at each
building. Hydraulic Interface Units can be thought of as the equivalent of the domestic or
commercial boilers that would otherwise be used to provide heat to secondary circuits, domestic
hot water and heating circuits within the buildings.

80% efficient 55% efficient
Conventional
CHP Methods
Losses Losses
65 40
Heat
Demand
Boiler
Energy Energy
Input Input
- . Power ‘ :
325 units 1“00. ) Demand €100 465 units
165 Power
Station
Why does DE save Money? Losses

The generation of heat in district heating systems is typically carried out using combined heat
and power systems. Combined heat and power describes the simultaneous generation of heat
and electricity in a more efficient way than if the two forms of energy were to be produced
separately. There are many technologies available to produce combined heat and power,
involving many scales of application and many options in relation to fuel source including energy
from waste, biomass and fossil fuels. In the context of this report, the focus is on the use of
internal combustion engine technology using natural gas as the primary fuel. Such applications
typically involve generation capacities in the range from 500 kW, to 5 MW, and generate heat at
temperatures in the region of 90 °C to 95 °C.

District heating systems offer many advantages over conventional alternative supply options and
have a significant role to play in contributing towards the UK’s CO, reduction targets. It is also a
highly flexible and adaptable medium for capturing, transporting and storing heat energy and so
has a central role to play in integrating energy from multiple sources, and thereby provide the
flexibility required to deliver low cost, low carbon energy to our society in the future.
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District heating also brings many potential benefits to local communities and Local Authorities.
For local authorities these include the opportunity to:-

1. contribute towards Local Authority CO, reduction targets,

2. bring about reductions in fuel costs and Carbon Reduction Commitment (CRC) payments
that can result in financial savings to the council and savings to fuel poor tenants as
applicable,

3. deliver increased security of supply to the council and local tenants,

support inward investment and job creation,
5. generate a long term, relatively secure income for the Local Authority that can help to
support its other functions financially.

»

In general, a high linear density of heat demand is usually helpful in justifying the installation and
economics of a district heating scheme. Linear heat density is a measure of the annual heat
demand per unit length of heat network installed. The selection and sizing of district heating
pipework is also critical to the economic success of a district heating scheme and, depending on
the scale of the heat network, is usually the most expensive element of the scheme. Factors such
as temperature difference, design and operating pressures and operating strategy all have a
strong influence on scheme economics.

1.2 Background and Policy Context

The National Planning Policy Framework (NPPF) published in March 2012 at paragraphs 96 and 97
supports the greater use of decentralised energy. It says that new development should comply
with Local Plan policies on the use of such energy, subject to considerations of feasibility and
viability.

The London Plan as published in July 2011 contains strong support for decentralised energy.
Policy 5.5 Decentralised Energy Networks states that the Mayor’s expects 25% of the heat and
power used in London by 2025 to come from “localised decentralised energy systems”. It goes on
to say that when preparing their Local Development Frameworks (which the NPPF - see above -
now simply calls “Local Plans”), boroughs should develop policies and proposals to identify and
establish decentralised energy network opportunities and as a minimum:

a) Identify and safeguard existing heating and cooling networks.

b) Identify opportunities for expanding existing networks and establishing new networks.
Boroughs should use the London Heat Map tool and consider any new developments,
planned major infrastructure works and energy supply opportunities which may arise.

c) Develop energy master plans for specific decentralised energy opportunities which
identify:

e major heat loads (including anchor heat loads, with particular reference to sites
such as universities, hospitals and social housing)

major heat supply plant

possible opportunities to utilise energy from waste

possible heating and cooling network routes

implementation options for delivering feasible projects, considering issues of

procurement, funding and risk and the role of the public sector

d) Require developers to prioritise connection to existing or planned decentralised energy
networks where feasible.

The Redbridge Local Development Framework (or “Local Plan”) consists of a Core Strategy
adopted in 2008 and a number of other plans adopted over the intervening years. These include
Area Action Plans for:

a) Iiford Metropolitan Centre

b) Gants Hill District Centre

c) The Crossrail Corridor which includes the town centres of Seven Kings, Goodmayes and
Chadwell Heath. It also includes an “outlier” area embracing the sites of the King George
and Goodmayes Hospitals and surrounding land.
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The adopted Core Strategy seeks to address climate change by among other things reducing the
borough’s contribution to CO, emissions, but due to the (relatively early) timing of its adoption, it
does not specifically mention decentralised energy.

Currently, the London Borough of Redbridge is participating in the Decentralised Energy
Masterplanning (DeMAP) Programme, which was developed by the LDA/GLA to help meet the
Mayor or London’s target of providing 25% of London’s energy supply from decentralised sources
by 2025.

As part of this programme, Redbridge undertook a ‘heat mapping’ exercise in 2010 to identify
areas in the borough of high heat demand which may be suitable for decentralised energy
networks. The outcomes of this study helped inform production of the Crossrail Corridor Area
Action Plan which was adopted in September 2011. Policy CC5 of this plan Energy Efficiency and
Sustainable Development provides general support for decentralised and renewable energy and
where there are “firm proposals” for area-wide combined heat and powers systems, makes it
mandatory for new developments to provide for future connection to such systems.

In all, the heat mapping exercise identified five decentralised energy opportunity areas within
Redbridge, two of which London Borough of Redbridge subsequently shortlisted for further study
on the basis that it felt they were the most suitable and deliverable for future decentralised
energy networks.

As the next stage in the process, London Borough of Redbridge commissioned Ramboll Energy to
develop a decentralised energy masterplan for the two preferred opportunity areas which are:

a) Decentralised Energy Opportunity Area 1 — Barkingside Investment Area
b) Decentralised Energy Opportunity Area 2 - Ilford Town Centre / Crossrail Corridor
(including the Goodmayes ‘Outlier’).

The Council is currently reviewing its Core Strategy. The initial “Preferred Options Report” was
agreed by Cabinet in November 2012; the report proposes 5 discrete “Investment Areas” as
locations for sustainable development of new homes and community facilities in response to the
borough’s fast growing population.

The identified Decentralised Energy Opportunity Areas coincide with three of these Investment
Areas, namely Ilford Town Centre and Ilford Lane Investment Area, Barkingside Investment Area
and Crossrail Corridor Investment Area (including the Goodmayes “outlier”). This decentralised
energy masterplan will inform the drafting of detailed policies on decentralised energy which will
occur following consultation on the Preferred Options Report and will help ensure the Council’s
policy on decentralised energy is consistent with both the NPPF and the London Plan. The final
revised Core Strategy will be prepared during the course of 2013 and then subjected to
independent examination. Adoption is expected in mid 2014.

1.3 Report Aims
The aims of this decentralised energy masterplanning study have been to:-
a) Establish to what extent the two nominated decentralised energy (DE) opportunity areas
are suitable for a DE network (in all or part of the opportunity area).
b) Provide a DE evidence base which can be used in Redbridge’s Local Development
Framework (specifically for the upcoming Core Strategy review).
The specific requirements of the study have been to:-
a) Determine the energy demand arising from existing and potential development within the
opportunity area, having regard to measures which might be introduced to reduce

demand.

b) Advise London Borough of Redbridge on how the anticipated energy demand could be
met through a decentralised energy system within the opportunity areas.
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c) Establish whether and how a viable DE network can be developed in the opportunity
areas and the extent to which these would contribute towards low carbon energy supply.

d) Determine and map a viable overarching DE network which connects as many existing
and future properties as possible to a decentralised, low / zero carbon heat source.

e) Provide design information about the heat network and determine any constraints /
barriers / opportunities.

f) Determine the environmental benefits in terms of carbon dioxide savings of the DE
network compared with ‘business as usual.’

g) Carry out an indicative economic investment appraisal having regard to the development
costs, future income stream, payback periods, profitability etc.

h) Establish a DE delivery plan, taking into account phasing of heat load development and
potential for phasing / clustering of the DE network.

i) If a viable network in the opportunity areas cannot be identified, advise what support
would be necessary to establish a suitable and viable network.

1.4 Outline Methodology

This report has considered options for developing decentralised heat networks within each of the
opportunity areas to supply space heating and domestic hot water to existing and future planned
developments within the Opportunity Areas.

The study has considered four discrete network opportunities around the following geographical
areas identified within the study boundaries:-

a) Ilford Town Centre

b) Crossrail Corridor

c) Goodmayes Outlier

d) Barkingside Investment Area

Project opportunities have been developed on the basis of information contained within a range
of data sources, which are referenced from [1] through [10] in Section 11 of this report.

For existing buildings heat demand data have generally been collected from the following
sources:-

a) London Heat Map

b) Display Energy Certificates

c) National Indicator NI 185 data, calculated carbon emission data from local authority
buildings and services ~ provided by London Borough of Redbridge.

d) Reference to recent energy statements for known development applications in the
planning process

e) Consultation with stakeholders for existing buildings that have not been mapped or
identified through the above methods.

For new buildings heat demand projections have been calculated using development growth
projections identified within the Housing Trajectory 2011-2028 as provided by London Borough of
Redbridge [16]. These projections span a development timeframe to 2028, beyond which no
further development has currently been identified as Central Government / Redbridge adopt a 15
year planning timeframe. The study is therefore limited to the known development opportunities
contained within this trajectorye®.

© It is noted that the Housing Trajectory only provides an indication of when development may come forward, based on whether or not
planning permission has been granted, if the site is currently vacant, planning constraints and so on.
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For each identified geographical area, network opportunities have been analysed in terms of their
economic viability and carbon reduction potential using Internal Rate of Return (IRR)’, Net
Present Value (NPV)? and CO, abatement® indicators. The basis of the economic evaluation is
presented in Appendix 3.

The network opportunities have been assessed over 25 and 40 year periods. Viability has been
assessed on the basis of minimum required Internal Rates of Return for fully private sector and
fully public sector (ie London Borough of Redbridge) based procurement models. We have
assumed minimum acceptable nominal internal rates of return of 10 % and 6 % respectively
based on widely used industry benchmarks.

Our modelling includes inflation and we have therefore used real IRR hurdle rates of 7.5% and
3.5% respectively for fully private sector and fully public sector based procurement models
(based on inflation at 2.5%). These hurdle rates do not necessarily reflect the current market or
indeed London Borough of Redbridge’s own required rates of return on investment and also
reflect what would need to be ‘risk free’ projects to attract investment at those rates.

Our understanding of the current market is that nominal hurdle rates in the range 13-17 % for
the private sector and above 8 % minimum for public sector are nearer reality in the current
economic conditions.

Project viability for each network opportunity has been tested on the basis of a fully built out
network comprising identified suitable existing ‘anchor heat loads’ as well as identified suitable
planned developments as reported in the Housing Trajectory 2011-2028 [16]. We have tested a
range of options in each case to identify suitable connections and establish which outlying
buildings are not considered worth connecting for economic reasons. This has been done by
comparing linear heat density indicators for the project with and without outlying buildings to
identify which outliers will improve internal rates of return and which will not.

The viability of ‘initial cluster networks’ has also been tested for each geographical area. These
initial clusters have been assumed to comprise identified suitable existing ‘anchor heat loads’ and
known developments under construction. For these modelling scenarios, internal rates of return
have been assessed over 25 and 40 years year periods, assuming that no future developments
come forward, in order to reflect the worst case scenario to the project. It has been assumed that
initial cluster projects would need to be viable in themselves (ie could be operated profitably
regardless of any future developments connecting to the network in order to attract investment).

1.5 Layout of Report

The identified heat network opportunity for each opportunity area is presented in sections 2, 3, 4,
5 and 6 of this report, along with associated whole life costing evaluations, carbon reduction
trajectories and route identification considerations. Where relevant, both initial cluster networks
and fully built out networks are presented.

Each of these sections is structured in a common way that firstly introduces the opportunity and
discusses the identified network and energy supply opportunities. Included in these sections are
summaries of connected buildings and heat demand projections for the identified developments
in the opportunity areas and heat maps showing these buildings along with the proposed
networks and energy centre proposals.

Phasing strategy and implementation plans are then discussed briefly, with reference to the cost
plans in Appendix 5, where year by year cashflow forecasts are given, from which details of the
investment phasing can be determined.

7 IRR is the discount rate at which the present value of all project cashflows are zero
8 NPV is the difference of the present value of cash in and cash out throughout the project lifetime
° CO, abatement indicator is a measure of the CO, emission reductions attributed to the scheme compared to the business as usual
alternative case for the buildings connecting to the scheme.
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There then follows an economic appraisal of the identified opportunities, showing the key
economic indicators for the projects including identified project Internal Rate of Return (IRR) and
Net Present Value (NPV) assuming a 6% discount factor. The annual saving to London Borough of
Redbridge associated with reduction in CRC payments under the project is also presented. These
are presented over a 25 year project term for different types of electricity selling arrangements.
Results for both cluster networks and fully built out networks where such cluster networks have
been found to be economically viable are presented. Descriptions of relevant electricity selling
arrangements are presented in Appendix 3. Discounted cashflow forecasts for the cluster and
fully built out project are also presented.

A sensitivity analysis around the economic appraisals for the cluster and fully built out networks
is then presented for the most economically favourable electricity selling arrangement. This
identifies the impact of variations in a number of key variables on project Internal Rate of Return.
A detailed description of the methodology applied is provided in Appendix 3.

The results of the economic appraisal are then interpreted in relation to their implications for
project procurement. A further more general discussion on project procurement is provided in
Section 7.

Details of the heat supply contribution from the CHP, boilers and thermal stores are then
introduced, with the details for each project opportunity delegated to Appendix 6.

Similarly, the results of a carbon appraisal for each project opportunity is then presented, with
the carbon reduction trajectories graphs for each project opportunity delegated to Appendix 5
and reference to the calculation methodology provided in Appendix 3. The carbon results are
presented for two cases; that the Grid Carbon Factor remains unchanged over the life of the
project; and that the DECC Grid Decarbonisation Trajectory is assumed to apply.

For identified viable opportunities, a high level route identification and risk appraisal is then
presented. This is based on visual inspection of the identified routes and does not include
reference to utility information.

In Section 7, procurement issues are discussed for each of the project opportunities whilst in
Section 8, an overview of the main barriers, risks and opportunities to development are
considered.

Each of the identified project opportunities is based around gas fired CHP. Section 9 therefore
deals with future supply opportunities for each of the identified projects opportunities on the
basis that alternative fuel sources will need to be considered in the longer term as and when grid
decarbonisation begins to displace the benefit of gas fired CHP.

Project Conclusions, Recommendations and Next Steps are presented in Section 10. This includes
recommendations about London Borough of Redbridge’s options for developing the projects along
with planning policy recommendations that should be considered within London Borough of
Redbridge’s Core Strategy and Local Development Framework documents.

Detailed results and sets of generic information and assumptions relating to all identified
opportunities have been relegated to Appendices 1 through 7 as detailed below.

Summary of Business as Usual Case and future alternative case for new developments
Heat Network Layouts / Concepts for each of the identified project opportunities
Investment and Carbon Appraisal Assumptions used in the analysis

Summary of Heat Network Assets for the identified project opportunities

Cost and Carbon Plans for each of the identified project opportunities

Summary of Heat Supply Contribution for each of the identified project opportunities
Summary of Linear Heat Density Indicators for each of the identified project opportunities

Nonhwn=
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2. ILFORD TOWN CENTRE HEAT NETWORK
OPPORTUNITY

2.1 Summary of Opportunity

Ilford Town Centre is a priority area in terms of future growth and intensification of development
in London. It is one of two Metropolitan Centres in the East London sub-region and emphasis is
given within the London Plan to its long-term and sustainable growth. In pursuit of this, the
London Plan encourages Ilford to build on its strategic role as a retail and leisure destination,
realise opportunities for mixed-use intensification (including a substantial proportion of housing)
and improve its public realm.

The Council has identified a number of development sites that it considers have the potential for
mixed-use redevelopment within the lifetime of the Local Development Framework. These sites
are in a variety of public/private sector ownerships and include:-

a) Sites within the town centre that have been allocated by the Development Sites with
Housing Capacity Development Plan Document.

b) Sites within and around the town centre that have been allocated by the Development
Opportunity Sites Development Plan Document.

c) Other Opportunity Sites that were identified during the preparation of Ilford Town Centre
Area Action Plan, as having the potential to contribute to the delivery of the Council’s
objectives for the future development of Ilford Town Centre. These sites were identified
after consideration of their location and ownership, and the age, use and design of
buildings on and around the sites.

The scale and density of the consented and planned developments coming forward over the
coming decade presents an opportunity to bring forward a strategic district heating network
within Ilford town centre.

The identified opportunity includes an initial cluster network focused around a number of existing
anchor heat loads within the town centre as well as a longer term fully built out network
opportunity that includes existing heat loads as well as identified suitable planned developments
as reported in the Housing Trajectory 2011-2028 [16].

A network schematic showing of the proposed heat network opportunity is shown in Figure 2 and
Figure 3. This identifies the proposed construction phasing of the heat network (by colour type)
and identifies the initial cluster project (shown in green) as well as the extent of the fully built out
project.

2.1.1 Initial Cluster Project

The anchor heat loads forming the initial cluster network® are shown in Table 1. The green
coloured network in Figure 2 and Figure 3 is the initial cluster network part of the whole network.

% It is noted that for ITCOS21 we have assumed that planning application 2579/09 is CW11 and is planned for 101 flats instead of the
68 flats in the CW11 housing projection, but that it will keep the same construction phasing 2013 and 2014 with 50 and 51
respectively.
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Figure 2: Heat map and network outline - Ilford Town Centre Project
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Load name Address Customer Type Heat Construction | Connection Demand based on

[MWh/a]
The Mall High Road, Ilford Existing Commercial 1,208 Existing 2015 Benchmark
Travel Lodge Clements Road, Ilford Existing Commercial 928 Existing 2015 Benchmark
London Borough of Redbridge, London Borough of Redbridge, 17- London Borough Redbridge 195 Existing 2015 DEC
17-23 Clements Road 23 Clements Road
London Borough of Redbridge, London Borough of Redbridge, 22- London Borough Redbridge 99 Existing 2015 DEC
22-26 Clements Road 26 Clements Road
Kenneth More Theatre Kenneth More Theatre, Oakfield London Borough Redbridge 253 Existing 2015 DEC
Road
Royal Mail Royal Mail, Iliford Delivery Office, Existing Commercial 889 Existing 2015 DEC
4-24 Chadwick Road,
London Borough of Redbridge Town Hall London Borough Redbridge 719 Existing 2015 DEC
London Borough of Redbridge, London Borough of Redbridge, London Borough Redbridge 473 Existing 2015 DEC
Central Library, Clements Road Central Library, Clements Road
Metropolitan Police Metropolitan Police, 270-294 High Other Public 1,065 Existing 2015 DEC
Road
London Borough of Redbridge, London Borough of Redbridge, London Borough Redbridge 609 Existing 2015 DEC
Lynton House, 255-259 High Lynton House, 255-259 High Road
Road
Nelps Probation Service Nelps Probation Service, Nelps London Borough Redbridge 138 Existing 2015 DEC
Probation Centre 277-289, High
Road
CwW09 Pioneer Point, Winston Way, Ilford | Residential customers - new 1,492 Existing 2015 Benchmark
ITCOS21 246-250 High road, Ilford Residential customers - new 668 2012 2015 Planning Application
Fitness First 261-275, High road, Ilford Existing Commercial 574 Existing 2015 Benchmark
Total before energy efficiency 9,308
measures

Table 1: Summary of Connected Buildings - IlIford Town Centre Project — Cluster Project
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The diversified peak heat demand growth profile and annual consumption for the cluster project
is shown in Figure 4 below. The shaded, coloured areas of the graph show the annual
consumption as a function of customer type and year of operation of the network. The dotted
blue line shows the diversified peak demand seen by the network for all of the customer types.

The reduction in diversified peak demand and annual consumption in 2020 reflects the
assumption that all energy efficiency measures on existing buildings are implemented at this
time. The impacts of energy efficiency measures are assumed to be 25% for LBR buildings and
12.5% for Existing Commercial and NHS buildings. This has been applied to all identified
buildings within the scheme and for the purpose of modelling is assumed to occur at the same
time for all buildings.
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Figure 4: Diversified Peak Heat Demand Profile — Ilford Town Centre - Cluster Project

The associated annual consumption as a function of customer type for the initial cluster is shown
in Table 2 below?,,

Customer type Heat [MWh]

London Borough Redbridge 1,988
Residential customers - new 2,160
Existing Commercial 3,303
Other Public 958

Total after energy efficiency measures 8,409

Table 2: Heat Demand by Customer Type - Ilford Town Centre - Cluster Project

1 Because not all peaks will occur at the same time the loads are not entirely superimposed. The diversified peak is therefore smaller
than the sum of all buildings’ individual peak loads.
2 In this table, large and medium commercial are split according to predicted gas consumption, with the threshold gas consumption
between the two being as defined in [14],[15]. This is done for the purpose of identifying the alternative cost of heat for these
customers.
3 Refer to the subheading “Revenues from heat sales” within Appendix 3 for a full breakdown on customer types
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There is a degree of uncertainty around the feasibility and future timescales of some of the
connection opportunities. Initial enquiries with stakeholders have returned some information, as
have assessments of energy statements for recently developed opportunities.

Ramboll Energy has used a combination of stakeholder engagements, reviews of recent planning
applications for recent developments and internet based mapping services to identify buildings
within the opportunity area that have incompatible heating systems (eg gas fired AHUs*,
individual gas boilers in apartment blocks).

Known buildings with incompatible heating systems have been excluded from the analysis and
the remaining buildings have been assumed to be compatible on the basis that they contain wet
heat systems® fed through gas boilers. This is considered to be a realistic assumption at this
stage, although further assessment is clearly required at the next stage, particularly where direct
engagement has not been possible with larger consumers such as Ilford Mall, Metropolitan Police,
Travel Lodge.

Of the developments listed in Table 1, the presumption has therefore been made that connection
would be feasible at the point of development of the heat network. The technical viability and
cost implications of connecting these buildings has not been carried out at this stage and
individual plantroom surveys have not been undertaken. This is normally carried out at feasibility
stage. However, in our experience neither physical space or design compatibility of existing wet
heating systems are unlikely to present insurmountable barriers to connection and are therefore
not considered to be critical factors at this stage. The following buildings within the town centre
have been excluded on the basis of the above discussion:-

e Cineworld,

e Sainsburyv,

e Residential housing (Oakwood Lodge) to the south of Winston Way,
e Roding Court and Redstart Mansions®,

e Westside Apartments®, 1- 3 Caxton Place®,

e City View, Thames View and Spectrum Tower Apartments *

The Exchange Mall presents a significant opportunity in view of its size and location. At the time
of carrying out the analysis we were unable to establish contact with Exchange Mall. Therefore
based on our experience of similar shopping centre developments we identified that as a
minimum there is likely be an opportunity to supply the communal spaces being fed through
AHU’s%, In the absence of information from the Mall, we therefore applied a benchmarking
approach to estimate the scale of this opportunity. Subsequently information was provided to

 Air Handling Units normally contains a blower, heating element and or cooling element. The conditioned air is then normally
distributed through ductwork within the building.
!5 typically operating at 82 degree C/71 degree C
' Cineworld operates using rooftop mounted packaged gas fired AHU’s with DX chilling. These are incompatible with future connection
to a heat network as currently configured and would be expensive to convert. Such a conversion may be economically viable in the
future at such time as the Heating, Ventilation and Air-Conditioning (HVAC) systems are overhauled / refurbished. However, we are
not aware of any plans to do so at this stage and the opportunity has therefore been omitted for the present study.
Sainsbury has expressed an interest in possible connection to a heat network and for buying electricity through green Power
Purchase Agreement. Heat network could potentially supply AHU’s (currently gas fired). The viability of doing so would rest on
integrating the retrofitting works with planned refurbishment, of the HVAC systems. The timescale for this has not been established at
this stage. Sainsbury has confirmed that it would have no interest in purchasing heat to operate local absorption chillers to serve its
cooling demands. The commercial risk is too great from loss of supply risk and the level of backup needed would make such a project
non-viable.
'8 Redstart mansions has individual gas boilers, Roding Ct (constructed in 2008) also assumed to have individual gas boilers.
9 L018 Known to have individual gas boilers, L008 assumed to have gas boilers - insufficient information held in planning application.
20 Known to have individual gas boilers.
2! Thames View, City View known to have individual gas boilers, Spectrum Tower assumed to have individual gas boilers.
22 either by displacing heating coils currently being supplied through gas boilers or by retrofitting heating coils if these are currently
directly gas fired. It is noted that cost associated with this has not been factored into the analysis at this stage.
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enable us to estimate the load more accurately and on this basis we have concluded that
connecting the IlIford Mall will marginally reduce the economic viability over the alternative case
of not connecting it.

The opportunity to connect a significant social housing development south west of Ilford Town
Centre just inside the boundary of Newham has also been investigated. However, consultation
with London Borough of Newham has confirmed that there are no communal or district heating
systems on the estates at present and that the vast majority of the housing stock have gas fired
wall mounted boilers. Whilst a future opportunity might exist (for example under future
refurbishment plans for the blocks), these blocks are not considered to be suitable for connection
to a heat network until any such refurbishment has taken place.

2.1.2 Fully Built Out Project

A summary of the proposed connected buildings to the heat network opportunity under the fully
built out project is presented in Table 3 below. This includes all buildings within the initial cluster
project and the relevant identified developments within [16].

The diversified peak heat demand growth profile and annual consumption for the fully built out
project is shown in Figure 5 below. The shaded, coloured areas of the graph show the annual
consumption as a function of customer type and year of operation of the network. The dotted
blue line shows the diversified peak demand seen by the network for all of the customer types.

The associated annual consumption as a function of customer type at full build out is shown in
Table 4 below?. Refer to Appendix 3 for more information on customer types.
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Figure 5: Diversified Peak Heat Demand Profile — Ilford Town Centre — Fully Built Out Project

2 In this table, large and medium commercial are split according to predicted gas consumption, with the threshold gas consumption
between the two being as defined in [14],[15]. This is done for the purpose of identifying the alternative cost of heat for these
customers.
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Load name Address Customer Type \ Heat \ Construction Connection Demand based on \
[MWh/a] Year Year
Primary Care Trust NHS 82 Existing 2017 Benchmark
Peachy House, 39 Ilford Existing Commercial 644 Existing 2017 Benchmark
Hill
Redbridge Refugee Redbridge Refugee Forum, Broadway London Borough Redbridge 203 Existing 2017 DEC
Forum Chambers, 1 Cranbrook Road,
Cwii 226-244 High Road, Ilford Residential customers - new 625 2013 2015 Benchmark
LO05 Peachy House, 39 Ilford Hill, Ilford Residential customers - new 319 2013 2017 Benchmark
ITCOS12 112-114 High Road, Ilford Residential customers - new 109 2013 2015 Benchmark
ITCOS13 Town Hall Car Park Residential customers - new 668 2014 2015 Benchmark
ITCOS14 Central Library Service Yard Residential customers - new 91 2014 2015 Benchmark
ITCOS7 Land adjacent to Cranbrook Road, High Road | Residential customers - new 1,260 2015 2015 Benchmark
and the railway, incorporating Station Road
ITCOSO01 Land between Mill Road & the Railway Line, | Residential customers - new 274 2015 2017 Benchmark
Ilford
ITCOS4 60-70 Roden Street and land between Residential customers - new 915 2015 2017 Benchmark
Chapel Road and Roden Street, Ilford
ITCOS5 40 Ilford Hill, Ilford Residential customers - new 259 2015 2017 Benchmark
ITCOS10 Britannia Car Park, Clements Road Residential customers - new 123 2016 2016 Benchmark
ITCOS15 Kenneth More Theatre Residential customers - new 607 2016 2016 Benchmark
ITCOS6 22-32 Chapel Road, Ilford Residential customers - new 49 2017 2017 Benchmark
ITCOS8 Site bounded by Chapel Road, High Road Residential customers - new 702 2017 2017 Benchmark
and Clements Lane
LO09 73-77 Ilford Hill, Ilford Residential customers - new 40 2017 2017 Benchmark
ITCOS24 300 - 318 High Road, Ilford Residential customers - new 165 2017 2025 Benchmark
ITCOS3 51-85 Ilford Hill and 1-27 Cranbrook Road Residential customers - new 722 2017 2017 Benchmark
ITCOS19 Ley Street car park and bus depot, Ilford Residential customers - new 669 2018 2018 Benchmark
ITCOS2 Mill House, Ilford Hill Residential customers - new 617 2018 2018 Benchmark
ITCOS16 187-207 High Road, Ilford Residential customers - new 472 2018 2018 Benchmark
ITCOS9 Land adjacent to Clements Lane and Residential customers - new 248 2019 2019 Benchmark
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Clements Road
ITCOS18 69-126 Ley Street and Opal Mews, Ilford Residential customers - new 643 2019 2019 Benchmark
ITCOS11 Land bounded by Clements Road, Chadwick | Residential customers - new 432 2020 2020 Benchmark
Road and Postway Mews
ITCOS22 262 - 268 High Road, Ilford Residential customers - new 214 2019 2019 Benchmark
LO06 Sainsbury's, Roden Street, Ilford Residential customers - new 587 2021 2021 Benchmark
ITCOS17 Ilford Exchange Shopping Centre Car Park Residential customers - new 191 2025 2025 Benchmark
ITCOS25 Redbridge Enterprise and Ilford Retail Park | Residential customers - new 862 2025 2025 Benchmark
NORTH LONDON NORTH LONDON MANAGEMENT SCHOOL London Borough Redbridge 0 Existing 2015 No data
MANAGEMENT SCHOOL
Subtotal added 12,792 | (after energy efficiency measures)

buildings

Initial Cluster

9,308 (before energy efficiency measures),
8,409 (after energy efficiency measures)

Total

22,240 (before energy efficiency measures),
21,200 (after energy efficiency measures)

Table 3: Summary of Connected Buildings - Ilford Town Centre Project - Fully Built Out Project
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Customer type Heat [MWh]

New Large Commercial 346
New Medium Commercial 326
New Retail 371
London Borough Redbridge 2,191
Residential customers - new 12,978
Existing Commercial 3,947
NHS 82
Other Public 958
Total after energy efficiency measures 21,200

Table 4: Heat Demand by Customer Type - Ilford Town Centre - Fully Built Out Project

New developments within the opportunity areas that are considered to be unlikely to connect to
the heat network opportunity are:

e 51-71 Cranbrook Road (VA13 as identified in the IIford Town Centre Area Action Plan)
e Mansfield (VA14 as identified in the IIford Town Centre Area Action Plan)

The basis for not connecting these buildings is that they are too small in heat demand terms and
they are located too far away from the main heat demands and that the cost of connection
outweighs the value to the project in income from heat sales. Appendix 1 summarises the likely
alternative solutions for these developments, based on our experience of current buildings of this
type coming forward in London and factoring the expected impact of Zero Carbon Homes policy
and future changes to the building regulations.

2.2 Energy Supply Opportunity
2.2.1 Proposed Fuel Source and Heat Production Mix

Gas fired CHP in conjunction with gas boilers has been identified as the preferred heat production
equipment for the project opportunity. Gas CHP has been widely applied in district heating
projects across the UK and continues to be adopted by ESCo and public sector based projects
alike. The technology is bankable* and presents a low investment risk (providing the project is
economically attractive).

There is an opportunity to supplement this technology mix with biomass heating, although the
economics of this option have not been considered at this stage due to the uncertainty around
London Borough of Redbridge’s position around adoption of biomass heating within Ilford Town
Centre and the associated air quality, transportation and fuel storage implications®.

A summary of other fuel supply options considered for the project is presented in Section 9.

2% Project or proposal that has sufficient collateral, future cashflow, and high probability of success, to be acceptable to institutional
lenders for financing.
%5 It is noted that mitigation measures to maintain acceptable air quality impact should be possible using existing technologies, subject
to local air quality and economic viability at the proposed scale. A fuller air quality impact assessment would be required to assess the
requirements which should be carried out at the feasibility stage.
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2.2.2 Energy Centre Capacity

An energy centre of approximate size 500 m? will be required. Based on an options appraisal
around various modular arrangement a single gas CHP engine of capacity of 1.2 MWe is proposed
(Appendix 6 has further information on the likely contribution of CHP and gas boilers at different
points during the final year and also the varying contribution from year to year). This approach
will serve the initial cluster project sub-optimally, but will ultimately improve the overall IRR for
the fully built out project over the alternative proposal of installing CHP capacity in two phases. It
is recognised that there is a possible risk to the project with this approach, if the fully built out
project is never taken forward. This risk should be further assessed at the next stage if the
project is taken forward.

2.2.3 Energy Centre Location

Three options for locating the energy centre within Ilford Town centre have been identified. The
basis for selecting these sites has included consideration of a number of factors discussed in
Appendix 4 as well as the development timescales for the Ilford Town Centre project, land
ownership and land asset value considerations. The sites are:-

1) Rear of site ITCOS 05: a disused car park (former police station) off Chapel Road which is
currently council owned land and intended for redevelopment as mixed use residential over the
next 5 years.

2) ITCOS 25: Iiford Retail Park, privately owned land, currently containing a mixture of retail
units, employment units and residential units and intended for redevelopment over the next 5
years as new employment, ground floor mixed use and residential.

3) ITCOS 14: the existing library service yard, intended for redevelopment over the next 5 years
as residential.

In principle any of these sites could be used for location of the energy centre. A summary of the
advantages and disadvantages of each site opportunity is presented in the table below. Grid
connection and gas supply connection issues have not been considered, since utility route
information has not been provided by London Borough of Redbridge.

Advantages Disadvantages

ITCOS 05 (Disused car park off Chapel Road)

Ample space for energy centre development. Very high stack heights likely to be required
(based on future proposed building heights as
Energy centre location reasonably close to centre indicated in Map 9 in Ilford Town Centre AAP and

of gravity of anchor heat demands. Reduces cost of | on existing development CWQ09).
network and development risk if stakeholder
uptake is dispersed. Site is located off major junction. Access for
construction and maintenance is likely to cause
Location away from town centre implies lower land | significant traffic disruption.

value and less nuisance to local business and

general public during construction and during Less suited to biomass, since ongoing fuel
operation if biomass adopted. deliveries will also cause traffic disruption.

Land is owned by London Borough of Redbridge, Highest pipework cost associated with
therefore reduces development risk. safeguarding for future expansion into Crossrail

Corridor implies increased development risk and
reduced IRR relative to other options.
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ITCOS 25 (Ilford retail park)

Lower stack height likely to be required than for
ITCOS 05 assuming construction to the east of the
site as indicated by the Map 9 in the Ilford Town
Centre AAP.

Ample space for energy centre development.

Site is adjacent to railway. Suggests that noise and
air quality impact will be lower impact than for
other options.

Energy centre can be located to the east of the
site, adjacent to the recycling centre. Opportunity
for shared access thereby reducing traffic impact
during construction and operation (for example if
biomass deliveries are proposed).

Biomass option easier to adopt (for reasons
identified above).

Lower pipework costs associated with safeguarding
for future expansion into Crossrail Corridor implies
lower development risk than for other options.

Location away from city centre implies lower land
value and less nuisance to local business and
general public during construction and during
operation if biomass adopted.

Land is not owned by London Borough of
Redbridge. This will require negotiation with the
landowner and presents an additional
development risk to the project.

Energy centre location is remote from centre of
gravity of anchor heat demands. Adds to cost of
network and increases development risk if
stakeholder uptake is dispersed.

ITCOS 14 (Library service yard)

Lower stack height requirements than ITCOS 05
are likely to be required as indicated by Map 9 in
the Ilford Town Centre AAP.

Energy centre location is close to centre of gravity
of anchor heat demands. Reduces cost of network
and minimised development risk if stakeholder
uptake is dispersed.

Land owned by London Borough of Redbridge.
Reduces development risk.

Access off Clements Rd reduces disruption and
traffic management issues.

Central location improves this financial case.

Higher pipework cost associated with
safeguarding for future expansion into CC.
Increased development risk, reduced IRR.

Space is very limited. Likely to require two
storey energy centre, increasing cost and visual
impact.

Biomass option less likely to be viable, taking
into account access requirements and fuel
storage requirements. Likely to be harder to
implement due to local air quality concentrations.

Location within town centre. Greater impact to
local business and general public during
construction and during operation if biomass
adopted.

Land value relatively high implies higher project
costs. Visual impact likely to be an issue in
relation to the required stack height.

Table 5: Energy Centre location Options - IlIford Town Centre

Page 24




Modelling of the various options has identified that the configuration involving an energy centre
at ITCOS 14 (library service yard) provides the highest IRR of the three options. ITCOS 14 is
therefore taken forward as the basis of the heat network opportunity for the remainder of this
report and all identified costs and economic indicators presented in this report reflect this
assumption Based on our initial assessment, this location is considered to be feasible for an
energy centre. However, it is recognised that the available space is tight and may require a two
storey energy centre to be constructed with an elevation of up to 10 m from ground level
(excluding stack height) or a buried basement which may increase construction costs. Further
work will also be necessary to further establish the feasibility of the opportunity in relation to air
quality impact®, noise and visual impact.

2.3 Phasing Strategy and Implementation Plan
The identified phasing strategy for the heat network is shown graphically in Figure 2.

A single gas engine is proposed at the start of the project. The network should be installed in a
modular fashion in order to minimise capital outlay and under-utilisation in the early years and
allow capital expenditure to be matched more closely to revenues from heat and electricity sales.
The proposed timescales for construction are identified in Appendix 5.

2.4 Economic Appraisal

Economic modelling has been carried out for both the initial cluster project and the fully built out
project. The key economic indicators for the project are presented in Table 6 below, both for the
initial cluster project and the fully built out project as a function of electricity selling
arrangements and assuming a project term of 25 years.

For this project, an Electricity Licence Lite” and an Electricity Sell and Buy Back? arrangements
have been considered, since a private wire network is unlikely to be a cost effective, unless one
or two large scale users (such as Ilford Mall) could be connected®. Refer to Appendix 3 for
definitions of electricity selling arrangement opportunities.

Fully built Cluster
out 25 years project over
25 years
Total Investment CAPEX [£ K] 9,802 6,111
Energy Centre CAPEX [£ K] 3,708 3,575
Length of Heat Network [m] 4,313 1,763
Cost of Heat Network [£ K] 3,156 1,426
Connection CAPEX [£ K] 1,811 407
Project Development Costs [£ K] 1,128 703
Annual Operating Costs [£ K] 1,614 828
Annual Revenues from Heat Sales [£ K] 1,873 584
Annual Saving per ygar to LBR due to CRC [£ K] 0.9 1.3
savings ®

2 je the required stack heights for flue dispersion purposes and any costs associated with achieving required NO, emission levels
which will also be dependent on existing NOy levels at the proposed energy centre location.
27 A simplified electricity licence that would enable the licence holder to retail electricity to domestic and non-domestic customers
28 The electricity producer can arrange with a local electricity license holder to net off, for a fee, consumption against production.
2 The possibility of this arrangement could be explored at the next stage if the project is taken forward, although it is noted that this
approach would also carry significant risk to the project, since the customer(s) would not enter into long term agreements for this
electricity and would be free to change supplier at any time under current electricity supply laws.
3% The carbon dioxide intensity of heat delivered and therefore CRC savings changes with the proportional mix of gas boiler and CHP
heat. The proportion of heat from CHP is larger in the cluster case.
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Licence Lite
Weighted Average EIecFr|C|ty Sales Value from 86.9 in 201.5 87 in 2015 and
Project [£ /MWh] and 120.1 in 121.4 in 2039
2039 )
Annual Operating Margin at full build out [£ K] 1,507 613
Annual Revenues from Electricity Sales, LEC and [£ K] 1,248 857
CRC values
IRR % over 25 years [%] 11.3% 7.1%
NPV at 6% discount factor [£ K] 5,034 602
Sell and Buy Back
Weighted Average Electricity Sales Value from 67.3in 2015 67.3 in 2015
Project [£ /MWh] and 93.0 in and 93.9 in
2039 2039
Annual Operating Margin at full build out [£ K] 1,237 428
Annual Revenues from Electricity Sales, LEC and [£ K] 978 672
CRC values
IRR % over 25 years [%] 8.5% 3.3%
NPV at 6% discount factor [£ K] 2,314 -1,367

Table 6: Key Economic Indicators - Ilford Town Centre Project

The required capital investment for the initial cluster and fully built out projects would be around
£6.1M and £9.8M respectively.

The calculated IRRs for the cluster and fully built out project would be around 7.1% and 11.3%
over 25 years, based on an Electricity Licence Lite arrangement. The corresponding NPV would be
£0.6M and £5.0M at a 6% discount factor. The NPV describes today’s value of the project due to
expected future cash flow?.

Under a sell and buy back arrangement, the calculated IRRs for the cluster and fully built out
project would be around 3.3% and 8.5% over 25 years. The corresponding NPV would be £-1,4M
and £2.3M at a 6% discount factor.

One of the most important variables (i.e. high impact) for the financial performance is the initial
realised value of the electricity produced. As another benchmark for projects the electricity selling
price required to deliver a 10% IRR* for the fully built out project over 25 years® would be 7.84
p/kWh. This benchmark is provided for all projects.

The annual saving to London Borough of Redbridge associated with reduction in CRC payments
under the project would be £0.9K and £1.3K under the initial cluster and fully built out projects*.

Fuel savings would remain unchanged under the current modelling assumptions. This assumes
that the project would charge London Borough of Redbridge its current heat price, which has
been calculated to be 4.12 p/kWh excluding annualised reinvestment costs and 4.27 p/kWh
including annualised reinvestment costs. The cost of electricity to London Borough of Redbridge
is assumed to be reduced by 10% of its current value under any proposed Licence Lite
arrangement since, like other (private) customers purchasing electricity under the scheme, it is
assumed that a 10% incentive would be offered to attract and retain customers over the long
term.

31 A positive NPV indicates a positive project value in present terms, whilst a negative NPV indicates an overall cost in present terms.
3210% being the notional viability threshold for interest from the private sector as described elsewhere in the report.
33 assuming all other variables remaining constant
3 The CRC benefit shown in the table reflects the benefit seen by the connected buildings rather than the benefit taken by the project.
Refer to Appendix 3 for details of the assumed benefit sharing arrangement.
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Discounted cashflow forecasts for the initial cluster project and the fully built out project are
presented in Figure 6 and

Figure 7 respectively. These are based on an Electricity Licence Lite arrangement. The presented
cash flows shown illustrate the cumulative cash flows at various discount rates. The resulting
value after 25 years indicates the NPV for the corresponding discount rate. Where the graph
crosses the x-axis is the corresponding year when break-even occurs.

£35,000,000
£6,000,000 | ot discounted
e ] 0% Discounted
£4,000,000 6% Discounted
3.5% Discounted
£2,000,000

£0

(€2 000,000

(£4,000,0007

(6 000,000

Figure 6: Cumulative Discounted Cashflow Forecast - Ilford Town Centre - Cluster Project - Electricity
Licence Lite
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Figure 7: Cumulative Discounted Cashflow Forecast — Ilford Town Centre — Fully Built Out Project -
Electricity Licence Lite

The impact of a range of capital contributions from 500K to £2M has been tested for the project.
The results are shown in Figure 8. IRR is seen to increase to 9.5% and 13% for a grant
contribution of £1M for the cluster and fully built out projects respectively.

Potential sources of grant funding could be Allowable Solutions, Section 106 funding, Community
Infrastructure Levy, Housing Revenue Account, New Homes Bonus (for the fully built out project),
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Homes and Communities Agency and the London European Regional Development Fund. London
Borough of Redbridge needs to explore these sources of funding and identify possible
contribution levels.

M Cluster 25 years Fully built out 25 years
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Figure 8: Impact of Grant Contribution to Project IRR for the Cluster and Fully Built Out Projects

2.5 Sensitivity Analysis

A sensitivity analysis has been carried out around the key variables that influence the IRR for the
project. The results of the sensitivity analysis are presented in Figure 9 and Figure 10 below for
the cluster project and fully built out project for the Electricity Licence Lite scenario.

The blue line shown in the graph represents the central estimate of the project IRR, based on the
central estimates for the listed variable along the x-axis which were used to produce the
economic indicators presented in Table 6 .

The bars in the graphs show the change in project IRR due to a change in the relevant variable,
with all other variables being held constant. Red bars denote a 10% increase in the listed
variable whilst green bars denote a 10% reduction in the listed variable. Exceptions to this are
variables such as the ‘Carbon Price Support for CHP’ and the last columns of connection costs,
which are modelled as being present (reference case), 50% or removed from the project. Further
information on the methodology, the interpretation of the graphs and the values attributed to
each variable is presented in Appendix 3.

The key conclusions drawn for the cluster project are that:-
1. Electricity selling price, gas purchase price, project capital cost, and heat selling price are
the major drivers in uncertainty around IRR.
2. A favourable variation of 10% in any of the indicated variables will increase the IRR to
over 8%.
3. An unfavourable variation of 10% in any of the indicated variables will reduce the IRR to
under 6.0 %, which is considered to be unattractive to London Borough of Redbridge.

For the fully built out project an unfavourable variation of 10% in any of the indicated variables

will still deliver an IRR of around 9 %, which is still considered to be attractive to London Borough
of Redbridge.
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Figure 10: Economic Sensitivity Analysis — Ilford Town Centre - Fully Built Out Project - Electricity
Licence Lite
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2.6 Implication for Project Procurement

The fully built out project is likely to be attractive to London Borough of Redbridge if an Electricity
Supply Licence Lite selling arrangement can be established. In the event that this cannot be
secured, the fully built out project may still be of interest to London Borough of Redbridge since it
would return an IRR of around 8.5% over 25 years (assuming that the council could ‘net off"
electricity generation from the project under a sell and buy back arrangement with an electricity
supplier).

The development timescales for Ilford Town centre are such that a fully built out project
opportunity would not materialise until around 2025. On this basis, London Borough of Redbridge
should consider establishing an initial cluster project in the interim period. However, in order for
the initial cluster project to be economically attractive to London Borough of Redbridge, it is likely
to require an Electricity Supply Licence Lite to be established. Even then, the project would only
return an IRR of around 7.1% over 25 years.

Without an Electricity Supply Licence Lite the project would probably need to trade under a sell
and buy back arrangement®. This would yield an IRR over 25 years of 3.3% which is clearly
insufficient to be of interest to London Borough of Redbridge.

The fully built out project is likely to interest an ESCo, returning IRRs above 10%. However, the
initial cluster project is unlikely to favour a wholly private sector approach, even if the project is
able to realise electricity prices comparable to the value assumed under an Electricity Licence Lite
arrangement. A public private sector partnering approach may be of interest to certain ESCos
and should therefore be considered by London Borough of Redbridge as a possible way forward.
London Borough of Redbridge should however recognise that it will need to champion the
development of such a project, since the private sector is unlikely to step in and do so.

The viability of the cluster project therefore appears to be predicated on the need to be led by
London Borough of Redbridge (as opposed to being offered to the market to deliver) and the
need to establish an Electricity Licence Lite selling arrangement.

3 j.e. The electricity producer (LBR) could arrange with the local electricity license holder to net off, for a fee, consumption against
production

3 Electricity supply via a private wire arrangement could also potentially be an attractive proposition for new developments connected
to the scheme. Further consideration should also be given to this if the project is taken forward to business planning. The economics of
a possible private wire arrangement have not been investigated here. This could potentially become a viable economic proposition,
although it should be recognised that this would incur additional investment costs and would introduce considerable risk, given that it
would need to supply the bulk of this electricity to a third party and would be unable to secure long term contracts to do so.
Nevertheless, the opportunity could be further explored with key stakeholders such as the Iiford Mall, who are likely to represent the
single most appropriate consumer under the cluster project.
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Figure 11: Modelling outcomes as a function of Project Term and Project Scale - Iliford Town Centre -
Electricity Licence Lite

The impact of project term on IRR is shown in Figure 11. This presents the various modeling
cases described in Appendix 3 based on an Electricity Licence Lite arrangement, which is
considered to be the most economically favorable option for the project. The interim case is one
where buildings planned for connection over the first 6 years of the project connect as planned
and then no more buildings are connected beyond then. In other words it is like the fully built out
project but stops connecting new buildings after 2021.

The IRR for the fully built out project viewed over 25 years are considerably more favorable than
for the cluster project viewed over the same period. This suggests that the case for extending the
network in the future will be strong.

Viewed over 40 years, the IRR of the cluster project and fully built out projects exceed 8% and
12% respectively. In both cases, this is considered to be an attractive proposition to London
Borough of Redbridge, if it is prepared to take a long term view over the project return. It also
suggests that London Borough of Redbridge could reasonably expect to attract interest from the
private sector if it chose to sell the cluster project at a later stage, at which point the project
would represent a low risk proposition that a private ESCo might be prepared to take on.

The IRR’s of the interim project are higher than for the initial cluster and lower than for the fully
built out project. This reflects an increasing linear heat density in going from the cluster to the
interim project and a significant up-front investment in the network in going from the cluster to
the fully built out project, which ultimately pays off later once additional customers connect to
the project at incrementally low additional connection costs. When viewed in this way, this
suggests that the project has a good potential for future expansion and a low risk of not realising
it full potential.

It is noted that there are relatively few Local Authority owned assets within the initial cluster
project. London Borough of Redbridge should recognise that this will introduce complexity and
risk in delivering the project since multiple, protracted stakeholder negotiations are likely to be
required.
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2.7 Heat Supply Contribution

The heat supply contribution from each heat production asset for the initial cluster project and
the fully built out project are shown in Appendix 6. These are shown as load duration curves,
monthly supply profiles at full build out and cumulative supply contributions from each heat
production asset as modeled for the initial cluster and fully built out projects.

2.8 Carbon Appraisal
Projected carbon savings for the initial cluster and fully built out projects over 25 years are

presented in Table 7. Reference to the calculation methodology is provided in Appendix 3.
Calculated carbon trajectories over the project lifecycle are presented in Appendix 5.

Grid Carbon DECC Grid

Factor Decarbonisation

Unchanged Trajectory
Business as Usual CO,
over over 25 years - [TCO,] 54,298 47,806
Cluster Project
CO, Savings over over 25
years — Cluster Project
% reduction in CO,
Savings over 25 years - [%] 30.9% -10.7%
Cluster Project
Business as Usual CO,
over 25 years - Fully [TCO,] 136,759 82,258
built out project
CO, Savings over 25

[TCO;] 16,767 -5,113

years - Fully built Out [TCO,] 35,112 -42,353
Project
% reduction in CO,
Savings over 25 years - [%] 25.70% -51.50%

Fully built Out Project

Table 7: Carbon Emission Projections - Ilford Town Centre Project

The table identifies a positive saving in CO, over the life of the project based on projections using
current grid emission factors but a negative saving if the DECC decarbonisation trajectory is
assumed, highlighting the limited on-going role that gas CHP will be able to play in carbon
reduction in the future if DECC’s grid decarbonisation trajectory is realized in practice. If so, the
annual CO; savings are positive up to 2021 for the fully built out scenario and 2028 for the initial
cluster scenario. See Appendix 5.

2.9 Route Identification and Risk Appraisal

A proposed network route is shown in Figure 2.

Specific constraints identified for this section of the route, in Figure 2, are:-

2.9.1 Railway Crossing

Routing of the pipework across the railway line will require approvals from Network Rail.
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Two main options for crossing the railway have been identified as Griggs Approach and the
access ramp to the multi-story car park at the Exchange Mall*’. Both options appear to be
technically feasible based on an initial review. Use of the multi storey car park will require
permissions and wayleaves from the Exchange Mall. This is likely to be considerably simplified if
the Exchange Mall is included in the project®.

Both options are likely to present difficulties in terms of construction and access for on-going
maintenance, due to the working arrangements required by the railway authorities. A cost benefit
analysis will be required to compare the cost uplift associated with permissions and special
engineering requirements for crossing the railway in two places and the savings in additional
network length arising. If one crossing point is ultimately preferred, this is likely to be the
Exchange Mall option providing that wayleaves and permissions can be arranged, since this will
result in a lower overall network length.

Figure 12: indicates how pipework could potentially be supported along the crossing route.

Figure 12: Example Bridge Crossing Detail

In each case, a number of technical issues would also have to be dealt with at design stage, such
as the weight and thermal expansion of the pipes, structural integrity of the bridge, pipe routing
to and from the bridge itself, the anchoring of supports and the requirement for future access to
inspect both the bridge construction and the pipes. This will need to be verified through detailed
design work.

Alternative methods for crossing the railway would be for the pipework to be buried under the
railway tracks using a directional drilling technique (known as ‘mole-ing’ or pipe jacking). This
would be expensive (as working hours are usually very restricted) and is unlikely to be
necessary. The decision to install the heat main under or over the railway line would be the result
of value engineering and a detailed design process including consultation with Crossrail and
Network Rail.

Tunnelling beneath the railway line could also be considered. However, there are a number of
issues associated with tunnelling works which generate additional risk to cost, construction
programme and overall route feasibility. Again, these would need to be assessed in greater detail
at the next stage.

Construction of a new structure to cross the railway at high level is likely to be prohibitively
expensive due to the specification to which it would need to be designed in order to get approval
from the relevant rail authorities.

37 The route across Hainault St appears be very tight and is not recommended. (However, it is acknowledged that Hainault Street has
recently received funding to expand, which may make this route more viable). Access across A123 crossing adjacent to railway station
may be feasible, although there appears to be little additional load in this area and so would not be particularly beneficial
3 Connection to the Exchange Mall is expected to take place at level 5 where the existing heating and cooling equipment are presently
located towards the back of the car park. We have made an allowance to route this at high level across the car park to the centre of
the site, based on a network connection along Havelock Street, traversing into Myrtle Rd, crossing the railway at high level.
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2.9.2 Ilford Hill, Chapel Road and Winston Way

Routing of pipework around Ilford Hill, Chapel Road and Winston Way is likely to cause issues in
relation to traffic management. In addition the route is a major bus route. Access for construction
will require permissions with TfL and Council Highways Department.

The gyratory system is dual carriageway with a bus lane and therefore will not require complete
closure of the road during construction. This will simplify and reduce cost. Utility congestion is
likely to be an issue, and early de-risking through a utility search is recommended.

2.9.3 Pedestrian Precinct Area

The pedestrian area within either end of the High Rd represents an opportunity to reduce
installation costs and minimise disruption to traffic.

However, construction in the area would cause major disruption to pedestrians, requiring
enhanced health and safety provision and risking protestations from local businesses, both of
which will increase costs and extend construction programme. Furthermore, since plantrooms will
generally be located to the rear of the precinct, there will be an advantage in routing pipework
behind these buildings through the streets enclosed between the High Road and Winston Way.

2.9.4 Archaeology

Ilford is an archaeology priority area and this will therefore have to be taken into account if this
opportunity is taken forward.

2.10 Summary

A summary of the key project parameters is shown in the table below.

Fully built Cluster
out 25 years project over

25 years

Total Investment CAPEX [£ K] 9,802 6,111
o) iCi i 0,
IRR % over 25 years bﬁizd on Electricity Licence [%] 11.3% 2.1%
o A —
NPV at 6% dlscouqt factor_based on Electricity [£ K] 5,034 602
Licence Lite

CO, Savings over 25 years life of project relative [TCO,]

to Business As Usual - Grid Factor unchanged 35,112 16,767
X N . - o
e e o reatie | T | asw | 30w
Energy Centre footprint [m?] 500 500
Energy Centre CHP Capacity [MW,] 1.2 1.2
Length of Heat Network [m] 4,313 1,763
Key Risks

The long development timescales present a significant development risk to the project.
Future expansion of the project will depend on whether the future development proposals
materialise.

The large number of stakeholders involved in the initial cluster phase of the project presents a
risk in relation to developing a secure bankable customer base for the project.

The costs and differing timescales associated with refurbishment of existing internal heating
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systems in the numerous existing buildings making up the cluster project makes the availability
and phasing of future revenues from these buildings difficult to predict. There remains
uncertainty about the technical suitability of many of the identified commercial and private
existing buildings.

Future developments in government policy around building regulations, zero carbon homes
policy, financial and policy support mechanisms to gas CHP and alternative competing measures
affect viability. Similarly uncertainty around future grid decarbonisation will have an impact on
the future role for gas CHP.

Overall recommendation

The fully built out project at Ilford Town centre is likely to be an economically attractive
proposition to both the public and private sector.

However, the development timescales for the project are such that a fully built out project
opportunity would not materialise until around 2025 and it is unlikely that the private sector will
step in to develop a project in the interim period.

On this basis, London Borough of Redbridge should consider establishing an initial cluster project
based on existing buildings to catalyse the opportunity and lay the foundation for any future
involvement by the private sector.

In order for the initial cluster project to be economically attractive to London Borough of
Redbridge, it is likely to require an Electricity Supply Licence Lite.

It is recommended that London Borough of Redbridge should carry forward this project
opportunity.

Table 8: Key Project Parameters - Ilford Town Centre Project
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3. CROSSRAIL CORRIDOR

3.1 Summary of Opportunity

The Crossrail Corridor Area Action Plan [1] allocates several Opportunity Sites for future
development. The Plan identifies five Character Areas, known as: East of Ilford, Seven Kings
Local Centre, Goodmayes Local Centre, Grove and Chadwell Heath.

The Crossrail Corridor contains several large, former industrial and commercial sites that have
remained vacant or underused for the last few decades, as low land values, heavy traffic
congestion, noise from rail and industrial operations and the poor quality local environment have
together limited the appeal of the area for investment and development.

The Council aims to transform the Crossrail Corridor and the surrounding area, with high quality,
innovative developments that have environmental sustainability at their heart, whilst respecting
and retaining the core elements of the remaining positive townscape and individual buildings of
historic and/or architectural interest. The investment into and development of these underused
and vacant sites will be driven by anticipation of the confirmed arrival of Crossrail in 2019,
housing need and requirements, the changing demographics of the area, its strategic location,
and will be key to the success of the Area Action Plan.

As a result the Area Action Plan identifies several Opportunity Sites along the Corridor which are
deemed to be important for the regeneration of the Corridor through the provision of supporting
infrastructure.

Many of the Opportunity Sites are located within Seven Kings and Goodmayes Local Centres and
Chadwell Heath District Centre and will improve their economic vitality and viability and provide
wider community benefits. The Opportunity Sites have been allocated for a mix of uses, including
residential, retail, employment (Use Class B1), leisure, education, community use and
healthcare.

3.2 Identified Network Opportunity

The opportunity to bring forward a heat network within the Crossrail Corridor has been assessed.
This has focused on a network centred around Goodmayes that would extend eastwards towards
Grove and westwards towards Ilford Town Centre up to the area called East of Ilford.

The opportunity comprises mainly new build mixed used and residential only developments, with
a small number of existing buildings also connecting to the network.

Three sub options have been assessed for this opportunity; Crossrail Corridor East ~ a network
extending eastwards from SK06, where the identified energy centre opportunity is situated;
Crossrail Corridor West ~ a network extending westwards from SK06, where the identified energy
centre opportunity is situated and; a combined option that encompasses both Crossrail Corridor
East and Crossrail Corridor West. The analysis has shown that the combined project shows
marginally favourable economics over the alternative options considered and this case is
presented in the results taken forward.

The case for a cluster network centred around existing anchor heat loads has also been assessed.
This has concluded that there are insufficient anchor heat loads in the area to warrant a cluster

network, and this opportunity has not therefore been considered further.

A network schematic of the project opportunity is shown in Figure 13 and a summary of the
buildings identified for potential connection to the heat network opportunity is presented Table 9.
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Note that the numbers have been rounded in the tables which mean the totals differ slightly in
Table 9 and Table 10.

There is degree of uncertainty around the feasibility and future timescales of some of the
connection opportunities for the existing buildings considered within the project. Of those
identified in Table 9 the assumption has been made that the connections would be feasible at the
point of development of the heat network. Stakeholder consultations have not been carried out
for these sites at this stage.
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Figure 13: Heat Map and Network Outline Crossrail Corridor Project
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Load name Address Customer Area Heat Constructio Connectio n Demand based on
Type n n
[MWh/a] Year Year
BT Exchange Off A118 High Road, Ilford Existing Goodmaye 98 Existing 2020 Benchmark
Commercial s
Ilford Grammar School Off A118 High Road, Ilford Existing Seven 66 Existing 2020 Benchmark
Commercial Kings
Gurdwara Off A118 High Road, Ilford Existing Seven 175 Existing 2020 Benchmark
Commercial Kings
Homebase Off A118 High Road, Ilford Existing Seven 170 Existing 2020 Benchmark
Commercial Kings
Tesco Off A118 High Road, IIford Existing Goodmaye 536 Existing 2020 Benchmark
Commercial s
Existing Goodmayes retail Off A118 High Road, Ilford Existing Goodmaye 352 Existing 2020 Benchmark
park Commercial s
Existing Retail - Halfords Off A118 High Road, Ilford Existing Grove 221 Existing 2020 Benchmark
Commercial
Ilford Prep School - not Off A118 High Road, Ilford Existing Seven 0 Existing 2020 Not found
found on map Commercial Kings
Potential Health Clinic Off A118 High Road, Ilford NHS Seven 0 Existing 2020 0
Kings
Potential Leisure centre with Off A118 High Road, Ilford London Borough East of 163 Existing 2020 Benchmark
Pool Redbridge Ilford
IlIford County Court Ilford County Court, Buckingham London Borough East of 57 Existing 2020 DEC
Road, Redbridge Ilford
London Fire & Emergency London Fire & Emergency Planning London Borough East of 238 Existing 2020 DEC
Planning Authority Authority, Fire Station, 460 High Redbridge Ilford
Road,
Metropolitan Police - Grove Metropolitan Police, 3 Area NE Other Public Grove 629 Existing 2020 DEC
Operational Headquarters, 11 Grove
Road,
Chadwell Primary School Chadwell Primary School, High Road, | London Borough Grove 158 Existing 2020 DEC
Chadwell Heath Redbridge
CHO1 Chadwell Heath Service Station 1023 Residential Grove 117 2012 2020 Benchmark
High Road, Chadwell Heath customers - new
Cwo7 561A High Road, Ilford Residential East of 61 2012 2020 Benchmark
customers - new IIford
GMO01 569 High Road, Seven Kings Residential East of 25 2014 2020 Benchmark
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customers - new

Ilford

Cwie 461 High Road, Ilford Residential East of 81 2014 2020 Benchmark
customers - new Ilford
SK02 674-700 High Road, Seven Kings Residential Seven 159 2018 2020 Benchmark
customers - new Kings
SK06 Seven Kings Car Park & Lorry Park, Residential Seven 315 2015 2020 Benchmark
High Road, Seven Kings customers - new Kings
CCOSs15 Chadwell Heath Retail Park, High Residential Grove 235 2015 2020 Benchmark
Road, Chadwell Heath customers - new
CCOs14 Chadwell Heath Business Area (Grove Residential Grove 460 2012 2020 Benchmark
Farm,)rear of 951 - 1009 High Road, | customers - new
Chadwell Heath
CCOS12 Goodmayes Retail Park, High Road, Residential Goodmaye 126 2016 2020 Benchmark
Goodmayes customers - new s
CCOs11 822 (Tesco) High Road, Goodmayes Residential Goodmaye 1,332 2016 2020 Benchmark
customers - new 5
CCOSs10 706 - 720 (Homebase) High Road, Residential Seven 227 2018 2020 Benchmark
Seven Kings customers - new Kings
CCOso07 The Joker Public House, Cameron Residential East of 29 2013 2020 Benchmark
Road, Seven Kings customers - new Ilford
CCO0Ss09 Seven Kings Methodist Church and Residential Seven 56 2015 2020 Benchmark
Hall, Balmoral Gardens, Seven Kings | customers - new Kings
CCO0Ss08 Seven Kings Health Centre, 1 Residential East of 48 2014 2020 Benchmark
Salisbury Road, Seven Kings customers - new Ilford
CCOSs04 514-518 High Road, IIford Residential East of 15 2013 2020 Benchmark
customers - new Ilford
CCOS05 530-562 High Road, IIford Residential East of 83 2018 2020 Benchmark
customers - new Ilford
CCOS06 573-603 High Road, IIford Residential East of 138 2018 2020 Benchmark
customers - new Ilford
CC0S02 531-549 High Road, IIford Residential East of 307 2018 2020 Benchmark
customers - new Ilford
CCOSs13 Metropolitan Police, 919 - 925 High Residential Grove 149 2015 2020 Benchmark
Road, Chadwell Heath customers - new
CC0Ss20 Telephone Exchange, Corner of Residential Goodmaye 63 2014 2020 Benchmark
Kingswood Road and High Road, customers - new s
Goodmayes
CC0Ss29 36-48 Goodmayes Road, Goodmayes Residential Goodmaye 37 2014 2020 Benchmark
customers - new S
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CCOS30 Ilford County Court, High Road, Ilford Residential East of 47 2018 2020 Benchmark
customers - new Ilford
CCO0SO03b Former Ilford Swimming Pool, 468 Residential East of 310 2014 2020 Benchmark
High Road, Ilford customers - new Ilford
CANON PALMER R.C. HIGH ALDBOROUGH ROAD London Borough East of 799 Existing 2020 NI185
SOUTH,ILFORD,ESSEX,IG3 8EU Redbridge Ilford
THACKARY DRIVE FAMILY THACKARY DRIVE,CHADWELL London Borough | Goodmaye 144 Existing 2020 NI185
CENTRE HEATH,ROMFORD,RM6 4RE Redbridge s
CWO06 Residential East of 233 Existing 2020 Benchmark
customers - new Ilford
Goodmans Health Club 16, Goodmayes Road, Ilford Existing Goodmaye 0 Existing 2020 Benchmark
Commercial s
Lions Den 891, High Road, Romford, Essex Existing Grove 0 Existing 2020 Benchmark
Commercial
HIGH ROAD SWIMMING 468, 468, HIGH ROAD, ILFORD Existing East of 0 Existing 2020 Benchmark
BATHS Commercial Ilford
WENN STAGE SCHOOL WENN STAGE SCHOOL London Borough East of 0 Existing 2020 Benchmark
Redbridge Ilford
MAYTIME MONTESORRI MAYTIME MONTESORRI NURSERY London Borough | Goodmaye 0 Existing 2020 Benchmark
NURSERY SCHOOL SCHOOL Redbridge s
Eastcourt independent 1-5 Eastwood Road, Ilford, Essex London Borough | Goodmaye 86 Existing 2020 Benchmark
school Redbridge s
Total 8,545

Table 9: Summary of Connected Buildings - Crossrail Corridor Project
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The diversified peak heat demand growth profile for the fully built out project opportunity is
shown in Figure 14 below. This indicates the peak demand seen by the proposed network
opportunity as a function of customer type and year of operation of the network®. The dotted
blue line shows the undiversified peak demand for all of the customer types. This has been
calculated by summing the non-diversified demands for each customer type. The shaded,
coloured areas of the graph show the contributions towards the cumulative diversified peak
demand seen by the network due to each of the customer types. The figure identifies a project
start date of 2019, the first year at which a network development could conceivably come
forward, based on the growth projections for the Crossrail Corridor project.

The associated annual consumption as a function of customer type at full build out is shown in
Table 10 below*. Refer to Appendix 3 for more information on customer types.
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Figure 14: Diversified Peak Heat Demand Profile — Crossrail Corridor — Fully Built Out Project

Heat sold per customer type [MWh/a]

New Medium Commercial 47
New Retail 58
London Borough Redbridge 1,645
Residential customers - new 4,521
Existing Commercial 1,619
Community users 28
Other Public 629
Total 8,547

Table 10: Heat Demand by Customer Type- Crossrail Corridor — Fully Built Out Project

All developments south of the Crossrail Corridor to the east of Seven Kings have been excluded
from the potential project on the basis that the cost of crossing the Crossrail Corridor outweighs
the value to the project in income from heat sales.

3 The graph shows the date at which the buildings would connect to the network rather than the date at which the buildings are
constructed.
0 In this table, large and medium commercial are split according to predicted gas consumption, with the threshold gas consumption
between the two being as defined in [14],[15]. This is done for the purpose of identifying the alternative cost of heat for these
customers. The figure shows the ‘connected loads’ in each year as opposed to the demands associated with all identified buildings
within the opportunity area.
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All developments in Chadwell Heath have been excluded from the potential project on the basis
that these are located too far away from the main heat demands in Grove and Goodmayes and
that the cost of connection outweighs the value to the project in income from heat sales.

3.3 Energy Supply Opportunity
3.3.1 Proposed Fuel Source and Heat Production Mix

As for the Ilford Town Centre Project, gas fired CHP in conjunction with gas boilers has been
identified as the preferred heat production equipment for the project opportunity.

A summary of other fuel supply options considered for the project is presented in Section 9.
3.3.2 Energy Centre Capacity

Based on a technical only evaluation, the project would support gas fired CHP engine with a
capacity of 1.165 MW,. (Appendix 6 has further information on the likely contribution of CHP and
gas boilers at different points during the year)

3.3.3 Energy Centre Location

Based on discussions with London Borough of Redbridge site SK06 has been identified as the
preferred location for the energy centre under this project. This land is owned by London Borough
of Redbridge and is earmarked for development as a mix of retail and community / leisure /
education uses on the ground and first floors with residential development above [13].

The BT Exchange site was considered initially as a possible site in an effort to reduce CAPEX
investment and therefore improve IRR for the project. However, based on discussions with BT the
available space appears to be too small and the opportunity has therefore been discarded*. No
other existing sites have been identified at this stage.

Other future development opportunities generally present little scope for locating an energy
centre on the basis that land ownership is mostly private and the heat demand associated with
the majority of these developments would be unlikely to warrant a site based CHP projects in the
absence of a district heat network.

The new development at SK02 appears to offer the best opportunity, due to its location and scale
and since the land is currently owned by London Borough of Redbridge. A requirement could
potentially be placed on the developer of this site (as a condition of its sale) to install a
communal heating project with associated energy centre and to provide space for expansion to
accommodate any future heat network opportunity.

The only other realistic opportunity appears to be the site of the existing TESCO superstore,
(CCOS 11) where up to 522 residential units are being planned. However, even this would only
be likely to support a CHP plant in the range 300 to 500 kW, and it may therefore prove difficult
to require a developer to allow for a significantly larger energy centre installation to support a
heat network.

The recreation ground opposite CCOS11 which is owned by London Borough of Redbridge is
assumed not to be a viable for location of an energy centre, given its recreational value and its

“1 BT are known to be interested in opportunities for housing CHP energy centres in disused spaces within exchange sites in order to
align with their carbon saving opportunities. Whilst there are understood to be no immediate plans for downsizing or relocating this
particular BT exchange, it is understood that the main block is full of equipment which would be too expensive to move whilst the
annexe block contains rooms on the 1st floor that are vacant and measure only 14m x 5m.
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current site designation. The land adjacent to site CCOS18, also owned by London Borough of
Redbridge, could conceivably locate an energy centre, although this site currently appears to
contain existing housing and is not particularly well placed due to railway crossing.

3.4 Phasing Strategy and Implementation Plan
Refer to Section 4.4.

3.5 Economic Appraisal

Economic modelling has been carried out for the fully built out project. The key economic
indicators for the project are presented in Table 11 below based an Electricity Licence Lite
arrangement and assuming a project term of 25 years*.

Fully built
out
Project
Over 25
Years
Total Investment CAPEX [£K] 9,854
Energy Centre CAPEX [£ K] 3,815
Length of Heat Network [m] 4,888
Cost of Heat Network [£ K] 3,792
Connection CAPEX [£ K] 1,114
Project Development Costs [£ K] 1,134
Annual Operating Costs [£ K] 938
Annual Revenues from Heat Sales [£ K] 717
Annual Revenues from Electricity Sales [£ K] 940
Annual Saving per year to LBR due to CRC savings [£ K] 0.52
87 in 2020
Weighted Average Electricity Sales Value from Project [£ /MWh] and 121.2
in 2044
Annual Operating Margin at full build out [£ K] 760
Annual Revenues from Electricity Sales, LEC and CRC [£ K] 981
values
IRR % over 25 years [%] 4.1%
NPV at 6% discount factor [£ K] -1,665

Table 11: Key Economic Indicators — Crossrail Corridor Project

The required capital investment for the project would be around £9.9M.

The IRR for the fully built out project based on an Electricity Supply Licence Lite selling
arrangement would be around 4.1% over 25 years. The corresponding NPV would be £-1,7M at a
6% discount factor.

2 IRR's based on an Electricity Sell and Buy Back arrangement have been calculated but are not presented here, since they indicate an

even lower IRR.

Page 44



Under a Sell and Buy Back arrangement this would reduce to around 1.1% over 25 years.
Considered over 40 years, the equivalent IRR’s would be 6.1% and 3.8% respectively.

The electricity selling price required to deliver a 10% IRR for the fully built out project over 25
years® would be 13.77 p/kWh.

The annual saving to London Borough of Redbridge associated with reduction in CRC payments
under the project would £0.5K under the fully built out project*.

Fuel savings would remain unchanged under the current modelling assumptions. This assumes
that the project would charge London Borough of Redbridge its current heat price, which has
been calculated to be 4.12 p/kWh excluding annualised reinvestment costs and 4.27 p/kWh
including annualised reinvestment costs. The cost of electricity to London Borough of Redbridge
is assumed to be reduced by 10% of its current value under any proposed Licence Lite
arrangement.

A discounted cashflow forecast for the fully built out project is presented under the Electricity
Licence Lite arrangement in Figure 15.

£8,000,000

£6,000,000 N 0t discounted
£4,000,000 0% Discounted
6% Discounted

£2 000,000
3.5% Discounted

£0
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Figure 15: Cumulative Discounted Cashflow Forecast - Crossrail Corridor - Fully Built Out Project -
Electricity Licence Lite

3.6 Sensitivity Analysis

A sensitivity analysis has been carried out around the key variables that influence the IRR for the
project. The results presented in Figure 16 below for the fully built out project under the
Electricity Licence Lite scenario. Refer to Section 2.5 and Appendix 3 for interpretation of this
figure.

The key conclusions drawn from the analysis are:-

1. Electricity selling price, gas purchase price, project capital cost, and heat selling price are
the major drivers in uncertainty around IRR.

2. A favourable variation of 10% in any of the indicated variables will still only deliver and
IRR of under 5.5%, which is still considered to be unattractive to London Borough of
Redbridge.

3. An unfavourable variation of 10% in any of the indicated variables will reduce the IRR to
around 3.0%

43 assuming all other variables remaining constant
* The CRC benefit shown in the table reflects the benefit seen by the connected buildings rather than the benefit taken by the project.
Refer to Appendix 3 for details of the assumed benefit sharing arrangement.
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Figure 16: Economic Sensitivity Analysis — Crossrail Corridor — Fully Built Out Project - Electricity Licence
Lite

3.7 Implication for Project Procurement

There are no anchor heat loads of any scale to support an initial cluster heat network along the
Crossrail Corridor.

The calculated IRRs for the fully built out project suggest that the Crossrail Corridor project are
not considered to be economically viable. The project would be of no interest to a private sector
ESCo and equally would offer only a barely acceptable return to London Borough of Redbridge
over 40 years, assuming an Electricity Licence Lite could be set up.

The recommendation is therefore for this opportunity not to be taken up as a stand-alone project
in isolation of other heat network opportunities.

An opportunity involving the interconnection of the Crossrail Corridor project with the Ilford Town
Centre Project is presented in Section 4 of this report.

3.8 Heat Supply Contribution

The theoretical heat supply contributions from each heat production asset for the project
opportunity are shown in Appendix 6. These are shown as load duration curves, monthly supply
profiles at full build out and cumulative supply contributions from each heat production asset.
3.9 Carbon Appraisal

Projected carbon savings for the fully built out project over 25 years are presented in Table 12.

Reference to the calculation methodology is provided in Appendix 3. Calculated carbon
trajectories over the project lifecycle are presented in Appendix 5.
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DECC Grid DECC Grid

Carbon Factor Decarbonisation
Unchanged Trajectory
Business as Usual CO, [TCO,] 57,957 44,974
over 25 years
CO, Savings over 25
years - Fully built Out [TCO,] 16,711 -27,099
Project
% reduction in CO,
Savings over 25 years - [%] 28.8% -60.3%
Fully built Out Project

Table 12: Carbon Emission Projections — Crossrail Corridor

The table identifies a positive saving in CO, over the life of the project based on projections using
current grid emission factors but a negative saving if the DECC decarbonisation trajectory is
assumed, highlighting the limited role that gas CHP will be able to play in carbon reduction in the
future if DECC's grid decarbonisation trajectory is realized in practice. If so, the annual CO,
savings are positive until 2027. See Appendix 5.

3.10 Route Identification and Risk Appraisal

The network route proposal is shown in
Figure 13 and Appendix 2. A risk appraisal of the route is presented in Section 4 of this report.

3.11 Summary

A summary of the key project parameters is shown in the table below.

Fully built Cluster
out 25 years project over
25 years
Total Investment CAPEX [£ K] 9,854 n/a
5 — .
IRR % over 25 years biistzd on Electricity Licence (%] 4.1% n/a
o —
NPV at 6% dlscoun.t factor.based on Electricity [£ K] -1,665 n/a
Licence Lite
CO, Savings over 25 years life of project relative
to Business As Usual - Grid Factor unchanged [TCO-] 16,711 n/a
CO, Savings over 25 years life of project relative o o
to Business As Usual - Grid Factor unchanged [%] 28.8% n/a
Energy Centre footprint [m?] 500 n/a
Energy Centre CHP Capacity [MW,] 1.2 n/a
Length of Heat Network [m] 4,888 n/a

Overall recommendation

There is insufficient anchor heat load to support an economically viable initial cluster heat
network in the Crossrail Corridor.

The calculated economic indicators for the Crossrail Corridor project would be of no interest to a
private sector ESCo and equally would offer only a barely acceptable return to London Borough of
Redbridge over 40 years, assuming an Electricity Licence Lite could be set up.

The recommendation is therefore for this opportunity not to be taken forward as a stand-alone
project in isolation of other heat network opportunities.
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The opportunity to develop Crossrail Corridor should be considered in conjunction with a project
opportunity at Ilford Town Centre. Under this scenario, acceptable project returns can be made
by avoiding the need to invest in an energy centre for the Crossrail Corridor project.

Table 13: Key Project Parameters — Crossrail Corridor Project
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4. ILFORD TOWN CENTRE AND CROSSRAIL CORRIDOR
OPPORTUNITY

4.1 Summary of Opportunity
Refer to section 2.1 (Ilford Town Centre) and 3.1 (Crossrail Corridor).
4.2 Identified Network Opportunity

The opportunity to interconnect the identified opportunities at Crossrail Corridor and Ilford Town
Centre projects has been investigated.

A network schematic showing the proposed interconnection under the fully built out project is
shown in Figure 17 below. This composite project would comprise the heat demands identified in
Section 2 for Ilford Town Centre, the heat demands identified in Section 3 for Crossrail Corridor
and the additional buildings within East of Ilford, along the route section shown in dark green in
Figure 17.

As for the Ilford Town Centre project, an initial cluster project has been identified. This would be
identical to the cluster project identified for Ilford Town Centre in Section 2 of this report.

The connected buildings for this project at full build out are identified in Table 14.
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Figure 17: Heat map and Network Outline - Ilford Town Centre and Crossrail Corridor Project
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Load name Address Customer Type Heat Constructio Connectio Demand based on
n n
[MWh/a Year Year
1
Primary Care Trust Ilford Hill, Ilford NHS ITC 82 Existing 2017 Benchmark
The Mall Off A118 High Road, Ilford Existing ITC 1,095 Existing 2015 Benchmark
Commercial
TravelLodge Clements Rd Existing ITC 870 Existing 2015 Benchmark
Commercial
BT Exchange Off A118 High Road, Ilford Existing Goodmaye 98 Existing 2020 Benchmark
Commercial s
Ilford Grammar School Off A118 High Road, Ilford Existing Seven 66 Existing 2020 Benchmark
Commercial Kings
Gurdwara Off A118 High Road, Ilford Existing Seven 175 Existing 2020 Benchmark
Commercial Kings
Homebase Off A118 High Road, Ilford Existing Seven 170 Existing 2020 Benchmark
Commercial Kings
Tesco Off A118 High Road, Ilford Existing Goodmaye 536 Existing 2020 Benchmark
Commercial s
Existing Goodmayes retail park Off A118 High Road, Ilford Existing Goodmaye 352 Existing 2020 Benchmark
Commercial s
Existing Retail - Halfords Off A118 High Road, Ilford Existing Grove 221 Existing 2020 Benchmark
Commercial
Potential Leisure centre with Pool Off A118 High Road, Ilford London Borough East of 163 Existing 2020 Benchmark
Redbridge Ilford
Peachy House 39 Ilford Hill, Ilford Existing ITC 644 Existing 2017 Benchmark
Commercial
London Borough of Redbridge, 17-23 | London Borough of Redbridge, | London Borough ITC 156 Existing 2015 DEC
Clements Road 17-23 Clements Road, Redbridge
London Borough of Redbridge, 22-26 | London Borough of Redbridge, | London Borough ITC 79 Existing 2015 DEC
Clements Road, 22-26 Clements Road, Redbridge
Kenneth More Theatre Kenneth More Theatre, London Borough ITC 202 Existing 2015 DEC
Oakfield Road, Redbridge
Royal Mail Royal Mail, Ilford Delivery London Borough ITC 712 Existing 2015 DEC
Office, 4-24 Chadwick Road, Redbridge
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London Borough of Redbridge, , Town Hall London Borough ITC 576 Existing 2015 DEC
Redbridge
London Borough of Redbridge, London Borough of Redbridge, | London Borough ITC 378 Existing 2015 DEC
Central Library, Clements Road, Central Library, Clements Redbridge
Road,
Metropolitan Police Metropolitan Police, 270-294 London Borough ITC 852 Existing 2015 DEC
High Road, Redbridge
London Borough of Redbridge, London Borough of Redbridge, | London Borough ITC 487 Existing 2015 DEC
Lynton House, 255-259 High Road, Lynton House, 255-259 High Redbridge
Road,
Nelps Probation Service Nelps Probation Service, Nelps | London Borough ITC 110 Existing 2015 DEC
Probation Centre 277-289, Redbridge
High Road,
IlIford County Court Iliford County Court, London Borough East of 57 Existing 2020 DEC
Buckingham Road, Redbridge Ilford
London Fire & Emergency Planning London Fire & Emergency London Borough East of 238 Existing 2020 DEC
Authority Planning Authority, Fire Redbridge Ilford
Station, 460 High Road,
Redbridge Refugee Forum Redbridge Refugee Forum, London Borough ITC 203 Existing 2017 DEC
Broadway Chambers, 1 Redbridge
Cranbrook Road,
Metropolitan Police - Grove Metropolitan Police, 3 Area NE Other Public Grove 629 Existing 2020 DEC
Operational Headquarters, 11
Grove Road,
Chadwell Primary School Chadwell Primary School, High | London Borough Grove 158 Existing 2020 DEC
Road, Chadwell Heath Redbridge
CHO1 Chadwell Heath Service Residential Grove 117 2012 2020 Benchmark
Station 1023 High Road, customers - new
Chadwell Heath
Ccwo7 561A High Road, IIford Residential East of 61 2012 2020 Benchmark
customers - new Ilford
GMO01 569 High Road, Seven Kings Residential East of 25 2014 2020 Benchmark
customers - new Ilford
Ccwi1l 226-244 High Road, Ilford Residential ITC 625 2013 2015 Benchmark

customers - new
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CwWo09 Pioneer Point, Winston Way, Residential ITC 1,492 Existing 2015 Benchmark
Ilford customers - new
LO09 73-77 Ilford Hill, Ilford Residential ITC 40 2017 2017 Benchmark
customers - new
LO06 Sainsbury's, Roden Street, Residential ITC 587 2021 2021 Benchmark
Ilford customers - new
CW16 461 High Road, Ilford Residential East of 81 2014 2020 Benchmark
customers - new Ilford
SKO02 674-700 High Road, Seven Residential Seven 159 2018 2020 Benchmark
Kings customers - new Kings
SKO06 Seven Kings Car Park & Lorry Residential Seven 315 2015 2020 Benchmark
Park, High Road, Seven Kings customers - new Kings
LOO05 Peachy House, 39 Iiford Hill, Residential ITC 319 2013 2017 Benchmark
Iiford customers - new
ITCOSO01 Land between Mill Road & the Residential ITC 274 2015 2017 Benchmark
Railway Line, Ilford customers - new
ITCOS2 Mill House, Ilford Hill Residential ITC 617 2018 2018 Benchmark
customers - new
ITCOS4 60-70 Roden Street and land Residential ITC 915 2015 2017 Benchmark
between Chapel Road and customers - new
Roden Street, Ilford
ITCOS5 40 Ilford Hill, Iliford Residential ITC 259 2015 2017 Benchmark
customers - new
ITCOS6 22-32 Chapel Road, Ilford Residential ITC 49 2017 2017 Benchmark
customers - new
ITCOS8 Site bounded by Chapel Road, Residential ITC 702 2017 2017 Benchmark
High Road and Clements Lane | customers - new
ITCOS9 Land adjacent to Clements Residential ITC 248 2019 2019 Benchmark
Lane and Clements Road customers - new
ITCOS10 Britannia Car Park, Clements Residential ITC 123 2016 2016 Benchmark
Road customers - new
ITCOS13 Town Hall Car Park Residential ITC 668 2014 2015 Benchmark
customers - new
ITCOS12 112-114 High Road, Ilford Residential ITC 109 2013 2015 Benchmark
customers - new
ITCOS14 Central Library Service Yard Residential ITC 91 2014 2015 Benchmark
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customers - new

ITCOS18 69-126 Ley Street and Opal Residential ITC 643 2019 2019 Benchmark
Mews, Ilford customers - new
ITCOS24 300 - 318 High Road, Ilford Residential ITC 165 2017 2020 Benchmark
customers - new
ITCOS11 Land bounded by Clements Residential ITC 432 2020 2020 Benchmark
Road, Chadwick Road and customers - new
Postway Mews
ITCOS15 Kenneth More Theatre Residential ITC 607 2016 2016 Benchmark
customers - new
ITCOS19 Ley Street car park and bus Residential ITC 669 2018 2018 Benchmark
depot, Ilford customers - new
ITCOS7 Land adjacent to Cranbrook Residential ITC 1,260 2015 2015 Benchmark
Road, High Road and the customers - new
railway, incorporating Station
Road
ITCOS16 187-207 High Road, Ilford Residential ITC 472 2018 2018 Benchmark
customers - new
ITCOS22 262 - 268 High Road, Ilford Residential ITC 214 2019 2019 Benchmark
customers - new
ITCOS3 51-85 Ilford Hill and 1-27 Residential ITC 722 2017 2017 Benchmark
Cranbrook Road customers - new
CCOSs15 Chadwell Heath Retail Park, Residential Grove 235 2015 2020 Benchmark
High Road, Chadwell Heath customers - new
CCOSs14 Chadwell Heath Business Area Residential Grove 460 2012 2020 Benchmark
(Grove Farm,)rear of 951 - customers - new
1009 High Road, Chadwell
Heath
CCO0S12 Goodmayes Retail Park, High Residential Goodmaye 126 2016 2020 Benchmark
Road, Goodmayes customers - new s
CCOS11 822 (Tesco) High Road, Residential Goodmaye 1,332 2016 2020 Benchmark
Goodmayes customers - new s
CCos10 706 - 720 (Homebase) High Residential Seven 227 2018 2020 Benchmark
Road, Seven Kings customers - new Kings
CC0oso07 The Joker Public House, Residential East of 29 2013 2020 Benchmark
Cameron Road, Seven Kings customers - new Ilford
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CC0Ss09 Seven Kings Methodist Church Residential Seven 56 2015 2020 Benchmark
and Hall, Balmoral Gardens, customers - new Kings
Seven Kings
CC0Os08 Seven Kings Health Centre, 1 Residential East of 48 2014 2020 Benchmark
Salisbury Road, Seven Kings customers - new Ilford
CCOSs04 514-518 High Road, Ilford Residential East of 15 2013 2020 Benchmark
customers - new Ilford
CCOS05 530-562 High Road, Ilford Residential East of 83 2018 2020 Benchmark
customers - new Ilford
CCOS06 573-603 High Road, IIford Residential East of 138 2018 2020 Benchmark
customers - new Ilford
CC0S02 531-549 High Road, IIford Residential East of 307 2018 2020 Benchmark
customers - new Ilford
CCOSs13 Metropolitan Police, 919 - 925 Residential Grove 149 2015 2020 Benchmark
High Road, Chadwell Heath customers - new
CC0Ss20 Telephone Exchange, Corner Residential Goodmaye 63 2014 2020 Benchmark
of Kingswood Road and High customers - new s
Road, Goodmayes
CC0Ss29 36-48 Goodmayes Road, Residential Goodmaye 37 2014 2020 Benchmark
Goodmayes customers - new s
CCOS30 Ilford County Court, High Residential East of 47 2018 2020 Benchmark
Road, Ilford customers - new Ilford
CCOS03b Former Ilford Swimming Pool, Residential East of 310 2014 2020 Benchmark
468 High Road, Ilford customers - new Ilford
CANON PALMER R.C. HIGH ALDBOROUGH ROAD London Borough East of 799 Existing 2020 NI185
SOUTH,ILFORD,ESSEX,IG3 Redbridge Ilford
8EU
THACKARY DRIVE FAMILY CENTRE THACKARY DRIVE,CHADWELL London Borough | Goodmaye 144 Existing 2020 NI185
HEATH,ROMFORD,RM6 4RE Redbridge s
CWO06 At crossing of High Road and Residential East of 233 Existing 2020 Benchmark
Connaught Road customers - new Ilford
ITCOS21 246-250 High road, Ilford Residential ITC 668 2012 2015 Planning Application
customers - new
ITCOS17 Myrtle Rd Residential ITC 191 2025 2025 Benchmark
customers - new
ITCOS25 Oakland Park Ave Residential ITC 862 2025 2025 Benchmark
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customers - new

Goodmans Health Club 16, Goodmayes Road, Ilford Existing Goodmaye 0 Existing 2020 Benchmark
Commercial s
Lions Den 891, High Road, Romford, Existing Grove 0 Existing 2020 Benchmark
Essex Commercial
HIGH ROAD SWIMMING BATHS 468, 468, HIGH ROAD, ILFORD Existing East of 0 Existing 2020 Benchmark
Commercial Ilford
WENN STAGE SCHOOL WENN STAGE SCHOOL London Borough East of 0 Existing 2020 Benchmark
Redbridge Ilford
MAYTIME MONTESORRI NURSERY MAYTIME MONTESORRI London Borough | Goodmaye 0 Existing 2020 Benchmark
SCHOOL NURSERY SCHOOL Redbridge s
Eastcourt independent school 1-5 Eastwood Road, Ilford, London Borough | Goodmaye 86 Existing 2020 Benchmark
Essex Redbridge s
Fitness First 261-275, High road, Ilford, Existing ITC 538 Existing 2015 Benchmark
Commercial
Total 29,552

Table 14: Summary of Connected Buildings — Ilford Town Centre and Crossrail Corridor Project
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The diversified peak heat demand growth profile and annual consumption for the fully built out
project are shown in Figure 18 below. The associated annual consumption as a function of
customer type at full build out is shown in Table 15 below*. Refer to Appendix 3 for more
information on customer types.
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Figure 18: Diversified Peak and Heat Demand Profile — Ilford Town Centre and Crossrail Corridor — Fully

Built Out Project

Customer Type Heat [MWh]

New Large Commercial 346
New Medium Commercial 373
New Retail 429
London Borough Redbridge 5,400
Residential customers - existing 0
Residential customers - new 17,500
Existing Commercial 4,766
NHS 82
Community users 28
Other Public 629
Total 29,552

Table 15: Summary of Connected Buildings - Ilford Town Centre and Crossrail Corridor - Fully Built Out

Project

5 In this table, large and medium commercial are split according to predicted gas consumption, with the threshold gas consumption
between the two being as defined in [14],[15]. This is done for the purpose of identifying the alternative cost of heat for these

customers.
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4.3 Energy Supply Opportunity
4.3.1 Proposed Fuel Source and Heat Production Mix

The preferred heat production equipment for the project opportunity would be as per the Ilford
Town Centre project opportunity.

4.3.2 Energy Centre Capacity

The impact of interconnecting the Crossrail Corridor opportunity to the Ilford Town Centre
Opportunity has been identified. This would require an increase in the net area requirement for
the energy centre from circa 500 m? to circa 650 m? and to increase the ultimate CHP capacity
required at full build out from 1.2 MW, (under the Ilford Town Centre project) to 2.3 MW.. This
would be carried out by installing two identical engines over a phased build out as described
below.

The additional capacity requirement comprises the heat demands identified in Section 3 for
Crossrail Corridor and the additional buildings within East of Ilford, along the route .

4.3.3 Energy Centre Location

The proposed location of the energy centre would be as per the Ilford Town Centre project
opportunity.

4.4 Phasing Strategy and Implementation Plan

The proposed phasing strategy for the heat network is shown in Figure 17. The initial cluster
project is shown in light green, with subsequent construction phases in Ilford Town centre taking
place in 2017, 2018 and 2021 (as shown in light blue, dark blue and yellow respectively).

Construction of Crossrail Corridor West (shown in maroon) and Crossrail Corridor East (shown in
red) would take place from 2019 with heat on in 2020. An additional 4.5 km of pipework would
be associated with the project extension to connect all indicated buildings East of Ilford and
within the Crossrail Corridor. The project would make use of the energy centre proposed for the
IIford Town Centre project. The additional gas CHP engine also would be installed in 2019.

The proposed timescales for construction are identified in Appendix 5.
4.5 Economic Appraisal

Economic modelling has been carried out for the initial cluster project and the fully built out
project. The key economic indicators for the project are presented in Table 16 below as a
function of electricity selling arrangements and assuming a project term of 25 years. Refer to
Appendix 3 for descriptions of electricity selling arrangement opportunities.

The required capital investment for the initial cluster and fully built out projects would be around
£6.5M and £17.4M respectively*.

The calculated IRRs for the cluster and fully built out project would be around 6.3 % and 10.1%
over 25 years, based on an Electricity Licence Lite arrangement. The corresponding NPVs would
be £0.17M and £5.9M at a 6% discount factor.

¢ The investment CAPEX for the initial cluster project is similar that for the Ilford Town Centre project, with the exception that the
building envelope for the energy centre and the diameters of the sections of network to the east of the scheme (ie feeding East of

Ilford in the future) are increased under the combined scheme.
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Under a sell and buy back arrangement, the calculated IRRs for the cluster and fully built out
project would be around 2.7% and 7.1% over 25 years. The corresponding NPV would be -£1.8M

and £1.5M at a 6% discount factor.

The electricity selling price required to deliver a 10% IRR for the fully built out project over 25
years¥would be 8.8 p/kWh.

Fully built Cluster
out 25 years project over
25 years
Total Investment CAPEX [£ K] 17,373 6,532
Energy Centre CAPEX [£ K] 5,167 3,815
Length of Heat Network [m] 9,320 1,763
Cost of Heat Network [£ K] 7,284 1,580
Connection CAPEX [£ K] 2,924 386
Project Development Costs [£ K] 1,999 752
Annual Operating Costs [£ K] 2,494 828
Annual Revenues from Heat Sales [£ K] 2,589 584
Annual Saving per year to LBR due to CRC [£ K] 1.4 13
savings ) )
Licence Lite
Weighted Average Electricity Sales Value from 871n 201? 87 in 2015 and
. [£ /MWh] and 120.9 in )
Project 121.4 in 2039
2039
Annual Operating Margin at full build out [£ K] 2,399 428
Annual Revenues from Electricity Sales, LEC and [£ K] 2,304 671
CRC values
IRR % over 25 years [%] 10.1% 6.3%
NPV at 6% discount factor [£ K] 5,915 168
Sell and Buy Back
Weighted Average Electricity Sales Value from [£ /MWh] 67.4 in 2015 67.3 in 2015
Project and 93.6 in and 93.9 in
2039 2039
Annual Operating Margin at full build out [£ K] 1,901 428
Annual Revenues from Electricity Sales, LEC and [£ K] 1,806 672
CRC values
IRR % over 25 years [%] 7.1% 2.7%
NPV at 6% discount factor [£ K] 1,521 -1,800

Table 16: Key Economic Indicators - Ilford Town Centre and Crossrail Corridor Project

The annual saving to London Borough of Redbridge associated with reduction in CRC payments
under the project would be £1.3K and £1.4K under the initial cluster and fully built out projects®®.

Fuel savings would remain unchanged under the current modelling assumptions. This assumes
that the project would charge London Borough of Redbridge its current heat price, which has
been calculated to be 4.12 p/kWh excluding annualised reinvestment costs and 4.27 p/kWh
including annualised reinvestment costs. The cost of electricity to London Borough of Redbridge

47 assuming all other variables remaining constant

8 The CRC benefit shown in the table reflects the benefit seen by the connected buildings rather than the benefit taken by the project.
Refer to Appendix 3 for details of the assumed benefit sharing arrangement.
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is assumed to be reduced by 10% of its current value under any proposed Licence Lite
arrangement.

The discounted cashflow forecast for the initial cluster project is similar to the Ilford Town Centre
project shown in Figure 6 and not repeated here. The discounted cashflow forecast for the fully
built out project are presented in Figure 19 under the Electricity Licence Lite arrangement.

£30,000,000

125,000,000 =N ot discounted

£20,000,000 - === 10% Discounted
“6% Discounted

£15,000,000 -

3.5% Discounted
£10,000,000

£5,000,000

£0

(£5,000,000) -

(£10,000,000)

(£15,000,000)

Figure 19: Cumulative Discounted Cashflow Forecast - IlIford Town Centre and Crossrail Corridor - Fully
Built Out Project - Electricity Licence Lite

4.6 Sensitivity Analysis

A sensitivity analysis has been carried out around the key variables that influence the IRR for the
project. The results of the sensitivity analysis are presented in Figure 20 below* for the fully built
out project under the Electricity Licence Lite scenario. Please refer to Section 2.5 and Appendix 3
for interpretation of this figure.

The key conclusions drawn from the analysis are:-

1. Electricity selling price, gas purchase price, project capital cost, and heat selling price are
the major drivers in uncertainty around IRR.

2. A favourable variation of 10% in any of the indicated variables will increase the IRR to
over 11%.

3. An unfavourable variation of 10% in any of the indicated variables will still maintain an
IRR of over 8.0%, which is still considered to be attractive to London Borough of
Redbridge.

*9 Further information on the interpretation of the graphs and the values attributed to each variable is presented in Appendix 3.
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Figure 20: Economic Sensitivity Analysis - Ilford Town Centre and Crossrail Corridor — Fully Built Out
Project - Electricity Licence Lite

4.7 Implication for Project Procurement

In the event that the Ilford Town Centre heat network is taken forward, the case for
interconnecting developments within the Crossrail Corridor to the Ilford Town Centre heat
network at a future time appears to be reasonably strong, returning an IRR of 10.1% over 25
years.

However, it should be recognised that this is marginally lower than for the Ilford Town Centre
only project and therefore is likely to require direct involvement from London Borough of
Redbridge to bring about expansion into the Crossrail Corridor, since a commitment to do so from
the private sector cannot be assumed. London Borough of Redbridge’s interest in doing so would
need to be predicated on the additional carbon reductions associated with the wider project
opportunity.

In order to safeguard for future expansion into the Crossrail Corridor, the initial Cluster project in
IlIford Town Centre would need to include additional investment in large diameter pipework and
additional space within the energy centre. This will reduce the calculated IRR from 7.1% to 6.3%
over 25 year, based on a Licence Lite arrangement. Again, London Borough of Redbridge will
need to take a view on the acceptability of this safeguarding position in economic terms.

The impact of project term on IRR is shown in Figure 21. This presents the various modeling

cases described in Appendix 3 based on an Electricity Licence Lite arrangement, which is
considered to be the most economically favorable option for the project.
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Figure 21: Modelling outcomes as a function of Project Term and Project Scale - IlIford Town Centre and
Cross Rail Corridor - Electricity Licence Lite

IRR [2%]

If London Borough of Redbridge are prepared to take a long term view, 40 years, over the
investment proposition, the IRR for the safeguarded cluster project can be expected to exceed
around 7.8%.

Similarly, viewed over 40 years, the fully built out project can be expected to return and IRR of
around 11.4% rather than the 10.1% achievable over 25 years.

4.8 Heat Supply Contribution

The heat supply contribution from each heat production asset for the initial cluster project and
the fully built out project are shown in Appendix 6. These are shown as load duration curves,
monthly supply profiles at full build out and cumulative supply contributions from each heat
production asset as modeled for the initial cluster and fully built out projects.

4.9 Carbon Appraisal
Projected carbon savings for the initial cluster and fully built out projects over 25 years are

presented in Table 17. Reference to the calculation methodology is provided in Appendix 3.
Calculated carbon trajectories over the project lifecycle are presented in Appendix 5.

Grid Carbon DECC Grid

Factor Decarbonisation

Unchanged Trajectory

Business as Usual CO,

over life of project for the [TCO,] 54,298 47,806
Cluster Project

CO, Savings over life of

project — Cluster Project

[TCO,] 16,767 -5,113
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% reduction in CO,
Savings over life of [%] 30.9% -10.7%
project — Cluster Project
Business as Usual CO,
over life of project for the [TCO,] 186,354 121,384
fully built out project
CO, Savings over life of
project — Fully built Out [TCO,] 50,502 -56,981
Project
% reduction in CO,
Savings over life of
project — Fully built Out
Project

[%] 27.1% -46.9%

Table 17: Carbon Emission Projections - Ilford Town Centre and Crossrail Corridor Project

The table identifies a positive saving in CO, over the life of the project based on projections using
current grid emission factors but a negative saving if the DECC decarbonisation trajectory is
assumed, highlighting the limited role that gas CHP will be able to play in carbon reduction in the
future if DECC's grid decarbonisation trajectory is realized in practice. If so, the annual CO,
savings are mostly positive until 2024. See Appendix 5.

4.10 Route Identification and Risk Appraisal

The network route proposal is shown in Figure 17 and Appendix 2. The indicated route is
considered to be reasonably straightforward with no insurmountable barriers identified. Relevant
aspects of the route are discussed below for the sections from East of Ilford into Goodmayes,
since the remainder of the route for Ilford Town Centre has already been discussed in Section
2.9.

1) Routing of pipework along Ilford High Road into the vicinity of Seven Kings appears to
present no major difficulties. Similarly, beyond Seven Kings towards Goodmayes, no
major barriers have been identified and the road is reasonably wide along the majority of
the route, making construction easier and allowing traffic diversions to be avoided.

2) However, the route is single carriageway along most of its length from Ilford into
Goodmayes. Access for construction is therefore likely to cause significant traffic
management issues. Permissions with TfL and the Council Highways Department will be
necessary. Bus diversions are not likely to be necessary although traffic contraflows and
parking suspensions are likely to be required, both of which will add cost to the
development of the network. Cycle routes run along large sections of the route and cycle
lane closures are likely to be necessary, introducing a safety issue and the need to
consult with bodies and relevant interest groups.

3) Utility congestion may also be an issue, although this hasn’t been assessed at this stage.
Early de-risking through a utility search is recommended. The route narrows along
extended sections (for example on the approach to Goodmayes from Seven Kings) and
utility congestion can be expected to be more sever in these areas.

4) Routing of the pipework across the railway line will require approvals from Network Rail
and may cause major disruption to local traffic, given that it is a fairly major junction.
Possible design solutions discussed under Section 2 of this report can be expected to
apply for this crossing point also.

5) The section of route along the High Road between Barley Lane and Eccleston Crescent
has access to green space to the north of the High Road (i.e. the recreation ground). This
is also understood to be land that falls under the ownership of London Borough of
Redbridge. Access to this green space would allow soft digging, which would reduce
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construction cost along that section. However, in overall terms this section of route is
reasonably short and the savings in construction cost may not be worth the disruption to
the recreational value of the space.

6) There is also the option to access soft verge to the south of the High Road, bordering the
site of the existing TESCO store, where the new development CCOS10 is due to come
forward. However this would require permissions, wayleaves from landowners which
would add cost and would also need to provide for future access requirements for
ongoing maintenance. Similarly, access across other development sites along the route
could be pursued on the same basis, if this were found to be less costly or complicated
than using the main highway.

Issues highlighted in relation to the Ilford Town Centre network are presented in Section 2.9 of
this report.

4.11 Summary

A summary of the key project parameters is shown in the table below.

Fully built Cluster

out 25 years project over

25 years

Total Investment CAPEX [£ K] 17,373 6,532
o — -
IRR % over 25 years biistzd on Electricity Licence (%] 10.1% 6.3%
o —
NPV at 6% dlscouqt factor_based on Electricity [£ K] 5,915 168
Licence Lite
CO, Savings over 25_ years life of project relative [TCO,] 50,502 16,767
to Business As Usual
CO, Savings over 25_ years life of project relative (%] 27.1% 30.9%
to Business As Usual
Energy Centre footprint [m?] 650 650
Energy Centre CHP Capacity [MW¢] 2.3 1.2
Length of Heat Network [m] 9,320 1,763

Key Risks
The future of a possible Crossrail Corridor interconnection will rely on the presence of an initial

cluster network in Ilford Town Centre. Therefore, the project opportunity will ultimately rely on
London Borough of Redbridge to push forward the project at Ilford Town Centre in order to create
the correct conditions to allow the Crossrail Corridor project to be taken forward

The IRR for the combined project is marginally lower than for the Ilford Town Centre only project
and therefore is likely to require direct involvement from London Borough of Redbridge to bring
about expansion into the Crossrail Corridor, since a commitment to do so from the private sector
cannot be assumed.

In order to safeguard for future expansion into the Crossrail Corridor, the initial Cluster project in
Ilford Town Centre would need to include additional investment in large diameter pipework and
additional space within the energy centre. London Borough of Redbridge needs to take a view on
the acceptability of this safeguarding position in financial terms.

Overall recommendation

In the event that the Ilford Town Centre heat network is taken forward, the case for
interconnecting developments within the Crossrail Corridor to the Ilford Town Centre heat
network at a future time appears to be reasonably strong.
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It is recommended that this option is taken forward for further appraisal if Ilford Town Centre
heat network is taken forward.

Table 18: Key Project Parameters - Ilford Town Centre and Crossrail Corridor Project

Page 65




5. GOODMAYES OUTLIER

5.1 Summary of Opportunity

The Goodmayes Outlier site has been identified as a site that no longer meets the criteria for
inclusion within Green Belt and where alternative uses may be appropriate over the coming
decade. A range of community facilities have been proposed, whereby the former administration
hospital building could form a new community hub facility at the heart of the site. Other proposed
facilities include a primary school, a secondary school and a new polyclinic.

The development proposals are not complete and a future masterplanning exercise for this area
will consider all of the Green Belt area including King George Hospital, Goodmayes Hospital, the
Ford Sports Site and Seven Kings Park. The outcome will form part of the evidence base for the
submission version of the Core Strategy review, although the site is already identified as being
potentially suitable for decentralised energy under the Crossrail Corridor Area Action Plan.

The housing element suggested in the Green Belt study has been identified at around 1,500
units, although London Borough of Redbridge believes that it is likely to be less than this in order
to retain the open and historic character of the site.

Goodmayes Hospital has been identified as having the potential to be developed as a residential
urban quarter, with part of the existing building being converted into residences and an
additional amount constructed as new infill development.

Additional housing opportunities have been proposed along the central western boundary and
south east corner of the site and north of King George Hospital.

The development proposals are in the very early stages. Based on discussions with London
Borough of Redbridge planning department, the following assumptions have been developed
around the phasing of the residential development. These are reflected in the demand projections
identified in this report. The key points of note in relation to the heat network opportunity are
summarised below.

1) The new residences will be predominantly family housing in a garden suburb setting. Of
the one thousand units proposed, only around 10% will be flats which will be located to
the north of the site. The remainder will be terraced houses with an average dwelling
density of around 50 dw/ha.

2) Construction phasing will take place between 2020 to 2028 with around 125 units per
year, most likely starting at the Goodmayes site with conversion of the existing locally
listed building into 120 dwellings, followed thereafter by new infill development at that
site.

3) Development phasing along the central western boundary, the south east corner and the
northern part of the site follow thereafter, with the central western boundary being
developed last.

Two new schools are proposed on the site; a primary school of one hectare (GFA 4140m?) and a
Secondary school of one hectare (GFA 7340 m?). These are expected to come forward over the
next decade. Construction is assumed to take place in 2024 for the purpose of this report.

Development opportunities for Redbridge College include the possible relocation of the facility to
the Crossrail Corridor / Ilford Town Centre (with redevelopment of the site as another secondary
school with new residential housing) and extension of the existing college (again with new
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residential housing). For the purpose of this report, it has been assumed that 60 residential units
would come forward and that the college would stay on-site and expand its provision (GFA 2,500
m?). It is noted that if the college stays on site, it is likely to be in a new building that would be
more energy efficient.

Finally a new polyclinic is proposed in the King George’s Hospital area (GFA 3500 m?).

The existing buildings within the opportunity area include both existing hospital sites and
Redbridge College. Goodmayes Hospital has constructed a new mental health facility as an
extension to Chapters House in the south of the main building complex, where part of the
existing hospital functions will decant in order to permit the new residential development at that
site.

Due to the development plans at Goodmayes Hospital, a significant proportion of the existing
medium temperature hot water (MTHW) demand is likely to disappear as hospital functions are
moved to other facilities. Based on consultation with King George Hospital, we have estimated a
reduction of current demand at Goodmayes Hospital of 75% during the cluster phase of the
project, which subsequently reduces to zero when replaced by infill residential development.

5.2 Identified Network Opportunity
5.2.1 Existing Heat Network Opportunity at King George Hospital

The heat network opportunity has been developed around the existing MTHW heat network at
King George Hospital.

The existing heat network is shown in Figure 22 and consists of direct buried heat mains
supplying heat to each of the buildings as shown in the figure.

The network is currently supplied from three Medium temperature Hot Water (MTHW) boilers
each rated at 4,750KW, although the heat production assets on the site consist also of a CHP
plant, two steam boilers and a heat recovery boiler recovering heat from the exhaust gas of the
CHP in separate, adjoining buildings (shown in the bottom left of the figure).

Chilled water is also supplied to the hospital from centralised chillers located in the King George
Plant room, located at the centre of the figure.
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New Developments Approximate Route of HTHW Pipework

Possible typical location of
decentralised plant room between
blocks

King George Plant Room

Patentlal Location of Temporary OR
Permanent new Bailer Plant

WHE {for CHP)
HTHW Boiser House
Steam Boiler House
CHP Engine

Figure 22: Summary of Existing MTHW Heat Network at King Georges Hospital

The existing CHP plant which is rated at 1,070 kWe was installed in 2005. This incorporated a
waste heat steam boiler which recovered high grade heat energy from the CHP exhaust gases in
order to meet the loads of the on-site laundry and Sterile Services (or Decontamination Units).
The existing steam boilers were also operated to take the additional load, not met by the CHP
plant. The CHP was taken out of operation in 2009, when the laundry was shut down, and
remains non-operational at present. Laundry services are now contracted off site and the Sterile
Services (Decontamination Units) are supplied through the two steam boilers, since there is
insufficient demand to justify economic operation of the CHP. However, the Trust continues to
pay the supplier under a 15 year lease agreement for a service contract, from which it is not
benefiting. The Trust in conjunction with the CHP supplier is understood to be looking at options
for returning the CHP into operation.

The existing medium temperature heat network shown in Figure 22 also extends south to
Goodmayes hospital through an additional main running south from the south of the energy
centre (not shown in the figure). Heat is delivered to 10 plantrooms within Goodmayes Hospital
via this main. However, this section of the network, which runs predominantly elevated across
the existing Goodmayes hospital buildings, will be decommissioned and removed when the
Goodmayes hospital site is redeveloped and is therefore not considered to be part of the
opportunity carried forward for this project.

Barking Havering and Redbridge Hospitals NHS Trust is understood to be considering options for
removal for the CHP plant and decentralisation of the existing energy supply (with possible
relocation of the main heat production assets as shown in Figure 22).

5.2.2 Network Opportunity Taken Forward

The proposed heat network opportunity is shown in Figure 23.

The existing heat network delivers heat at 120 °C which is well above the temperature required
to supply new buildings connecting to the project.

Page 68



Based on discussions with Barking Havering and Redbridge Hospitals NHS Trust’s the preferred
approach for developing any wider opportunity would be to retain the existing medium
temperature hot water service to King George Hospital as opposed to reconfiguring the network
to allow it to operate at lower temperatures.

Discussions with Barking Havering and Redbridge Hospitals NHS Trust, indicates that the limiting
factor in this decision are the hot water calorifiers® serving the existing buildings which we
assume have been sized on the basis of heat delivered at 120 °C, (i.e. based on the existing
MTHW network).

However, there could be a case for de rating the supply temperature in the network to around 95
°C to 100°C to improve the heat recovery efficiency of the CHP and it is considered likely that the
existing calorifiers would have sufficient excess capacity to continue to meet the hospital
demands at the lower operating temperatures.

For the purpose of this report, we have therefore modelled the project on this basis, without
including any investment in upgrading the calorifier capacity. It is noted however, that this
assumption needs to be tested at the next stage.

A range of possible network configurations exist based on the retaining the existing MTHW
network. For the purpose of the study we have assumed a concept that would supply the newly
connected buildings from the return of the existing MTWH network. This concept would maximise
capacity in the existing MTHW network by increasing its overall temperature drop (delta T),
thereby maximising heat capacity and minimising the likelihood of having to replace or extend
the existing network.

Under this arrangement, water from the return of the existing MTHW heat network would be
delivered through a hydraulic interface unit located within a new energy centre as shown in
Figure 23 (i.e. the site earmarked for a potential new boiler house as shown in pink in Figure 22).
This building would also house booster pumps to distribute heat to the newly connected buildings
and a further boiler to provide back-up and topping up capability to ensure sufficient supply
capacity at all times. This would allow the newly connected buildings to be supplied at
temperatures of up to 110 °C in the peak condition, with the capability of lowering supply
temperatures at part load through recirculation of the return water from the newly connected
buildings.

It has also been assumed that the existing heat production assets (CHP and MTHW boilers) would
be retained in situ. This decision would clearly need to form part of the Barking Havering and
Redbridge Hospitals NHS Trust’s wider strategic development plans, but it is considered to be the
most cost effective approach from the perspective of developing a wider heat network
opportunity and on balance is considered likely to be the scenario that would be taken forward.

On this basis, it is assumed that:-

1. the existing CHP would be re-configured to recover heat from the engine jacket (not
currently being done as we understand) and deliver at MTHW rather than as steam (as is
currently the case through the existing heat recovery steam generator).

2. two new network branch connections would be installed as follows: -

e A new network branch connection supplying the new schools, the new residential

developments to the south and west of the site, the new and existing wings at
Goodmayes Hospital and the new Polyclinic to the south of the site.

%0 The calorifiers generate hot water from the MTHW supply and store and distribute this water to the various hospital wings. There are
understood to be no plans to upgrade these in the near or mid-term future.
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¢ A new network branch connection supplying Redbridge College, Newbridge school and
the residential sites to the north of King Georges Hospital.

The technical feasibility of achieving this will need to be addressed further through feasibility
stage, but for the purposes of this study it has been assumed that this could be achieved with an
investment of £1.2M. This fee is assumed to cover:-

1. reconfiguring the gas CHP to recover heat from the jacket and deliver at MTHW rather
than as steam*

2. a new thermal store located in the near vicinity of the CHP plant

3. a new energy centre building located at the site earmarked for a potential new boiler
house (shown in pink in Figure 22) containing a hydraulic interface , distribution pumps,
a LTHW boiler rated at around 4.5MW and associated M&E controls etc.

It is recognised that, if this opportunity is taken forward, a value engineering exercise will
ultimately need to be carried out to assess the benefits in overall investment terms associated
with de-rating the existing MTHW heat network by replacing or modifying the calorifiers serving
existing building heating systems.

A network schematic showing of the proposed heat network opportunity is shown in Figure 23.
This identifies the proposed construction phasing of the heat network and identifies the initial
cluster project (shown in red) as well as the extent of the fully built out project.

There could also be a further opportunity to install an absorption chiller at King George’s hospital
to displace load from the existing central chiller station. This opportunity has been evaluated
separately in Section 5.11.

51 At the request of Barking Havering and Redbridge Hospitals NHS Trust’ we have not approached the CHP supplier at this stage to

discuss costs and possible technical configurations.
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Figure 23: Heat map and Network Outline - Goodmayes Outlier

5.2.3 Initial Cluster Project
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The anchor heat loads forming the initial cluster network (that would serve existing buildings only) are shown in Table 19 below:-

Load name Address Customer Type Heat Construction Connection Demand
based on
[MWh/a] Year Year
CHAPTERS HOUSE, North-East London CHAPTERS HOUSE, North-East NHS 1,380 Existing 2015 DEC
Mental Health NHS Trust, Goodmayes London Mental Health NHS Trust,
Hospital, 157 Barley Lane, Goodmayes Hospital, 157 Barley
Lane,
Newbridge School Newbridge School, 258 Barley London Borough 475 Existing 2015 DEC
Lane, Redbridge
Barking, Havering and Redbridge Barking, Havering and Redbridge NHS 8,860 Existing 2015 Stakeholder
Hospitals NHS Trust Hospitals NHS Trust, King George
Hospital, Barley Lane
Grove Primary School Grove Primary School, Chadwell London Borough 163 Existing 2015 DEC
Heath Lane, Redbridge
Redbridge College Redbridge College, Little Heath, Separate entity 715 Existing 2015 DEC
SKO01 NHS extension at Chapters House NHS 583 Existing 2015 Planning
Application
Goodmayes Hospital NHS 791 Existing 2015 Estimate
based on
actual
Total 12,966

Table 19: Summary of Connected Buildings — Goodmayes Outlier - Cluster Project
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Existing buildings connecting to the project are assumed to be connected through plate heat
exchanger stations located in existing plantrooms. Building surveys have not been carried out at
this stage. For the purpose of this study it has been assumed that:-

1. physical space could be made available, with replacement of an existing standby boiler
under the worst case scenario if necessary

2. the existing heating systems would typically operate at 82°C / 71°C or similar and could
therefore be supplied from a primary network temperature varying between 110 °C in
the peak condition and around 87 °C in the summer condition (or lower if temperature
compensation is in place).

Refer to Appendix 4 for further information.

The diversified peak heat demand growth profile for the cluster project is shown in Figure 24
below. The shaded, coloured areas of the graph show the annual consumption as a function of
customer type and year of operation of the network. The dotted blue line shows the diversified
peak demand seen by the network for all of the customer types.

The associated annual consumption as a function of customer type at cluster project is shown in
Table 20 below.
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Figure 24: Heat Demand Growth Profile - Goodmayes Outlier - Cluster Project

Customer Type Heat [MWh/a]

London Borough Redbridge 638
NHS 11,613

College 715
Total 12,966

Table 20: Heat Demand by Customer Type - Goodmayes Outlier — Cluster Project
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5.2.4 Fully Built Out Project

A summary of the proposed connected buildings under the fully build out project is presented in
Table 21.
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Load name Address Customer Type Heat Construction Connection Demand
based on
CC0Ss28 Redbridge College, Little Heath, Residential 241 2018 2018 Benchmark
Goodmayes customers - new
CC0S26 Goodmayes Hospital, Barley Lane, Residential 1,041 2015 2015 Benchmark
Goodmayes customers - new
Little Heath North High density Residential 247 2023 2023 Benchmark
customers - new
Goodmayes Hospital Residential Infill Residential 691 2021 2021 Benchmark
customers - new
West of Goodmayes Hospital Secondary London Borough 207 2024 2024 Benchmark
school Redbridge
West of Goodmayes Hospital Primary London Borough 153 2024 2024 Benchmark
school Redbridge
CC0Ss27 King George Hospital - new NHS 315 2020 2020 Benchmark
polyclinic
Subtotal 2,896
Cluster Project 12,966
Goodmayes Hospital -791
Decommissioned (estimated 2019)
Total 15,071

Table 21: Summary of Connected Buildings — Goodmayes Outlier - Fully Built Out Project
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It is noted that Goodmayes Hospital has been excluded from the fully built out scenario even
though 25% of the demand was included in the cluster project. The reason for doing this is that
we assume that it won't be decommissioned in the near term and therefore has an impact on the
initial cluster. On the other hand it would be unwise to include it together with all infill flats as
this could potentially lead to an overestimation of heat sales. Adding it would result in a very
small increase of IRR (less than 0.5% change).

The diversified peak heat demand growth profile and annual consumption for the fully built out
project is shown in Figure 25 below. The shaded, coloured areas of the graph show the annual
consumption as a function of customer type and year of operation of the network. The dotted

blue line shows the diversified peak demand seen by the network for all of the customer types.

The associated annual consumption as a function of customer type at full build out is shown in
Table 22 below.
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Figure 25: Diversified Peak Heat Demand Profile - Goodmayes Outlier - Fully Built Out Project

Customer type Heat demand [MWh/a]

London Borough Redbridge 1,807
Residential customers - new 2,065
NHS 11,199
Total 15,071

Table 22: Heat Demand by Customer Type - Goodmayes Outlier - Fully Built Out Project

New buildings connecting to the project are assumed to be connected through plate heat
exchanger stations located in newly constructed plantrooms at basement or ground level in the
buildings. Refer to Appendix 4 for further information.

Ramboll Energy has investigated the viability of connecting the North East London Mental Health

NHS Trust, Brookside to the south of Goodmayes hospital and the low density residential
developments to the south and west of Goodmayes Hospital from 2025 onwards.
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These have been excluded from the network opportunity on the basis of insufficient linear heat
density*

5.3 Energy Supply Opportunity
5.3.1 Proposed Fuel Source and Heat Production Mix

Gas fired CHP in conjunction with gas boilers has been identified as the proposed heat production
equipment, based on the existing assets at King Georges hospital. There could be an opportunity
to replace the existing MTWH boilers with biomass or biofuel heating only boilers and/or to install
the proposed new MTHW boiler as a biomass or biofuel fired alternative. The economics of these

options have not been considered at this stage*

5.3.2 Energy Centre Capacity

Based on the scale of the proposed heat network at full build out, a new energy centre of
approximate size 200 m? will be required to house the new heat exchanger station, distribution
pumps and MTHW boiler.

The existing CHP and MTHW boiler assets would be retained and an additional thermal store of
capacity 235 m? would be required. The modelling indicates that there is no case for installing
additional CHP capacity for this project under the fully built out scenario.

5.3.3 Energy Centre Location

The proposed location of the new energy centre is shown in Figure 23. This is the site already
earmarked by the Hospitals Trust for a potential new boiler house as shown in pink in Figure 22.
5.4 Phasing Strategy and Implementation Plan

The identified phasing strategy for the heat network is shown graphically in Figure 23.

The initial cluster shown in Figure 23 is assumed to be constructed in 2014 and operational from

2015 and would comprise King George’s Hospital, reduced Goodmayes Hospital, Redbridge
College, Newbridge School, Chapters House and SKO1.

The proposed timescales for connecting these additional new development opportunities shown in
Figure 23 are as follows:-

Polyclinic ~2018

Goodmayes Hospital Residential Infill ~ 2021

e Little Heath North High Density development ~ 2023
Primary and secondary schools ~ 2024

The new energy centre would be constructed in 2014, at the same time that the heat network is
installed. The proposed timescales for construction are identified in Appendix 5.

5.5 Economic Appraisal

Economic modelling has been carried out for both the initial cluster project and the fully built out
project. The key economic indicators for the project are presented in Table 23, both for the initial

%2 je the cost of connection is deemed to be too high for the amount of heat sold over the life of the scheme.
%3 It is noted that mitigation measures to maintain acceptable air quality impact should be possible using existing technologies, subject
to local air quality and economic viability at the proposed scale. A fuller air quality impact assessment would be required to assess the
requirements which should be carried out at the feasibility stage.
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cluster project and the fully built out project*. The results are presented as a function of
electricity selling arrangements for a Private Wire arrangement and a project term of 25 years.

Refer to Appendix 3 for definitions of electricity selling arrangement opportunities.

Initial
Cluster
Total Investment CAPEX [£ K] 3,244 4,235
Energy Centre CAPEX [£ K] 1,759 1,759
Length of Heat Network [m] 1,354 2,325
Cost of Heat Network [£ K] 965 1,588
Connection CAPEX [£ K] 148 402
Project Development Costs [£K] 373 487
Annual Operating Costs [£ K] 1,068 1,209
Annual Revenues from Heat Sales [£ K] 694 921
Annual Revenues from Electricity Sales [£ K] 754 819
Annual Saving per year to LBR due to CRC savings [£] 0.3 0.3
. 78.9in
2oisand | 2015
Weighted Average Electricity Sales Value from Project [£ /MWh] 110 in and
2039
Annual Operating Margin at full build out [£ K] 422 573
Annual Revenues from Electricity Sales, LEC and CRC [£ K] 796 861
values
IRR % over 25 years [%] 11.0% 11.6%
NPV at 6% discount factor [£ K] 1,412 1,898

Table 23: Key Economic Indicators - Goodmayes Outlier Project — Private Wire Arrangement

The required initial capital investment for the project would be around £3.2M and £4.2M under
the initial cluster and the fully built out projects.

The project benefits from an existing private wire arrangement (refer to Appendix 3). Under this
arrangement, the initial cluster project based around the existing buildings would deliver an IRR
of around 11.0% over 25 years® and the fully built out project would deliver an IRR of 11.6%
over 25 years. The corresponding NPVs would be £1.4M and £1.9M respectively at a 6% discount
factor. The annual saving to London Borough of Redbridge associated with reduction in CRC

5% Under the Private Wire arrangements, is has been assumed that no investment in a private wire would be necessary, since this is

already in place for the site.

55 This assumes £250k capital expenditure in the CHP at the start of the project, a 50% (of a new CHP installation cost) replacement

cost in year 2029, no connection cost for King Georges hospital and a nominal investment in additional gas boilers.
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payments under the project would be £0.3K under both the initial cluster and fully built out
projects.

Fuel savings would remain unchanged under the current modelling assumptions. This assumes
that the project would charge London Borough of Redbridge its current heat price, which has
been calculated to be 4.12 p/kWh excluding annualised reinvestment costs and 4.27 p/kWh
including annualised reinvestment costs.

Discounted cashflow forecasts for the initial cluster project and the fully built out project are
presented in Figure 26 and Figure 27 respectively. These are based on a private wire selling
arrangement.

£5,000,000
£ o m—Simple cashflow
£4,000,000 3.5% Discounted
6% Discounted
£3,000,000
0% Discounted
£2,000,000
£1,000,000
20 " : T T !
il o A - =
o ) 0
& 7 7
-£1,000000
-£2,000,000
-£3,000000

Figure 26: Cumulative Discounted Cashflow Forecast - Goodmayes Outlier — Cluster Project — Private
Wire Arrangement
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Figure 27: Cumulative Discounted Cashflow Forecast - Goodmayes Outlier - Fully Built Out Project-
Private Wire Arrangement

5 The CRC benefit shown in the table reflects the benefit seen by the connected buildings rather than the benefit taken by the project.
Refer to Appendix 3 for details of the assumed benefit sharing arrangement.
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The impact of a range of capital contributions from £500K to £2M has been tested for the project.
The results are shown in Figure 28. IRR is seen to increase to 19.0% and 18.4% for a grant
contribution of £1M for the cluster and fully built out projects respectively.

Potential sources of grant funding could be Allowable Solutions, Section 106 funding, Community
Infrastructure Levy, Housing Revenue Account, New Homes Bonus (for the fully built out project),
Homes and Communities Agency and the London European Regional Development Fund. London
Borough of Redbridge needs to explore these sources of funding and identify possible
contribution levels.
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Figure 28: Impact of Grant Contribution to Project IRR for the Cluster and Fully Built Out Projects

5.6 Sensitivity Analysis

A sensitivity analysis has been carried out around the key variables that influence the IRR for the
project. The results of the sensitivity analysis are presented in Figure 29 and Figure 30 for the
cluster project and fully built out project for the Private Wire scenario. Please refer to Section 2.5
and Appendix 3 for interpretation of this figure.

The key conclusions drawn for the cluster project are that:-

1. Electricity selling price, gas purchase price, project capital cost, and heat selling price are
the major drivers in uncertainty around IRR.

2. A favourable variation of 10% in any of the indicated variables will increase the IRR to
over 12%.

3. An unfavourable variation of 10% in any of the indicated variables will still maintain an
IRR of over 8.0%, which is still considered to be attractive.

For the fully built out project similar conclusions apply with IRRs of over 12.5% and 9%
respectively.
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Figure 29: Economic Sensitivity Analysis — Goodmayes Outlier - Cluster Project
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Figure 30: Economic Sensitivity Analysis — Goodmayes Outlier - Fully Built Out Project
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5.7 Implications for Project Procurement

The Goodmayes project appears to represent a viable business opportunity and it is
recommended that the project opportunity is considered further by Barking Havering and
Redbridge Hospitals NHS Trust.

Two main procurement options could be considered for taking forward this project opportunity.

Firstly the hospital could develop and own the network and sell heat to the various customers
identified under the opportunity. This would generate an income for Barking Havering and
Redbridge Hospitals NHS Trust, which could be used to fund its core activities but would require
the Trust to inject capital or borrow to finance construction of the network. The Trust’s appetite
for adopting this approach would need to be explored further since this would represent a
departure from its core business and would introduce operational risk.

Secondly, a third party provider such as an ESCo could step in and operate the energy centre
under an energy services contract, selling heat to both the Trust and the new developments in
the area. This could be of interest to the Trust, particularly if the ESCo were to take on the
Trust’s additional carbon reduction commitments under that contract. The existing assets could
remain under the ownership of the Trust or could be transferred to the ESCo provider, whilst
investment in the new infrastructure could be made by the ESCo. The ESCo would operate and
maintain the project under a concession period, with a commitment to supply energy to the Trust
throughout the period. By injecting finance into the project, the ESCo would free up the capital
for the Trust allowing it to divert this money to other services.
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Figure 31: Modelling outcomes as a function of Project Term and Project Scale - Goodmayes Outlier -
Private Wire Arrangement

Figure 31 presents the various modeling cases described in Appendix 3 based on a private wire
arrangement, which is considered to be the most economically favorable option given the existing
electrical connection arrangements at the site. The interim project provides another investment
perspective which represents a scenario between the pessimistic initial cluster scenario and the
fully built out, where only the first 6 years’ additional connections are realised.
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Using this figure the following conclusions have been drawn in terms of procurement options.

Due to long development timescales, the IRR for the fully built out project viewed over 25 years
are similar to that of the cluster project viewed over the same period. Whilst the Trust might find
the calculated IRR of both scenarios acceptable over 25 years, it is difficult to see what incentive
the Trust or an ESCo would have for extending the project beyond the initial cluster.

Viewed over 40 years, the IRR of the fully built out project exceeds that of the initial cluster
network viewed over 25 years. This suggests that if the Trust were prepared to invest in the
project and view its return over a long term, it could potentially sell the project to the private
sector at a later stage in its lifecycle, at which point the project would represent a low risk
proposition that a private ESCo might be prepared to take on.

A comparison of the cases with and without inclusion of the low density housing elements
indicates that the low density housing elements reduces the economic case for the overall
project. Although the indicated IRR’s are likely to be acceptable to Barking Havering and
Redbridge Hospitals NHS Trust, it is difficult to see how connecting these low density housing
developments could be an attractive proposition for the project. Our recommendation is therefore
that these developments should not be required to safeguard to connect to the heat network.
These are identified as points named as ‘West of Goodmayes Hospital' and ‘South of Goodmayes
Hospital’ in Figure 23.

The interim project includes the first set of investments (first six years in this case) and
subsequently only the necessary re-investments and running costs. This effectively means not
extending the network or connecting more buildings after this cut-off period. Economically this is
the most attractive of the options considered and is likely to be the view that an ESCo would
take. In theory, every next ‘optional’ investment such as connection and extension of network
would be judged on its merits and hence independent of the interim project business case. This
case is in principle very similar to an initial cluster scenario but carries more risk as it is
dependent on future buildings and the inherent risk of such.

London Borough of Redbridge are likely to have little interest or incentive to become involved in
the project since the scope for reducing local authority carbon emissions and future fuel costs
would be limited and the opportunity to extending the project beyond the immediate vicinity
appear to be very low. London Borough of Redbridge’s role in this project should be to act as a
facilitator for the project bringing together key stakeholders and to require the new schools,
polyclinic and high density developments to safeguard for connection to the project if it is taken
forward.

5.8 Heat Supply Contribution

The heat supply contribution from each heat production asset for the initial cluster project and
the fully built out project are shown in Appendix 6. These are shown as load duration curves,
monthly supply profiles at full build out and cumulative supply contributions from each heat
production asset as modeled for the initial cluster and fully built out projects.

5.9 Carbon Appraisal

Projected carbon savings for the initial cluster and fully built out projects over 25 years are

presented in Table 24. Reference to the calculation methodology is provided in Appendix 3.
Calculated carbon trajectories over the project lifecycle are presented in Appendix 5.

Page 83



Grid Carbon DECC Grid

Factor Decarbonisation

Unchanged Trajectory
Business as Usual CO,
over life of Fully built out [TCO,] 95,064 87,072
Project
CO, Savings over life of
Fully built out Project
% reduction in CO,
savings over life of Fully [%] 18.9% -7.9%
built out Project
Business as Usual CO,
over life of Cluster Project
CO, Savings over life of
Cluster Project
% reduction in CO,
Savings over life of [%] 26.1% 8.3%
Cluster Project

[TCO,] 17,952 -6,922

[TCO,] 91,451 90,510

[TCO,] 23,899 7,500

Table 24: Carbon Emission Projections - Goodmayes Outlier Project

The table identifies a positive saving in CO, over the life of the project based on projections using
current grid emission factors but a negative saving for the fully built out project if the DECC
decarbonisation trajectory is assumed, highlighting the limited role that gas CHP will be able to
play in carbon reduction in the future if DECC's grid decarbonisation trajectory is realised in
practice. If so, the annual CO, savings are positive up to 2028 for the fully built out project. See
Appendix 5.

5.10 Route Identification and Risk Appraisal

There are no major barriers identified for the pipework routing across the site. The site has
significant proportion of green field, making construction relatively cheap and quick.

Permissions and wayleaves requirements will be minimal, since the majority of the network could
be routed across the Trust’s private land and London Borough of Redbridge’s land. However,
there is a river running north-south direction just west of the hospitals which would need to be
crossed to access the proposed secondary school and low density housing area towards the west
of the site.

Access through brownfield areas can be carried out during development of the site, with potential
for sharing trenches with other services, thereby significantly reducing costs.

Access across King George’s Hospital would require road and car park closures with associated
disruption. There may be opportunities for using green field parts of the site and for extending
the network from its existing route across the site. However, the technical case for doing this
would need to be established through a design study.

5.10.1 Archaeology / SSSI

Based on the GIS data provided by London Borough of Redbridge, there is no indication of an
SSSI or any archaeological interest that would present a risk to the project.
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5.10.2 Access across river

Access across the river is not expected to cause a problem since it not very wide. There is an
existing crossing point in the vicinity of the Bowling Green which could potentially be used to
route pipework across the river.

Additional access across the river will be provided under any future development of the site and
this will need to incorporate other utilities. The district heating mains can be incorporated along
with these utilities.

If necessary, it would be possible to consider submerging the pipework and routing it across the
bed of the river. Effective anchoring of the pipework to the bed of the river will be required if this
approach is taken to prevent damage due to static loading variations arising from changing water
levels. The ground stability in the river is likely to be poor, potentially complicating anchoring
arrangements. Alternatively the pipework could be installed beneath bed level but this is
considered to be unnecessary for this project.

5.10.3 Access to Redbridge College

Access to Redbridge College could take place across London Borough of Redbridge owned land
(Newbridge School grounds). This would avoid routing the network along a section of the public
highway, B177.

Access across the road would be required. The road is single carriage and is a bus route, causing
potential traffic management problems. Approvals from TfL and Highways department will be
required. The length of this section would be very short, and the associated disruption would be
short in duration. Grove Primary School could also be supplied via the college.

5.11 Absorption Chiller Option

King George hospital currently operates two existing vapour compression chillers located within a
centralised chilling station at the centre of the hospital site. Each chiller is rated at 595 kWcyw.

The chillers operate in a duty, standby arrangement. Each is sized approximately for the summer
peak and operates reasonably constantly at full load during working/operating hours over the
summer months from June to August, with a reduced load at weekends. During non-summer
months, the chillers are understood to operate at around 35% capacity for the majority of the
year.

The opportunity to supply the hospital from an absorption chiller has been investigated on the
basis that it would operate using LTHW heat from the gas CHP distributed through the existing
MTHW mains (operating at a de-rated temperature as discussed earlier in this chapter).

Figure 32 below shows the calculated hourly heat consumption requirement for one year from the
MTHW network to supply the proposed absorption chiller. The calculation is based on information
provided by Barking Havering and Redbridge Hospitals NHS Trust. Chilled water consumption is
not metered at the site. In the absence of any detailed chilled water demand information from
Barking Havering and Redbridge Hospitals NHS Trust, Ramboll Energy has therefore estimated
the chilled water demand profile for the King George’s hospital and used this to calculate the
contribution from an absorption chiller that would be sized to take up the baseload demand for
the site. On this basis, it has been concluded that an absorption chiller of 500 kW could
potentially be installed with an estimated LTHW requirement of 1,593 MWh per year.
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Figure 33: Annual demand profile showing the absorption chiller impact on heat demand - the heat for
cooling is included in the DHW legend green dotted curve

Based on this analysis, the inclusion an absorption chiller sized to supply the baseload chilled
water demand for the hospital would cost around £300K (with associated heat rejection and
balance of plant included) and would not have a significant impact on project IRR. Based on our
calculations, it would reduce the IRR from 11.0% to 10.9% over 25 years, which is within an
error of margin and too small to draw a clear conclusion as to whether it would be beneficial to
take forward. Similarly, the change in carbon dioxide emissions savings impact is also only 0.1%.
This assumes a single effect chiller could be installed and that sufficient capacity would exist in
the MTHW network to deliver this additional requirement.

The initial recommendation is therefore to review the option for an absorption chiller through a
more detailed study if the opportunity for extending the heat network is taken forward by the
Trust. It is noted that any decision to proceed with the absorption chiller option would need to
take into account proposals for reducing the operating temperatures of the existing MTHW
network, which could impact on the assumptions that Ramboll Energy has made regarding chiller
COPs and therefore project IRR.

57 operating at around 95 °C
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5.12 Summary

A summary of the key project parameters is shown in the table below.

Fully built Cluster
out 25 years project over
25 years
Total Investment CAPEX [£ K] 4,235 3,244
o - .
IRR % over 25 years based on Private Wire (%] 11.6 11.0
Arrangement
o —
NPV at 6% dlscoun_t factor_based on Electricity [£ K] 1,898 1,412
Licence Lite
CO, Savings over 25 years life of project relative
to Business As Usual - Grid Factor unchanged [TCO:] 17,952 23,899
CO, Savings over 25 years life of project relative o o o
to Business As Usual - Grid Factor unchanged [%] 18.9% 26.1%
Energy Centre footprint (heat transfer station) [m?] 200 200
Energy Centre CHP Capacity [MW,] 1.0 1.0
Length of Heat Network [m] 2,325 1,354

Key Risks

Many of the risks identified for the Ilford Town Centre project also apply to this project.

A key barrier to this project opportunity is the timescales for the development proposals. The
Trust has a short to medium term objective to address around the future of its existing CHP asset
but the wider development opportunities will not come forward for many years. The proposed
network opportunity may not be in the Trust’s best economic interests.

Future expansion of the project will depend on whether the future development proposals
materialise and indeed whether the site gets released for alternative uses from its current Green
Belt status.

There is uncertainty around the cost and technical viability of retrofitting heating systems to the
proposed flats in Goodmayes, since this is a listed building.

There is uncertainty around the future plans for Redbridge College.

There is uncertainty around the viability and costs to the Trust associated with modifying its
existing systems to operate at lower temperatures.

Overall recommendation

There appears to be a viable project opportunity for Goodmayes Outlier, based on the existing
CHP assets at King George Hospital. It is recommended that the project opportunity is considered
further by Barking Havering and Redbridge Hospitals NHS Trust.

London Borough of Redbridge are likely to have little interest or incentive to become involved in
the project, since the scope for reducing local authority carbon emissions and future fuel costs
would be limited and the opportunity to extending the project beyond the immediate vicinity
appear to be very low. London Borough of Redbridge’s role in this project should be to act as a
facilitator for the project bringing together key stakeholders and to require the new schools,
polyclinic and high density developments to safeguard for connection to the project if it is taken
forward.
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The low density housing element proposed for the opportunity area significantly reduces the
economic case for the overall project and it is difficult to see how connecting these developments
could be an attractive proposition for the project. Our recommendation is therefore that these

developments should not be required to safeguard to connect to any future heat network
opportunity.

Table 25: Key Project Parameters — Goodmayes Outlier Project
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6. BARKINGSIDE INVESTMENT AREA

6.1 Summary of Opportunity
Barkingside Investment Area is located towards the northern part of Redbridge.

Specific opportunities within the Barkingside Investment Area for a decentralised
energy network have been identified under previous work as presented in [2].

Oakfields Playing Fields and Redbridge Sports and Leisure Centre

The Green Belt Study carried out in Sept 2010 identified Oakfields Playing Fields and Redbridge
Sports and Leisure Centre site as a site for potential release from the Green Belt designation
under the NPPF as it is considered to no longer meet the criteria for Green Belt.

The site is 25ha in area and is presently used for sporting purposes and represents the largest
sporting centre in the borough. London Borough of Redbridge owns (or leases) the majority of
the site, making it potentially a very interesting opportunity from the perspective of developing a
heat network. The Green Belt Study proposed two conceptual development options for this site
incorporating a mix of residential development (between 690- 1150 dwellings), a school and / or
a polyclinic.

King Solomon and Ilford Jewish Primary School Playing Fields

The Green Belt Study carried out in Sept 2010 identified King Solomon and Ilford Jewish Primary
School Playing Fields as a site which may be suitable for release from the Green Belt.

The site is 12ha in area and currently accommodates two schools — one to the north of the site
and one to the south. London Borough of Redbridge owns the whole of the site, making it
potentially a very interesting opportunity from the perspective of developing a heat network.

The Green Belt Study suggested this site could potentially accommodate between 150-250
residential dwellings in the area between the two schools as well as the possibility of extending
the capacity of the existing schools.

Barkingside and Fullwell Cross

Barkingside is designated as a District Centre. It is a typical London suburb with a population of
27,000 people. The town centre includes a range of shops and services concentrated along the
700 metre long High Street.

The Barkingside Town Centre Improvement Plan [5] proposes a broad range of social, economic
and physical improvements in the town centre. One suggestion in the plan identifies an area for a
new town square (near Fullwell Cross roundabout), which primarily involves lighting, street
furniture etc. The Council has recently received funding from the Mayor of London for
improvements to Barkingside Town Centre. In addition, the Craven Gardens car park (next to
Fullwell Cross round-a-bout) is identified as a possible location for a new NHS Health Care facility
and has a range of other potential uses if a health care facility does not materialise.

There is an existing Sports Centre (to the northern end of the High Street) (Fullwell Cross) which
houses an existing 70 kWe CHP which provides heat to the centre (including pool) and the
adjacent Fullwell Cross library.

In addition, there are a number of significant existing buildings to the southern end of the High

Street and a humber of development opportunity sites identified in [8], also predominantly to the
southern end of the High Street.
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6.2 Identified Network Opportunity
6.2.1 Initial Cluster Network

The opportunity to bring forward a heat network within the Barkingside Investment Area has
been assessed.

This has focused on options for an initial cluster project centred around a number of existing heat
loads; Redbridge Sports and Leisure Centre, King Solomon High School and the Bingo Club, and
consideration of the possibility of using the existing CHP at Fullwell Leisure Centre to supply the
network opportunity.

The modelling carried out has indicated that the existing 70 kWe gas CHP engine at Fullwell Cross
Leisure Centre is too small to contribute effectively towards the proposed cluster network and
that CHP capacity of 185 kW, would be required to deliver a reasonable contribution. The existing
energy centre housing the 70 kWe gas CHP engine located at the Fulwell Cross Leisure Centre is
considered to be too small to accommodate the future CHP capacity and a new location would
therefore be required to take this project forward. The modelling has shown that the additional
cost associated with construction of the new energy centre would render the future network
opportunity non-viable in economic terms (see below) and on this basis, the value to London
Borough of Redbridge of an initial cluster network based around the identified demands is
questionable.

6.2.2 Fully Built Out Network

Further development opportunities around the identified new developments in Fullwell Cross®®
have also been explored. Six network configurations representing various combinations and
extents of heat network build out have been tested. The smallest network considered was
connecting the leisure centre with King Solomon, Ilford Jewish Primary School and the new
developments in between the two schools. Other options were to include or exclude the part of
the network south of Ilford Jewish Primary School and also to include or exclude the part of the
network north of King Solomon School. Of these, the most favourable option in economic terms is
a project comprising all identified developments as presented in Figure 34.

The new developments in the Oakfield area are considered too low heat density to prove
financially attractive taking into account the anticipated low rise nature of these, coupled with the
geographical spread and low heat demand.

However, this option returns an IRR of around 4.1% over 25 years, based on an electricity
Licence Lite arrangement and a delayed project start until 2023, when most of the new
developments are complete.

The Electricity Licence Lite arrangement is considered to be the most economically attractive
basis on which to take forward the proposed opportunity, and yet the indicated IRR under this
arrangement falls considerably short of what is considered to be economically viable.

On this basis it has been concluded that a project at Barkingside should not be pursued on the
basis of the current development opportunities identified for the site.

%8 as indicated in [16]
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Figure 34: Heat map and network outline Barkingside Project
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A summary of the buildings considered for the heat network opportunity is presented in Table 26 below.

Load name Address Customer Type Heat Construction \ Connection Demand based on
[MWh/a] Year Year
Sainsbury's - Tanners Lane, Barkingside Existing Commercial 168 Existing 2023 Benchmark
Barkingside
Redbridge Sports Forest Rd, Barkingside Existing Commercial 1,221 Existing 2023 Benchmark
Centre
Existing Bingo Club Fullwell Avenue, Barkingside Existing Commercial 309 Existing 2023 Benchmark
Tesco - Village Way, Village Way, Barkingside Existing Commercial 267 Existing 2023 Benchmark
Barkingside
THE NEW RUSH HALL Fencepiece Road, Barkingside London Borough Redbridge 319 Existing 2023 Actual data
SCHOOL
Clerk to the Justices Clerk to the Justices, 850 Cranbrook Road, London Borough Redbridge 369 Existing 2023 DEC
Metropolitan Police Metropolitan Police, 1 High Street, Barkingside | London Borough Redbridge 435 Existing 2023 DEC
Fullwell Cross London Borough of Redbridge, Fullwell Cross London Borough Redbridge 1,720 Existing 2023 DEC
Swimming Pool Library, 140 High Street, Barkingside
Fairlop Primary School Fairlop Primary School, Colvin Gardens, London Borough Redbridge 168 Existing 2023 DEC
King Solomon High King Solomon High School, Forest Road, London Borough Redbridge 871 Existing 2023 NI185
School
AL10 366-380 Horns Road, Barkingside Residential customers - new 37 2016 2023 Benchmark
ALOS8 Station Approach/Carlton Drive, Barkingside Residential customers - new 74 2016 2023 Benchmark
FLO4 Coral Bingo Club, 2a Fairlop Road, Barkingside | Residential customers - new 127 2015 2023 Benchmark
ALO3 New Mossford Site, part of Barnardos Village Residential customers - new 406 2013 2023 Benchmark
HD - Oakfields - 1 n/a Residential customers - new 141 2021 2023 Benchmark
HD - Oakfields - 2 n/a Residential customers - new 141 2022 2023 Benchmark
HD - Oakfields - 3 n/a Residential customers - new 141 2023 2023 Benchmark
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HD - Oakfields - 4 n/a Residential customers - new 141 2024 2024 Benchmark
HD - Oakfields - 5 n/a Residential customers - new 141 2025 2025 Benchmark
HD - Oakfields - 6 n/a Residential customers - new 141 2026 2026 Benchmark
HD - Oakfields - 7 n/a Residential customers - new 141 2027 2027 Benchmark
HD - King Solomon - 8 n/a Residential customers - new 74 2028 2028 Benchmark
LD - Oakfields - 1 n/a Residential customers - new 775 2021 2023 Benchmark
LD - Oakfields - 2 n/a Residential customers - new 775 2022 2023 Benchmark
LD - Oakfields - 3 n/a Residential customers - new 775 2023 2023 Benchmark
LD - King Solomon - 3 n/a Residential customers - new 186 2021 2023 Benchmark
LD - King Solomon - 4 n/a Residential customers - new 186 2022 2023 Benchmark
LD - King Solomon - 5 n/a Residential customers - new 186 2023 2023 Benchmark
LD - King Solomon - 6 n/a Residential customers - new 186 2024 2024 Benchmark
LD - King Solomon - 7 n/a Residential customers - new 186 2025 2025 Benchmark
New Polyclinic n/a London Borough Redbridge 74 2020 2023 Benchmark
Oakfields
New primary School n/a London Borough Redbridge 56 2020 2023 Benchmark
Oakfields
ILFORD JEWISH CARLTON DRIVE, Barkingside London Borough Redbridge 412 Existing 2023 NI185
PRIMARY SCHOOL
ALO7 Tanners Lane, Barkingside New Medium Commercial 80 Existing 2023 Planning Application
Total 11,426

%% Rounding means the sum of the individual buildings (11,429) does not match this total.

Table 26: Summary of Connected Buildings - Barkingside Investment Area
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The diversified peak heat demand growth profile for the fully built out project opportunity is
shown in Figure 35 below. As for other cases in this report, this indicates the diversified peak
demand and annual consumption for the proposed network opportunity as a function of customer
type and year of operation of the network .

The figure identifies a project start date of 2023, which is considered to be the most economically
favourable time at which a network development could come forward, based on the identified
development projections for the opportunity area.

The associated annual consumption as a function of customer type at full build out is shown in
Table 274,
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Figure 35: Diversified Network Peak Load and Heat Demand Profile by Customer Type - Barkingside
Investment Area - Fully Built Out Project

Customer type Heat demand [MWh/a]

New Medium Commercial 80
London Borough of Redbridge 4,426
Residential Customers - new 4,956

Existing Commercial 1,964
Total 11,426

Table 27: Heat Demand by Customer Type - Barkingside Investment Area - Fully Built Out Project

6.3 Energy Supply Opportunity
6.3.1 Proposed Fuel Source and Heat Production Mix

Gas fired CHP in conjunction with gas boilers has been identified as the preferred heat production
equipment for the project opportunity. As for other identified opportunities this could potentially

%0 The dotted blue line shows the undiversified peak demand for all of the customer types. This has been calculated by summing the
non-diversified demands for each customer type. The shaded, coloured areas of the graph show the contributions towards the
cumulative diversified peak demand seen by the network due to each of the customer types.

5! In this table, large and medium commercial are split according to predicted gas consumption, with the threshold gas consumption
between the two being as defined in [14],[15]. This is done for the purpose of identifying the alternative cost of heat for these
customers. The figure shows the ‘connected loads’ in each year as opposed to the demands associated with all identified buildings
within the opportunity area. Refer to Appendix 3 for more information on customer types.
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be supplemented with biomass or biofuel boilers, although the economics of this option have not
been considered at this stage.

Based on the scale of the identified heat network opportunity, an energy centre of approximate
size 600 m? would be required, accommodating a CHP with installed capacity of 1.5 MWe.

6.3.2 Energy Centre Location
As noted in Section 6.2 above, the energy centre housing the existing 70 kWe gas CHP engine
located at the Fulwell Cross Leisure Centre is considered to be too small to accommodate the

additional CHP capacity for the identified network opportunity.

On this basis, a new energy centre is proposed in the vicinity of King Solomon High School as
identified in Figure 34.

6.4 Economic Appraisal
The results of the economic appraisal for the project opportunity identified in Figure 34 are shown

in Table 28 and Figure 36 below for the fully built out project assuming an Electricity Licence Lite
selling arrangement and a project term of 25 years.

Fully Built
out project
Total Investment CAPEX [£ K] 10,502
Energy Centre CAPEX [£ K] 4,069
Length of Heat Network [m] 7,110
Cost of Heat Network [£ K] 4,474
Connection CAPEX [£ K] 750
Project Development Costs [£ K] 1,208
Annual Operating Costs [£ K] 1,132
Annual Revenues from Heat Sales [£ K] 904
Annual Saving per year to LBR due to CRC savings [£ K] 0.9
89.3in 2023
Weighted Average Electricity Sales Value from Project [£ /MWh] and 124.5 in
2047
Annual Operating Margin at full build out [£ K] 821
,\’-/\er;l;asl Revenues from Electricity Sales, LEC and CRC [£ K] 1,049
IRR % over 25 years [%] 4.1%
NPV at 6% discount factor [£ K] -1,830

Table 28: Key Economic Indicators - Barkingside Investment Area Project

The required capital investment for the fully built out project would be £10.5M.

The calculated IRRs for the fully built out project would be around 4.1% over 25 years, based on
an Electricity Licence Lite arrangement. The corresponding NPV would be -£1.8M at a 6%
discount factor.

The project will require a delayed project start in 2023, by which time most of the new

developments would be complete, in order to optimise cashflow.
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The electricity selling price required to deliver a 10% IRR for the fully built out project over 25
years®> would be 13.9 p/kWh.

The annual saving to London Borough of Redbridge associated with reduction in CRC payments
under the project would be £0.9K under the fully built out project®.

Fuel savings would remain unchanged under the current modelling assumptions. This assumes
that the project would charge London Borough of Redbridge its current heat price, which has
been calculated to be 4.12 p/kWh excluding annualised reinvestment costs and 4.27 p/kWh
including annualised reinvestment costs. The cost of electricity to London Borough of Redbridge
is assumed to be reduced by 10% of its current value under any proposed Licence Lite
arrangement.

A discounted cashflow forecast for fully built out project is presented in Figure 36. This is based
on an Electricity Licence Lite arrangement.

Figure 36: Cumulative Discounted Cashflow Forecast — Barkingside Investment Area - Fully Built Out
Project - Electricity Licence Lite

6.5 Sensitivity Analysis

A sensitivity analysis has been carried out around the key variables that influence the IRR for the
project. The results presented in Figure 37 are for the fully built out project under the Electricity
Licence Lite scenario. Please refer to Section 2.5 and Appendix 3 for interpretation of this figure.

%2 assuming all other variables remaining constant
%3 The CRC benefit shown in the table reflects the benefit seen by the connected buildings rather than the benefit taken by the project.
Refer to Appendix 3 for details of the assumed benefit sharing arrangement.
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Figure 37: Economic Sensitivity Analysis — Barkingside Investment Area - Fully Built Out Project
- Electricty Licence Lite

Key conclusions to be drawn from the sensitivity analysis are that:-
1) the project’s economic performance (IRR) is highly sensitive to electricity selling price,
gas purchase price, project capital cost, and heat selling price.
2) A 10% improvement in any of these indicated variables will not improve the project IRR
to a point where it would become of any interest to a private ESCo or London Borough of
Redbridge.

6.6 Implication for Project Procurement

There is insufficient anchor heat load to support an economically viable initial cluster heat
network in the Barkingside Investment Area.

The economic indicators for the project suggest that the Barkingside Investment Area project will
not be economically viable and would be of no interest to a private sector ESCo or to London
Borough of Redbridge.

The recommendation is therefore for this opportunity not to be taken up as a stand-alone project
in isolation of other heat network opportunities.

6.7 Heat Supply Contribution

The heat supply contributions from each heat production asset under the identified network
opportunity are shown in Appendix 6. These are shown as load duration curves, monthly supply
profiles at full build out and cumulative supply contributions from each heat production asset as
modeled for the fully built out project.

6.8 Carbon Appraisal

Projected carbon savings for the fully built out project over 25 years is presented in Table 29.

Reference to the calculation methodology is provided in Appendix 3. Calculated carbon
trajectories over the project lifecycle are presented in Appendix 5.
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DECC Grid DECC Grid

Carbon Factor Decarbonisation
Unchanged Trajectory
Business as Usual CO, [TCO.] 76,745 49,243
over 25 years
CO, Savings over 25
years - Fully built Out [TCO,] 14,617 -53,252
Project
% reduction in CO,
Savings over 25 years - [%] 19.0% -108.1%
Fully built Out Project

Table 29: Carbon Emission Projections Barkingside Project

The table identifies a positive saving in CO, over the life of the project based on projections using
current grid emission factors but a negative saving if the DECC decarbonisation trajectory is
assumed, highlighting the limited role that gas CHP will be able to play in carbon reduction in the
future if DECC's grid decarbonisation trajectory is realized in practice. If so, the annual CO,
savings are positive up to 2024. See Appendix 5.

6.9 Route Identification and Risk Appraisal

A risk appraisal of the route has not been carried out since this project is not considered to be
viable and is not recommended to be taken forward.

6.10 Summary

A summary of the key project parameters is shown in the table below.

Fully built Cluster
out 25 years project over
25 years
Total Investment CAPEX [£ K] 10,502 n/a
o - .
IRR % over 25 years based on Private Wire (%] 41 n/a
Arrangement
o A —
NPV at 6% dlscoun.t factor.based on Electricity [£ K] 21,830 n/a
Licence Lite

CO, Savings over 25 years life of project relative

to Business As Usual - Grid Factor unchanged [TCO,] 14,617 n/a
o Business As Ususl - Grid Factor enchanged | %! 19 va
Energy Centre footprint [m?] 600 n/a

Energy Centre CHP Capacity [MW,] 1.5 n/a

Length of Heat Network [m] 7,110 n/a

Overall recommendation

There is insufficient anchor heat load to support an economically viable initial cluster heat
network in the Barkingside Investement Area.

The calculated economic indicators for the future development opportunity in Barkingside
Investment Area suggest that the project would be of no interest to a private sector ESCo or to
London Borough of Redbridge.

The recommendation is therefore for this opportunity not to be taken forward.

Table 30: Key Project Parameters — Barkingside Investment Area Project
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7. PROCUREMENT ISSUES

The main procurement considerations around developing heat networks of the type identified in
this report are discussed below. These should be read mainly in the context of the Ilford Town
Centre and Ilford Town Centre and Crossrail Corridor projects which, based on the findings of this
report, represents the most viable opportunity in which London Borough of Redbridge would be
likely to play a proactive project development role.

7.1 Considerations for London Borough of Redbridge

There are a range of options for procuring district heating projects ranging from a fully private
ESCo* based approach to a fully public sector based approach.

The appropriate procurement model for the projects identified in this report will depend first and
foremost on the achievable IRR and London Borough of Redbridge’s attitude to risk. If the project
has an IRR of 10% or higher, the private sector is likely be attracted, subject to the level of risk
involved, and the project could potentially be delivered without any direct involvement of London
Borough of Redbridge. Equally London Borough of Redbridge may want to consider investing in
the project in order to generate revenue for the Council to deliver on its underlying aims of
carbon reduction, fuel poverty alleviation and realise savings in the form of reduced energy bills.

If the IRR of the project is below 10%, it is unlikely that the project will come about without
involvement from London Borough of Redbridge. In this case, a fully public sector based
approach or a partnering approach may be suitable. Minimum returns of 5-6% are likely to be
required for the project to work, even under the public sector model to cover the cost of
borrowing associated with the project (including any risk priced into the cost of borrowing).

Whichever model is adopted, the project will typically need to be financed through a combination
of Debt and Equity. Debt is usually cheaper, and is likely to be in the order of 70- 80% of the
total financing depending on project risk profile. Equity will normally be provided by the
shareholders in the project in proportion to their shareholding.

7.1.1 Private sector ESCo Approach

Private sector based procurement models tend to involve ESCo’s who will typically design, build,
own and operate the heat network for a period of 25 years or longer. There are a number of
private ESCo’s operating in the energy market, that may have an appetite for investing in the
project identified for Ilford Town Centre, Crossrail Corridor and Goodmayes outlier.

Ultimately the interest amongst these ESCos will be determined by the project IRR, which will
need to be above 10% to incentivise the ESCo to borrow or invest against their higher cost of
capital and their shorter payback requirements than the public sector could accept.

A private ESCo would arrange its own external funding, through capital reserves or through
financing arrangements with banks or investors. This would be attractive to London Borough of
Redbridge since it would not need to invest in the project and its capital reserves could be spent
elsewhere.

Under this approach, London Borough of Redbridge would become a customer in the project and
would potentially benefit from lower fuel bills within its connected buildings and reductions in CRC
payments. However, it would not be able to realise any wider benefits and would not receive an
income from the project.

% Energy Services Company - an entity who's core business is to provide heat and or cooling and or electricity to its customers.
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Private ESCos tend not to invest at risk based on a future speculative opportunity that has not
materialised and for which a heat sales contract has not been agreed. Therefore, any private
ESCo’s interest in the projects identified here may not materialise for several years until sufficient
heat demand becomes available. London Borough of Redbridge has a role to play here in terms of
helping to secure these future heat demands through local planning policy. This is discussed
further in Section 10.4 of this report.

The scope for extending the project beyond the initial cluster identified may also be limited, since
the ESCo would have little incentive to grow the project, unless higher IRRs could be achieved.

7.1.2 Public Sector ESCo Approach

Under the public sector model, London Borough of Redbridge could set up an arm’s length trading
company that operates as a discrete business but is able to return dividends from the project to
London Borough of Redbridge, who would act as a shareholder in the company.

The company would create its own business plan and manage the project independently of other
London Borough of Redbridge department functions. This would allow the company to borrow
against its assets and revenue streams and, since debts are likely to be consolidated into the
Council’s accounts, the financial risk could be contained within the project company.

The company could access its equity requirement through reserves, prudential borrowing at close
to public sector rates, grants and should also be eligible for low cost borrowing from the Green
Investment bank. It may also be able to attract capital contributions through Community
Infrastructure Levy / S106 agreements and income through Allowable Solutions if London
Borough of Redbridge is set up as a provider to allow it to do so.

Because of State Aid rules, London Borough of Redbridge would not be able to offer lower heat
prices to private customers within the project as a result of its lower cost of borrowing, since this
would constitute unfair competition against private energy companies. The heat selling price
would therefore need to factor in the impact of grants and assume private sector interest rates.

However, public sector consumers and council tenants within the project could benefit in this
way, which is where additional value would arise for London Borough of Redbridge and where the
opportunity to alleviate fuel poverty within the borough could be realised if applicable.

The project could be procured as design, build and operate, contracted out to the private sector
in order to pass through technical and financial risk. Elements of the assets carrying the highest
risk could also be held by the private sector under manufacturer financing arrangements or
forward revenue purchase deals from banks.

As an equity investor London Borough of Redbridge would be in a position to retain control over
the strategic direction of the project. This would allow London Borough of Redbridge to extend
the project over a number of years in order to realise greater carbon benefits and potentially
achieve greater savings in energy costs. It might also realise its wider socio economic goals of
alleviating fuel poverty, creating jobs and attracting investment to the area.

7.1.3 Public Private Partnership Approach

Under a Public Private partnership based approach risk could be shared between the public and
private sectors, placing it where it can best be managed. The project vehicle could be structured
as a joint venture or as special purpose vehicle in which each party holds a shareholding. London
Borough of Redbridge could guarantee the anchor heat loads within its control as a way of
reducing off-take risk to the private company and could de risk (although not guarantee) new
connections though the planning process (i.e. strongly encourage developers to connect to the
project). In addition, London Borough of Redbridge could access its share of the external capital
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required at the lower rates than the private sector, making the overall required hurdle rate of the
project lower than the fully private sector based approach. The private sector would bring
additional finance and would use its expertise to minimise design, construction and operational
risk. London Borough of Redbridge would not be required to underwrite or guarantee revenues or
interest payments to the private sector under this approach.

7.1.4 Summary of Advantages of Each Approach

A summary of the advantages and disadvantages
below.

of each approach is presented in the tables

Private ESCo Model

Opportunity

The private company will bring substantial
technical expertise and project management
skills, ensuring a low risk solution is delivered
enabling the ESCo to carry the technical risk.

The ESCo can invest and maintain ownership
and operation over the long term, carrying the
financial risk and leaving London Borough of
Redbridge free of risk.

It represents the lowest risk approach for
London Borough of Redbridge.

If London Borough of Redbridge secures long
term Power or Heat Purchase Agreements
(PPA/HPA) these can mitigate some of the risks
that they assume through the provision of
power price guarantees.

The project timescales and development
uncertainty will deter the private sector,
particularly given the identified rates of return
for the project(s).

The private ESCo will not invest at risk and the
scope for growth of the project may therefore
be extremely limited.

Energy charges to the Council as a customer to
the project(s) will be higher than for a Council
owned project(s), since the private ESCo will
require higher rates of return than the Council
would.

London Borough of Redbridge will have very
little influence, control over the project(s) and
their future development other than through the
initial contract.

Performance requirements could be written into
the contract, to require the ESCo to understand
the vision and anticipate future requirements.

London Borough of Redbridge will miss the
opportunity to raise an income from the
project(s) and meet the needs of its fuel poor
tenants in the borough.

London Borough of Redbridge may need to
consider providing heat price, heat demand or
power price guarantees, if financial performance
of the project without guarantees does not meet
private sector return requirements. This will
enhance the credit quality of the revenues of
the project, enabling the private sector partner
to secure project finance debt, achieving lower
cost of investment overall than investing by
themselves.

Table 31: Opportunities and Risks - Private Sector ESCo Model
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London Borough Of

Opportunity

Redbridge Project

Council ownership and control would ensure
London Borough of Redbridge is able to align
the project with its social and environmental
policy objectives.

Council ownership facilitates the process of
obtaining finance, and at a lower cost
compared to private sector borrowing.

The project(s) can be used to support the
delivery of other services, e.g. pooling facilities
management (FM) activities, within the London
Borough of Redbridge’s remit.

Future expansion of the project(s) can be co-
ordinated and controlled by the London
Borough of Redbridge.

By putting the operations of the project into a
Special Purpose Vehicle®* (SPV), the ability to
vary the future capital structure of the project
is enhanced, i.e. London Borough of Redbridge
could divest its interests more easily.

Using different SPV's to retain operations of the
network and to run the energy centres would
allow London Borough of Redbridge the future
option of involving the private sector funding
for part of project, whilst being able to retain
control over the future extension of network.

The project company is reliant on the financial
strength of the London Borough of Redbridge
and it will remain on the London Borough of
Redbridge’s balance sheet.

London Borough of Redbridge therefore carries
financial risk, which it might not have the
appetite for.

London Borough of Redbridge is unlikely to be
technically competent to operate the project(s)
without expertise from the private sector

A large amount of capital investment is likely to
be required, which could otherwise be spent on
other services.

The Council will inherit an asset that it will
need to maintain in the future.

Capital will be locked into the project(s). If
there is changing political control within London
Borough of Redbridge (eg changes to budget
allocations) the future of the project(s) may
become uncertain.

London Borough of Redbridge will need to
manage and maintain the assets to avoid
deterioration and becoming a financial burden
on London Borough of Redbridge.

Loans may need to be secured against London
Borough of Redbridge’s total revenues, not just
the Project revenues.

State Aid rules yet to be properly verified.

Table 32: Opportunities and Risks - Local Authority Model

% An entity created to facilitate the delivery a specific project.
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Public/private sector partnership (special purpose vehicle)

Opportunity

Risk

Risks are allocated to those most able to deal
with them.

The London Borough of Redbridge can remain
involved as a major stakeholder, allowing it to
maintain close alignment with the socio-
environmental aims of the public sector and
draw on the benefits identified above under the
public sector based model.

The approach offers a greater flexibility than
either wholly public or private project(s).

The project(s) can access capital at lower cost
than purely private sector project(s) thereby
allowing lower IRRs to be achieved.

By putting the operations of the project into a
Special Purpose Vehicle, the ability to vary the
future capital structure of the project is
enhanced, i.e. London Borough of Redbridge
could divest its interests more easily.

A degree of risk remains with London Borough
of Redbridge and liabilities would remain on the
Council’s books.

Public sector procurement procedures apply,
making procurement more complex and
expensive than for a purely private sector
based approach.

Loans may need to be secured against London
Borough of Redbridge’s total revenues, not just
the Project revenues.

State Aid rules yet to be properly verified.

London Borough of Redbridge’s control of the
project limited to the rights attached to its
equity investment in the partnership.

Apportioning risks/rewards to each party in the
joint venture is complex and requires lengthy
negotiations.

Table 33: Opportunities and Risks - Public/Private Sector Partnership Model
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8. BARRIERS, RISKS AND OPPORTUNITIES

The main barriers and risks around developing heat network opportunities are discussed below.
These should be read mainly in the context of the Ilford Town Centre Project which, based on the
findings of this report, represents the most viable opportunity in which London Borough of
Redbridge could/would play a proactive project development role.

These risks generally lie with the project company, which may or may not include the London
Borough of Redbridge, depending on the future structuring of the project opportunities, as
discussed elsewhere in this report. Suggested risk mitigation measures are identified in this
chapter where appropriate.

The overall investment proposition will be determined around the risk factors discussed. The cost
of borrowing for the project will reflect the degree of risk perception that the project has. In order
to maximise financial performance it will be important to minimise risks and thereby attract a low
cost of borrowing for the project. This will reduce the level of interest paid on any loans
associated with the project, allowing greater profits to be retained from the operating revenues.

8.1 Project Development Risk
8.1.1 Risks
The main risks associated with the project development phase are:-

a. Financing risk ~ whether the project can attract finance, whether investors are willing to
invest based on the perceived levels of risk due to other factors.

b. Design risk ~ whether the project is fit for purpose, performs as expected, is correctly
dimensioned (i.e. not over or undersized) and is able to meet the demand under all operating
conditions.

c. Technology risk ~ whether the technology is bankable.

d. Planning risk ~ whether the project will achieve planning due to visual impact, noise, air
quality impact, transportation impact during construction and operation, land designation
issues.

e. Heat Offtake risk - whether the customer base on which the project relies for its payback can
be secured.

f. Procurement and Governance Risk ~ exposing London Borough of Redbridge to excessive
construction risk (i.e. whether the project overruns and incurs delay, and whether there is
capital overspend), forgoing ability to influence future control and development of project due
to inadequate share of project ownership.

8.1.2 Mitigation Measures

Mitigation measures that London Borough of Redbridge can implement to reduce the level of risk
at the next stage are to:-

Financing risk

a. Undergo business and financial planning. Establish the preferred delivery structure, for the
project, identify funding streams and develop a detailed financial model and business case to
present to investors.

b. Establish funding sources and mechanisms to raise revenue to support the project and
minimise the need for external financing, or financing through London Borough of Redbridge’s
capital reserves (for example use of developer connection charges, CIL /S106, allowable
solutions).

c. Establish Heat Purchase Agreements with anchor heat loads.
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d. Engage early with potential project partners to establish appetite for involvement.

e. Consider owning a stake in the network, which could be divested later once the project is
fully operational and generating positive incomes.

f. Conduct further technical feasibility work to minimise design risk, technology risk, planning
risk etc. before engaging with the market and before seeking to raise finance.

g. Establish commercial arrangements for netting off. Maintain a watching brief on
developments under Electricity Licence Lite and consider adoption of a Electricity Licence Lite
once the project concept has been tested and implemented successfully.

Design risk

h. Carry out initial route proving and verification to minimise the amount of risk passed to the
private sector. Carry out detailed route planning and safeguard identified routes.

i. Place design risk with private partner or outsource design to specialist organisation.

j. Safeguard land for the location of a future energy centre.

k. Conduct further feasibility work to assess technical suitability of key anchor loads to connect

I.  Ensure new developments are designed with the ability to connect.

m. Ensure early involvement of future operators in the design of the project to ensure best
practice design is adopted.

n. Minimise exposure to operational losses through a phased approach to development, with the
network and heat production units installed as and when new developments are able to
connect.

0. Ensure network and energy are sized for capacity at full build out.

Technology risk

p. Minimise technology risk through adoption of bankable technology.

Planning risk

g. Carry out further feasibility work around the impact of identified energy centre options in
relation to planning.

r. Safeguard the proposed network route and energy centre locations within the planning
framework.

s. Consider implementing a Local Development Order to facilitate the process of installing the
heat network®®, Without an LDO in place, expansion of any proposed heat network could
require many planning permissions to cover the works associated with the buried heat mains.
This could generate a considerable number and cycle of planning applications for each
extension of the network or any change to the approved network. The LDO can therefore
potentially create considerable resource and cost savings in determining such applications
and in the longer term potentially realize additional savings in the form of avoided planning
fees to developers.

Heat Offtake risk

t. Guarantee anchor heat loads within London Borough of Redbridge’s control as heat
customers for the initial project

% Local Development Orders (LDO) can be used to facilitate deployment of heat networks. Such orders allow Local Authorities to
create a blanket planning permission for constructing heat networks without the need for specific planning applications at each stage.
This can remove some of the risk associated with planning consents, thereby facilitating expansion of the network and enabling any
potential Project Company to roll out the network in response to market opportunity and without the delay and uncertainty which the
planning process creates. In addition, an LDO can encourage local developers to adopt standards of materials and methods which

comply with the terms of the LDO. This would assist in ensuring compatibility of local operators’ systems with the wider heat network.

Page 105



u. Conduct feasibility assessments to ensure technical ability to connect these buildings to the
project.

v. Secure future heat customers within London Borough of Redbridge’s control at the time that
their heating assets are due for refurbishment

w. Require new developments to be designed to connect to the heat network through the
planning process®’.

x. Ensure that new developments are designed to a common standard to ensure their internal
heating systems are compatible with the future heat network. Developer guidelines should be
disseminated to developers through planning process to support this.

y. Engage early with external stakeholders to secure them as potential customers (for example
Ilford Mall).

Procurement and Governance Risk

z. Seek expert advice on how to structure a public private partnership including risks/reward
sharing, governance arrangements, contract structure, voting powers, liability etc.
aa. Structure procurement so that exposure to construction risk is minimised*®.

8.2 Project Performance risk
8.2.1 Risks
The main risks associated with how the project performs financially in the operational phase are:-

a. Supply and Operational Risk ~ maintaining an agreed level of heat supply to customers,
exposure to high operation and maintenance costs, high plant replacement costs, unforeseen
deterioration of plant due to poor maintenance.

Customer Credit Risk ~ exposure to payment defaults and bad debt.

c. Price risk ~ risk of shortfall in commodity supplies, fuel price escalation, exposure to falling
energy prices from competing sources.

d. Revenue Risk ~ exposure to uncertain electricity prices, exposure to heat offtake risk,
exposure to uncertainty around future policy support for project (or for business as usual
alternative that would compromise ability of project to sign up new customers in the future).

e. Policy Risk ~ uncertainty around future government policy in relation to support for district
heating and gas CHP and for alternative fuel sources that would compete with the proposed
heat network for new developments®’.

8.2.2 Mitigation Measures

Partnering with the private sector will reduce exposure to most forms of performance risk since
the partnering organisation will bring technical and commercial expertise including standard heat
supply contracts, billing structures and capital and resources to the project. Mitigation measures
that London Borough of Redbridge could consider include:-

7 i.e. be DH ready and to design block level heating systems around a single plant room with facility to connect to the heat network.

Refer to Appendix 4 for more detail.

8 Examples of typical procurement models operating in the market include Design, Build, Finance, Own, Operate and Design, Build,
Operate

% A project planned on the basis of achieving a heat price comparable to the alternative counterfactual scenario involving heat pumps
for example may not stack up if RHI support is extended to heat pumps, or if future support to fuel cells, micro chp etc. makes the
heat network unable to compete. Similarly uncertainty over projected grid decarbonisation (as a result of unclear policy around
electricity mix after 2031) creates uncertainty over the carbon savings that the project will achieve and therefore the value of the heat
to developers as a method of complying under the allowable solutions framework. Continuing uncertainty around future government
policy in relation support for gas CHP under the Electricity Market Reform proposals as well as the future for Electricity Licence Lite

creates uncertainty in achievable income from electricity sales and therefore operating margins from the project.
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Supply and Operational Risk

Outsourcing operational risk to the private sector, which is best placed and most experienced
to be able to deal with it.

Considering risk sharing based approach with the operations provider to incentivise them to
maximise operational efficiency and minimise operating costs.

Ensuring performance guarantees and penalties are included within the contracts with the
operations provider. Ensuring warranties and product guarantees are provided by sub
suppliers. Adopting fixed price performance penalty linked contracts.

Minimising exposure to heat supply risk through design. This can be addressed through
redundancy in plant and equipment, provision of temporary emergency plant, use of pipe
surveillance systems, securing maintenance contracts with appropriate performance
guarantees etc.

Establishing a sinking fund to cover the plant reinvestment costs.

Incentivising customers to reduce return temperatures by offering lower cost heat as a way
of improving overall system efficiency and reducing overall cost of heat to customers.
Avoiding external factors that influence the ability to maintain the contracted level of
performance such as secondary side water quality fouling etc., poorly operating controls etc.
by designing for indirect connections to buildings’®.

Customer Credit Risk

h. Billing and bad debt risk is not likely to be a significant issue for the identified projects. The
risk is considered most likely to arise in the residential new build sector. The most effective
way to manage risk for these customers would be for the project company to enter into heat
supply contracts with freeholders/landlords as opposed to with individual dwellings within the
developments.

Price risk

i. Managing exposure to changes in fuel prices by linking heat selling price within contracts to a
basket of alternative fuel prices available on the market.

j. Minimise exposure to fuel price volatility through long term supply contracts for volume and
price.

k. Consolidating the purchasing of fuel with other council functions or with other local
authorities.

I.  Using multiple fuel sources to reduce exposure by allowing switching of fuel source according
to price factor variations.

m. Using thermal storage to minimise heat production costs

Revenue Risk

Incentivising customers to connect to the project and to remain connected through lower
heat prices than their alternative case.

Maximising value of electricity through Electricity Licence Lite

Using thermal storage to maximise revenues from electricity generation

Minimising exposure to future uncertainty in revenues by phasing project expansion
according to future development.

Ensuring low carbon alternative fuel supply in place for project over medium to long term.

7% It is common for the network operator to own and maintain the heat exchanger stations and be responsible for delivery of the
commodity (i.e. heat) at a defined temperature and flow rate on the secondary side of the heat exchanger.
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Policy Risk

s. Policy risks need to be tracked by continually monitoring developments in Government policy
and reviewing project proposals in the context of these policy updates. In particular,
government policy developments in relation to building regulations, renewable heat incentive,
Zero Carbon Homes and Allowable Solutions, support to gas CHP under Electricity market
reform, Electricity Licence Lite could all directly influence the project proposals. Green Deal
and Eco are considered to be less significant, since the projects do not involve existing
residential housing stock, although the Green Deal is not limited to just residential buildings.

8.3 Risks specific to Ilford Town Centre and Ilford Town Centre and Crossrail
Corridor Projects

The long development timescales present a significant development risk to the project. It is
unlikely that the private sector would be willing to invest speculatively on the basis of unknown
future heat demands and any financial institution lending to the project would reflect any such
risk in the cost of capital, which would be passed back to the project making it more expensive to
implement.

It is vital that any initial cluster project developed by London Borough of Redbridge is financially
viable without being reliant on income from future heat sales that may never materialise.

Even if the fully built out project is not developed until all developments are in place, the need to
safeguard for future expansion will require additional funding at construction of the cluster
project.

Future expansion of the project will depend on whether the future development proposals
materialise. Commercial market factors may delay or even deter private developers from building
according to the development projections on which the project has been planned.

Although London Borough of Redbridge can require developers to be ready to connect to the
network, it cannot force connection upon new developments. Therefore the future growth and
ultimate scale of the project will be highly dependent on the future housing markets and the
broader economic climate. Since there is no requirement for future customers to connect, the
business case for doing so will need to be continually evaluated as potential new customers
become available.

The large number of stakeholders involved in the initial cluster phase of the project presents a
risk in relation to developing a secure bankable customer base for the project.

The costs and differing timescales associated with refurbishment of existing internal heating
systems in the numerous existing buildings making up the cluster project makes the availability
and phasing of future revenues from these buildings difficult to predict and depend upon in any
business case proposition. There remains uncertainty about the technical suitability of many of
the identified commercial and private existing buildings since stakeholder responses have not
been forthcoming. The modelling has assumed that these buildings would be willing to connect
from 2014/15. In practice, recent heating system upgrades to some buildings and lack of internal
funding to carry out any necessary modifications may prevent this from happening as quickly as
assumed or at all.

Risks to the project around future developments in government policy will affect decisions that
developers and existing building owners make. For example factors such as building regulations,
zero carbon homes policy, financial and policy support mechanisms to gas CHP and alternative
technologies with which it will need to compete will affect project viability. Similarly uncertainty
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around future grid decarbonisation will have an impact on the future role for gas and the choice
of alternative building scale technologies taken forward by developers.

8.4 Risks specific to Goodmayes Outlier Project

Several of the risks identified for the Ilford Town Centre and IlIford Town Centre and Crossrail
Corridor Projects also apply to the Goodmayes outlier project. In addition the following
considerations apply.

A key barrier to this project opportunity is the timescales for the development proposals. The
Trust has a short to medium term objective to address in terms of resurrecting the existing CHP
engine or adopting an alternative heat supply solution that would involve decentralising the
existing energy centre.

On the other hand, any business case around a wider heat network would require certainty
around the future heat demands which are not expected to come forward until the early 2020’s
at the earliest.

The case for a heat network based around the existing CHP and connecting existing buildings
only appears to be viable, based on a private wire electricity selling arrangement and utilization
of the existing heat production assets at King George’s hospital. Therefore a cluster project could
be established on this basis until such a time that the new developments come forward and a
business case can be established around connecting these developments.

This could potentially include the involvement of an ESCo who would own and operate the project
under a concession agreement or could involve the Trust retaining ownership of the project and
selling heat to third party customers in much the way it has done to date with Goodmayes
hospital.

There is uncertainty around the cost and technical viability of retrofitting heating systems to the
proposed flats in Goodmayes, since this is a listed building. Indeed its listed building status may
prohibit this altogether. Equally, there is uncertainty around the future plans for Redbridge
College and the extent to which it will decant to another location.

The opportunity to reduce the operating temperatures of the existing MTHW heat network at King
Georges hospital may require investment which has not been accounted for in this study, and the
Trust’s alternative proposals for the site may be more attractive to them both in economic and
non-economic terms and from a wider development perspective.

Future expansion of the project will depend on whether the future development proposals
materialise and indeed whether the site’s Green Belt status is reviewed and becomes available for
alternative uses. Equally the commercial drivers and changes in government policy discussed in
the previous section will also affect when and how much of the development coming forward is
likely to connect to the project. As noted above, although London Borough of Redbridge can
require developers to be ready to connect to the network, it cannot force connection upon new
developments.

London Borough of Redbridge can influence the level of risk around the development opportunity
by requiring developments to be designed to connect to a district heating network, bringing
forward the development timescales for the proposed new schools, minimising the nhumber of
developers to whom the residential sites are sold and influencing the development massing, all of
which ultimately affect risk and economic payback.
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8.5 Risks Specific to Barkingside Project

These have not been addressed since the project is not considered viable. Refer to Section 6.
8.6 Generic Factors Associated with Heat Network Routing and Route Identification.
8.6.1 Permissions and Wayleaves

Wherever possible, public land under London Borough of Redbridge’s control should be used for
routing the network. Based on discussions with the Highways department in London Borough of
Redbridge, the Highways Agency’s jurisdiction is understood not to extend into any of the areas
included in the study.

In order to route the network across privately owned land (both commercial and residential)
landowners will have to give permission. This will have to be formalised within a wayleave
agreement. Negotiation could be a lengthy process and will involve some form of reimbursement
for the landowner.

Any routing of the network within the exclusion zones of Crossrail, Network Rail or TfL owned
assets or land will also require relevant approvals which could potentially be a lengthy and
expensive procedure. This will be a potential issue for the Ilford Town Centre project in particular.
Design studies will need to be undertaken to demonstrate that the proposed activities would have
no impact on the rail systems and significant restrictions can be expected during construction
where this takes place. Network Rail, TFL and Crossrail should be consulted early to determine
and plan for mitigating the risk.

The identified routes have sought to minimise the need to use private land and TfL owned land
for routing the network. However detailed consideration of land ownership issues will be required
at the next stage of the project.

8.6.2 Utilities

Existing utilities will introduce physical barriers to installing the heat network. Usually these can
be overcome without undue difficulty, but it is important to realise that the uncertainties around
the presence of existing utilities present a significant construction risk to the projects in relation
to delay, and cost of delivery. If this risk is passed to the private sector it is likely to be handed
all the way down to the contractor and the project will ultimately incur a higher development
cost, since the risk borne by the contractor will be priced in to their fee.

Initial network route proving can and should therefore be carried out by London Borough of
Redbridge and/or the Project Company in order to de-risk as far as possible the impact of utilities
prior to going to procurement. In general, a best value approach should be sought whereby the
risk is placed where it can best be managed, so that the overall price risk is minimised for the
project.

Consultation will be required with the relevant authorities at the feasibility stage. Initial enquiries
with the Highways department in London Borough of Redbridge has identified that no information
is held at the local authority and it has not therefore been possible to consider the impact of
utility congestion on the identified route proposals at this stage. Based on the GIS information
provided by London Borough of Redbridge, there are no concerns associated with the 275kV gas
transmission network routes in relation to the proposed network routes.

8.6.3 Traffic Management

Routing of the heat network will create traffic management issues such as the need to suspend
parking bays, divert bus routes and introduce contraflows and diversions.

The identified routes have sought to minimise the impact on traffic management issues. However
detailed consideration of traffic management will be required at the next stage in liaison with the
Council’s Highways team.
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8.6.4 Other

A number of other issues such as nature conservation, archaeology, sites of special scientific
interest may cause concern in relation to the route. Consultation with the appropriate bodies will
be required. An indication of the extent of archaeological activity in the area has been established
through the GIS data provided by London Borough of Redbridge. Based on the high level review
carried out using this data a section of the Ilford Town Centre network and the Crossrail Corridor
are within an archaeology priority zone and could therefore add risk to these projects. The
Oakfields area is also within an archaeology priority zone but, since the site is being developed
anyway, the additional risk associated with a decentralised energy project is not deemed to be
highly significant, particularly since utility infrastructure would need to be laid in any case.
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9. EXISTING AND FUTURE SUPPLY OPTIONS
APPRAISAL

9.1 Overview

This section of the report discusses the existing and future supply options for each of the
identified network opportunities.

The Crossrail Corridor opportunity is considered as part of the Ilford Town Centre opportunity,
since Sections 3 and 4 of this report have concluded that no viable opportunity appears to exist
for Crossrail Corridor unless this is developed as part of the Ilford Town Centre project.

Although Section 6 of this report concludes that the Barkingside Investment Area opportunity
appears to be non-viable from an investment perspective, a summary of possible alternative /
future energy supply options for the opportunity area has been considered in the context of a
heat network that could come forward in the future.

This basis for adopting this approach is that future changes to the existing development plans
presented in [8] or indeed additional development plans beyond those considered in [8] may
alter the conclusions of the present report.

9.2 Ilford Town Centre and Crossrail Corridor Project

There is no indication from the ELWA Joint Waste Development Plan Document (adopted
February 2012) of any future opportunity sites in Redbridge for thermal treatment of waste or
any Anaerobic Digestion based opportunities. The existing sites identified under Schedule 1 of the
ELWA Joint Waste Development Plan Document include the existing household waste amenity site
and materials recycling treatment facility in Ilford Town Centre (Ilford Recycling Centre), but this
is not indicated development opportunity and it is understood that this will be retained as a
recycling facility for the foreseeable future.

There are no significant industrial heat users in the immediate vicinity of the opportunity area
that could supply heat into a heat network. There are no identified sewage treatment works
within the vicinity of the opportunity area that could potentially give rise to opportunities for heat
recovery through heat pumps or biogas generation.

The potential for harnessing industrial waste heat is considered to be negligible based on existing
industrial users in the vicinity and known future development proposals for the area. There are
no known proposals for new data centres either consented or in planning within the opportunity
area that could give rise to the opportunity to recover low grade heat from associated cooling
systems. Although an existing data centre is known to exist, it is considered to be highly unlikely
that an opportunity exists to exploit the use of this heat.

The potential for electricity generation from biomass is considered to be negligible, due to a
combination of reasons including commercial viability at the required scale of deployment, space
constraints for establishing a plant, air quality impact, and traffic management issues associated
with fuel transportation.

The current proposal for the energy centre relies on gas fired CHP with gas fired back up boilers.
In the future, one or both of these heat supply technologies could be replaced or supplemented
with bioliquid fuelled alternatives, Biofuel CHP and heat only boilers are both currently
established technologies with proven operating track records.
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However, the availability, price, transportation costs and sustainability credentials of biofuels are
currently such that the technology is not widely deployed at the present time. Biofuel remains an
option for the future, subject to suitable access to a sustainable fuel source being available at the
right price and one that can also attract Renewable Obligation Certificates to make the marginal
cost of heat and electricity production acceptable. However, it should be recognised that
competition with the transportation sectors is always likely to make the fuel commercially
unattractive for the generation sector at the scale appropriate to the Ilford Town Centre Project.
Nevertheless, safeguarding for future adoption of this technology is relatively straightforward and
it is recommended that this is carried out if the project is taken forward.

Similarly the existing proposal for gas CHP could be replaced or retrofitted to operate on biogas
in the future. Since there is no realistic opportunity to generate biogas locally and since
transportation of biogas is expensive, such an option would, in our view, be subject to fuel
availability through bio methane injection into the national gas grid. The extent to which and
timescale over which a bio methane grid becomes available will determine the viability of this
option. Safeguarding for future adoption of this technology is relatively straightforward and it is
recommended that this is carried out if the project is taken forward. This can be achieved by
specifying a dual fuel unit from the outset, adjusting the engine operating parameters at a future
time or by installing a new engine in the future. The key is to safeguard space in the energy
centre for doing this.

The proposed gas fired boilers could be fitted with duel fuel burners (biofuel) to allow them to be
switched to bio-fuel in the future if this becomes economically viable and sustainable fuels can be
sourced.

Biomass heating is a currently employed technology that could be integrated into the heat
network now or in the future and with or without gas CHP. Biomass heating in conjunction with
heat networks is currently deployed in many projects across Europe, UK and elsewhere. The
technology is simple, commercially proven, low risk and commercially viable on the basis of
support under Renewable Heat Incentive (RHI) and current fuel prices. Biomass heating is often
deployed in conjunction with gas CHP, operating as second tier supply and typically contributing
around 10% of the energy supply to a project. Barriers to adopting this technology include
mainly fuel storage and transportation requirements and air source emissions, both of which
would require planning approval from London Borough of Redbridge.

Fuel cell CHP could potentially be installed at the proposed energy centre in the future, subject to
commercial viability. Safeguarding for future adoption of this technology is relatively
straightforward and it is recommended that this is carried out if the project is taken forward.

Solar thermal is a currently available technology that could be integrated into the heat network
now or in the future and with or without gas CHP. There are several examples of projects
emerging in Denmark where ground based solar arrays are being used to capture energy for use
in district heating projects. When integrated with inter seasonal storage, these systems can
increase solar fraction from around ten to twenty per cent to fifty or sixty per cent, significantly
improving project economics. Inter seasonal heat stores in this context typically involve borehole,
aquifer, cavern or buried tank based thermal stores that can be charged and discharged on a
seasonal basis in order to capture surplus heat from solar arrays in summer and use this heat in
winter to displace fossil fuels when there is sufficient demand for the heat.

Collection of heat from the systems can take a humber of forms. Most commonly these include
ground collector pipe networks embedded within car parks or solar panels. The particular
application determines the achievable temperatures and the associated network configuration’?.
For example, heat can be injected into the return of the network or used in conjunction with
extra low temperature heat networks supplying simultaneous heating and cooling to new

7 Temperatures of up to 90 degree C have been achieved in Denmark using flat place solar panels
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developments (typically involving a mix of buildings) and using aquifer, borehole or cavern
thermal storage concepts. Building mounted collectors can also be used at building level, but
these tend to offset the requirement from the heat network rather than supplement the supply
from the network. From the perspective of the Project Company operating the heat network,
building mounted solar thermal therefore detracts from the business case rather than adding to
it.

Space availability for integrating solar thermal into the heat network is likely to be limited
however due to the density of development and the limited access to space for constructing a
centralised array. Rooftop solar thermal could be used to displace heat demands at the building
interface, although contributions will generally be very small (due to building heights) and would
arguably be better served by solar PV (in order not to displace CHP heat and since greater CO2
savings per m2 of roof space can be realised in this way).

Opportunities for capturing waste heat from cooling systems within both new and existing
developments may exist and may present a case for inter seasonal heat storage. The economics
of such a proposition would need to be tested in greater detail at feasibility stage.

9.3 Goodmayes Outlier

The future supply options presented for Ilford Town Centre are largely applicable also to the
Goodmayes Outlier project. The proposed safeguarding and retrofitting measures could be
applied equally to both projects.

In addition, an extra low temperature heat network based around an aquifer seasonal storage
concept is an interesting possibility that should be considered further at the next stage. The site
appears to offer several opportunities that make this concept worth exploring in more detail.
These include large space availability for incorporating solar collectors, a scale and mix of
developments that offer both heating and cooling requirements, the presence of an aquifer at
around 70m depth [ref British Geological Survey] and the opportunity to recover waste heat from
the existing chillers at King George’s hospital. Such a system could supply elements of the new
development (for example the schools and the new terraced housing) and could integrate solar
thermal through central ground or roof mounted solar arrays and potentially heat from a gas
fired CHP as well. A reasonable balance between heating and cooling would be required however
and the application would rely on the use of new build only (with appropriately designed heating
and cooling systems). The carbon and economic benefits of such a project would also need to be
assessed carefully and may not achieve significant savings in CO2 until the electricity grid has
decarbonised sufficiently.

Provision for the future uptake of an extra low temperature heat network would impact on the
current heat network design and might add development costs that might compromise project
economics in the early years. The economics of such a proposition would therefore need to be
tested further at feasibility stage if the project is taken forward and once firmer development
proposals are available.

Schedule 1 of the ELWA joint Waste Development Plan Document identifies an existing clinical
waste incinerator at Goodmayes Hospital with a permitted annual Tonnage of 7000 tonnes
(operated by Clinical Waste Ltd). Such an asset could potentially be of interest in terms of
supplier into a heat network. However, North East London NHS Foundation Trust, Goodmayes
Hospital has indicated that this incinerator is no longer operational and that there are no future
plans for introducing new incineration capacity at the site. This is not therefore considered to be
an opportunity to pursue further.
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9.4 Barkingside Investment Area

The future supply options presented for Ilford Town Centre would be largely applicable to a future
heat network opportunity in Barkingside Investment Area.

Unlike for Goodmayes Outlier, an opportunity does not appear to exist around an extra low
temperature heat network in conjunction with inter seasonal storage. The scale and density of
the demand, along with the limited cooling requirements across the site suggest that building
scale heat pump solutions involving inter seasonal storage are likely to be preferable to a
centralised concept based on a community heat network.

It is recommended of this report that developers in the Barkingside Investment Area are
therefore required to consider such options given that a community heat network is not
considered viable for the site.

There is a significant amount of green space available in the vicinity of Fairlop which could
potentially yield opportunities for other future low carbon heat sources. The key options are
summarised below. Any development would clearly require release of land from the green belt
and would need to be considered in the planning context as well as in the context of the
alternative opportunity cases (e.g. development of homes, commercial space etc.), which is
beyond the scope of this report.

In principle a waste to energy facility or biomass CHP could come forward in the area. This would
require a minimum scale of deployment to achieve commercial viability and would rest on the
ability to secure a use for the waste heat from the process. Based on current known development
projections within the vicinity of the site, these opportunities will simply not materialise over the
coming years, unless they do so on the basis of not being required to implement CHP, which is
considered to be highly unlikely given current GLA policy. The scale of the opportunity at
Barkingside is far too small to support these CHP technology options™ and any development of
this type would therefore rest on a wider strategic heat network opportunity coming forward.

Viable waste streams for a waste to energy facility could include commercial food waste, source
segregated residential food waste (i.e. collected separately from households under local Council
recycling projects) and commercial and industrial waste, including Solid Recovered Fuel (SRF).
The commercial development of any such an opportunity would rely on either:-

1) a waste provider securing a long term waste contract to handle waste from ELWA or
another Waste Authority in London (it is noted that renegotiation of the ELWA contract is
due in 15 years’ time) or

2) a merchant facility setting up and sourcing waste through private contracts (commercial
and industrial waste, animal waste from local farms etc.).

Local biomass sources for use in biomass CHP could potentially include straw (collected from
outside the M25 area), pellet, wood chips derived from construction waste and virgin biomass in
the form of pellets imported from further afield. The main technologies that could be conceived in
this context are steam cycle CHP based on moving grate technology, gasification / pyrolysis™

72 Requiring significant land allocation for construction and operation of the plant, waste handling, fuel storage
etc.

7 The future viability of this technology remains to be proven, although it is reasonable to suppose the
technology may be proven when considered over a 15 year timescale into the future. The technology is
currently unbankable at this scale, suffering from on-going problems with reliability in relation to tar

formation from the gasification process.
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coupled to gas engines and organic rankine cycle CHP. It is worth noting that each technology
only stacks up commercially at the correct scale and that technologies such as gasification /
pyrolysis are yet widely considered to be bankable at scales relevant to the projects.

There are a number of historical landfill sites in the vicinity of the project. The most interesting of
these lie immediately to the east of the site. The former Fairlop Airfield site was closed in 1984
(having operated since 1958) and comprises inert, commercial and household waste. Adjacent to
this, Aldborough Hatch Farm, which closed in 1988, also comprises inert, commercial and
household waste.

Both opportunities might potentially be suitable for implementing biogas CHP from landfill and it
is noted that control measures are in place at the Aldborough Hatch Farm, suggesting ongoing
activity at the site. Further investigation is recommended, at the next stage, although the sites
are likely to require exploitation in the short to medium term since they are approaching the end
of the window of opportunity for extracting useful methane (around 30 years from closure).

Bordering the above mentioned sites is Fairlop Quarry, a licenced site currently operated by Brett
Lafarge Ltd. Dealing in inert waste only (A05), this site is not a viable opportunity for biogas CHP
fuelled from landfill.
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10. CONCLUSIONS, RECOMMENDATIONS AND NEXT
STEPS

10.1 Summary of Findings for Project Opportunities

Summary of Opportunities

Iliford Town Centre Project

Overall recommendation

It is recommended that London Borough of Redbridge should carry forward this project
opportunity.

The development timescales for the project are such that a fully built out project opportunity
would not materialise until around 2025 and it is unlikely that the private sector will step in to
develop a Project in the interim period.

On this basis, London Borough of Redbridge should consider establishing an initial cluster project
to catalyse the opportunity and lay the foundation for any future involvement by the private

sector.

In order for the initial cluster project to be economically attractive to London Borough of
Redbridge, it is likely to require an Electricity Supply Licence Lite.

Key Considerations Going Forward

The long development timescales present a significant development risk to the project.
Future expansion of the project will depend on whether the future development proposals
materialise.

The large number of stakeholders involved in the initial cluster phase of the project presents a
risk in relation to developing a secure bankable customer base for the project.

The costs and differing timescales associated with refurbishment of existing internal heating
systems in the numerous existing buildings making up the cluster project makes the availability
and phasing of future revenues from these buildings difficult to predict. There remains
uncertainty about the technical suitability of many of the identified commercial and private
existing buildings.

Future developments in government policy around building regulations, zero carbon homes
policy, financial and policy support mechanisms to gas CHP and alternative technologies that
might be adopted in lieu of CHP with a heat network affect viability. Similarly uncertainty around
future grid decarbonisation will have an impact on the future role for gas CHP.
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Crossrail Corridor Project

Overall recommendation

There is insufficient anchor heat load to support an economically viable initial cluster heat
network in the Crossrail Corridor.

The calculated economic indicators for the Crossrail Corridor project would be of no interest to a
private sector ESCo and equally would offer only a barely acceptable return to London Borough of
Redbridge over 40 years, assuming an Electricity Licence Lite could be set up.

The recommendation is therefore for this opportunity not to be taken forward as a stand-alone
project in isolation of other heat network opportunities.

Iliford Town Centre and Crossrail Corridor Project

Overall recommendation

In the event that the Ilford Town Centre heat network is taken forward, the case for
interconnecting developments within the Crossrail Corridor to the Ilford Town Centre heat
network at a future time appears to be reasonably strong.

It is recommended that this option is taken forward for further appraisal if Ilford Town Centre
heat network is taken forward.

Key Considerations Going Forward

The future of a possible Crossrail Corridor interconnection will rely on the presence of an initial
cluster network in Ilford Town Centre. Therefore, the project opportunity will ultimately rely on
London Borough of Redbridge to push forward the project at Ilford Town Centre in order to create
the correct conditions to allow the Crossrail Corridor project to be taken forward.

The IRR for the combined project is marginally lower than for the Ilford Town Centre only project
and therefore is likely to require direct involvement from London Borough of Redbridge to bring
about expansion into the Crossrail Corridor, since a commitment to do so from the private sector
cannot be assumed.

In order to safeguard for future expansion into the Crossrail Corridor, the initial Cluster project in
IlIford Town Centre would need to include additional investment in large diameter pipework and
additional space within the energy centre. London Borough of Redbridge needs to take a view on
the acceptability of this safeguarding position in financial terms.
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Goodmayes Outlier Project

Overall recommendation

There appears to be a viable project opportunity for Goodmayes Outlier, based on the existing
CHP assets at King George Hospital. It is recommended that the project opportunity is considered
further by Barking Havering and Redbridge Hospitals NHS Trust.

London Borough of Redbridge are likely to have little interest or incentive to become directly
involved in the project, since the scope for reducing local authority carbon emissions and future
fuel costs would be limited and the opportunity to extend the project beyond the immediate
vicinity appear to be very low. London Borough of Redbridge’s role in this project should be to act
as a facilitator for the project bringing together key stakeholders and to require the new schools,
polyclinic and high density developments to safeguard for connection to the project if it is taken
forward.

The low density housing element proposed for the opportunity area significantly reduces the
economic case for the overall project and it is difficult to see how connecting these developments
could be an attractive proposition for the project. Our recommendation is therefore that these
developments should not be required to safeguard to connect to any future heat network
opportunity.

Key Considerations Going Forward

A key barrier to this project opportunity is the timescales for the development proposals. The
Trust has a short to medium term objective to address around the future of its existing CHP asset
but the wider development opportunities will not come forward for many years. The proposed
network opportunity may not be in the Trust’s best economic interests.

Future expansion of the project will depend on whether the future development proposals
materialise and whether the site gets released for alternative use from its current Green Belt

status.

There is uncertainty around the cost and technical viability of retrofitting heating systems to the
proposed flats in Goodmayes Hospital, given its listed building status.

There is uncertainty around the future plans for Redbridge College.

There is uncertainty around the viability and costs to the Trust associated with modifying its
existing systems to operate at lower temperatures.
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Barkingside Project

Overall recommendation

There is insufficient anchor heat load to support an economically viable initial cluster heat
network in the Barkingside Investment Area.

The calculated economic indicators for the future development opportunity in Barkingside
Investment Area suggest that the project would be of no interest to a private sector ESCo or to

London Borough of Redbridge.

The recommendation is therefore for this opportunity not to be taken forward.

Table 34: Summary of Findings for Project Opportunities

10.2 Economic Appraisal of the Project Opportunities
The main conclusions in relation to the economic appraisal of the opportunities are presented
below, based on an assumption of required nominal internal rates of return of 10 % and 6 %

respectively for private and public sector led projects.

Iiford Town Centre

The fully built out project at Ilford Town centre is likely to be an economically attractive
proposition to both the public and private sector.

However, the development timescales for the project are such that a fully built out project
opportunity would not materialise until around 2025 and it is unlikely that the private sector will
step in to develop a project in the interim period since the IRR for the initial cluster project is
below 10% (7.1%). The IRR for the fully build out project is 11.3%.

On this basis, London Borough of Redbridge should consider establishing an initial cluster project
to catalyse the opportunity and lay the foundation for any future involvement by the private
sector.

In order for the initial cluster project to be economically attractive to London Borough of
Redbridge, it is likely to require an Electricity Supply Licence Lite. London Borough of Redbridge
should therefore pursue developments in this area as part of any business planning undertaking,
should it wish to take the opportunity forward.

IRR is seen to increase to 9.5% and 13% for a grant contribution of £1M for the cluster and fully
built out projects respectively.

In the event that an Electricity Supply Licence Lite cannot be secured, the cluster project is
unlikely to come forward, although the fully built out project may still be of interest at a later
point in time, once a larger heat customer base has been established.

A public private sector partnering approach may be of interest to certain ESCos and should

therefore be considered by London Borough of Redbridge as a possible way forward for the
cluster project. London Borough of Redbridge should however recognise that it will need to
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champion the development of such a project, since the private sector is unlikely to step in and do
so.

If London Borough of Redbridge is prepared to take a long term view over the project term, the
initial cluster project can also be considered as an economically attractive option.

If it chooses to develop the initial cluster project, London Borough of Redbridge could reasonably
expect to attract interest from the private sector at a later stage, should it choose to sell the
project once much of the development risk has diminished and additional investment into the
Crossrail Corridor area is required.

There are relatively few Local Authority owned assets within the initial cluster project. London
Borough of Redbridge should recognise that this will introduce complexity and risk in delivering

the project since multiple, protracted stakeholder negotiations are likely to be required.

Crossrail corridor

There is insufficient anchor heat load to support an economically viable initial cluster heat
network in the Crossrail Corridor.

The calculated economic indicators for the Crossrail Corridor project would be of no interest to a
private sector ESCo and equally would offer only a barely acceptable return to London Borough of

Redbridge over 40 years, assuming an Electricity Licence Lite could be set up.

The recommendation is therefore for this opportunity not to be taken forward as a stand-alone
project in isolation of other heat network opportunities.

Iliford Town Centre and Crossrail Corridor

In the event that the Ilford Town Centre heat network is taken forward, the case for
interconnecting developments within the Crossrail Corridor to the Ilford Town Centre heat
network at a future time appears to be reasonably strong, returning an IRR of 10.1% over 25
years.

However, it should be recognised that this is marginally lower than for the Ilford Town Centre
only project and therefore is likely to require direct involvement from London Borough of
Redbridge to bring about expansion into the Crossrail Corridor, since a commitment to do so from
the private sector cannot be assumed. London Borough of Redbridge’s interest in doing so would
need to be predicated on the additional carbon reductions associated with the wider project
opportunity.

In order to safeguard for future expansion into the Crossrail Corridor, the initial Cluster project in
IlIford Town Centre would need to include additional investment in large diameter pipework and
additional space within the energy centre. This will reduce the calculated IRR from 7.1% to 6.3%
over 25 years, based on a Licence Lite arrangement. Again, London Borough of Redbridge will
need to take a view on the acceptability of this safeguarding position in financial terms.

If London Borough of Redbridge is prepared to take a long term view, 40 years, over the
investment proposition, the IRR for the safeguarded cluster project can be expected to exceed
around 7.8%.

Similarly, viewed over 40 years, the fully built out project can be expected to return an IRR of

around 11.4% which is considered to be an attractive proposition to London Borough of
Redbridge.

Page 121



The future of a possible Crossrail Corridor interconnection will rely on the presence of an initial
cluster network in Ilford Town Centre. Therefore, the project opportunity will ultimately rely on
London Borough of Redbridge to push forward the project at Ilford Town Centre in order to create
the correct conditions to allow the Crossrail Corridor project to be taken forward.

Goodmayes Outlier

There appears to be a viable project opportunity for Goodmayes Outlier, based on the existing
CHP assets at King George Hospital. It is recommended that the project opportunity is considered
further by Barking Havering and Redbridge Hospitals NHS Trust.

The project benefits from an existing private wire arrangement. Under this arrangement, the
initial cluster project based around the existing buildings would deliver an IRR of around 11.0%
over 25 years and the fully built out project would deliver an IRR of 11.6% over 25 years.

An initial cluster project is likely to be interest to a private ESCo based on the calculated IRR over
25 years, the investment period over which the ESCo would typically consider the project. This
could also be expected to interest Barking Havering and Redbridge Hospitals NHS Trust.

IRR is seen to increase to 19.0% and 18.4% for a grant contribution of £1M for the cluster and
fully built out projects respectively.

Due to long development timescales, the IRR for the fully built out project viewed over 25 years
are similar to that of the cluster project viewed over the same period. Whilst the Trust might find
the calculated IRR of both scenarios acceptable over 25 years, it is difficult to see why there
would be a strong incentive for the Trust or an ESCo to extend the project beyond the initial
cluster.

Viewed over 40 years, the IRR of the fully built out project exceeds that of the initial cluster
network viewed over 25 years. This suggests that if the Trust were prepared to invest in the
project and view its return over a long term, it could potentially sell the project to the private
sector at a later stage in its lifecycle, at which point the project would represent a low risk
proposition that a private ESCo might be prepared to take on.

A comparison of the cases with and without inclusion of the low density housing elements
indicates that the low density housing elements reduces the economic case for the overall
project. Although the indicated IRR'’s are likely to be acceptable to Barking Havering and
Redbridge Hospitals NHS Trust, it is difficult to see how connecting these low density housing
developments could be an attractive proposition for the project. Our recommendation is therefore
that these developments should not be required to safeguard to connect to the heat network.

London Borough of Redbridge are likely to have little interest or incentive to become involved in
the project since the scope for reducing local authority carbon emissions and future fuel costs
would be limited and the opportunity to extending the project beyond the immediate vicinity
appear to be very low. London Borough of Redbridge’s role in this project should be to act as a
facilitator for the project bringing together key stakeholders and to require the new schools,
polyclinic and high density developments to safeguard for connection to the project if it is taken
forward.

Barkingside

There is insufficient anchor heat load to support an economically viable initial cluster heat
network in the Barkingside Investment Area.
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The calculated economic indicators for the future development opportunity in Barkingside
Investment Area suggest that the project would be of no interest to a private sector ESCo or to
London Borough of Redbridge.

The recommendation is therefore for this opportunity not to be taken forward.

Comparison of Economic Options

As a useful comparator between projects, Table 35 below shows the required electricity selling
price (i.e. value to project) to achieve a 10% IRR over 25 years for each of the fully built out
project opportunities™.

This indicates that the Ilford Town Centre and Ilford Town Centre / Crossrail Corridor projects are
both likely to be attractive propositions under an Electricity Licence Lite arrangement and that
the Goodmayes Outlier project is likely to be an attractive proposition under the private wire
arrangement, since in each case the required selling price can be exceeded by the project. For
reference London Borough of Redbridge’s weighted electricity prices are 9.8 p/kWh for day tariff
and 6.2 p/kWh for the night tariff. Residential electricity retail prices are currently estimated to
be around 13.8p/kWh (including standing charge).

Opportunity project Electricity value

IlIford Town Centre 7.84 p/kWh

IlIford Town Centre and Crossrail Corridor 8.80 p/kWh
Goodmayes Outlier 7.52 p/kWh
Barkingside 13.88 p/kWh

Crossrail Corridor 13.77 p/kWh

Table 35: Required Electricity Prices to Achieve 10% IRR over 25 years

10.3 Technical Viability and Barriers to Development

Of the recommended projects opportunities, no insurmountable technical barriers have been
identified. Further work will be required for projects taken forward in relation to more detailed
network route planning. In relation to the Ilford Town Centre project, detailed technical feasibility
of the energy centre proposals will also be required at the next stage.

10.4 Recommended Next Steps to take the Opportunities Forward
10.4.1 Ilford Town Centre or Ilford Town Centre / Crossrail Corridor projects

London Borough of Redbridge will need to play a proactive role in bringing forward the identified
opportunities. This will require investment of both time and local authority funds in order to
develop the projects to the point at which investors, and potential project partners could be
interested in taking on the project.

Under the do-nothing scenario, new developments within the opportunity areas are likely to come
forward with individualised piecemeal solutions involving a range of low carbon technologies™.

74 1t is noted that in the cases of Goodmayes Outlier, IIford Town Centre and Ilford Town Centre and Crossrail Corridor this represents
a reduction in the electricity selling achieved for that project , since the IRR is already above 10% for those projects.
7> These will generally install building scale technologies which collectively may fail to deliver the carbon savings to 2030 that can be
achieved via the identified heat network opportunities.
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This approach also risks missing an opportunity to integrate existing buildings into a future
network (that are unable or unlikely to connect to a network now but who in future might do so
at the time of asset refurbishment).

The alternative to the do nothing scenario is for London Borough of Redbridge to take an active
role in developing the identified project opportunities with the intention of securing a stake in the
infrastructure assets and facilitate development to its full potential.

There are significant potential advantages to London Borough of Redbridge in adopting this
approach including:-

e contributing towards Redbridge’s CO2 emissions reduction targets

e avoiding piecemeal approach to compliance for new developments

e developing a viable business with the opportunity to generate income for the Local
Authority

Alternatively London Borough of Redbridge may decide to adopt a planning role and leave
construction of the heat network to the market to deliver. This approach risks failing to deliver
the true project potential because of long term nature of the investment, the time scales for
payback and the multiple stakeholder engagements required to drive the project forward. It is
likely that, given the investment costs and payback periods involved, the market may consider
the projects too unattractive an investment proposition to take forward, and certainly are unlikely
to do so until a considerable amount of development has taken place.

If London Borough of Redbridge wishes to adopt a proactive route, it should consider the
following measures:-

a. Working with potential stakeholders to establish a Steering Group and a project delivery
group to take forward the recommendations of this report.

b. Engage with the potential customer base for the heat networks, including engaging with the
projects identified in this project as well as identifying further opportunities for connecting
existing head loads not assessed so far under this report.

c. Engaging with the market around possible joint development opportunities for a heat network
in Ilford Town Centre. A local delivery vehicle could potentially be established being led by
the private sector but with London Borough of Redbridge having a stake in the project
company. This will bring the advantages of opportunities for funding and low cost borrowing
through PWLB, CIL/S106, allowable solutions and the London Energy Efficiency Fund, which
has recently opened to DE projects and is likely to be very interested in investing in publicly
backed opportunities of this nature. It will also enable London Borough of Redbridge to
establish a project vehicle on which to gain experience and form a platform for the delivery of
other low carbon project opportunities over the longer term. Such an approach is also likely
to be favourable to larger scale developers investing in the area, who will thereby avoid the
need to procure an ESCo separately to deliver on their commitments.

d. Building internal political support and commitment, oversee the development of strategies
and policies to develop the project opportunities and to obtain budget commitment to take
forward the project through feasibility, planning, design and procurement.

e. Carry out business planning, drawing on support from GLA through the Decentralised Energy
Programme Delivery Unit (DEPDU), to establish the London Borough of Redbridge’s role in
the identified project opportunities and the commercial basis on which the future strategic
opportunities could be delivered.
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f. Maintain a watching brief around developments under Electricity Licence Lite and establish a
vehicle for setting up such an arrangement when the opportunity arises and/or for
collaborating with other bodies such as GLA to pool operating costs and thereby reduce
overheads.

g. Guarantee existing buildings within its control to connect to any heat network that comes
forward and require new developments to safeguard for future connection through the
planning process.

h. If London Borough of Redbridge decides to take the project forward, ownership, procurement
and governance options will need to be appraised. London Borough of Redbridge should
evaluate its ambitions for ownership in the infrastructure and engage with the market to
identify potential strategic opportunities for partnering. A business and financial plan will then
need to be developed. This will need to establish the preferred delivery structure, identify
funding streams and develop a detailed business case in order to attract investment. London
borough of Redbridge will need to take a view as to how much risk it will be willing or able to
own. Key risks that need to be assigned as part of any procurement process are discussed in
Section 8. Developing the risk profile that London Borough of Redbridge is willing to bear will
take detailed negotiation with many departments. The overall process should not be
underestimated. In the longer term, the legal framework around the setting up a Project
Company and selling heat across the heat network will need to be established. This will need
to include preparing and signing MoU’s with potential joint venture partners and other major
stakeholders involved in the project, formulating and signing-off legal contracts for these
partners (including Development Agreements, Heat Supply Agreements, MoUs, etc),

i. Secure funding to minimise the need to inject capital reserves into the identified development
opportunity.

j. Further evaluate the technical options identified for energy centre locations and safeguard
the most appropriate site(s) for future energy centre developments.

k. Conduct further feasibility work to establish the appetite and technical viability amongst
major stakeholders to engage in the project and establish the commercial basis on which this
could be achieved. The steering group should work with stakeholders to commission
feasibility studies to identify and de-risk technical and commercial barriers to implementation
and establish a route to delivery.

I.  Conduct route de risking and implement technical safeguarding for the heat network routes.

If London Borough of Redbridge chooses to pursue the do nothing route it should, as a minimum,
ensure that its local planning framework requires that local heat networks with gas fired CHP are
considered and implemented if feasible in line with GLA policy, and that new developments in
indicated areas are designed with heating systems to be ready to connect to a future heat
network.

10.4.2 Goodmayes Outlier
The opportunity at Goodmayes is considered to be of interest to Barking Havering and Redbridge
Hospitals NHS Trust or a third party provider such as an ESCo, rather than for London Borough of

Redbridge directly.

If Barking Havering and Redbridge Hospitals NHS Trust wishes to act on this opportunity, it
should consider:

a. Forming a steering group to take the project forward internally.
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b. Engaging with the private sector to establish options for taking forward the project
opportunity. Addressing issues similar to those identified in Section 10.4.1 for London
Borough of Redbridge in relation to procurement, governance, risk etc.

c. Working with the supplier of the existing CHP to establish the technical feasibility of
reconfiguring the existing project to supply new developments with lower grade heat and
assessing the viability of including absorption cooling at the site.

d. Identifying its appetite for involvement in wider project opportunity, carry out business
planning and consider alternative commercial models to deliver the project (e.g. Energy
Performance Contracting model involving ESCo, Trust led project, public private partnership).

London Borough of Redbridge can play a role in the development of this opportunity in the
following ways:-

e. Engaging with Barking Havering and Redbridge Hospitals NHS Trust around possible
development opportunities for a heat network in the King Georges Outlier Opportunity Area.

f. Acting as a facilitator by bringing together the major stakeholders in the opportunity area
(including Redbridge College, King George and Goodmayes hospitals, housing developers and
education providers) to ensure that a strategic opportunity is planned for and delivered in an
efficient manner.

g. Guaranteeing the connection of the new schools to the heat network provider.

h. Considering influencing the massing design of the new residential developments to improve
underlying project economics.

i. Ensuring all new developments are designed for future connection to the heat network
through the planning process.

10.5 Planning Policy Recommendations

10.5.1 Policy and Strategy Documents

a. London Borough of Redbridge’s Core Strategy document should be updated to reflect the
heat network opportunities identified in this report.

b. The proposals should be disseminated to relevant departments within the Council to raise
awareness of the planned infrastructure proposals.

10.5.2 Safeguarding Connection of New Developments

c. London Borough of Redbridge should use its planning powers to require identified
developments to safeguard for future connection into a heat network by implementing a
series of future proofing measures where feasible. The indicated developments relate to Ilford
Town Centre, Crossrail Corridor and Goodmayes Outlier as identified on the vision maps in
Appendix 2.

d. In the case of Barkingside Investment area, where a viable opportunity has not been
identified, planning policy should not, in our view, require safeguarding for a heat network at
this stage.

e. Future proofing measures that should be included in planning policy where appropriate
and/or planning conditions, where identified to be feasible, are:
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Requiring ‘wet’ heating systems to be installed and prohibiting electrical heating
systems.

Requiring the incorporation of communal heating systems instead of individual
boilers. Communal heating systems should be fed from plant rooms producing low
temperature hot water for space heating and domestic hot water. Future proofing
should include for providing 'tees' and isolation valves to facilitate future connection
of heat exchangers. Space should be reserved for heat exchangers, or it should be
planned for heat exchangers to replace heat-only boilers at time of connecting to the
heat network.

Ensuring internal heating systems are designed so that they can be connected to
supply a DE network with minimum retrofit. This should be achieved through
measures such as built-in penetrations allowing pipes to be pushed through into
plantrooms without structural alterations or significant works, designing heating
systems to minimise return water temperatures, allowing provision in the building
fabric to facilitate the installation of district heating pipework at a later time.
External buried pipework routes should be safeguarded to the boundary of the plot
where connection to the heat network will be made.

There may be an opportunity for London Borough of Redbridge to allow developers to defer
installation of alternative compliant technologies in lieu of making a provision to connect to a
heat network. This will depend on provisions under future updates to the building regulations,
which London Borough of Redbridge will need to be mindful of in policy setting terms. In
such circumstances London Borough of Redbridge could place a requirement on
developments to retrofit compliant technologies within a fixed period, in the event that a heat
network is not taken forward.

Developments of a relevant scale where CHP would be considered that are being planned
with a horizon of 5 years from the point at which the heat network is intended to be
constructed in the vicinity of the development:

The development should be designed on the basis of their own CHP with standby
boilers and 'future-proofed' to connect into the heat network in the future.

Allowance should be made to defer investment (installation) in the CHP plant for five
years to allow time for the heat network to be constructed and connected to the
network. Once the network connection is made, the requirement to install CHP should
fall away.

If the heat network connection is not made within five years and there is no
reasonable prospect of doing so, then the development should be required to install a
CHP plant. A section 106 obligation could be employed from the outset to ensure the
CHP installation is carried out retrospectively.

During the five year period, the development will be supplied with heat from its own
heat-only boilers, noting that the environmental benefits will not accrue until either
the heat network connection is made or CHP installed.

The developer could be given a planning condition to allow any 'freed-up' plant space
resulting from the heat network connection to be used for more profitable purposes.

These recommendations are subject to acceptable provisions under future updates to the
building regulations.

The timescales for the known developments under each project are such that no
developments are likely to come forward over a horizon of beyond 5 years from the date of
construction of a heat network opportunity. Nevertheless, provisions should be made for
developments beyond a 5 year timeframe as follows:-

For developments of a relevant scale where CHP would be considered that are being
planned with a horizon of 10 years from the point at which the heat network is
intended to be constructed in the vicinity of the development, the development
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should be required to safeguard to connect to the heat network at the end of the
economic life of the CHP plant.

ii. For developments of a relevant scale where CHP would be considered that may in
future be planned to come forward beyond 10 years and at locations where they
could connect into the heat network, these developments should be designed for a
district heating connection from the outset. This would entail a smaller plant room to
accommodate the interfacing district heating heat exchanger and displace the
requirement for heat-only boiler and CHP plant.

10.6 Adoption of Local Development Order

a. London Borough of Redbridge should consider adopting a Local Development Order (LDO) to
facilitate deployment of the heat network. This would allow the Council to create a blanket
planning permission to a future Project Company for constructing heat networks without the
need for specific planning applications at each stage of development of the heat network.

10.7 Ensuring Correct Design Standards are adopted

a. The design of customer connections and internal heating systems for new developments will
have a significant impact on the operational capacity and efficiency of the heat network.

b. Developers should be required to implement appropriate internal heating system designs to
ensure flow and return temperatures are compatible with the heat network. London Borough
of Redbridge, through its planning department should ensure that systems are being
designed, installed and commissioned appropriately.

c. Recommendations contained in the final version of the technical standards for district heating
being developed by GLA [24] should be adopted and disseminated to developers to ensure
that heating systems are designed to a common standard, capable of future integration into
the proposed heat network.

d. London Borough of Redbridge should also require new developments involving office, retail
and residential to examine and consider as part of any viability assessment, opportunities for
district energy balancing at development scale.

10.8 Route De Risking

a. The identified heat network routes in this report are not supported by utility surveys. When
the projects are taken to the next level of detail, utility surveys will be required. In the first
instance these should include the main utilities as follows: Electricity, water, sewage,
drainage, major telecoms, gas.

b. Leading up to the design phase it is important that a more detailed survey covering all
services, including main telephone and data transmission cables should be included. The
initial survey should focus on verifying the proposals identified with a detailed investigation of
the constraints along the route posed by the main utilities. An important part of the survey
will be to establish the depths in which services are buried. It is information which is often
underestimated but is crucial to both costs and construction programme. When considering a
crossing between the strategic heat network pipes and e.g. sewers or gas mains a cross
section of the pipe route is needed to assess the options. In cases where information is
limited or thought to be misleading or the relocation of other services will be difficult and
time consuming, it is recommended that an observation hole is dug to identify and precisely
locate these services. This must take place as early as possible during the design phase. This
more detailed survey should result in a map with cross sections showing both the strategic
heat network pipe line and other services along the route. The map will be an important tool

Page 128



because it will assist the design engineer and the contractor in taking the right decisions, not
only during the design phase but also during construction.

10.9 Future technology options

a. A number of potential future low carbon supply opportunities have been identified in this
report. Further feasibility work should be carried out to assess the economic and technical
potential for these opportunities. The results of this exercise should inform future design
iterations of the heat network to ensure that the network is future proofed to accept these
future supply technologies.
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The anticipated business as usual case for heating and cooling of new developments is
summarised in the sections below for the range of new development mix proposed within the
opportunity areas.

The proposed scenarios reflect Ramboll's view of the current market and how developments are
likely to meet requirements of future building regulations as well as zero carbon homes policy.

There remains uncertainty around government policy including future changes to the building
regulations, adoption of zero carbon homes policy and tariff support for micro renewables under
the FIT and RHI”. Therefore the condensing gas boilers may continue to play a significant role
or the market in micro technologies may evolve, displacing both gas boilers and heat pumps (as
described below). This in turn may either converge on a single solution or multiple technologies
may come forward.

Mixed Use Developments (Residential, Commercial, Office, Retail)

The business as usual case for residential mixed use developments and residential only
developments is taken to be Air Source Heat Pumps, dual mode heat pumps or ground source
heat pumps in conjunction with underfloor heating and with immersion coil top up for domestic
hot water requirements. This reflects the most likely scenario in our opinion.

Ground source heat pumps are not considered likely in town centre locations (because of the
space limitations) in but they may find applications in the town houses in Barkingside and King
George’s projects.

ASHP are likely to be installed in conjunction with solar thermal and/or direct electric top up
(through immersion coils) in conjunction with hot water cylinders. Smaller residential applications
are likely to have single ASHP’s for each apartment (approximately 5kW unit for a 1 or 2 bed
apartment) or potentially heat pumps supplying pairs of flats.

Seasonal Energy Efficiency Ratios (SEER’s) for space heating are likely to be in the region of 3.0
to 3.5 (based on underfloor heating). Seasonal Energy Efficiency Ratios (SEER’s) for domestic hot
water provision are likely to be in the region of 2 to 2.5.

Larger residential applications adopting ASHP use communal heating systems, with banks of
ASHPs located in a central plantroom alongside a central domestic hot water cylinder.

Where cooling is also required (i.e. for commercial, office, leisure applications within the
development), air source heat pumps are likely to be used to provide both heating and cooling
(in conjunction with Variable Refrigerant Volume (VRV) systems). Condenser water loops may
also be applied in such circumstances. Ground floor retail will typically be let as shell and core,
fitted out with electricity (and potentially gas) supplies, depending on use.

Communal biomass heating solutions from suitably exempt appliances may also play a role, with
pellet firing being the most likely solution in urban areas. Wood chip or other waste materials
may be suitable in Barkingside and King Georges green belt areas. Experience from ([19]
indicates that air quality considerations have stifled the widespread uptake and this can be
expected to continue within urban settings, unless air quality issues can be overcome.

There is precedent for this approach in Ilford Town Centre (ITCOS21), which suggests that this
may be a solution for other developments in the area.

Larger mixed use developments (typically in the range 300 to 500 apartments of which there are
only a few in the area) are likely to be required by GLA to investigate the use of gas fired CHP.
Those with resulting CHP capacities in the range 100 kWe to 500 kWe are likely to implement this
technology ([19]) in conjunction with solar PV. Active cooling to commercial spaces and offices
within these developments would typically be provided through air source heat pumps, As for

7% Feed in tariff
77 Renewable Heat Incentive
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smaller mixed use developments, retail would typically be let as shell and core, fitted out with
electricity (and potentially) gas supplies.

New Schools

In Ramboll Energy’s view, new schools are likely to adopt heat pumps in conjunction with solar
thermal, condensing gas boilers, underfloor heating and VRV systems to provide space heating,
domestic hot water and cooling where required. Ground source heat pumps are likely to be
adopted in most cases, although some projects are understood to be considering the optional
addition of air source heat pumps to operate in tandem with ground source heat pumps, taking
up operation during periods when acceptable COPs can be achieved (i.e. when extremes of
ambient air temperatures are not present).

Biomass heating may come forward as an alternative option, subject to local planning and air
quality issues, particularly since the new schools are located in the green belt area, where air
quality concerns are likely to be lower. However, experience on previous projects suggests that
there may be risks with this technology around ongoing fuel and maintenance costs that may
limit the tendency to continue to operate such systems.

Adoption of CHP is considered unlikely for the new schools within the opportunity areas due to
the seasonal nature of the demand and the relatively low domestic hot water base load.

New Community, Leisure and Healthcare

Community, leisure and healthcare facilities integrated into mixed use developments will adopt
the solutions as described above, dependent on scale of application.

In larger leisure facilities (particularly involving swimming pools, showering etc. where there is a
sizeable domestic hot water baseload demand) and hotels, gas fired CHP is unlikely to be
adopted.

Inter seasonal Heat Storage at building and multi development scale

Inter seasonal storage in conjunction with heat pumps and solar thermal is an emerging building
scale technology aimed at improving both the utilisation of solar energy and the seasonal energy
efficiency ratio of heat pumps. The concept has been quite widely applied in countries such as
Sweden and Holland and is now starting to appear in the UK as well.

Such systems typically use underground storage tanks or boreholes to store heat energy
captured throughout the year and to discharge this energy at various points throughout the year
according to when the heat is required. Because the temperature of the store is higher than
average ground temperature during the heating seasons, enhanced seasonal energy efficiency
ratios can be achieved. In some cases, air source heat pumps are also integrated into the design
to recover heat during the shoulder seasons, when the seasonal store is depleted and the
seasonal energy efficiency ratio from air source heat pumps is favourable.

On a wider scale, a similar concept can be adopted to serve a collection of buildings. The system
relies on the fact that different types of buildings (retail, residential, offices) have demand for
different types of thermal energy simultaneously. For example retail and office buildings may
require cooling energy at the same time of year as residential buildings require energy for space
heating and hot water.

In such projects, heat can be collected from a number of sources including solar thermal
collectors, ground collector pipe networks embedded within car parks, asphalt, gas CHP, heat
rejected from chiller condensing circuits, industrial waste heat etc. Examples of projects
emerging in Denmark suggest that ground based solar arrays integrated into heat networks of
this type with seasonal storage can increase solar fraction from a few per cent to tens of per
cent.
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The scale and nature of the development, the local geology and the nature of available heat
source(s) all determine the achievable temperatures and network configuration’®, Borehole
systems are typically adopted for smaller scale applications, where high temperature heat is
collected. Open loop aquifer based systems tend to be employed at larger scale, where
developments have reasonably balanced heating and cooling demands (for example mixed use
with significant cooling requirements). Open loop aquifer based systems require the use of lower
grade heat due to environmental permitting restrictions on temperature rises within aquifers and
require reasonably balanced heating and cooling demands over the long term, again for
environmental permitting reasons. This drives the concept towards a larger pipe concept, which
increases cost and requires individual heat pumps at each building which either reject or extract
heat to, or from, the network, depending on their need for cooling or heating. Closed loop
borehole systems can use centralised heat pumps to collect heat and raise its temperature
centrally to feed a higher temperature network, reducing both cost and design complexity of the
heat network.

There are relatively few examples of these types of system in the UK at present, although
developments elsewhere in Europe (Sweden, Netherlands, Denmark in particular) suggest a
significant potential for such projects in the coming years. However, investment costs in such
systems are understood to be high and the complexities associated with delivering these systems
in multi developer scenarios are likely to act as a barrier to implementation. With the exception
of Ilford Town Centre and King George’s hospital site, the mix of buildings (both new and
existing) does not lend itself particularly well to balanced heating and cooling projects on a
district scale, with a predominance of residential demand providing a significantly greater heating
demand in overall terms. Nevertheless, applications involving interseasonal heat storage and
ground based solar thermal collectors may be suitable as highlighted elsewhere in this report,
and further consideration should be given to these technology options at feasibility / design
stage.

Cooling to commercial, retail and offices (new or existing) through absorption chillers is unlikely
to be deployed at any scale across the study area. The proposed operating temperatures of the
heat network in the cooling season” will require single effect chillers delivering poor COPs and
there is unlikely to be insufficient cooling demand to justify higher network operating
temperatures. The associated carbon savings will also be low. The modelling has assumed no
provision of absorption cooling.

The prevalence of such systems in the UK is low at the present time. Adopting such a design may
deter appetite amongst ESCos and investors in the project.

Longer Term Perspective - Building Scale Technologies

Micro technologies such as micro CHP based on Stirling engine and fuel cell CHP are expected to
increase their share of the market in the coming years. Such technologies generate electricity
and heat simultaneously on site, with very high total conversion efficiencies®. These technologies
are currently available on the market and have so far been deployed in the UK in the 100’s rather
than 1000’s. Although they have demonstrable operating track records they remain expensive
and offer inadequate payback under current levels of RHI, FIT support. Depending on
government financial support proposals under residential RHI, proposed support levels may
increase which would have the effect of stimulating the market.

If such technologies emerge, they can be expected to have applications at building scale within
the majority of building types proposed under the opportunity areas.

The development timescales for opportunity areas suggest that these technologies may appear in
certain applications, but in Ramboll Energy’s view they are unlikely to become deployed at scale
within the timescales to 2020 by which time the projects will have come forward.

78 For example heat from solar thermal collectors can be injected into the return of the network or heat rejected from cooling towers
can be captured and used in extra low temperature heat networks to supply under floor heating via building level heat pumps.
Building mounted solar collectors can also be used to displace the requirement from the heat network. Temperatures of up to 90
degree C have been achieved in Denmark using flat place solar panels

7° When the bulk of the cooling demand is present

80 Up to 85% as reported by a leading example of such technologies BlueGen.
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APPENDIX 2 HEAT NETWORK LAYOUTS / CONCEPTS
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APPENDIX 3 INVESTMENT AND CARBON APPRAISAL
ASSUMPTIONS
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Required Returns on Investment

The network opportunities have been assessed over 25 and 40 year periods. Project viability has
been assessed on the basis of minimum required Internal Rates of Return for fully private sector
and fully public sector (i.e. London Borough of Redbridge) based procurement models. We have
assumed minimum acceptable nominal internal rates of return of 10 % and 6 % respectively
reflecting what are considered to be the requirements of a private sector led project and a project
funded by London Borough of Redbridge.

Our modelling includes inflation and we have therefore used real IRR hurdle rates of 7.5% and
3.5% respectively for fully private sector and fully public sector based procurement models
(based on inflation at 2.5%). These hurdle rates do not necessarily reflect the current market or
indeed London Borough of Redbridge’s own required rates of return on investment and also
reflect what would need to be ‘risk free’ projects to attract investment at those rates.

Our understanding of the current market is that nominal hurdle rates in the range 13-17 % for
the private sector and above 8 % minimum for public sector are nearer reality in the current
economic conditions.

Project Term

The project terms over which IRR’s are evaluated and the extent and phasing of future
extensions to the network will influence the view that private sector ESCos and London Borough
of Redbridge are likely to take on the project value in economic terms. All project opportunities
have therefore been evaluated over 25 years and 40 years as follows to explore a range of
scenarios as viewed by private and public sector led projects.

Cluster Projects

The IRR calculation over 25 year project term tests the view that the private sector could be
expected to take for the project. It also presents the case for the London Borough of Redbridge
(or NHS Trust project in the case of Goodmayes Outlier) led project, both of whom would
arguably also look for returns over the same period.

The IRR calculation over a 40 year project term tests the rate of return that could be achieved by
the London Borough of Redbridge (or NHS Trust project in the case of Goodmayes Outlier) if it
were prepared to view the investment over a longer term. Reinvestment cycles are included in
this longer term assessment.

Fully Built Out Project

Whilst the IRR calculation over 25 year project term tests the value of the fully built out project
from day one, it potentially misrepresents the project’s true value since future investments in
extensions to the cluster network would arguably be viewed over a 25 year cycle starting from
the point of investment.

Calculation of a rolling IRR would be extremely time consuming and has not been carried out at
this stage. A project term of 40 years has therefore been used to estimate the value of the fully
built out project seen from the point of initial investment in the cluster project.

This aims to represent the value of the project seen by a private ESCo who might choose to
acquire the cluster project from London Borough of Redbridge at some point in the future and
continue to develop it into the fully built out project.

From the perspective of London Borough of Redbridge this also represents the value of the fully
built out project if it were prepared to take a long term perspective on the investment
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Interim Project

A third case has also been tested. This presents the IRR over 25 years and 40 years for an
interim project involving the initial cluster project and development opportunities occurring within
5 years of initial construction of the cluster project.

The project term of 25 years aims to capture the value of the fully built out project as seen by a
private ESCo who would not be inclined to invest speculatively beyond the initial 5 year
timeframe. It also represents the view that London Borough of Redbridge may take if they are
not prepared to view the project over the longer timeframe.

The project term of 40 years aims to capture the value of the fully built out project as seen by
London Borough of Redbridge if they would be prepared to view the project over a longer
timeframe and if the future developments beyond the initial 5 year timeframe did not materialise
for whatever reason.

Hybrid Scenario

In practice, there could be a scenario in which a public sector led (or joint venture based) cluster
project (developed by London Borough of Redbridge or NHS Trust project in the case of
Goodmayes Outlier) may be sold to the private sector at a future time. For example, London
Borough of Redbridge may prefer to divest its share in any cluster project it develops rather than
commit additional investment to extend the project at a future time. The private sector ESCo
purchasing the project at the time would typically formulate a business case around the value of
the assets being sold and the future revenues and costs associated with taking on an expanding
the cluster project into the fully built out project.

Project Capital Investment Costs

Investment costs have been modelled based on Ramboll Energy’s experience of similar projects
carried out in UK and Denmark with corrections for inflation to 2012 prices.

Land value associated with energy centres has been estimated based on information provided by
London Borough of Redbridge’s Property Services department.

Project Development Costs

Project design, development and commissioning costs have been taken to be 13% of construction
costs (5% development, 5% design and 3% commissioning).

Reinvestment costs in the heat network and in all other associated infrastructure assets have
been annualised based on reinvestment rates and replacement cycles, in line with experience on
other projects in Denmark and UK.

Developer Contributions

The economic modelling has assumed that the Project Company would finance the costs of
investment in the heat network and associated infrastructure assets, including branch
connections to the developments at block level and installation of heat exchanger stations.

For larger developments, where developers might reasonably be required to install a community
heating network with CHP#, it has been assumed that the community networks within the
development would be funded by the developer. Where such developments occur in advance of
the heat network being available to connect into, it has also been assumed that a temporary
boiler plant would be installed in lieu of installing a CHP and the developer would make a
contribution to the project equal to the net saving on investment as a result of not having to
install the CHP plant. The relevant sites where this could apply are considered to be ITCOS 07
and CCOS 11.

81 We have taken the threshold to be above 1250 MWh /pa) [17]assuming 100kWe unit supplying around 60% of heat demand
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For smaller developments, where developers could not reasonably be required to install a
community heating network, developer contributions have been taken to be zero, since it is
unclear at this stage what the basis for levying these contributions might be, given their freedom
to adopt alternative solutions to achieve carbon compliance.

Grants, Funds, Other Contributions

Investments in the project from EU grants, funds other contributions (such as CIL, Allowable
Solutions, S106) have not been considered in this study®. However, for the Ilford Town Centre
scheme and the Goodmayes outlier scheme the possible impact of a range of levels of grant
funding has been assessed. Potential sources of grant funding could be Allowable Solutions,
Section 106 funding, Community Infrastructure Levy, Housing Revenue Account, New Homes
Bonus (for the fully built out project), Homes and Communities Agency and the London European
Regional Development Fund.

Revenues from heat sales

Revenues from heat sales to customers are modelled as a function of customer type as shown in
Table 36. This has allowed us to model varying gas prices paid by customer type according to
predicted gas consumption and whether customers are commercial, residential, local authority or
industrial in nature. The threshold gas consumption used to define user types are presented in
[14]1[15].

The project company's heat selling price model is likely to include some or all of the following
elements:

e A connection charge ~ one off payment for connection to the network for new
connections, dependent on cost of connection assets.

e Annual Capacity Charge, payable monthly and dependent on capacity of connection -
intended to cover fixed operating costs of the project (lifecycle replacement costs and
fixed maintenance costs of the primary plant and heat network).

e Consumption Charge, payable monthly for metered heat as supplied to the customer and
based on monthly meter readings ~ possibly linked to return temperature to incentivise
customer to return water at low temperatures

For the purpose of this report, the costs of connection to the heat network have been modelled
by assuming that these would be borne by the Project, which would recover the investment costs
through annual capacity charges and consumption charges. These costs cover the heat
exchanger stations and the branched connections from the main spine of the heat network to the
heat exchanger stations. For large developments it is assumed that the cost of installing
community heat networks within the developments would be funded by local developers as a
requirement under planning.

Heat prices to consumers have been calculated on the basis of their avoided heat generation
costs under their business as usual cases. The avoided cost of heat is taken to comprise avoided
fuel costs, avoided operations and maintenance costs and avoided plant reinvestment costs
assuming a 15 year replacement cycle.

The business as usual case for new developments is described in Appendix 1. The business as
usual case for existing developments assumes that they would continue to operate using gas
boilers, with upgrading to higher efficiency replacement boilers plant at the end of their useful
operating lives.

82 with the exception of developer contributions paid by ITCOS 07 and CCOS 11 due to avoided need to install CHP.
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The avoided costs to new mixed use residential developments associated with increased lettable
floor space in lieu of installing alternative heating systems is considered to be negligible and is
taken to be zero.

RHI assumed not to apply to heat generated from air source heat pumps, since it is unclear at
the present time whether Phase 2 of the RHI will consider this to be an eligible technology.?’

Customer heat prices in the business as usual scenario are presented in Table 36 (at today’s
prices). This figure excludes annualised replacement costs for the heating plant installed under
the alternative case.

Also shown are the heat price paid by customers under the project, both with and without the
impact of avoided annualised replacement costs for the heating plant installed under the
alternative case. All existing customers, with the exception of London Borough of Redbridge, are
assumed to have a 10% reduction incentive applied to encourage connection to the project. This
is not applied to new customers. Finally, future heat prices based on DECC fuel projections after
25 years are shown in today’s terms for information. These exclude avoided annualised
replacement costs for the heating plant installed under the alternative case.

Alternative Heat Price Heat Price Future
Heat Price excluding including prices using
excluding replacement replacement ] ool {TT:]]
replacement cost cost projections
cost after 25
years
excluding
replacement
cost
Customer Type p/kWh p/kWh p/kWh p/kWh
New Medium 5.18 5.18 5.71 5.36
Commercial
New Retail 5.13 5.13 6.01 5.31
London Borough 4.12 4.12 4.27 4.26
Redbridge
Residential 8.18 7.36 7.52 7.62
customers -
new
Existing 4.09 3.68 3.84 3.81
Commercial
NHS 3.58 3.23 3.70 4.21
Community 3.85 3.46 3.97 3.59
users
Other Public 3.85 3.46 3.58 3.59

Table 36: Heat Tariff Assumptions

83 The RHI project does not apply to domestic systems until 2013. Following the delay to the non-domestic project, DECC re-evaluated

the timing for the domestic phase (originally projected April 2012). The intention was that there would be a consultation by the end of

2011, with implementation October 2012 alongside the Green Deal. However the timetable was delayed again in March 2012, where

three further consultation stages were proposed before the domestic phase of the RHI could start - now proposed for summer 2013
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Carbon Reduction Commitment (CRC)

CRC is assumed to apply for all London Borough of Redbridge buildings, NHS buildings and
existing commercial buildings connected to the project.

The value of savings under CRC is taken to be £12/Tonne CO, saved, based on the CRC Energy
Efficiency Scheme (Allocation of Allowances for Payment) Regulations 2012 [25].

It is assumed that only a proportion of the benefit of avoided CRC payments for eligible non
London Borough of Redbridge customers would accrue to the project, reflecting a benefit sharing
arrangement that would act to incentivise the customer to connect. A rate of £8 / tonne has been
assumed on this basis.

For London Borough of Redbridge owned buildings connecting to the project, a value of £8 /
Tonne has also been assumed. This reflects the same benefit sharing approach on the basis that
not all of the saving would be attributed to the project company.

Fuel Price Assumptions

Gas and electric prices for customers are taken from [14] and [15]. Price increases are based on
central forecast estimates as presented in [21]. Revenues from heat and electricity sales are
assumed to accrue on the basis of a linearized increase over a 30 year period.

For the Ilford Town Centre Project and the Barkingside project, the cost of gas for the project
(which is assumed to be purchased by London Borough of Redbridge through is existing contract
under the Laser consortium) is taken to be between 2.7 p/kWh (the lowest price currently paid
under the contract) and 2.0 p/kWh (prediction based on quarterly fuel price statistics at the
applicable volumes of gas purchased).

For the Goodmayes Outlier, gas prices reflect current costs paid by King George hospital who, it
is assumed, would purchase gas for the project. The Trust currently purchases gas under contract
to Corona at a price of 2.5 p/ kWh (excluding other charges). There is uncertainty around future
gas prices, since the Trust has recently switched over to new contract with EDF under the
Government Procurement Framework. In the absence of any further information, these numbers
have been used in this report.

Project Operation and Maintenance Overheads

Operations and maintenance costs are modelled as variable running costs accruing on per kWh
basis and as fixed administration costs associated with operational and staff overheads. Staffing
overheads assume a small operating team consisting of a Plant Manager, Administration Assistant
and two FTE maintenance technicians.

Variable costs include operation and maintenance of specific heat production units as well those
associated with general energy centre operating overheads (e.g. water treatment, general repair,
consumables etc.).

Heat network pumping and heat loss costs are modelled based on results of hydraulic calculations
using System Rornet assuming variable volume, variable temperature operation. Heat losses are
modelled as fixed losses over the length of the network. Pumping losses assume a cubic
relationship with demand.

Ongoing re-investment in the network and energy centre has been modelled assuming an annual
sinking fund.
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Electricity selling arrangements

Four models for selling CHP electricity have been considered for the projects:-
1) Selling electricity directly into the wholesale market as spill®* electricity
2) Entering into a Sell and Buy Back Arrangement with a Supplier (netting off)
3) Supplying local customers under a private wire network

4) Retailing electricity under Electricity Licence Lite

Electricity supply into the wholesale market

The simplest arrangement for the project would be to sell electricity directly to the wholesale
market. However, due to its intermittent nature and the small volumes involved, the value of the
electricity generated would be low to the Suppliers with whom the project would need to enter
into contract.

For this reason, the wholesaling arrangement represents the least favourable option to the
projects and is not considered to be a viable arrangement under which any of the projects could
operate.

In the modelling carried out, the value of electricity sold by the projects into the wholesale
market is based on 2011 wholesale prices at transmission level as reported through the
Balancing Mechanism Reporting Data published by Elexon with 10% uplift to reflect increased
value to the Supplier as a result of avoided transmission use of system charges associated with
the generated electricity.

Private Wire

Under a private wire arrangement, the projects would supply electricity to local customers
through a dedicated cable installed specifically for the purpose. The private wire network would
also be connected to the public distribution system, thereby permitting not only the sale of
excess generation to third parties, but also providing a technical back-up source to cover periods
when generation within the private network is insufficient to meet concurrent demand (e.g.
generator outage). The flexibility offered by this arrangement removes the need to balance
generation and demand at all times and significantly reduces the cost of providing high quality
electricity supply over an isolated system.

Establishing a private wire connection can be expensive and such an arrangement would require
customers to adopt long term electricity supply contracts in order to guarantee the generator
payback on the investment. Private wire networks are generally most suited to a small number
of large consumers connected locally and operating at the same voltage at the generator. In this
way connection cost are minimised and the payback on the investment is quicker. Private wire
networks, especially when applied as a retrofit, do not normally prove economic unless consumer
demand is particularly concentrated.

Establishing contracts with existing stakeholders can be complex to negotiate and time
consuming, particularly for private customers who may have little to benefit from the
arrangement. There is also the on-going risk that these customers would switch to alternative
Suppliers under the Citiworks ruling®®, which requires the private wire supplier to make provision
for this eventuality. Under the Citiworks ruling, it would not be possible to bind customers legally

84 Spill electricity is a term normally used for CHP electricity surplus to local demand and therefore ‘spilled’ to grid at low value.
85 Following the ‘Citiworks’ judgement, determined under European law, all consumers connected to private networks have the right to
obtain an electricity supply from third party suppliers (i.e.. not the ESCo to whose network they are connected) such that they can no
longer be regarded as ‘captive’ customers. This judgement is being implemented in the UK.
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into supply contracts over extended periods and provisions would need to be made for alternative
supply arrangements to allow customers to source their electricity from other suppliers.

Private wire networks also present an on-going risk of creating a stranded asset over time in the
event that the customers choose to change supplier or cease to exist for whatever reason.

Where public sector customers are involved, greater incentives are likely to exist and the local
authority is likely to have greater influence and control over the connected buildings.

The connection of new developments to private wire networks carries risk and prevents a project
from going ahead prior to these developments coming on line.

In the case of IlIford Town Centre, a private wire connection could potentially be established
around a customer base including one or more of the existing anchor heat loads within and/or
without the control of London Borough of Redbridge. Equally, one or more new developments
could also become party to such a network. The technical and economic feasibility of a private
wire arrangement would need to be determined at the next stage and the option has not been
modelled in the present report. With the exception of London Borough of Redbridge controlled
buildings, it is unlikely that customers under this arrangement would be willing to tie themselves
into private wire contracts for extended periods®, preferring instead to retain their ability to
purchase the cheapest power available amongst the top 5 Suppliers. The risk to the project would
therefore be significant®” unless London Borough of Redbridge could support the entire level of
generation from the project, which is considered unlikely.

In the case of Goodmayes Outlier, the existing CHP project is understood to operate under a
private wire arrangement, with both Goodmayes Hospital and King George hospital being party to
the arrangement. It is assumed that this arrangement would continue into the future for the
purpose of the present report and that the resulting electrical demand from the two hospitals
would continue to absorb the entire generation capacity from the project. This assumption needs
to be tested if the project is taken forward and the spill value of the exported electricity or the
connection costs associated with any additional private wire arrangement to avoid this would
need to be taken into account in the economic modelling of this opportunity.

The value to the project of the electricity generated is based on the electricity costs paid by the
Trust, which average 9.45 p/kWh (including settlement and agent charges, supply and
distribution charges and CCL) based on existing prices. We have assumed a net value of 8.08
p/kWh, subtracting an element of the fixed charges payable by the Trust to the electricity supply
company that would continue to be payable under a private wire arrangement, which we have
assumed to be 50%.

If necessary (i.e. if the assumptions regarding existing electrical demand on the site are
incorrect), a private wire connection could potentially be extended to one or more existing or new
customers in the vicinity of the plant. At under 1.5MW, and without domestic premises involved,
the arrangement could be implemented under The Electricity (Class Exemptions from the
Requirement for a Licence) Order 2001; SI3270. This exemption means that the project would
not require any of a generation, distribution, or supply licence.

In practical terms, since any existing consumer site involved in this arrangement will currently be
connected to the local public distribution network, such an arrangement would require the

consumer to find a supplier willing to offer a supply contract via the private network. The project
would have to obtain or provide central registration services in order for the consumer’s metering

86 Contracts with such customers would typically need to be between three and five years in duration and the project would therefore

need to expect to renegotiate the supply contract many times during the lifetime of the plant.
87 and unlikely to be acceptable to financers of the project
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point to participate in the regular market and offer a use of system tariff. As an existing half
hourly metered site, the existing consumer will have commercial contracts for electricity supply
which may have been placed directly or via an agency or centralised purchasing function.
Embedded within these supply contracts will be a connection agreement for physical connection
to the distribution network which would need to be replaced by similar contracts with the project.
A further contract for the provision and maintenance of the metering equipment would also be
required. Within the half hourly metered market, the consumers may own the metering, may
have a direct contract with the meter operator or may purchase the services within the supply
contract. These contracts would need to be terminated or transferred as appropriate.

The project would contract with an electricity supplier for ‘top-up and spill’ or a similar risk
management arrangement to enable any excess of generation over private network demand to
be revenue earning and to facilitate net imports when demand exceeds generation. The
commercial aspects of this may be passed through to the network consumers within their supply
tariff. The pricing of such a product would be complex, but it should be envisaged that the ‘top-
up’ element would carry a 10-15% premium over the day energy prices currently paid by the
consumers, whilst the ‘spill’ of generation element, being most likely skewed to overnights, would
be discounted to approximately 3-3.4p/kWh. The target counterparties would be licensed
suppliers with a significant consumption in the area and aggregators offering generation/supply
risk management services. Risk management services would have a different pricing basis and
are likely to be commercially attractive to the project but would depend on the volume and
pattern of the network imports and exports. The selection will be a matter of trading aspiration,
timing and commercial value at the time of going to market.

In the case of Barkingside a private wire could potentially be established between the CHP and
one or more of a number of local authority controlled buildings such as the library, King Solomon
high School and Redbridge sports centre. In the modelling carried out, a private wire
arrangement has not been modelled for the Barkingside project for the following reasons:-

- the project fails to stack up under a licence lite arrangement, which would offer a
comparable or better rate of return as well as a significantly lower risk profile.

- There is uncertainty around the cost of connection and the volumes of electricity available
at each site.

Further work would be required to assess the technical and economic viability of this option.

Electricity Sell and Buy Back

Some of the savings over a conventional electricity supply arrangement can be achieved without
the need for a private network. This can achieved commercially under a ‘sell and buy back’ type
of arrangement with a licensed electricity supplier. Under this arrangement the project would sell
its generated electricity to a Supplier who would net-off his exposure to wholesale energy and
transmission use of system charges by virtue of those charges being based on his deemed take
at the grid supply point group (GSP Group) level. The agreement with the Supplier would be
contingent on the consumers also buying their energy from the Supplier. This is essentially ring-
fencing the value of the embedded generator and sharing the benefit with the supplier.
Distribution Use of System (DUoS) charges under this arrangement would not be avoided.

Although less attractive in terms of costs savings than a private wire arrangement, this option
would avoid the capital investment costs and ongoing maintenance costs associated with setting
up and operating a private wire network® and would deliver benefit to the project even though
the netted off consumers (i.e. London Borough of Redbridge’s assets) are dispersed and remote
from the generator.

88 Under the sell and buy back arrangement, the investment in the electricity infrastructure is borne by the District Network Operator
as opposed to the private network operator.
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This type of arrangement is likely to be the most favourable option for the Ilford Town Centre and
Barkingside projects, in the absence of a Licence Lite (see below). The arrangement would
require agreement with the Supplier, who would also realise benefits from the arrangement and
should therefore be receptive to the proposal. The benefits to the Supplier arise in the form of
reduced DUoS charges as a result of the embedded generating capacity® and reduced settlement
charges seen by the Supplier as a result of the supply company being able to aggregate the
London Borough of Redbridge’s multiple supply meters into a single aggregation point. Assessing
the value of this benefit requires addressing the market directly as the value realisation is
achieved through negotiation and can be assigned either at the generator or the consumer
according to preference. These benefits are assumed to be zero for the purpose of this report.

In the modelling carried out, it is assumed that the projects would net off all generation from the
project against electricity purchased elsewhere for London Borough of Redbridge’s buildings
within the distribution network and that the cumulative consumption of these buildings would
match the generator’s output over the year. This assumption needs to be tested at the next
stage.

The value to the projects of a netting off arrangement in which London Borough of Redbridge
nets off generation against its existing consumption is based on London Borough of Redbridge’s
weighted average electricity prices for two rate Half Hourly (HH) supply under its current
procurement arrangements as part of the Laser consortium. These values are taken to be
9.8p/kWh (day rate) and 6.16p/kWh (night rate). DUoS charges payable by the project are taken
to be 3 p/kWh during daytime operation and 1 p/kWh during night time operation.

Electricity Licence Lite

In 2009, Ofgem introduced its Electricity Supply Licence Lite proposals, intended to make it
easier for embedded generators, including decentralised energy projects, to operate as licensed
suppliers across the public electricity network.

Under the proposed ‘Licence Lite’, the project could enter into a ‘supplier services agreement’
with a licensed third party supplier and benefit from being able to retail electricity generated to
residential, commercial, retail and public sector consumers within the local distribution network®,
whilst also avoiding the many of the cost overheads associated with setting up and operating a
full electricity supply licence. The electricity supply customer base would not necessarily need to
be the same customer base receiving heat from the project and the customer base could
therefore be matched to the export capacity of the project.

The value of the retailed electricity could be expected to be comparable to concurrent prices paid
by customers under the project, with an incentive or discount to attract and retain them over an
ongoing period.

There are currently no Licence Lite projects in operation, although GLA and Ofgem are working
together with selected London Boroughs to finalise project proposals and establish the first
Licence Lite projects in London®!. It is anticipated that by 2015 the concept of Licence Lite will
have been successfully proven and that local generators including Local Authorities and private

90 Retailing into the strategic network would probably be un-economic due to the Transmission Use of System (TUoS) charges arising
91 A group of six London supervisory councils (WF, Hackney, Haringey, Camden, Islington) are currently working with GLA to establish
Licence Lite and after March 2012, one or more boroughs are intending to apply for License Lite licences. If successful, this will set a
precedent for other local authorities to follow. Work is ongoing between GLA and Ofgem to finalise implementation of the project. This
includes resolving various regulatory issues surrounding the proposed licence arrangements, (including the development of inter-
industry off-take agreements (to set the parameters of engagement between the parties to such agreements) and understanding and

resolving key risks to potential licensees).
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commercial organisations would be operating under such licences at that time in London and
beyond.

London Borough of Redbridge could potentially set up and operate a single Licence Lite to cover
multiple project opportunities. Equally, it could co-operate a Licence Lite with third parties such
as other Local Authorities or the GLA, who is currently in the process of establishing the first
Licence Lite in the UK.

The cost of administrating the Licence Lite is unclear at the present time, since there are no
operational projects against which to benchmark (the economic modelling in this study does not
take into account set-up costs for a Licence Lite, although it does include an estimation of on-
going admin costs). The GLA is currently conducting work in this area and, whilst early adopters
are likely to incur relatively high setting up and running costs, the intention would ultimately be
to pool the administrative burden of setting up and operating a Licence Lite across a number of
projects so that the operating margins would be acceptable to small generators.

In the modelling carried out, it is assumed that the net value to the projects would be 8.9
p/kWhr, reflecting a mix of residential and commercial customers connecting to the project, a
10% incentive on their alternative prices to attract and retain them and an operating overhead
payable on a p/kWhr basis. This assumption needs to be tested at the next stage, if the project
opportunities are taken forward.

Impact of Green Deal and ECO on Energy demands

In relation to the Green Deal, Eco, REFIT, RENEW and the Better Buildings Partnership other
energy efficiency measures for existing buildings, the following considerations have been taken
into account:-

e The impact of energy efficiency measures on the existing residential sector, where
retrofitting and refurbishment under Green Deal is likely to take place over the coming
decades has not been modelled, since connection of existing residential buildings are not
included in the project proposals for the identified opportunities.

e The impact of energy efficiency measures on existing public and commercial buildings,
where retrofitting and refurbishment under Eco, REFIT, RENEW and the Better Buildings
Partnership is likely to take place over the coming decades has been modelled. Such
buildings are likely to implement a range of measures to reduce energy demands for
space heating and hot water, including improved control of existing internal heating
systems (zone control, variable speed drives, plant upgrades, pipework insulation etc)
and fabric improvements such as double glazing, insulation, installation of solar thermal
panels. An estimation of the impact on these measures has been made with reference to
Table B1 in ECON 19 [11] where reductions in space heating and domestic hot water
demand are quoted for typical and good practice offices for a range of building types. The
table shows savings of the order of 50% for all building types. For non-council buildings,
it has been assumed that 50% of existing buildings connecting to the project represent
typical practice and that of these, 50% would be upgraded to achieve a 50% saving in
energy consumption. This results in a global 12.5% reduction in energy demand on
existing buildings, which has been applied to all existing connected public buildings
excluding Council buildings. For Council buildings, a global 25% reduction in energy
demand has been applied on the basis that all buildings requiring refurbishment would be
refurbished. We have not modelled energy efficiency improvements in any greater
resolution at this stage, although we have applied an uncertainty of +/- 25% on this
central estimate (refer below) to reflect the broad ranging nature of the assumption. It
has been assumed that all energy efficiency improvements would be made by the point of
connection to the project. Reference has also been made to [12].
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Sensitivity Analysis

A sensitivity analysis has been carried out for each project opportunity around the key variables
that influence the IRR for the project. The results of the sensitivity analysis are presented within
the relevant sections of this report.

The blue lines in the graphs represent the central estimate of the project IRR, based on the
central estimates for the listed variable along the x-axis which were used to produce the
economic indicators for the project.

The bars in the graphs show the changes in project IRR due to changes in the relevant listed
variable, with all other variables being held constant. Red bars generally denote a % increase in
the listed variable whilst green bars generally denote a % reduction in the listed variable.

Exceptions to this are variables such as the Carbon Price Support for CHP and connection costs,
which are treated as half / removed variables.

Further information on each variable is presented below.
Electricity Selling Price: Variation in electricity selling price have been modelled as +/- 10% on

the central estimate under Sell and Buy Back, Electricity Licence Lite or Private Wire as
appropriate.

Gas Purchase Price: Variations in gas purchase price have been modelled as +/- 10% on the
centrally estimated purchase price for each project.

Project Total Capital: There is often a high degree of uncertainty around network construction
costs due to both uncertainty in the route (e.g. impact of utilities, traffic management, parking
suspensions, difficult crossings, soft dig/hard dig etc.) as well as external factors such as global
price of steel and the level of competition in the market. Since network capex generally
contributes around 60% to 70% of total project costs, uncertainty in this variable has a very
significant effect on uncertainty in total project development costs. Energy centre construction
costs are generally less difficult to predict. However, for the projects considered here,
uncertainties remain around whether existing plantrooms can be used for the projects
(Barkingside and Goodmayes Outlier) and around lease or sales value of the land (particularly for
the Ilford Town Centre project). The uncertainty in project development costs has been modelled
as +/- 10% around the central estimate. Uncertainties around development costs (design,
panning, procurement), which are likely to be less significant than the CAPEX related costs, are
included in this variation.

Operating Margin: The impact of uncertainty for the operating margin modelled as a +/-10%
variation on the central estimate.

Heat Selling Price: The impact of heat selling price is modelled as a +/-10% variation on the
central estimate of heat selling price for each individual customer type. Refer to Table 36.

Maintenance Costs: The uncertainty in project fixed and variable operating costs has been
modelled as +/- 10% around the central estimate. This includes the variation in annual sinking
funds for reinvestment in the heat network and energy centre.

Carbon Price Support for CHP: The 2011 Budget removed Climate Change Levy Exemption
Certificate support for new and existing CHP plants. This was subsequently confirmed in the
2012 Budget. There is uncertainty around what the impact of the government’s Electricity Market
Reform proposals will be on support for gas CHP (ie whether equivalent levels of support will be

92 Climate Change Levy Exemption Certificates (LECs) are tradable certificates that enable electricity exported to the grid from combined heat and

power (CHP) plants to be exempted from the Climate Change Levy.
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provided to replace the Climate Change Levy Exemption Certificates). This uncertainty is
modelled by assuming equivalent support as the base case by assuming a level of support
equivalent to the current LEC value of £5.09/MWh forward in the ‘government support’ scenario.
It has been modelled as half the current support and no support.

Connection Costs: The uncertainty around branch connection costs (connection distances)
assuming that the project pays for connections has been modelled as +/- 10% around the central
estimate.

Connection Costs 50% / Off : The impact of excluding connection costs for the project is
modelled as a 50% reduction in connection costs. This models the scenario that new developers
subsidise their connections through planning whilst connections to existing buildings are paid for
by the project. This could represent allowable solution and/or CIL contributions towards new
developments.

Carbon Emission Assumptions

Carbon savings are reported against DECCs forecasts for marginal and average grid intensity CO,
factors as reported in [21]. Gas CHP is modelled as displacing the marginal plant on the grid
taken from marginal grid production forecasts as reported in [21]. The business as usual
alternative for each customer is based on average grid production forecasts as reported in [21].

On this basis, the carbon intensity of the heat generated from gas CHP increases over time and
for new residential customers exceeds the alternative heat pump option beyond 2021.

The scenario that current grid average and grid marginal CO, factors prevail throughout the life
of the project has also been modelled. Both scenarios are presented in the sets of results to

provide upper and lower bounds on the likely CO, savings for the projects.

The CO, emission factor calculation is based on the SAP 2009 methodology.
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APPENDIX 4 SUMMARY OF HEAT NETWORK ASSETS
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Heat Network

Control Concept

The operating concept of the heat networks is likely to be based on a variable flow, variable
temperature design, in accordance with the design parameters set out the draft District Heating
Manual for London being prepared by GLA [24].

The working pressure will be controlled within the system to ensure the pressure and flow
characteristics are met at critical locations in the network at all times. This will be achieved
through distribution pumps operating to maintain a minimum pressure difference between flow
and return at each customer, controlling to maintain a minimum pressure difference across the
index point of the circuit. This will guarantee the required flow of heat to customer substations
and ensure that heat demand is met at all times.

In addition to volume control, heat network delivery temperature will also be controlled on the
basis of ambient temperature in order to minimise heat losses throughout the year and maximise
capacity and lowest investment cost. The delivery temperature from heat production units into
the heat network will be controlled through local mixing circuits at the heat production plants.

The primary flow temperate into the heat network will typically be controlled between® 80 °C and
95 °C when outdoor temperature exceeds +5°C. The primary flow temperate will then be
increased to a maximum of 110 °C when the outdoor temperature reaches the design
temperature of -5°C.
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Figure 38: Typical Flow and Return Temperature Characteristics (image courtesy LDA/GLA)

The heat network will typically be pressurised at a single point. This should be located at the
energy centre which will also house the primary distribution pumps, water treatment and
pressurisation and expansion systems for the heat network.

Heat flow into customer substations will be controlled by 2-port control motorised valves so that
customers can take all the heat they need at any moment in time.

Pipework Selection

District heating systems can employ a number of different pipe systems ranging from rigid steel
pipes to flexible plastic produced as a pre-insulated bonded pipe system. Pipe systems have

% dependent on requirements of existing buildings connected to the heat network.
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developed significantly over the last 30 years and now European standards for their construction
(EN253) and installation (EN13941) are in place to ensure that the highest quality pipe systems
are developed.

Pre-insulated bonded pipe systems are today by far the most commonly used system for heat
networks. Insulated steel pipes in concrete ducts or outer steel casing are also be used for special
applications or in systems with special requirements along the route (for example the railway
bridge crossing in Ilford Town Centre, which is likely to be installed as steel in steel pipe.
Pre-insulated pipes consist of the medium pipe that can be of steel, copper, plastic (PEX - cross
linked polyethylene) or Aluminium PEX. Common to each is a layer of polyurethane foam
insulation and an outer protective casing. The insulating foam thickness can vary to provide lower
heat losses.

Rigid steel pipes are generally envisaged as the medium pipe for the projects identified in this
report. These employ standard steel pipe, in standard pipe sizes, e.g. DN100, DN125 and are
manufactured in straight lengths of 6m, 12m and 16m for general purpose use.

Different insulation options are available, providing varying levels of insulation thickness of the
polyurethane foam. The increased foam thickness reduces the heat losses from the pipe system.
The selection is usually made on the basis of a cost benefit analysis at the design stage, although
Class 1 insulation is considered suitable for the projects identified in this report.

Figure 39: Rigid Steel pipes for District Heating (image courtesy of Ramboll)

Twin pipe options are available as an alternative to single pipe system. These are constructed
using the same materials as single pipes but both flow and return pipes are contained within one
outer casing. This design reduces heat losses and operational costs and can in some
circumstances be cheaper to install. Due to production technology limitations, twin pipes are
presently limited to a maximum pipe size of DN200, which limits their use in larger networks.

Twin pipes are best suited to long runs, where branch connections are minimised, since the
complexity involved in welding twin pipes can be significant and ultimately can offset the cost
savings arising from manufacturing. Considerable skill and expertise is needed for welding twin
pipe systems. This may also influence the decision to adopt this pipe system. The choice of pipe
system will ultimately also be dictated by route constraints, which is the subject of detailed route
appraisal at the design feasibility stage.
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Figure 40: Twin Pipes for District Heating (image courtesy of Ramboll)

Typical pipework dimensional requirements are shown below for various pipework diameters
based on single pipe technology.

|
__ ROAD SURFACE 2
# ~ WARNING TAPE
/ /' OR WARNING NET

A==

Nominal Diameter | ‘Casing diameter W D

mm mm m ‘ m

32 30 0.7 | 0.65
40 110 0.7 0.65
50 125 0.7 0.65
65 140 0.8 0.65
B0 160 0.8 0.70
100 200 0.9 0.75
125 225 1.0 0.80
150 250 1.1 0.90
200 315 1.2 1.00
250 400 1.4 1.00
300 450 1.5 1.00
350 | 500 1.6 1.10
400 560 1.8 1.20

Figure 41: Pipework Trenching Details (image courtesy District Heating Handbook, EDHPMA)

Typical installation requirement details are shown in Figure 42.
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Figure 42: Pipework Installation Working Space (image courtesy image courtesy District Heating
Handbook, EDHPMA)
Services pipes connecting buildings to the heat network can in principle be supplied as flexible
pipes. The types of pipes available for service pipes are:

1) Flexible pre-insulated DH pipe with medium pipe of copper (cu-flex)

2) Flexible pre-insulated DH pipe with medium pipe of PEX or AlIUPEX material
3) Flexible pre-insulated DH pipe with medium pipe of steel (steelflex)

4) Traditional non-flexible pre-insulated DH pipes with medium pipe of steel

However, flexible pipes have operational limits in relation to maximum allowable pressure and
temperatures. Depending on the final project design parameters they may or may not be

unsuitable for use in the proposed heat network.

Design Temperatures and Pressure Considerations

The approach to designing the heat networks for the Ilford Town Centre, Crossrail Corridor and
Barkingside Projects has been to assume that variable volume, variable temperature control
would be implemented. Design delivery temperature on the primary side would be 105 °C with
design return temperatures of 70 °C and 50 °C for existing and new developments respectively,
giving design temperature differences of 55 °C and 35 °C for existing and new developments
respectively.

Primary design return temperatures of 70 °C are expected to be the limiting value for existing
buildings unless / until modifications to internal heating systems are carried out to permit lower
return temperatures (e.g. through temperature compensation, increased thermal efficiency of
building fabric insulation etc.). It is noted that return temperatures from existing buildings may
be higher than this in many cases, particularly at off design temperatures.

Primary design return temperatures of 50 °C should be achievable for new buildings based on
underfloor heating concepts, with a presumption that developers would be required to design
their heating systems to achieve this (with a secondary returns in the region of 45 °C).
Developers could be incentivised for designing to return heat at below these temperatures.

The approach for Goodmayes Outlier has been based on the same network parameters, on the
basis that the delivery of heat to the Trust could be reduced by de-rating / modifications to their
their existing DHW circuits. This would be necessary also to allow the gas CHP to deliver a
greater proportion of heat into the existing MTHW network than would be possible if the MTHW
continued to operate at 120 °C and would also reduce heat losses making operation more
efficient.

In relation to pressure, there are two design options of rigid steel pipes; one suitable for use in
systems rated at 120°C; 16bar and one for use in systems rated at 120°C; 25bar. The 120°C;
16bar option will be suitable for the projects identified in this report. Based on the hydraulic
modelling carried out it is envisaged that a 10 bar g or 16 bar g design pressure can be specified
for the network fittings and auxiliary equipment, with pressurisation on the system return and
indirect connection to customers.
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The scope for increasing future capacity and operating the network at lower operating
temperatures to allow supply from lower grade heat sources in the future relies on being able to
reduce return temperatures from existing buildings. The cost, viability and timescales for this
approach will require detailed assessment at the next stage.

Energy Centre Assets
Gas CHP
Gas CHP units are assumed to be based on internal combustion spark ignition engine technology.

These units will typically deliver LTHW to the network via a skid mounted plate heat exchanger.
Heat recovery will be through water to water heat exchangers taking heat from the engine
jacket, oil cooler and exhaust systems. These will be connected to the heat network via a water
to water heat exchanger circuit, with heat being delivered into the network via a set of
distribution pumps. Delivery temperatures into the network will typically be at up to 95 °C on the
flow side, although this can be lowered based on the choice of heat network configuration. Higher
temperatures required in the peak condition will be provided through top up boilers (see below).

A typical arrangement detail of the heat recovery system including the heat exchanger station is
shown below.

Figure 43: Typical Arrangement for Heat Recovery from Internal Combustion Engine CHP

Gas CHP units will typically be equipped with dry air cooler circuits to allow heat to be rejected
under emergency conditions (i.e. if excess heat from the CHP cannot be removed in any other
manner).

Gas CHP units will generally be sequenced as the lead heat production unit (when the sales price
of electricity is favourable). Where multiple units are installed, each unit would have its own
packaged control and safety systems. Sequencing control of the units will be carried out by a
central SCADA system.

Gas CHP units will typically operate at constant electrical output under normal operation. They
will also be capable of modulating to meet the heat demand, although it is likely to be
economically unjustified to run the CHP's at part load with the consequent decrease in efficiency
and production in relation to running costs.

Connection of new Gas CHP units to the electrical grid will typically take place at 11 kV grid via
dedicated step up transformers from the generator operating at 400V.
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Boilers

The boilers are likely to be supplied as packaged shell and tube boilers fitted with fully automatic,
fully modulating low NOx burners. These will provide back up and top up to the gas CHP.

Biofuel can be specified as a back-up fuel, however the CO, benefit is likely to be marginal due to
the low running hours to be expected on biofuel and the need to continuously heat the stored fuel

throughout the year.

Heat Accumulators

Heat accumulators are likely to be required for the purpose of storing heat generated from the
gas CHP at off peak times when heat production costs are low and discharging this heat during
peak demand conditions and when heat production costs would otherwise be high.

Heat accumulators will be located at each proposed energy centre and will be owned, operated
and maintained by the Project Company.

Sizing of the accumulator will depend on a trade-off between investment cost and operational
cost savings. The modeling carried out at this stage has assumed storage capacity to provide up
to three hours storage from the installed CHP capacity.

A typical heat accumulator arrangement is shown below.

N

Figure 44: Typical Accumulator Configuration

Consumer Connections

Indirect connections between the primary heat network and the connected buildings through
plate heat exchanger stations are the norm in modern heat networks since they provide a
number of distinct advantages including:-

1) clear and suitable demarcation boundary between the Project Company and individual
plot developers

2) opportunity for simplified billing arrangement for the project company, without the need
to take on billing to individual residential customers

3) Avoidance of contamination between primary network and connected buildings (ie water
quality issues)

4) Simplified design of primary network in relation to development phasing

5) Increase flexibility for developers to adopt their own individual building services solutions.

This method of connection is anticipated for the projects identified in this report.
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Point of Connection to Heat Network

The point of connection to new buildings (residential, mixed use or other) will typically be at the
mechanical services plantroom for the building. These are usually located to the rear of the
building at basement or ground floor level within the building envelope.

The point of connection to existing buildings will also be at the mechanical services plantroom for
the building. In some cases these may be located at roof level, depending on individual building
design.

In larger new developments, where multiple blocks are involved, a community heating network
should be established by the developer. This will be fed from a temporary energy centre within
the boundary of the development until the heat network is available to connect to. The point of
connection to these developments will be the temporary energy centre. Depending on the design
of the community heat network, the point of connection to the heat network can be either direct
or indirect. A direct connection will have advantages in terms of reduced heat losses and
avoidance of temperature difference reductions seen by the network but will subject the primary
heat network to the water quality regime of the community heat network and require the
community heat network to be designed to the pressure requirements of the primary heat
network. In such circumstances it is recommended that the project company adopts the
community heat network at the point of connection of the project and takes on operational
responsibility from thereon in.

Connection within Community Heat Networks

For individual buildings within community heat networks a range of connection options are
possible. For example, residential blocks could be directly connected, with heat exchanger
stations (HIUs) located at apartment level only, with a direct connection at the building interface
and at the incoming supply to the energy centre. This maximises temperature difference in the
system, reduces internal heat gains and makes use of the available pressure in the network
thereby minimising additional circulation pumping at block level.

Alternatively, communal heat exchanger stations located at block level provide a hydraulic break
and a clear commercial demarcation point between the network operator and the maintenance
company responsible for the individual buildings.

Three connection arrangements are typically adopted.

1) Direct heating and direct hot water connection
2) Indirect heating and indirect hot water connection
3) Direct heating and indirect hot water connection

The direct approach involves connecting the community network to the consumer’s internal
heating system directly, without any physical separation of the two systems (i.e. without a heat
interface unit).

The indirect approach involves introducing physical separation between the community network
and the consumer’s internal heating system in the form of a heat interface unit so that the two
systems are hydraulically separated. For residential applications this interface can be located at
each individual apartment or in the form of a communal interface located in the basement of the
apartment block. A further variation is possible in the indirectly connected system in which an
additional interface is provided between the community network and the consumer (i.e. at the
building interface / basement). For non-residential, mixed use applications, the interface is
provided at the building interface.

The decision about which connection method to choose will be based on a trade-off between
investment costs, operating costs, operational risk (e.g. impact of leakages) and impact on
operational and ownership model (i.e. interfacing arrangements between the network operator,
the landlord and the apartment owners). Individual developers will have their own preferences
and may choose to adopt either strategy. We would recommend further analysis of the options at
the design stage of the project, with reference to the principles set out in the GLA’s Design
Manual for London which is currently in draft.
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Residential Heat Interface Units

Customer interface connections can be delivered as pre-fabricated units also known as hydraulic
interface units (HIU) or it can be built by the heating installer. The choice of unit reflects the type
of connection i.e. direct / indirect heating and cylinder / instantaneous DHW connection.

Temperatures and pressure levels, also for the mains cold water supply and for the domestic hot
water, are among the important parameters when specifying the units.

One important issue is the capacity of the unit in relation to the building’s heat demand and the
demand for domestic hot water. This will lead to requirements in terms of flow over the
installation, combined with the obtainable supply and return temperature. The pre-fabricated
units have to be designed for the special conditions in the UK. These conditions include water
quality and pressure as well as the way in which the heating system is operated.

Generally, there will not be significant differences in layout and size of these units between
different manufactures but there can be a difference in the quality of the components used. A
cheaper brand may be compromising on the quality of for instance the heat exchanger and/or the
control valves.

The customer interface is achieved through pre-fabricated off the shelf unit solutions as the one
seen in the figure below, especially for smaller thermal load connections and single family homes.
The units include all equipment such as circulating pump and a heat meter.

Figure 45 -Typical Heat Interface Unit for individual apartments

Commercial Heat Interface Units

The typical design connection for commercial and other non-residential customers will comprise a
heat exchanger station containing two heat exchangers complete with all necessary pumps,
controls, valves and heat metering. One heat exchanger will provide heating and one will provide
centralised, instantaneous domestic hot water production. Indicative assembly and schematic
arrangements for such a consumer substation are shown on next page.
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Figure 47: Typical Substation Connection Arrangement (image courtesy of LDA/GLA)

Size Considerations

Consumer substations are significantly smaller than conventional boiler plants and consequently,
a lot of space can be saved in new developments or taken to other use when existing boilers are
removed. A heat exchanger substation can take as little as 10% of the space required by
conventional boiler plant. Heat exchanger sizes vary from building to building. The following
table provides a guide to the space requirements of a typical floor mounted heat exchanger. The
space identified does not include for any equipment required for distribution, e.g. circulating
pumps, pressurisation system.
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Heat
Packaged Brazed Gasket type

Shentey | piate
200 2.5m x 2m 3.5m x 2m
500 3m x 2m 4m x 2m
750 3.5m x 2m 4m x 2m
1000 3.5m x 2.5m 4.5m x 2.5m
1500 4m x 2.5m 4.5m x 2.5m
2000 4m x 3m 5m x 3m

Table 37: Heat Exchanger Space Requirements

Each heat exchanger space allocation allows for a minimum working space to all four sides of the
unit.

Heat exchanger stations for individual residences are comparable in size to wall mounted boilers.

Metering Control and Communication

Each building is expected to have a single point of heat metering. The heat meter should be
located on the heat network return pipe and be linked back to a dedicated central point of meter
data collection. Proprietary software is available to manage the data collection and billing process
but the incumbent network operator may have their own facilities. The heat meter will therefore
be capable of communicating through a number of protocols.

Control of the network should be carried out using strategically placed pressure transmitters in
the network and in such a way that will allow build out of the project without the need for
modification to the control system.

Communication is likely to be provided through a site-wide internet based system linking heat
exchanger control systems and heat meters back to a central data retrieval system in the main
energy centre at the primary heat production facility. A hard wired back up facility should also be
provided that will operate in tandem with the internet based system to provide redundancy in
operation. The hard-wired system should run in the trench of the strategic heat network
pipework in dedicated communication ducts. A radio based system is not advised due to the
density and height of buildings in the area that could prevent data transfer.
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APPENDIX 5 COST PLANS AND CARBON TRAJECTORIES
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Cost Plan Ilford Town Centre and Crossrail Corridor - Fullx Built Out Proiect Over 25 Years - Electricitx License Lite
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Cost Plan Goodmaxes Outlier - Fu x Built Out Prol'ect Over 25 Years - Private Wire
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Cost Plan Crossrail Corridor - Fullx Built Out Prol'ect Over 25 Years - Electricitx License Lite

CAPECREREX
Ermrgy Cartrs = “ e
Werwons i )
T - ]
et desvnpresi vons o 8T )
 musTOTAL £ (] 0 = [ [
1 351 ATIESd  A8i1%  Awsh  sdipe & qm TSR mnad 431053 $AT308 8% )ss  bmedt)  Srafes.  BES 116 SBASEN  JAUD  -T13a04 IR adf TS JAis%  .TSi3es  MeRTST  -(TOiNE
) T ) I L .m____ L L ] :,w TR WeR wmg  eel . avees Ol,m AT T T T T I ) TV Y R 1Y
= -sna «lm i 4nu B A A A Ve aryes e cnn adumd afiee  avwen  aree 47 AT AL AT N AL A AL A
B B O 4,9»7__ AO%  hOH AT a3 aATh 8™  BATA AR BT  AWTE BTG 80% .u?o A AN RAOY  hem a0
s Ay reus -}niﬁ HEad  MesimS  FrrfM  fmrim  sesdr  Saces  bisset é-iu Eeer SOMM BT SUBE SIS SIIE  S00es S0 60T Blase st
i PEiS tmah Faitis Mg NGES  Fosel  Fesoie  Meomi  Sf 180 BiEAM AMIEE  BeEEr  SSIAN Skaaw  SPAMAS  E4AN  sAsE RS iTe  diae i
* % BEIAN0  STOMM  STRAS  WIAJIC  GMMES (6558 @NTIE K201 GNITE  Geel)  GeIIIE  GIASR G V1 G737 GO R BAeM mpv TIR e
n 25 239 P S5t i Shae 238 23 238 235 23 35 dwe 5% 25 pa) 2304
5 MY WATE WIS INATE  JRATE  JGATE  RATE  WATE  MATE  364TH L IBATE  WOIE  maTe M4y
X 1344901 TaeASay 1 Jeathl  r4siEN (aniAC Readea (Ve b a&m__,gozm L e tie4 1 MeEses  1Ammiss 2 1arased
il : Saw  NEE Gl Biwi i SEG e e um HEIN  dria Meen  wmMs  resst
BN~ T 7 C 640 TRMEI  ta0as 53 ﬂ!, AT SR GTON  GMGL  GARME _ TEe0sT 1
N e & A 24 wm ADEAN Lauok 4%EIN FYTEITY T L 3 lh,l__-_tath SATE e we e VA0 2N MT 3
U ) s P 10888 1WA S Y
poodvmf 8 ] RS BN A _EDIOIN . S 184 08 W % ) M,
| PpO0R | 10TIi74_33%4Trs 38 23771 33108 Eﬁm .mm IITAW_IIT998__3ITT 13T 1% 3397008 33717006 337038 3317108 357008 IITTA 29710 3TN 3I9IW IR 2377438 3TN
16665512 0 [ 0 D [ 1 [ ) 3 ¢ [] [} [] ) ) ) [) ) 0 0 0 '

{ L4333 OCINE  LE2433 GR3453 DESETY BMQ4ES WESAT) BEIASS  GESAD) BE34%1 @oan BE24E] ©E2453  GEC AN BEDASYT  BR24NY  GEI4AY SED4TI GG 4EY BEIAST DERdnY SO ANY BR24SY A s énd

Cost Plan Barkinaside Investment Area - Fullx Built Out Prol'ect Over 25 Years - Electricitx License Lite
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The carbon Trajectories over the 25 year life of the project are shown below for the cases that
the Grid Carbon Factor remains unchanged over the life of the project and for the case that the
DECC Grid Decarbonisation Trajectory is assumed to apply. This demonstrates the adverse
impact that grid decarbonisation would have on the carbon savings arising from each project,
assuming the alternative case for the indicated developments as described in Appendix 3.

The graphs highlight a positive saving in CO, over the life of the project based on projections
using current grid emission factors but a negative saving if the DECC decarbonisation trajectory
is assumed, highlighting the limited role that natural gas CHP will be able to play in carbon
reduction in the future if DECC’s grid decarbonisation trajectory is realised in practice.

The actual carbon dioxide emissions from the scheme will not go up but because the electricity
production is discounted against the use of fuel the more the grid electricity is decarbonised the
less savings are achieved. There is a double effect in the case of the new developments
connected to the network because the alternative to connecting these are assumed to be electric
based systems. As the electricity grid is gradually decarbonised the alternative systems’
theoretical emissions become smaller.

District heating systems are flexible and one can imagine that as and when the decarbonisation
happen as necessary to be on track for carbon savings target in 2050 the fuel and technology
mix can be updated. Potentially biomass/biofuel CHP systems could be available and/or using
injected biomethane to reduce the carbon content of the fuel for gas engines.

It is worth pointing out that the alternative scheme represents an increase in emissions,
compared to the modelled schemes, until such time that the grid is decarbonisation has caught
up.

The negative numbers a year before operation is due to local temporary gas boiler systems for
new developments until such time when they receive heat from the network.

° The reasons for the decreased savings are twofold; electricity is produced by CHP using fossil fuel so the benefit decrease and the
alternative solution for new residential developments are modelled as heat pumps, so their carbon dioxide emissions would decrease
with the decreasing electricity intensity over the period
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Carbon Trajectories Ilford Town Centre - Fully Built Out Project Over 25 Years
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Figure 48: Carbon savings using current DECC Grid Carbon Intensity Factor over Life of Project
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Figure 49: Carbon savings using DECC Grid Decarbonisation Trajectory

Page 171



Carbon Trajectories Crossrail Corridor — Fully Built Out Project Over 25 Years
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Figure 50: Carbon savings using current DECC Grid Carbon Intensity Factor over Life of Project
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Figure 51: Carbon savings using DECC Grid Decarbonisation Trajectory
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Carbon Trajectories Ilford Town Centre and Crossrail Corridor - Fully Built Out Project
Over 25 Years
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Figure 52: Carbon savings using current DECC Grid Carbon Intensity Factor over Life of Project
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Figure 53: Carbon savings using DECC Grid Decarbonisation Trajectory
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Carbon Trajectories Cost Plan Goodmayes Outlier - Fully Built Out Project Over 25
Years
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Figure 54: Carbon savings using current DECC Grid Carbon Intensity Factor over Life of Project
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Figure 55: Carbon savings using DECC Grid Decarbonisation Trajectory.
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Carbon Trajectories Barkingside — Fully Built Out Project Over 25 Years
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Figure 56: Carbon savings using current DECC Grid Carbon Intensity Factor over Life of Project
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Figure 57: Carbon savings using DECC Grid Decarbonisation Trajectory.
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APPENDIX 6 SUMMARY OF HEAT SUPPLY CONTRIBUTION FOR
EACH PROJECT
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The graphs presented in this Appendix identify various supply characteristics for the heat
production assets in each of the schemes. A summary of the information presented in each of the
graphs is presented below. It should be noted that the graphs present the same information for
the project in different ways and or at different phases during the project’s lifetime.

Duration curve: For the cluster and fully built out projects, the duration curves show the number
of hours per year that each individual heat production asset spends at any given level of output.
For the cluster project, this is representative of all years of operation. For the fully built our
project, this is shown for the year by which all buildings have been connected to the project.
Heat delivered to the system from the thermal store is derived through charging the thermal
store through the CHP during the preceding hours of operation. Where more than one CHP is
proposed for the scheme, the contribution from each CHP is shown individually.

Monthly supply profile: For the cluster and fully built out projects, the monthly supply profile
provides a breakdown of contribution from each heat production asset toward total heat supplied
in that month. For the cluster project, this is representative of all years of operation. For the fully
built our project, this is shown for the year by which all buildings have been connected to the
project. In these profiles, domestic hot water consumption profiles and heat losses are also
shown across the year. The contribution from the thermal store is not shown in these curves
since it is not a producer of heat. Where more than one CHP is proposed for the scheme, the
contribution from each CHP is shown individually.

Annual Cumulative Supply Contribution: The annual cumulative supply contributions for the
cluster and fully built out projects show the breakdown of contribution from each heat production
asset toward total heat supplied for each year of operation of the scheme. The contribution from
the thermal store is not shown in these curves since it is not a producer of heat. Where more
than one CHP is proposed for the scheme, the contribution from each CHP is shown individually.
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Iliford Town Centre Project
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Figure 58: Duration curve - Ilford Town Centre - Cluster Project

259
517
775
1033
1291
1549
1807

W Gas boilers
HT51
mCHP
]
~ O 4 W
~ M@ 0 M
M Gas boilers
BT51
B CHFP

2065
2323
2581

2839

3097
3355
3613
3BT

— M ow
= =

[hours]

Ak Y
=

4903

5161
5419

5677
5035

6193
6451
6709
G967
7225

7483

o @
= & oo
M~ oo
~ M~ )

Figure 59: Duration curve - Ilford Town Centre - Fully Built Out Project

1,600,000

1,400,000

1200000

Wk /month]
g
g

A A 5 o
v"’ﬂ,d"‘!’ X "’fﬁw‘”‘;«‘

P,

&

& &

B Gas boiiers
_— P
wnnodhvw

- == hezt los

Figure 60: Monthly supply profile at Full Build Out - Iliford Town Centre - Cluster Project
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Figure 61: Monthly supply profile at Full Build Out - Ilford Town Centre - Fully Built Out Project
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Figure 62: Annual Cumulative Supply Contribution - IlIford Town Centre - Initial Cluster Project
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Figure 63: Annual Cumulative Supply Contribution- Ilford Town Centre - Fully Built Out Project
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Crossrail Corridor Project
Note: No initial cluster project has been identified for this opportunity.
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Figure 64: Duration curve for Crossrail Corridor - Fully Built Out Project
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Figure 65: Monthly Supply Profile at Full Build Out - Crossrail Corridor - Fully Built Out Project
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Figure 66: Annual Cumulative Supply Contribution — Crossrail Corridor - Fully Built Out Project

Page 180



Iliford Town Centre and Crossrail Corridor Project

Note: The Initial Cluster Project for this opportunity is as per the Ilford Town Centre Project.
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Figure 67: Duration Curve - Ilford Town Centre and Crossrail Corridor - Fully Built Out Project
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Figure 68: Monthly Supply Profile at Full Build Out - Ilford Town Centre and Crossrail Corridor - Fully
Built Out Project
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Figure 69: Annual Cumulative Supply Contribution - IlIford Town Centre and Crossrail Corridor - Fully
Built Out Project
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Goodmayes Outlier Project
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Figure 71: Duration curve - Goodmayes Outlier = Fully Built Out Project
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Figure 72: Monthly Supply Profile at Full Build Out - Goodmayes Outlier — Cluster Project
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Figure 73: Monthly Supply Profile at Full Build Out - Goodmayes Outlier — Fully Built Out Project
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Figure 74: Annual Cumulative Supply Contribution - Goodmayes Outlier — Cluster Project
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Figure 75: Annual Cumulative Supply Contribution - Goodmayes Outlier — Fully Built Out Project
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Barkingside Investment Area Project
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Figure 76: Duration Curve - Barkingside - Fully Built Out Project
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Figure 77: Monthly Supply Profile at Full Build Out - Barkingside - Fully Built Out Project
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Figure 78: Annual Cumulative Supply Contribution - Barkingside - Fully Built Out Project
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APPENDIX 7 LINEAR HEAT DENSITY INDICATORS FOR EACH
PROJECT
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Linear heat density indicators for various identified project opportunities are shown below. Linear
heat density is a measure of the connected heat load per metre length of trench and provides an

indication of the economic viability of the network under any particular set of economic conditions
(e.g. heat selling price, electricity selling price etc.).

Where initial cluster projects have been identified, these are shown separately for the initial
cluster projects and fully built out project.

A comparison of the linear heat densities with their associated IRRs provides an indication of how
future development / network extension opportunities could be assessed. For example, where the
incremental linear heat density of a new connection is broadly similar to the overall linear heat
density for the existing network, the new connection can be considered likely to be a viable
economic proposition. However, where the incremental linear heat density of a new connection is
significantly lower than the overall linear heat density for the existing network, the new
connection can be considered likely to be a non-viable economic proposition.

Linear heat density Full build out Cluster

MWh per metre trench 5.25 4.42
Project IRR over Project Term 12.29% over 40 years 7.1% over 25 years

Table 38: Linear Heat Density Indicators - Ilford Town Centre Project

Linear heat density Full build out Cluster
MWh per metre trench 1.75 n/a
Project IRR over Project Term 6.09% over 40 years n/a

Table 39: Linear Heat Density Indicators — Crossrail Corridor Project

Linear heat density Full build out Cluster
MWh per metre trench 3.4 4.42
Project IRR over Project Term 11.37% over 40 years 6.3% over 25 years

Table 40: Linear Heat Density Indicators — Ilford Town Centre and Crossrail Corridor Project

Linear heat density Full build out Cluster
MWh per metre trench 4.3 5.61
IRR over Project Term 12.5% over 40 years 11.9% over 25 years

Table 41: Linear Heat Density Indicators — Goodmayes Outlier Project

Linear heat density Full build out

MWh per metre trench 1.6
IRR over Project Term 4.1% over 40 years

Table 42: Linear Heat Density Indicators — Barkingside Project
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