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INTRODUCTION

South Gloucestershire Council (in partnership with Bristol City Council, West London Waste Authority
(WLWA), and SITA UK Limited (SUK)) appointed WSP | Parsons Brinckerhoff to undertake Energy
Mapping and Masterplanning across a study area comprising Severnside and the Northern Fringe of
Bristol (within South Gloucestershire) and Avonmouth Enterprise Area, Bristol West and the City
Centre (within Bristol City Council’s boundary)
The aims of the study are to identify the viability of implementing District Heating (DH) within the wider
Severnside Area, and the potential to supply this heat from SITA’s Energy from Waste plant, SERC.
This process involves a number of stages. The first of these starts with gathering good quality data,
and presenting it on a map for spatial assessment of the data. Out of this, a series of potential
schemes can be built up, based around clusters of higher heat density and customers who are likely
to be persuaded to connect. An initial high level assessment of a potential strategic heat network
assessment can then be carried out.
Once this first stage has been reported a workshop will be held to discuss the outcome of the first
stage, identify the priority areas (clusters) for further study and agree on whether or not to proceed
with the next level of assessment of the strategic network.
The second stage involves a more detailed level of assessment of the priority sites (clusters) identified
at the workshop. This involves; technical options appraisal, financial appraisal, whole life costing as
well as investigating the constraints on the project principally; land ownership, planning and
development timescales.
Once the priority sites are agreed and deemed viable, the wider strategic network can be subjected to
the next level of assessment, including confirmation of strategic network connections, network
modelling, and route options appraisal.
This report covers the results of the first stage assessment outlined above.

1.1

Heat Mapping

The energy data has been displayed graphically on a GIS map of the study area, and these heat
maps used to identify priority sites or ‘clusters’ where heat density is relatively high. These ‘hot zones’
represent the potential basis of the building blocks of a DH network.
This report explains the process of Heat Mapping, the basis of the strategic heat network feasibility
assessment, and the initial identification of priority sites from the heat mapping exercise.
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2

DATA GATHERING (DEMAND)

2.1

Introduction

Heat Networks are large and costly infrastructure to implement. The funding for these projects is
secured against long term energy supply contracts with heat customers. Typically the kind of loads
which have both the longevity and the will to sign up to lengthy heat supply contracts are public sector
organisations, and new developments where DH has been considered as the preferred medium of
heat supply.
Due to the nature of the loads present in the Avonmouth and Severnside area (private industrial), a
greater level of engagement with potential project stakeholders was deemed necessary to understand
the full opportunity; whether these businesses had a heat load which could be served by DH, and
whether they had the right attributes to be viewed as desirable customers.
Our team focused on collecting data from the most promising energy loads, using our experience of
industry types to identify suitable businesses, and also speaking with potential heat suppliers into the
District Heating main.

2.2

Our Approach:

WSP | Parsons Brinkerhoff was provided with a long list of contacts identified by the project partners
as potential heat loads; these arose from searches and databases (CSE, National Heat Network,
South Gloucestershire Council Gas consumption data for postcodes, MINT etc).
We identified a number of key businesses which could provide a base heat demand, and focussed on
engaging with these businesses from the outset.
While gathering of good quality data is important to inform the study, equally relevant is the
willingness and capability of businesses to utilise the heat in a meaningful and economically beneficial
way. Our approach centred around contacting the right people in each partner organisation and
engaging with them at the appropriate level to find out this information.
To hone the large dataset into a plausible list of opportunities, we used a combination of tools and
methods for data collection:
1.

Calling the specific contacts provided to speak with stakeholders directly about any
previous correspondence, their progress in returning the data request, and a brief
discussion about their use of LTHW on site and their processes. Where alternative
contacts were put forward, details were noted, and these individuals contacted
instead

2.

Sending out SGC scheme information and RFI form to complete.

3.

Updating the contacts data spreadsheet with information received

4.

Logging data returns

5.

Desk based investigation into the nature of the company (i.e. its sector of business
and the types of processes which it undertakes)

6.

Desk based research on the building which houses the company (specifically looking
for features which might give some indication on the building’s energy use – including
the building’s size, age, and any significant features such as stacks). Google earth
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satellite, Google street view and Bing birds-eye view have been used to flyover sites
to assess / corroborate any information gathered.
7.

Site visit by WSP | Parsons Brinckerhoff Energy Solutions’ Bruce Geldard on
14/05/2015.

2.3

Base Data Sets

Three main heat/gas demand data sets were provided to PB by South Gloucestershire and Bristol
Councils:

·

National Heat Map data (CSE)

·

CSE data from 2013 Bristol Heat Mapping Report

·

Gas consumption data for Bristol council owned loads within the following
postcodes: BS1, BS2, BS3, BS5, BS6, BS7, BS8, BS9, BS10, BS11, BS16,
BS34

In addition, South Gloucestershire and Bristol Councils searched the MINT database to produce a list
of organisations which might be suitable for DH. Initial contact was made by SGC and BCC in the
following areas:

·

Bristol North Fringe

·

Severnside (sites extracted from Severnside Commercial Overlay)

·

Avonmouth Standalone units (sites extracted from Avonmouth Commercial
Overlay)

·

Avonmouth Industrial Estates

·

Bristol West

2.4 Viability Assessment
Using our experience and the approaches outlined above we identified suitable businesses from the
pool of companies available.
The following table explains the reasoning behind the likelihood of various parties connecting up to a
DH network:
Organisation / Building use:
A summary of the main building types and their viability is provided below:
Building use type

Viability

Warehouse/ Distribution Centre

This use type generally has low heat and electrical demands and
is usually unsuited to connection to a decentralised energy
network. One exception would be those which have some chilled
storage - these could be suitable for connection to a private wire
network, localised district cooling network, or the use of
absorption chillers could be considered on site, fed from the
district heating main.

Workshop / Light Industrial Unit

Typically a car repair garage or small company workshop,
possibly with a small office area attached. These generally have
low heat and power demands. In addition, occupiers are likely to
change in the medium term, making the site unsuited to
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decentralised energy provision.
Office Building

Could be suited to decentralised energy provision, depending on
the size. Where a business park has been developed, a single
business may not be sufficient to serve, but a business park may
make the connection viable (Aztec West, The Brooms Emerson
Green)

Showrooms / Wholesaler

Generally relatively low heat and electricity demands and
unsuited to decentralised energy provision

Vehicle Hire Depot

At best will only have a small office; unsuitable to decentralised
energy provision

Factory/ Processing Plant

Could be suited to decentralised energy supply, depending on
the processes which are undertaken within the unit. In each
instance, we are seeking clarity from building owners of the
activities carried out on site.
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Ownership:
Public sector buildings are significantly more attractive for DH provision, as the public sector can take
a longer term view of the investment than can a private company. In addition, the ownership of
buildings is likely to change much less frequently than one in the private sector, simplifying contractual
negotiations. The table below summarises the main public sector buildings found within the study
area:
Building use type

Viability

New Housing Developments

Potentially very attractive. Domestic Dwellings, regardless of
occupancy will always require heating and hot water. Property
developers can incorporate DH into their high level plans and
provide a good base load of heat, and make significant savings in
infrastructure costs.

Schools

Potentially attractive, depending on the size of the estate

Hospitals

Hospitals generally have high heat and electricity demands and
are thus very attractive for the provision of decentralised energy.
Frequently NHS hospital trusts outsource their energy supplies to
facilities management companies (MITIE, Interserve, Carillion
etc) and integrating with these may prove complicated.

Universities

Having a large campus, Universities generally have high heat
and electricity demands and are therefore very attractive for the
provision of decentralised energy.

Prisons

Relatively high and constant heat demands make prisons
attractive propositions for the provision of decentralised energy.

Council housing

Large blocks of flats could be suitable for heat supply from a DH
network, depending on overall demand.

Buildings:
The age of buildings has an influence on the heat supply. Older buildings generally are less energy
efficient and will have a greater demand for heat, making them more attractive for connection to a
district heating network, although carrying the risk of demand reduction as energy efficiency is
improved.
Plant:
In addition, ageing boilers in need of replacement in the near future make connection to a DH network
more attractive, as these costs can potentially be avoided through connection. On the other hand, a
building constructed in the last few years is likely to have less incentive to connect, having new and
recently installed plant.
These considerations were used to classify the buildings provided by South Gloucestershire Council.
The interest level of each building is summarised within the Contacts Database.
2.5 Data Mapping

This list was complemented with actual data gathered from respondents to the RFI enquiry and
covering letter issued by SGC / WSP | Parsons Brinckerhoff. The large list of parties in the
Avonmouth and Severnside area was prioritised based upon the following attributes:
2.5.1

Public Sector Owned / Leveraged
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Businesses which come under the remit of the state, or whose decision making is heavily influenced
by the public sector are more likely to be willing/able to sign up to a DH scheme.
2.5.2

Likely Process Hot Water Demand

e.g. healthcare, leisure centres, laundries, colleges, offices, industrial processes
We sorted through the companies in question, and identified those which had the potential Low
Temperature Hot Water (LTHW) demands based upon what we knew of their activities, from our
investigations into their operations in Avonmouth & Severnside.
2.5.3

Responded to Enquiry with Energy Data

Where businesses have engaged with the study by responding in a timely fashion to the RFI, this
indicates a level of interest in the outcome of the scheme, a potential benefit to the organisation in
question, and indicates a potential future customer. Contacts gathered to date should be prioritised in
the on-going stakeholder engagement process.
2.5.4

Annual Energy Demand >100MWh

This applies more to the list of data provided by councils, a number of which are small schools etc.
While these small public sector sites could easily connect to a DH main, even if they lie adjacent to it,
the connection to the infrastructure bears a cost that requires a minimum revenue stream to fund.
Therefore only businesses with a heat demand greater than 100,000 kWh were considered from the
outset, as revenue from properties with a lower heat demand than this will not cover the cost of
connection.
2.5.5

Ownership of the Freehold (Land Ownership Query)

District Heating is a long term infrastructure proposition; costly to implement and requiring committed
project partners to make financially viable. Therefore the question surrounding customer connection
to the DH system is one for the owner of the Freehold of the land, and not the Leasehold tenant.
Where an industrial park is targeted for potential DH connection, rather than speaking with the
individual tenants, it is better to approach the landlord directly with any DH proposals. For example,
where a business has taken a B1 lease (business; offices), the building will be owned by a landlord,
and often managed by a management company, either of whom may employ managing agents to
deal with the day to day running of the building and or estate of which it forms part.
Larger industrial users, e.g. Rolls Royce, BAE Systems, Airbus etc., given the nature of their work,
and the longevity of their presence are more likely to own the freehold of the land they occupy
Section 4 contains additional information regarding the heat mapping and the positive outcomes of
the exercise.

2.6

Summary of Data Gathering Exercise

The data prioritisation exercise yielded the following businesses:
Not of interest for heat
Public Sector
Of Specific Interest
Private Sector

New
Developments

>400

364

21

6

(Light industrial, Logistics
Warehousing, Showrooms)

(Schools, Dwellings and
Community buildings)

North Fringe ad
Avonmouth

Various
Locations
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2.7

Profiles of Businesses Of interest in Avonmouth & Severnside

The businesses which were identified as being of interest for DH in Avonmouth and Severnside fell
into the following types;

·
·
·
·
·
·
·
·

Bakeries (Hovis, Warburtons)
Chilled Food Distribution (3663, Ocado, Kuehne & Nagel, Border Cold Stores, Petit Forestier,
Kent Foods, DHL Exel, TDG, Bristol Meat Trader, Robert Wiseman Dairies) – Cooling
opportunity
Drinks processing (Accolade Wines)
Manufacturing (GKN, Rolls Royce, HP, Airbus, Amcor)
Offices (Aviva, Atkins, Babcock, Airbus, Thales, Boeing)
Hotels (Hilton, Holiday Inn, Aztec Hotel and Spa)
Public Sector (Avon & Somerset Constabulary, MOD Abbey Wood, Southmead Hospital,
NHSB&T, Bristol City College)
New Developments (Emersons Green, Harry Stoke, East of Harry Stoke, East of Coldharbour
Lane, Frenchay Hospital, Cribbs Patchway New Neighbourhood)
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3

DATA GATHERING (SUPPLY)

3.1

Introduction

This section presents a review of the potential heat sources identified in the Avonmouth Severnside
area. The list of potential heat sources was gathered from previous reports by WSP | Parsons
Brinckerhoff and others.
In this section each heat source is reviewed including, it status (i.e. project abandoned, in
development, active etc.), technology, and heat availability potential.
The heat sources reviewed are:
·

Balfour Beatty Investments (Nexterra)

·

Clinipower

·

EON Portbury Dock

·

GENeco

·

Harnhill Landfill Site

·

Helius Energy Avonmouth

·

New Earth Solutions – Avonmouth A

·

New Earth Solutions – Avonmouth B

·

Renewable Energy In Action Ltd

·

Scottish Power Avonmouth

·

Shortwood Quarry

·

Sita – Cyclomax

·

Sita - SERC

·

SRCL

·

SSE Seabank 1, 2 and 3

·

W4B

·

Yanley Landfill Site

The figure below maps the reported heat source projects in Avonmouth Severnside. These have been
colour coded in a traffic light system:
·

Red – project abandoned

·

Yellow – in development

·

Green – active (built or in construction)

Following the figure each heat source is classified in one of the following categories:
1

Project no longer going ahead

2

Project waiting for decision to proceed but without planning permission

3

Project with planning permission but status unknown
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4

Site located away from sources of demand

5

Projects in development and scheduled to be operating in the short term

6

Active projects but whose status is uncertain

7

Active heat sources

Figure 3-1: Avonmouth Severnside – Map of Reported Projects – Red is abandoned, Yellow in
development, Green is active
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3.2

Projects No Longer Going Ahead

Company

Helius Energy – Avonmouth

Size

100MWe

Fuel

Biomass

Technology

Steam Turbine

Status

2015 Q2 Company entered voluntary liquidation and project no longer being developed.

Company

EON – Portbury Dock

Size

100MWe

Fuel

Biomass

Technology

Steam Turbine

Status

2014 Q1 EON announced that it would not be proceeding with the project.

Company

W4B

Size

50MWe

Fuel

Plant Oil

Technology

Compression ignition engines.

Status

2015 Q1 Liquidators appointed, planning permission has been granted for a facility combusting
tyres on the same site.

3.3

Project Waiting For Decision to Proceed and Without Planning Permission

Company

Scottish Power – Avon Power Station

Size

1,800 MWe

Fuel

Gas

Technology

Combined cycle gas turbine

Status

Project is on hold, it did not secure a high enough price in the recent government EMR auction.
Project may restart if market conditions improve.

Heat Potential

Scottish Power advise that with the increase of renewables into the generation mix option for
steady supply of heat is uncertain.

Company

Scottish and Southern Energy – Seabank 3

Size

1,400 MWe

Fuel

Gas

Technology

Combined cycle gas turbine

Status

Project is on hold, it did not secure a high enough price in the recent government EMR auction.
Project may restart if market conditions improve.

Heat Potential

This station will be in a similar position to Scottish Power’s Avonmouth station in that with the
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increase of renewables into the generation mix option for steady supply of heat is uncertain.

Company

SITA – Cyclomax

Size

7.5 MWe

Fuel

Municipal Waste

Technology

Pyrolysis with Steam Turbine

Status

The project is no longer being actively developed.

Heat Potential

Not determined.

Company

New Earth Solutions – Avonmouth B

Size

8 MWe

Fuel

Refuse Derived Fuel

Technology

Pyrolysis and Gasification feeding a steam turbine generator

Status

Land for Avonmouth B located next to the company’s exiting operating site. As of 2015 Q2 a
decision to proceed has not been made. Once investment decision is made and planning
application submitted site should be operating within 30 months.

Heat Potential

Heat can be recovered from the gasification and pyrolysis plant and also extracted from the
steam turbine if required. This will be similar to the Avonmouth A station.

3.4

Projects with Planning Permission but Status Unknown

Company

Avon Power Limited subsidiary of Renewable Energy in Action Ltd

Size

12 MWe

Fuel

Tyres

Technology

Pyrolysis producing synthetic diesel and LPG combusted in compression ignition and gas
engines respectively.

Status

The current status of the development is not known and no contact details are available to ask
the developer.

Heat Potential

12MWth – based on an engine heat to power ratio of 1 to 1

Company

Viridor

Size

28MWe

Fuel

Municipal Waste

Technology

Mass Burn with Stream Turbine

Status

The project has planning permission but is not being actively developed at the moment. For the
project to commence, a waste contract would be required to guarantee income. The time frame
from securing a waste contract to commercial operation would be at least 3 years.

Heat Potential

The plant is of a similar size to the SITA site being developed. As such the heat load potential
would be up to 20MWth, if smaller quantity is extracted the Z factor would improve.
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3.5

Sites Located Away from Sources of Demand

Company

Shortwood Quarry

Size

1.14MWe

Fuel

Landfill Gas

Technology

Gas Engine

Status

Site is located at landfill site east of Bristol 600m from a residential area across the A4174. The
site is not recommended as a potential heat source because of the level of heat available from
the site is low, the short to medium term outlook is low as gas yields decline as more waste is
diverted from landfill, and the distance from nearest viable loads.

Heat Potential

1MWth – based on an engine heat to power ratio of 1 to 1

Company

Harnhill Landfill Site

Size

2.74 MWe

Fuel

Landfill Gas

Technology

Gas Engine

Status

Site is located at landfill site north of Bristol 800m from the settlement of Oleston. The site is not
recommended as a potential heat source because of the level of heat available from the site is
low, the short to medium term outlook is low as gas yields decline as more waste is diverted
from landfill, and the distance from nearest viable loads.

Heat Potential

2.5 MWth – based on an engine heat to power ratio of 1 to 1

Company

Yanley Landfill Site

Size

1.56 MWe

Fuel

Landfill Gas

Technology

Gas Engine

Status

Site is located at landfill site in the south of Bristol and the west side. To the north the site is
300-500m from an industrial and residential area the other side of a rail line and to the south
500-800m from an office complex and residential area next to the A38. The site is not
recommended as a potential heat source because of the level of heat available from the site is
low, the short to medium term outlook is low as gas yields decline as more waste is diverted
from landfill, and the distance from nearest viable loads.

Heat Potential

1.5 MWth – based on an engine heat to power ratio of 1 to 1

3.6

Projects in Development and Scheduled to be Operating in the Short Term

Company

SITA

Size

32 MWe

Fuel

Municipal Waste

Technology

Mass Burn with Steam Turbine

Status

SITA is now constructing the Severnside energy recovery centre, which has already been
granted an Environmental Permit. It is expected to be completed in 2016.
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Heat Potential

The project is CHP enabled.
There is estimated heat resource available is up to 20MWth. If smaller quantity is extracted the
Z factor will improve.

Company

Balfour Beatty Investments & Nexterra

Size

11 MWe

Fuel

Biomass

Technology

Pyrolysis with Steam Turbine

Status

The project gained planning permission after a successful appeal in April 2015. It is currently in
the development phase, with an estimate financial close in late Summer 2015 and is expected
to come into operation late 2017.

Heat Potential

The project has a planning requirement to be CHP enabled. The designer has indicated 600kW
could be available from the condensate system. Potential for heat recovered directly from the
turbine was not disclosed but is estimated to be up to 8MW.

Company

SRCL

Size

130 kWe

Fuel

Medical Waste

Technology

Incinerator

Status

The plant is scheduled to be operated by December 2015.

Heat Potential

Electrical generation has included as a requirement of the Environment Agency licence. SRCL
have advised that there may be scope to use condensate / exhaust steam from the turbine
however there is some uncertainty on the volume and condition. SRCL have advised that once
the system is up and running they will be in a better position to advise of the heat availability.

3.7

Active but Status Uncertain

Company

Clinipower

Size

n/a MWe

Fuel

Waste / medical waste

Technology

Pyrolysis and Gasification dumping heat via air blast coolers.

Status

This was formerly the Compact Power site which combusted 1 t/hr of waste and which shut
down. Online research indicates that CliniPower has taken ownership of the facility and
refurbished it. Heat is currently dumped via air blast coolers but the company is quoted as
developing plans to install a steam turbine to generate electricity. No contact details are
available from the company’s website and other sources other than a listed address.

Heat Potential

Not known.

3.8

Active Heat Sources

Company

GENeco

Size

n/a
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Fuel

Biomethane / Biogas

Technology

Gas engines and gas to grid biomethane plant

Status

GENeco’s site at Avonmouth processes sewage and organic waste to generate biogas. As of
2014 when a gas to grid biomethane plant was installed the operational profile of the site has
changed to one which prioritises biomethane production for grid export. Biogas does continue to
be combusted in gas engines but only for the purposes of generating the heat required for
onsite process. There is no excess heat produced.
GENeco has also acquired a second site from New Earth Solutions at Hallen which has
planning permission for an Anaerobic Digestion plant. The plans for this site are to use the
biomethane for purposes other than electricity generation via gas engine, most likely
biomethane injection to grid, or use as a road transport fuel (RTF)

Heat Potential

0 MWth

Company

Scottish and Southern Energy – Seabank 1&2

Size

1,140 MWe

Fuel

Gas

Technology

Combined cycle gas turbine

Status

Seabank 1 started operations in 1996 and Seabank 2 in 2001. The plants are less efficient than
the proposed CCGT stations which may be built. As of 2011 they no longer operate as base
load generation but instead operate intermittently.

Heat Potential

Due to their operational status the potential for a steady supply of heat suitable for district
heating is low.

Company

New Earth Solutions – Avonmouth A

Size

8 MWe

Fuel

Refuse Derived Fuel

Technology

Pyrolysis and Gasification feeding a steam turbine generator

Status

Active – site currently generating 8MWe. Further work is underway to increase generating
output.

Heat Potential

Heat can be recovered from the gasification and pyrolysis plant and also extracted from the
steam turbine if required.
The potential for heat to be recovered directly from the gasification and pyrolysis process, and
from the turbine was not disclosed, but is estimated to be up to 3MW from the process plant
and 5MW from the turbine.
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3.9

Summary

Based on the research to date on the potential heat sources the following table lists the heat sources
according to their project status. This list does not include projects which are no longer being
developed

Status

Company

Fuel

Technology

Contact
Established

MWth

Active

New Earth
Solutions
Avonmouth
A

Refuse Derived
Fuel (RDF)

Gasification,
pyrolysis, steam
turbine

Yes

8

In construction

Sita - SERC

Municipal Waste

Mass burn
incineration, steam
turbine

Yes

20

In construction

SRCL

Medical Waste

Incinerator, steam
turbine

Yes

TBA

Active

Clinipower

Waste / medical
waste

Pyrolysis, gasification,
no electricity
generation

No

TBA

Planning
permission. No
decision to
proceed has
been made yet

Viridor

Municipal Waste

Mass burn
incineration, steam
turbine

No

20

Planning
Granted on
Appeal April
2015

Balfour
Beatty
Investments
/ Nexterra

WasteWood

Gasification with
steam turbine

Yes

8

Without planning
permission. No
decision to
proceed has
been made yet

New Earth
Solutions
Avonmouth
B

Refuse derived
fuel

Gasification,
pyrolysis, steam
turbine

Yes

8

Planning
permission but
status unknown

Renewable
Energy in
Action Ltd

Tyres

CI and SI Engines

No

12

Waiting for
decision to
proceed

SSE –
Seabank 3

Gas

CCGT

No

N/A

Waiting for
decision to
proceed

SP –
Avonmouth

Gas

CCGT

Yes

N/A

Not being
actively
developed

Sita –
Cylomax

Municipal Waste

Pyrolysis, steam
turbine

Yes

N/A
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The plants with the most potential are:
·

New Earth Solutions Avonmouth A – This plant is already operating.

·

SITA Energy from Waste Plant (SERC) – This plant is in construction.

·

Balfour Beatty / Nexterra – This plant is scheduled to be operating in 2017

The above plants are operating or are in construction. There are other plants waiting for a decision to
proceed / apply for planning. Of these, New Earth Solutions Avonmouth B would be the most viable,
followed by the Viridor EfW plant.
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4

HEAT MAPPING

The list of data collected for this project comprised two broad types of data; 1) actual metered data
from both the public and private sector and 2) benchmarked data.
In a project such as this, the data gathering exercise can be lengthy and costly to implement. The
right balance between quality and quantity is required to allocate resources between data gathering
and data analysis in the most efficient manner. The available data sources were analysed to ensure
that the quality and detail was appropriate to achieve the ultimate goal of the study.
4.1

Quality of Data

In heat mapping exercises to support development of heat networks, the quality of the data feeding
into the study is very important. Good quality data, particularly for larger individual users, must be
used as the basis of the heat mapping and the analysis which follows, in order to produce a
meaningful picture of an opportunity. This is more important than ensuring that every potential heat
demand is identified and represented.
Much of the data from CSE and LCSW is benchmarked around planning category, and in our
experience, is overly optimistic about potential heat demand.
Rather than dilute the quality of the metered annual consumption data with inaccurate benchmarked
loads, we represented the data we had gathered on two maps; 1) Metered data and new
developments, and 2) All available data (including CSE).
4.1.1

Metered Data

This heat map contains real metered data gathered by Bristol and South Gloucestershire Councils
and the real data gathered from respondents to the RFI. In addition, we have included information
associated with new developments which are known to be potential businesses to connect to DH.
The metered data heat maps also show the locations of ‘sites of interest’ which we have identified as
potential heat demands based upon their known activities and business type, and the plots in the
Severnside enterprise Area adjacent to SERC.
As already stated, CSE and LCSW data was excluded from this heat map due to its perceived
inaccuracy.
The real data heat map was produced to two distribution levels; 750m and 1000m, see section 5 for
more detail.
4.1.2

All Available Data (including benchmarked loads)

This heat map contains all of the available data, both real data and benchmarked data from CSE and
LCSW. The CSE and LCSW data shows a significant heat demand in Avonmouth, a demand which
we believe is not representative of the true opportunity, and could therefore prove misleading at this
initial stage. A key example of this relates to the likely heat uses in large business parks which form
the main elements of the Avonmouth area. In these business parks the majority of users are typically
very low users of heat with only small office areas within large warehouse/commercial buildings
actually heated. Even where the larger warehouse areas are heated, these typically use radiant
heaters (direct gas fired or infra-red electric) and are therefore not suitable for connection to district
heating.
There are of course also some users in such areas which have significant process heating demands.
The main problem with average data for this type of use, is that these large process demands tend to
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increase average demands, and hence raise benchmarks significantly, and so whole areas can
appear to have very high heat demands due to a small number of loads present.
A secondary issue is that these process demands can often be direct gas fired (ovens, kilns etc.) or
high temperature using steam. These types of load cannot normally be supplied from a district heating
scheme. Identifying the major heat users that are either close enough to a heat supplier that steam
can be transferred, or who have large hot water demands, requires experience and local knowledge
to be combined to ensure that time is only spent chasing useful information.
A further consideration is that at the initial stages of a heat network, the key factor in getting a viable
network is to get contracted customers on board. These customers are required to sign up to the
scheme for an extended period, and the revenue stream from heat sales funds the capital cost of the
DH infrastructure. In the real world, this means public sector organisations, where the local authority
has the will and the ability to sign up long term to allow the project to obtain funding. Other good load
types are new build, particularly residential, properties where planning requirements or carbon
reduction targets can encourage connection.
Trying to fund a DH network based solely upon industrial users is not impossible, but it is difficult to
predict where a business will be in 5 or 10 years, let alone 40. Therefore private sector organisations
can be customers of a DH network, but typically this will only be once a public sector/new build base
load of customers is established to allow initial development of the scheme.
The heat maps containing all available data was plotted at two distribution levels; 750m and 1000m,
see section 5 for more information.

4.2

Distribution

The aim of the heat mapping exercise is to overlay on GIS the many demand points and their
magnitudes in order to build up a graphic picture of heat demand density. From this, clusters of high
demand can be visualised and outline networks selected.
In the case of the Avonmouth & Severnside heat map plots, the initial heat maps required modification
to provide more meaningful output. A normal 500m distribution may be suitable for densely packed
loads in a city centre scheme, but the Avonmouth & Severnside study area is much larger, loads more
widely spread out. The result was a lack of integration or interference of those loads, and no obvious
picture of heat density.
Due to the ‘spread out’ nature of these demands, heat demands were appearing effectively as
individual point loads on a map. We therefore increased the distribution of the point loads from the
initial 500m distribution to plot 750m and 1000m distributions. This allowed us to identify the most
appropriate clusters more easily as the contours merged together to provide a better picture of where
the biggest heat demands lie.
The 750m distribution proved the most useful picture to inform cluster analysis for purposes of this
study.

4.3

Heat Maps
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4.3.1

Metered Data Heat Maps

Figure 4-1 : Metered Data Heat Map (750m Distribution)

Figure 4-2: Metered Data Heat Map (1000m distribution)
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4.3.2

All Data Heat Maps

Figure 4-3: All Data Heat Map (including benchmarked data) 750m distribution

Figure 4-4: All Data Heat Map (including benchmarked data) 1000m distribution
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4.4

Electricity Map

Electrical loads were plotted on a map, to see where any significant loads were situated, and to
outline any potential Private Wire opportunities in the Avonmouth and Severnside area. Cooling loads
were not mapped due to a lack of data, although the electricity map will contain data which is used for
cooling purposes. The map below shows the electrical data in kWh/km2, relative to Avonmouth
generators (eg. SERC)

Figure 4.5 - Electricity Map (indicative position of SERC shown)
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4.5

Cooling Demands

As part of the Avonmouth & Severnside Heat Network study, cooling data was requested from
stakeholders. Some information was provided, but the totality of information received was not
sufficient to map cooling demand in the area.
4.5.1

Avonmouth and Severnside ‘Cool Zone’

Within the Avonmouth and Severnside study areas are a number of businesses which have high
cooling loads; the majority of these are distribution warehouses for perishable goods. Due to its
proximity to the M5 and M4 motorways, Avonmouth and Severnside is a popular location for
distribution centres serving the South West of England, the West Midlands and South Wales (Ocado,
Farm Foods, Tesco).
Development of a cooling network in in the area could be explored further as part of a separate study.
This would be best implemented by a Developer in the form of a ‘Cool Zone’, serving local loads an
Absorption Chilling plant served from steam from the SERC EfW plant. Heat driven chilling plant
provides diversity of heat use in the summer months as heating demand falls off and cooling load
increases.

The following are points of consideration for the feasibility of such a scheme:

·
·
·
·
·
·

Spare Steam Capacity available
Steam Pressure / Temperature available
Cooling Loads and Profiles
Minimising the length of the steam and condensate pipework (‘Cool Zone’ Adjacent to SERC)
Chiller plant located at SERC (Standby steam boiler plant would also be required)
Flow and Return Temperatures required
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Figure 4.6 – Example of Potential ‘Cooling Zone’ in the Vicinity of SERC

4.6

Geothermal and Water Source Heat Opportunities

4.6.1

Introduction

A view on the potential for using groundwater and/or surface water as a source of heat for a district
heating network in the Avonmouth area is described below. To provide a meaningful contribution to a
district heating network using heat pumps to boost the temperature of the source water to a useful
distribution temperature we have assumed that a minimum flow of 20l/s will be required to provide c.
500kW at nominal a delta T of 10°C. Thus the resource and infrastructure installed within it should be
capable of supplying a minimum of 20l/s and subsequent disposal. Three principal sources of water
are considered:
·

Groundwater within water bearing bedrock strata;

·

Groundwater within shallow drift deposits adjacent to and in hydraulic connection with the
Severn Estuary; and

·

Surface water abstraction from the Severn Estuary.

4.6.2

Groundwater from Water Bearing Bedrock Strata

The extent of the area to be served by the district heating network and the underlying bedrock and
superficial geology in the area comprises three main types:
à Lias Clay;
à Mercia Mudstone; and
à Carboniferous Limestone
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The Lias Clay can be reasonably ruled out as a viable source of groundwater. Whilst, small supplies
can be supported by these strata it is generally accepted that these strata are not capable of yielding
flows approaching the stated minimum of 20L/s.
Whilst sandstone units in the Mercia Mudstone sequence within the study area are known to support
flows of several litre per second (a number of breweries in Central Bristol), yields from individual
boreholes are highly variable and rarely meet or exceed the stated minimum requirement.
Furthermore, where groundwater is or has been abstracted it has been for consumption and,
consequently there is little or no precedent for disposal of water back into those aquifers. For these
and other reasons it is our view that the Mercia Mudstone is not a good prospect as a source of water
for district heating.
Outcrop of the Carboniferous Limestone is limited to relatively small fault bounded blocks in the southwest of the development area. The limited distribution of these strata in the development area
inherently limits potential. Furthermore, whilst the Carboniferous Limestone is classified a major
aquifer, groundwater yields are inherently unpredictable due to its karstic properties and prevalence of
groundwater flows limited to discrete fracture networks. For these and other reasons it is our view
that the Carboniferous strata are not a good prospect as a source of water for district heating.

4.6.3

Groundwater from Water Bearing Superficial Deposits

Records from the British Geological Survey archive indicate the presence of permeable, water bearing
strata in the superficial deposits in close proximity of the Bristol Channel. An excerpt from one of the
records from the BGS archive ( ST58SW78/E — AVONMOUTH (A) 5) is reproduced in Figure 4.7
below and indicates the presence of potentially permeable, water bearing strata at a depth of 10 –
16m below ground level. Notwithstanding, no further assessment to quantify permeability or assess
the lateral extent of permeable strata has been undertaken. For this reason the view on permeability
should be considered provisional and speculative.
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Figure 4.7: Excerpt from Geological Log Indicating Permeable Superficial Deposits between 46’ and 56’
below ground level

4.6.4

Surface Water Abstraction from the Severn Estuary

The Severn Estuary/Bristol Channel has one of the world’s largest tidal ranges with extensive areas of
mudflats exposed at low tides as shown in Figure 4.8 below. For this reason abstraction of seawater
as a source of heat for the district heating network would only be viable if there is existing
infrastructure in the vicinity of the proposed heat plant. By existing infrastructure we mean existing
pumping stations for industrial plant and/or permanent structures that extend into the channel such as
piers, port structures etc.
An additional constraint on surface water abstraction is the high sediment content within the Severn
Estuary, necessitating maintenance of pumping stations and filtration.
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Figure 4.8: Development of Mudflats in the Severn Estuary

In summary we consider that options to utilise groundwater and/or surface water as a heat source are
limited and will likely have disproportionately high capital and maintenance costs compared with other
technologies.
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5

CLUSTER ANALYSIS

5.1

Introduction

Using the data from the 750m distribution heat map, with subsequent refining, the outline clusters
were selected based upon the heat contours, and the exposure we have had to other projects within
WSP | Parsons Brinckerhoff; notably UWE, Cribbs Patchway New Neighbourhood.
Additionally, hospitals are significant public sector energy users and often represent both a base load
and energy centre location for a local DH cluster network.
Southmead hospital was identified as the centre of a potential heat cluster after conversations with
the energy manager revealed that they were still in charge of their own energy strategy, had recently
installed biomass boiler on site, and had hot water gas boiler plant.

5.2

Clusters

The Clusters are mapped using GIS software which uses pathway tools to find the path of least
resistance between the points or nodes in the cluster.
The viable routes used by the mapping software includes the following: Bridleway, Byway, UnderConstruction, Cycleway, Footway, Lay-by, Path, Pedestrian, Primary Rd, Proposed Rd, Residential
Rd, Secondary Rd, Services, Tertiary Rd, Track, Trunk Rd, Unclassified Rd, Unsurfaced Rd.
By identifying and using these rights of way for laying pipework, proposed networks can be mapped in
a way which excludes the typical constraints of Motorways, canals and other bodies of water, private
land etc., barriers which would otherwise make the routing exercise very difficult to carry out.
It may appear that the pipework routes selected within clusters are longer than necessary, but the
assumptions which feed into the pipework routing are conservative based upon the access via the
network dataset identified above. While they may be longer than necessary, they are certainly more
likely to be achievable than a more direct route drawn across some land. For this reason the routes
should be viewed as appropriate for this level of study, and conservative in their costing and
feasibility.
Four principal clusters were identified, the potential fifth; Emersons Green has been excluded from
this strategic network assessment due to its distance from the other clusters. In each case, a
significant anchor load serves to act as the optimum location of an energy centre, serving the cluster
with heat in the short to medium term, with a view to bringing in heat from further afield (SERC and
New Earth Solutions) when the network has grown to a size capable of supporting the investment of
the wider transmission pipework.
The principal clusters which came out of the heat mapping exercise were as follows:

3514120_Avonmouth_Severnside_Heat_Mapping_Report_RevB
- 33 -

Prepared by WSP | Parsons Brinckerhoff
for South Gloucestershire Council

Avonmouth Severnside Heat Network
Study

5.2.1

CPNN

Cribbs Patchway New Neighbourhood development lies upon the site of the old BAE Filton runway.
This site has a number of planned developments, some of which are too advanced to be included in
this DH connection strategy, having implemented infrastructure which precludes connection. The
CPNN cluster is as follows (see priority sites for details of loads).

Figure 5-1: CPNN Cluster
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5.2.2

UWE

WSP | Parsons Brinckerhoff has been working on a project with UWE to identify the feasibility of
incorporating a gas fired CHP engine as a requirement when undertaking refurbishment of some of
their existing buildings, and the establishment of a DH network for the UWE Frenchay campus.
This project is at concept design stage. We are not aware that UWE is considering the wider aspects
of installing a CHP, or the potential to be part of a more significant DH network.

Figure 5-2: UWE Cluster
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5.2.3

Southmead Hospital

Southmead hospital has recently undergone a significant programme of new development, and in the
process it has taken over the duties of the nearby Frenchay hospital which has effectively closed its
doors.
Frenchay hospital site is currently being redeveloped and is included in the UWE cluster. The
Southmead cluster includes the loads shown in figure 5-3:
Due to the hospital representing the biggest heat demand in the area, and having a significant
capacity of heat producing plant, Southmead hospital has been selected as the Energy Centre
location. The infrastructure on site will require additional investigation to ascertain how this might
serve a DH network.

Figure 5-3: Southmead Cluster
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5.2.4

New Earth Solutions to Accolade Wines

New Earth Solutions is adjacent to another load on the network; Accolade wines, which has a process
heat demand of over 4GWh per annum associated with its bulk wine bottling plant.
This heat demand could easily be served by the New Earth Solutions (NES) EfW plant which is
estimated at c. 8MWth of heat, see section 3 for more details. Due to the scale of this heat load, and
the flexibility in delivering heat into the system (5MWth is turbine bleed steam), the servicing of new
development loads and local businesses with heat, even on short term contracts is feasible. It is noted
that NES is surrounded by development land and other users are likely to be connected should an
initial connection to Accolade be implemented.
If the heat load disappears in the future, this has little impact on the functionality of New Earth
Solutions’ plant which will operate as before, using the process steam to generate electricity via steam
turbine.

Figure 5-4: New Earth to Accolade Cluster
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5.2.5

Emersons Green

Emersons Green represents a potential cluster, in large part due to the load represented by a new
residential development site by Hallen Farm (load 364 in Figure 5-5). However, Emersons Green
lacks the necessary anchor loads to make this cluster an easy proposition; it is likely that any network
here would need to be kick started by the Emersons Green new build development (364), which
would involve detailed discussions with the developer of the site. There are also potential private
sector loads in the Brook Office Park. While we investigated the potential cluster at Emersons Green,
this is not being taken forward in this assessment.

Figure 5-5: - Emersons Green
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5.2.6

Overall Heat Network – Strategic Heat Network from SERC to All Clusters

The totality of clusters was mapped to produce an overall pipework route connecting up the loads.
The detail produced in this route, and the selection of the appropriate loads, and the pipework
between them to build up a picture of heat supply and heat demand, a basic cost of infrastructure,
and a revenue stream (cost of heat) required to fund the capital cost of the infrastructure. This
process is laid out in more detail in section 7. The New Earth to Accolade cluster is not shown in
figure 7.
Opportunities were sought in the vicinity of the SERC plant, and one potential customer was identified
in Warburtons Bakery. Warburtons bakes bread, and uses gas fired LTHW for dough make-up and
basket washing. However, the bulk of their energy load is associated with direct gas fired AHUs to
keep the bakery warm and a total loss steam system (7bar) for dough proving, which cannot be
displaced with DH. This makes the prospect of a Warburtons to SERC cluster unviable.

Figure 5-4: SERC to All Clusters
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6

PRIORITY SITE SELECTION

As outlined above, the sites selected are given merit, and therefore appear in the cluster analysis
based upon a number of criteria. Of primary interest is businesses which are under the control of the
public sector regardless of the size of the demand. Private businesses with a heat demand have also
been included for discussion, although in our experience getting such businesses to sign up to long
term supply contracts is very difficult. Businesses which showed responsiveness to the study were
also given merit.
The priority sites are in the list which follows. In each case the energy centre location has been
selected at what we consider the most appropriate point, although the final location of the energy
centre will be up for discussion at the next project workshop. Items in Grey represent additional loads
which may be required to make the cluster feasible, and may be included in the assessment, but at
this stage the level of uncertainty means that they should not be counted upon as anchor loads in this
assessment.
#

Name

address

postcode

kWh

type

UWE (Energy Centre at UWE)
157

Land East of Harry Stoke

TBC

TBC

11985662

New Dev

188

Harry Stoke

TBC

TBC

7245242

New Dev

302

Hewlett Packard

Filton Road,
Bristol, BS34
8QZ

BS34 8QZ

1522908

Existing

308

UWE

Coldharbour
Ln, Bristol
BS16 1QY

BS16 1QY

12318253

Existing

274

MoD Filton Abbey Wood

Stoke Gifford,
Bristol, South
Gloucestershir
e BS34 8JH

BS34 8JH

8993487

Existing

332

Higher Education
Funding Council

Northavon
House,
Coldharbour
Ln, Bristol,
Avon BS16
1QD

BS16 1QD

TBC

Site of
Interest
(no data)

343

Bristol Rovers/ UWE
stadium

TBC

BS16 1FP

4979907

Existing

359

Land East of Coldharbour
Lane

TBC

TBC

2817956

New Dev

383

ROMNEY HOUSE - 6
digit read

ROMNEY
AVENUE

BS7 9TB

288776

Bristol
Data
Profile

350

Frenchay Hospital

TBC

TBC

2936487

New Dev

245

Holiday Inn Bristol-Filton

Filton Rd,
Bristol, South
Gloucestershir

BS16 1QX

2273280

Site of
Interest
(no data)
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e BS16 1QX
320

Thales

230 Bristol
Business Park,
The Close,
Avon, Bristol
BS16 1FJ

BS16 1FJ

TBC

Site of
Interest
(no data)

Southmead (EC at Southmead
Hospital)
360

Southmead Hospital

Southmead
Road,
Westbury-onTrym, Bristol
BS10 5NB

BS10 5NB

28508186

Existing

385

HORFIELD LEISURE
CENTRE (SLM)

DORIAN
ROAD

BS7 0XW

1518413.6

Bristol
Data
Profile

210

Charborough Road
Primary School

Charborough
Rd, Filton,
South
Gloucestershir
e BS34 7RA

BS34 7RA

170000

Existing

215

Filton Sports & Leisure
Centre

7] GKN (2)

BS34 7PS

1437790

Site of
Interest
(no data)

156

South Gloucestershire &
Stroud College

Gloucester Rd
N, Filton,
Bristol, South
Gloucestershir
e BS34 7AF

BS34 7AF

1596342

Site of
Interest
(no data)

346

BADOCKS WOOD
PRIMARY SOUTHMEAD
CHILDRENS CENTRE

DONCASTER
ROAD

BS10 5PW

120154

Bristol
Data
Profile

88

BAE systems

Golf Course
Ln, Bristol
BS34 7QW

BS34 7QW

TBC

Site of
Interest
(no data)

172

GKN Aerospace

Golf Course
Lane, Filton,
Bristol, BS34
9AU

BS34 7QQ

179444

Existing

170

Airbus

Pegasus
House,
Aerospace
Avenue,
Filton, Bristol,

BS34 7PA

22752010

Existing

3514120_Avonmouth_Severnside_Heat_Mapping_Report_RevB
- 41 -

Prepared by WSP | Parsons Brinckerhoff
for South Gloucestershire Council

Avonmouth Severnside Heat Network
Study

BS34 7PA
Cribbs Patchway (EC at Cribbs Patchway new
Dev (804)
87

Rolls Royce

Gloucester Rd,
Bristol BS34
7QE

BS34 7QE

6999945

Existing

92

Patchway Locality Hub

Patchway hub,
Rodway Road,
Patchway,
BS34 5PE

BS34 5PE

200000

Existing

93

Callicroft Primary School

Rodway Rd,
Patchway,
Bristol, South
Gloucestershir
e BS34 5EG

BS34 5EG

185000

Existing

65

Patchway Community
School

Hempton La,
Bristol BS32
4AJ

BS32 4AJ

1000000

Existing

78

St Chad's Primary School

St. Chad’s
Patchway CE
VC Primary
School,
Cranham
Drive,
Patchway
Bristol

BS34 6AQ

120000

Existing

58

Aztec Hotel & Spa

Aztec W,
Almondsbury,
Bristol, South
Gloucestershir
e BS32 4TS

BS32 4TS

3004215

Site of
Interest
(no data)

49

Hilton Bristol Hotel

Woodlands Ln,
Bradley Stoke,
Bristol, South
Gloucestershir
e BS32 4JF

BS32 4JF

1751580

Site of
Interest
(no data)

90

Holy Family Primary
School

Amberley
Road,
Patchway
Bristol, BS34
6BY.

BS34 6BY

140000

Existing

86

Stoke Lodge Primary
School

School Cl,
Patchway,
Bristol, Avon
BS34 6DW

BS34 6DW

200000

Existing

804

CPNN

BAE Filton site

35471725

New Dev
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45

Cavendish Nuclear

The Quadrant,
Aztec West,
Almondsbury,
Bristol, BS32
4AQ

BS32 4AQ

270768.21
5

Existing

114

Charlton Hayes

TBC

TBC

9062937

New Dev

66

Atkins

The Hub, Aztec
West, 500 Park
Ave,
Almondsbury,
Bristol, Avon
BS32 4RZ

BS32 4RZ

TBC

Site of
Interest
(no data)

Kings Weston
Ln, Avon,
Bristol BS11
9FG

BS11 9FG

4165000

Existing

New Earth to Accolade
149

Accolade Wines

NE
S
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7

STRATEGIC NETWORK ASSESSMENT

7.1

Introduction

The prospect of large scale heat sources in the Avonmouth and Severnside area to serve heat
demands across a wide area is exciting and potentially transformative for energy supply in the area.
Large scale sources of waste heat are routinely used on the continent to supply large urban areas
with key examples being in Copenhagen, Rotterdam and Helsinki. The supply of heat from Energy
from Waste plants would not be unique in the UK, Sheffield and Nottingham have had systems in
place for many years and more recently Coventry has taken the first steps in developing a network
through a relatively small connection from their EfW plant to council buildings.
The common factor in all these schemes has been significant input from the local authority in
providing or underwriting investment in what is very large scale infrastructure. There has also been a
very key role for the local authorities in helping with town planning, land issues and crossing of major
infrastructure.
In order to understand the value of investing time and resources in the development of such a
scheme South Gloucestershire has asked for an initial high level assessment of the potential benefits.
This section sets out the methodology used by WSP|Parsons Brinckerhoff in undertaking this high
level assessment and the results of the assessment.
7.2

Methodology

WSP|Parsons Brinckerhoff has utilised the following approach to this high level assessment:
1.
2.
3.
4.
5.
6.
7.

Assess the potential scale and costs of heat supply
Identify potential major heat loads and routes to connect these
Establish a high level estimate of capital costs of connection to major load centres
Assess the potential level of heat supply that could be provided by the network
Assess the potential value of this heat supply
Assess the potential return on investment and carbon savings that could result
Identify key risks to the delivery and tasks for a next stage assessment

7.3

Heat supply – capacity and costs

7.3.1

Heat supply Capacity

A range of heat sources has been identified in section Error! Reference source not found. with the
main immediate opportunities being:
Company

Size

Fuel

Technology

Status

Heat Potential

SITA -SERC

32
MWe

Municipal
Waste

Mass Burn with
Steam Turbine

In construction due
operational in 2016.

20MWth (potential to
increase at increased
cost)

Balfour Beatty
Investments &
Nexterra

11
MWe

Biomass

Pyrolysis with
Steam Turbine

Financing- expected
operational late 2017.

up to 8MW.
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New Earth
Solutions –
Avonmouth A

8
MWe

Refuse
Derived
Fuel

Pyrolysis and
Gasification feeding
a steam turbine
generator

Operational

Estimated up to 8MW

It is noted that the New Earth Solutions (NES) plant is close to an existing large user of heat,
Accolade Wines, and is located in the middle of large development area. Given the large potential
heat demands around the site, and its location at some distance from the other two major potential
supplies, it is not expected that this plant would contribute initially to a strategic network.
Should other supplies in the area - such as NES Avonmouth B and Cylamax for example – come
online then a further network from the Avonmouth area or connection to the Severnside strategic
network could be considered in the future. The NES plant is not however considered further in this
initial assessment.
Another potential very large source of heat was also identified adjacent to the SITA SERC plant.

Scottish and
Southern
Energy –
Seabank 1&2

1,140
MWe

Gas

Combined cycle
gas turbine

Seabank 1 started
operations in 1996 and
Seabank 2 in 2001. The
plants are less efficient
than the proposed CCGT
stations which may be
built. As of 2011 they no
operate as base load
generation but instead
operating intermittently.

Due to their operational
status the potential for
a steady supply of heat
suitable for district
heating is low.

As indicated this plant does not operate reliably but as its operation is likely to be in peak electrical
demand periods – typically in winter – it may be possible to utilise heat from this source into a large
scale network to add to peak supply capacity. This source is not considered as a base case for the
Severnside strategic network but could be assessed at the next stage in terms of future potential
expansions.
The overall scale of heat supply to the strategic network is therefore taken to be some 28MWth for the
base case. This scale of supply is relatively small if considered in the context of peak demands for
the area but would be considered large for a base load CHP type supply. Typically a base load
supply such as a CHP plant will serve loads with peaks up to 10 times the base load capacity but with
good design and use of thermal storage can supply 60-70% of the annual heat demands for these
loads. It could conservatively be considered that, operating as base load a Severnside strategic
network could serve over 200MWth of peak load with the majority of the annual heat supply.
7.3.2

Heat Supply Costs

Both the main potential heat supply sources would be derived from steam extraction from steam
turbines. Such extraction has an impact on the electrical output of the turbine and as such there is a
cost of heat production to cover the loss of revenue associated with the lost electricity production.
The ratio of heat output to loss of electrical output is termed the Z factor and varies depending on the
specifics of the steam turbine system design.
Both of the main potential heat supply sources should also be eligible for incentive payments under
the Renewable Heat Incentive (RHI) programme. For the SERC plant RHI would be payable on the
biogenic content of the heat delivered to buildings connected to the heat network (i.e. not including
heat losses). For municipal solid waste the biogenic content is typically assumed to be 50 percent of
the fuel.
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It is noted that the RHI rates payable for the two main heat sources would be different. For Energy
from Waste the applicable RHI rate is that for ‘large biomass’ plants. For the Nexterra biomass
scheme there is a specific biomass CHP tariff available.
The table below set out the key assumptions that go into an assessment of the cost of heat extracted
from each plant.
Project Name
Heat Capacity
Supply Type

Incentive Mechanism
Eligible
Heat supply Z factor
Value of electrical output
Value of Incentive
Proportion of output
eligible
Adjustment for losses

Cost of Heat – before
incentive
Value of incentive
Cost of heat net of
incentive
Assumed cost of heat to
include pump costs and
margin for generator

Notes

SERC
20
Steam
Turbine
extract
RHI
Y

Nexterra
8
Steam
Turbine
extract
RHI
Y

5

5

£50.00

£96.00

/MWh

£22.40

£41.00

/MWh

50%

100%

85%

85%

£10.00

£19.20

/MWh

£9.52

£34.85

/MWh

£0.48

(£15.65)

/MWh

£5

£1

/MWh

7.4

Heat Loads and network route

7.4.1

Heat Loads

MW

May vary with level of heat
extracted
Nexterra value includes ROC buy
out price

Assume losses only in
transmission main to cluster
energy centres

Note Nexterra cost of heat is
negative

This initial high level assessment assumes that cluster energy demands can be supplied via a
transmission main connection to a single “Energy Centre” for each cluster rather than being formed of
individual connections to end users. This obviously assumes that the clusters have already been
developed at least to some extent and the final arrangements may be different. This assumption
does allow for a simple initial test of both the level of cluster development that may allow for the
scheme to be viable and also of sensitivity of the scheme to single large connections (eg MOD Abbey
Wood or Cribbs Patchway New Neighbourhood for example).
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The heat loads considered in this assessment for each cluster are shown in the following tables:
Cribbs Patchway (EC at CPNN)
804 CPNN
87
Rolls Royce
92
Patchway Locality Hub
93
Callicroft Primary School
65
Patchway Community School
78
St Chad's Primary School
58
Aztec Hotel & Spa
49

35,472
7,000
200
185
1,000
120
3,004

Hilton Bristol Hotel

1,752

90
Holy Family Primary School
86
Stoke Lodge Primary School
Totals (Base Loads)
Implied peak (11% Load Factor)
Potential additional Loads
45
Cavendish Nuclear
114 Charlton Hayes
Totals (Potential Additional Loads)
Southmead (EC at Southmead)
ID
Name (Base Loads)
360 Southmead Hospital
385 Horfield Leisure Centre
210 Charborough Rd Primary School
215 Filton Sports & Leisure Centre
156

140
200
49,072
51 MW
Demand (MWh)
271
9,063
9,334

Demand (MWh)
28,508
1,518
170
1,438

S Glos & Stroud College

346 Badocks Wood Primary
88
BAE systems
Totals (Base Loads)
Implied peak (13% load factor)
Potential additional Loads
172 GKN Aerospace
170 Airbus
Totals (Potential Additional Loads)

1,596
120
TBC
33,351
35 MW
Demand (MWh)
179
22,752
22,931
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UWE (Energy Centre at UWE)
ID
Name (Base Loads)
157 Land East of Harry Stoke
188 Harry Stoke
302 Hewlett Packard
308 UWE
274 MoD Filton Abbey Wood
332 Higher Education Funding Council
343 Bristol Rovers/ UWE stadium
359 Land East of Coldharbour Lane
383 ROMNEY HOUSE
350 Frenchay Hospital
245 Holiday Inn Bristol-Filton

Demand (MWh)
11,986
7,245
1,523
12,318
8,993
TBC
4,980
2,818
289
2,936
2,273

Totals

55,362

Implied peak (13% Load Factor)

53 MW

In summary the total available loads are:

Base load (MWh)
Implied peak for Base (MW)
Potential additional loads
(MWh)
Overall total potential (MWh)

CPNN
49,072
51

Southmead
33,351
29

9,334
58,406

UWE

Total
55,362
53

137,785
133

22,931

-

32,265

56,282

55,362

170,050

It should be noted that the level of data available for the Emersons Green cluster is very poor and
clearly identified loads are quite low (a total of around 15,000MWh). Given the relatively long
distance from UWE to Emersons Green this additional connection has not been included at present.
Once the network had reached UWE a decision would need to be taken on whether to progress to
Emersons Green or perhaps continue to develop towards Bristol City Centre where a much denser
set of loads would be available. This decision would however be predicated on the network having
reached as far as UWE and sufficient heat supply remaining to justify further expansion.
The decision was therefore taken at this stage to undertake the study based on the Cribbs Patchway,
Southmead and UWE clusters identified. Further development could then be considered if a next
stage of development work is considered appropriate.
7.4.2

Network Route

The network route, and hence lengths of pipework required, has been developed as described in
section Error! Reference source not found.. Should the scheme prove viable on this initial
assessment then the proposed routes will be investigated in more detail to assess technical viability,
level of risk and potential alternatives, including a route which extends down from UWE to the Bristol
City Centre at St Philips Marsh taking into account the social housing blocks which lie to the North of
St Philips. The route is generally as shown in Figure Figure 7-1: SERC to All Clusters below. The route
which extends to the City Centre is shown in Figure 7-2.
A potential link onwards into the city would be able to absorb any excess heat available, but this will
only become clear as the Avonmouth & Severnside clusters and Temple & Redcliffe clusters are
modelled. Once the 3 northern fringe clusters have been connected to a Strategic Network, we will
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have more visibility on the remaining heat available, and the potential to route it towards the city
centre as indicated in Figure 7-2.

Figure 7-1: SERC to All Clusters

The pipe lengths for the main elements of the route are shown in the table below:
Connections
Trench length (m)
SERC to CPNN EC (load 804)
7200
CPNN EC (804) to Southmead EC (360)
7678
Southmead EC (360) to UWE (308)
4310
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Figure 7-2 Route from UWE Cluster to the City Centre (Temple & Redcliffe EC in St Philips)
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7.5

Capital Cost Estimate

7.5.1

Capital Cost Elements

The capital costs for the network are made up of the following key elements:
·
·
·
·
·
·

Heat extraction and distribution equipment at the heat source
Pipework and installation (trenching, welding fittings etc.)
Major infrastructure crossings – eg motorways, railways and waterways
Interface equipment at each heat demand connection
Project Costs including design, project management and contractor costs
Contingencies
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7.5.2

Network Design Assumptions

A key element in assessing these costs is the assumptions around the way in which the pipe network
would be designed and operated. For the purposes of this assessment the following assumptions
have been made.
·

The network will operate as a transmission main with variable flow and temperature and will
be hydraulically isolated from connections at consumers
· The network will be designed to operate at higher temperature and pressures to minimise the
pipe sizes and heat losses that will result
· The operating temperatures at maximum demands will be
o Flow - 110°C
o Return - 70°C
Note – ideally return temperatures will be closer to 50°C for new developments but as there are a
significant number of existing buildings a higher temperature will be allowed for initially.
·
·

The pipe size will be designed to achieve pressure drops around 100 Pa/m as per District
Heating Manual for London guide lines for main pipes
The overall design pressure for the network (including pumping losses, static head and static
margins) will not exceed 16bar

Based on these design criteria the transmission network is sized initially at 350mm nominal diameter
pre-insulated district heating pipe allowing supply of up to 35MWth of heat (28MW from the two heat
suppliers plus 7MWth for central thermal storage).
7.5.3

Heat Supply Interfaces

The interfaces will incorporate:
·
·
·
·
·
·
·

Steam pipework and control valve connection to the steam turbine
Steam to hot water heat exchangers and condensate recovery connections
District heating system controls and power supplies
District heating system pumps and water treatment equipment
Thermal stores
Pipework and valving to the boundary of the site
Associated civil and builders works

The costs for these systems are based on previous projects of a similar scale based on the works
being instructed and managed by the heat supplier. No additional project costs are therefore included
on top of these costs.
7.5.4

Pipework and Installation

Costs for pipework are taken from recent quotes for major pipework systems for “hard dig” (ie under
roads) in London. They allow for contractors detailed design, prelims and traffic management and
can also be seen to include a London weighting. We note that some key elements of pipework
installation could be in soft dig areas and also that traffic management along most of the route would
not be as significant as would normally be required in London.
The costing strategy provides a robust high end estimate of network costs to allow the potential for
viable development to be tested – i.e. the basis of a decision about whether to proceed to a more
considered assessment, or not. We have used a fully risked price which allows for dealing with
unknowns.
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Based on our experience of the price differentials, and the design and prelims elements included in
the costs quoted, we propose not to apply additional project costs and to apply a lower rate of
contingency for this element.
7.5.5

Major Infrastructure Crossings

We have not undertaken a detailed assessment of the requirements or opportunities for specific
infrastructure crossings at this stage. We have identified the following major infrastructure crossings
and made assumptions about the type of crossing that may be required.
·
·
·
·
·

M49 at Farm Lane – assume pipe jack under motorway
M5 at Hollywood Lane - assume trenched in road under motorway – no extra cost
A4018 Double Carriage way at Hollywood Lane – assume trench with significant traffic
management
Avonmouth railway at BAE Filton – assume pipe bridge adjacent to existing road bridge
Railway at MOD – assume pipe bridge adjacent to existing road bridge

Cost estimates are based on recent quotations for pipe bridges, thrust bored and pipe jacking
installations to cross a combination of rail, road and river infrastructure.
7.5.6

Heat Interfaces at Load Connection Point

As noted above we have currently assumed a single connection at each cluster “Energy Centre”. This
interface would comprise 100% dual heat exchange substations including controls, power supplies
etc. We have assumed that this substation installation could be installed within an existing structure
and connected alongside existing heat supply systems without major modifications.
7.5.7

Project Costs

At this stage we have included high level estimates of costs for route surveying, design, specification ,
procurement, contractor prelims, overhead and profits (except where noted above) and contingencies
reflective of the low level of certainty that can be achieved at this early stage.
7.5.8

Cost Estimates

In order to allow testing of a number of variations, the capital cost estimates have been broken out
into elements related to specific sections of the system. Total costs for a variety of options are
presented as follows:
·
·
·
·

Scenario 1 - All clusters – SERC and Nexterra supplies
Scenario 2 - All clusters – SERC only (Note all base loads identified could be supplied by
SERC)
Scenario 3 - CPNN and Southmead only – SERC only
Scenario 4 - CPNN only – SERC only
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Table 7-1 - Capital Costs Scenario 1 All Clusters - SERC and NES

Item

Heat extraction and distribution
equipment at the heat source
Pipework and installation
(trenching, welding fittings etc)

Cost
estimate
(£k)
3,050

27,827

Notes

£1,650 at SERC
£1,000k at Nexterra
Plus 800m3 thermal store £400k
350mm pipework incl trench, install, make good,
design and prelims - £1700/m trench
SERC to Cribbs EC – 7,200m
Cribbs EC to Southmead EC – 7,680m
Southmead EC to UWE – 4310m

Major infrastructure crossings –
eg motorways, railways and
waterways

1,250

M49 at Farm Lane – £750k
M5 at Hollywood Lane - no extra cost
A4018 Double Carriage way at Hollywood Lane –
£100k
Avonmouth railway at BAE Filton – assume pipe
bridge adjacent to existing road bridge - £200k
Railway at MOD – assume pipe bridge adjacent to
existing road bridge £200k

Interface equipment at each
heat demand connection
Project Costs including design,
project management and
contractor costs

270

3 connections at £90k per connection

1,004

Next stages development including PM survey,
design, specification and procurement (no legal or
financial advice included) - £400k
Owners Engineer and PM post procurement £300k
20% Contractor Prelims OH &P (except supply
interface and pipework)

Contingencies
Totals

505
33,906

20% (except supply interface and pipework)
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Table 7-2 – Capital Costs - Scenario 2 All Clusters - SERC only

Item

Cost
estimate
(£k)

Notes

Heat extraction and
distribution equipment at the
heat source

2,050

£1,650 at SERC
Plus 800m3 thermal store £400k

Pipework and installation
(trenching, welding fittings
etc)

£
27,827

350mm pipework incl trench, install, make
good, design and prelims - £1700/m trench
300mm pipework incl trench, install, make
good, design and prelims - £1300/m trench
SERC to Cribbs EC – 7,200m
Cribbs EC to Southmead EC – 7,680m
Southmead EC to UWE - 4310m

Major infrastructure crossings
– eg motorways, railways and
waterways

1,250

Interface equipment at each
heat demand connection

270

M49 at Farm Lane – £750k
M5 at Hollywood Lane - no extra cost
A4018 Double Carriage way at Hollywood
Lane – £100k
Avonmouth railway at BAE Filton – assume
pipe bridge adjacent to existing road bridge
200k
Railway at MOD – assume pipe bridge
adjacent to existing road bridge £200k
3 connections at £90k per connection

Project Costs including
design, project management
and contractor costs

1,004

Next stages development including PM
survey, design, specification and procurement
(no legal or financial advice included) - £400k
Owners Engineer and PM post procurement £300k
20% Contractor Prelims OH &P (except
supply interface and pipework)

Contingencies
Totals

505
32,906

20% (except supply interface and pipework)
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Table 7-3- Scenario 3 – Capital Costs CPNN and Southmead only - SERC only

Item

Cost
estimate (£k)
2,050

Notes

Pipework and installation
(trenching, welding
fittings etc)

£
22,224

350mm pipework incl trench, install, make good, design
and prelims - £1700/m trench
300mm pipework incl trench, install, make good, design
and prelims - £1300/m trench
SERC to Cribbs EC – 7,200m
Cribbs EC to Southmead EC – 7,680m

Major infrastructure
crossings – eg
motorways, railways and
waterways

1,050

M49 at Farm Lane – £750k
M5 at Hollywood Lane - no extra cost
A4018 Double Carriage way at Hollywood Lane – £100k

Heat extraction and
distribution equipment at
the heat source

£1,650 at SERC
Plus 800m3 thermal store £400k

Avonmouth railway at BAE Filton – assume pipe bridge
adjacent to existing road bridge 200k
Interface equipment at
each heat demand
connection

180

2 connections at £90k per connection

Project Costs including
design, project
management and
contractor costs

946

Next stages development including PM survey, design,
specification and procurement (no legal or financial
advice included) - £400k
Owners Engineer and PM post procurement - £300k
20% Contractor Prelims OH &P (except supply interface
and pipework)

Contingencies
Totals

435
26,885

20% (except supply interface and pipework)
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Table 7-4 - Capital Costs - Scenario 4 - CPNN only - SERC only

Item

Cost
estimate
(£k)

Notes

Heat extraction and
distribution equipment at the
heat source

2,050

£1,650 at SERC

Pipework and installation
(trenching, welding fittings
etc)

£
12,240

Major infrastructure crossings
– eg motorways, railways and
waterways

850

M49 at Farm Lane – £750k
M5 at Hollywood Lane - no extra cost
A4018 Double Carriage way at Hollywood
Lane – £100k

Interface equipment at each
heat demand connection

90

1 connections at £90k per connection

Project Costs including
design, project management
and contractor costs

888

Next stages development including PM
survey, design, specification and procurement
(no legal or financial advice included) - £400k

Plus 800m3 thermal store £400k
350mm pipework incl trench, install, make
good, design and prelims - £1700/m trench
300mm pipework incl trench, install, make
good, design and prelims - £1300/m trench
SERC to Cribbs EC – 7,200m

Owners Engineer and PM post procurement £300k
20% Contractor Prelims OH &P (except
supply interface and pipework)
Contingencies
Totals

366
16,484

20% (except supply interface and pipework)
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7.6

Potential Volume of Heat Supply

The actual volume of heat that can be supplied will depend on a number of factors including; the
profile of demand; the extent to which mis-matches between supply and demand can be addressed
by thermal storage (both central and local); and the down time for maintenance of the heat supply
system. For the purposes of the assessment we have assumed the heat supply will be able to meet
up to 85% of the demand of the identified clusters.

7.7

Value of Heat Supply

Assessing the value of the heat supply is potentially a complex area. There are a large number of
factors to be considered including:
·
·
·
·
·
·
·

The commercial arrangements between strategic network operator and the cluster operators
The end user customer types – e.g. domestic, large industrial or public sector
The off-set cost of fuel – e.g. gas into boilers
The off-set cost of carbon – e.g. CCL, CRC or EUETS payments may be avoided by the
cluster operator
Any displacement of income - e.g. the revenue a cluster operator may obtain from operation
of gas fired CHP to generate electricity
The off set of plant maintenance costs - e.g. the cluster operator may reduce maintenance
costs for boilers etc.
The offset of plant installation or replacement costs – for a cluster expansion or end of life
replacement of boilers and/or CHP units

All these elements would need to be the subject of detailed assessment in future stages - and would
ultimately be finalised only through commercial negotiations.
For the purposes of this assessment we have established a common heat value as follows:
Cost offset
Natural gas

Value (£/MWh)
26.00

CCL
CRC

1.95
3.05

Total cost of gas
Cost of boiler Heat

31.00
36.47

Value of heat

35.00

Notes
Based on commodity price of
2.0p/kWh plus 30% for transport
and supplier margins etc
Rate as of 1 April 2016
Based on £16/Tonne CO2 and
191kg CO2/MWh gas
Based on seasonal boiler
efficiency of 85%
Small discount to overall cost
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7.8

Potential return on Investment and Carbon Savings

7.8.1

Outline Cash flows

The tables below present an outline assessment of the costs and revenues for a potential strategic
network. An indication of the potential carbon savings, assuming that heat offset is from boilers at
85% efficiency, is also provided.
Scenario 1

CPNN Southmead
and UWE

Base Heat Load

MWh

137,785

Heat supplied
Heat Revenue
Heat Costs
Net Revenue
Capital Costs
Simple payback

85%
£35.00
£3.00

years

117,117
£4,099,104
£351,352
£3,747,752
£33,905,800
9.0y

CO2 savings

Te/year

26,317

Scenario 2

CPNN Southmead
and UWE

Base Heat Load

MWh

137,785

Heat supplied
Heat Revenue
Heat Costs
Net Revenue
Capital Costs
Simple payback

85%
£35.00
£5.00

years

117,117
£4,099,104
£585,586
£3,513,518
£32,905,800
9.4

CO2 savings

Te/year

26,317

Scenario 3

CPNN Southmead

Base Heat Load

MWh

82,423

Heat supplied
Heat Revenue
Heat Costs
Net Revenue
Capital Costs
Simple payback

85%
£35.00
£5.00

years

70,060
£2,452,095
£350,299
£2,101,795
£26,885,200
12.8

CO2 savings

Te/year

15,743
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Scenario 4
Base Heat Load

CPNN
MWh

Heat supplied
Heat Revenue
Heat Costs
Net Revenue
Capital Costs
Simple payback

85%
£35.00
£5.00

CO2 savings

Te/year

years

49,072
41,712
£1,459,906
£208,558
£1,251,348
£16,483,600
13.2
9,373

It should be noted that in this assessment we have not included for operational costs other than
pumping and costs of heat losses which are incorporated in the costs of heat. It is assumed that the
maintenance of the plant at the heat supply points would be undertaken by the heat suppliers. It is
not at this stage clear how the network would be managed and owned. There would be some
maintenance costs associated with the heat interfaces at the heat users. There would also be some
costs associated with the administration of the metering and billing. These costs should be relatively
minor in relation to the volumes of heat being provided.
7.8.2

Discussion

Of necessity this high level assessment can only provide an indication of the potential economic
performance of a scheme of this type. It is very unlikely that the whole of the network from SERC to
UWE could be installed as a single project. The build out of this type of scheme is likely to take place
over 5 – 10 years and so simple payback assessments are a very blunt tool. The level of assumption
required to develop a more sophisticated financial assessment without significant further investigation
would, however, mean that the assessment would be at the same time more complex and likely less
helpful. We have therefore stuck with simple payback to provide a clear initial indication of likely
viability.
This then asks the question –what payback should be expected/may be required? The infrastructure
that makes up the vast majority of the capital costs of the network would be very long life assets.
Typically design life for these pipe networks are 40 years or more and networks installed in the 1960s
and 70s are still operational without wholesale network replacements. In this context paybacks of 1015 years are not excessive. It would however not be normal for private companies in the DH industry
to invest to this level with such long returns anticipated. This type of investment is typically only
undertaken by regulated industry with a monopoly – e.g. water and electrical distribution.
It can also be seen that the likely initial network connection from SERC to CPNN provides the longest
payback and could therefore be considered the most problematic. To understand the sensitivity of
this initial installation to heat loads we have sought to find at what total connected heat load payback
would fall below 10 years. The results of this sensitivity are shown in the table below:
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Scenario 4

CPNN

Base Heat Load
Heat supplied
Heat Revenue
Heat Costs
Net Revenue
Capital Costs

MWh

65,000

85%
£35.00
£5.00

55,250
£1,933,750
£276,250
£1,657,500
£16,483,600

Simple payback

9.9

This implies that an additional 16GWh of demand, a 32% increase, would be required to reduce the
payback by around 3 years.
Alternatively we considered at what level of heat revenue price the same goal could be achieved with
the following result:
Scenario 4

CPNN

Base Heat Load
Heat supplied
Heat Revenue
Heat Costs
Net Revenue
Capital Costs

MWh

49,072

85%
£44.50
£5.00

41,712
£1,856,166
£208,558
£1,647,608
£16,483,600

Simple payback

10.00

So the same goal would be achieved if the value of heat increased to £44.50 per MWh. This
corresponds to a base gas price of 3.35p/KWh with the same carbon (CCL) cost or a carbon price of
£55/Te CO2 with the same gas price.
In summary we would suggest that a strategic network as set out in the section would provide a return
on investment but that such investment would not be straight forward to obtain in the private sector. It
is likely that funding for the scheme would either require a significant level of public investment at low
cost or for the finance to be underwritten to a large extent by a public body.
7.9

Risks and Next Steps

We have considered the key risks that will need to be addressed in any future development of this
network. From this we believe that the main tasks should further development of the scheme be
taken forward are:
·
·
·

The availability and cost of heat supplied by SERC and/or Nexterra will be subject to
further discussions with the owners of these schemes
The potential value of the heat, in particular at CPNN where the initial cluster may be
supplied by gas fired CHP with associated electrical revenues, will need to be subject to
detailed assessment
The relative value of the heat supplied by this network would be sensitive to electrical and
gas pricing. Higher electrical prices and lower gas prices would have a very negative
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·
·

·

·
·

impact on the scheme economics. Potential mitigation for these risks should be
considered.
The potential ownership and operational arrangements for the network will need to be
carefully considered to assess the level of operational costs that the scheme would have
to bear.
The capital costs of the scheme could vary significantly depending on the technical
viability of the route assumed and the specific cost of dealing with major crossings and
general ground conditions. More detailed route assessments will be required at the next
stage although an appropriate level of detail will need to be agreed to keep costs to a
reasonable level.
In the same way the operation of the network will be impacted by the length of the
network, changes in elevation and likely rate of demand variations. An initial hydraulic
assessment should be undertaken to establish any key operation design features that
may have a significant impact on network costs.
The assumptions around the proportion of heat that could be supplied will need to be
subject to modelling against typical annual demand profiles.
An outline strategy for development of the network, taking into account the likely
development of the key clusters identified, should be developed. This will enable an
indicative investment programme to be developed to support a more detailed financial
appraisal.
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8

NEXT STEPS

The Heat Mapping exercise has identified a number of clusters which are presented here. These and
the proposed energy centre locations were discussed and agreed by stakeholders at the Priority Sites
and Risk Workshop held at SERC on 4th November.
The identified clusters identified will be modelled for assessment of their economic viability and the
results published in the final report.
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APPENDIX A - HEAT MAPS
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