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Executive Summary
Arup was appointed by the London Borough of Harrow (The Council) to
undertake a district heating energy masterplan study for the Harrow & Wealdstone
Opportunity Area and the Grange Farm housing estate regeneration area, located
just outside the opportunity area (the study areas).
The study was based on heat load data – a key foundation to the entire study – and
an analysis of potential energy supplies and network routes. Data and information
were obtained by the following means:





Download of London Heat Map data;
Receipt of data held by the Council
Collection of information from route walkover surveys; and
Contact with other developers and landowner stakeholders.

Around 150 heat loads were initially identified; these were refined to core heat
load opportunity dataset of around 60 loads, which together total an estimated
75GWh of annual heat demand and 43GWh of annual electrical demand. The
refinement excluded smaller heat loads for practical analysis; however, this does
not prevent future connection to any of these loads should this be viable and a
network is established.
The supply assessment identified a small number of existing heat sources, but
none of these had the potential to serve a wide area heat network. Among the
available heat source options, gas CHP and biomass boilers were identified as
being most suitable in the short term. The network modelling and analysis was
undertaken on the basis of a gas CHP-led solution with back up gas boilers.

Network masterplan
A heat network serving the entire Harrow & Wealdstone and Grange Farm areas
was identified, as shown in Figure 1. The technical information for this
masterplan vision network is shown below.
Table 1 Harrow area wide network technical performance
Performance Indicator
Total Annual Heat Demand [MWh]

Harrow &
Wealdstone

Grange Farm

Total

74,600

6,800

81,400

Peak Heat Demand [MW]

25

4

29

CHP size at full build out [MWe]

6.0

0.6

6.6

Energy Centre Size [m2 ]

940

610

980

14,770

3,210

17,980

3,250

320

3,570

129,980

12,960

142,940

IRR (25 years) [%]

2.5%

-9.8%

IRR (40 years) [%]

4.0%

-5.0%

Total Network Length [m]
Carbon Saving vs BAU [tonnes CO2/pa]
Lifetime Carbon Savings (40 years) [tCO2]
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These networks were found to have overall marginal economic performance as
potential investments with respect to the public sector involvement usual hurdle
rate of 6% IRR. The networks represent a long term vision for how a network
could grow to serve the whole area.

Figure 1 Harrow Energy Masterplan

Cluster Analysis
Cluster analysis was undertaken to identify separate more viable network
opportunities by focusing on core anchor loads, and by adding and removing
connections to find better performing networks. Five main clusters were
identified, which were grouped into three clusters for the purposes of the analysis:


Harrow North Cluster, made up of the Civic Centre and Kodak cluster and the
Wealdstone cluster
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Harrow South Cluster, made up of the Town Centre cluster and the Hospital
and University cluster



Grange Farm Cluster.

A number of scenarios were run for the all clusters, with the results for the
preferred networks included below. Note that Grange Farm is a much smaller
cluster in comparison to the North and South Clusters.
Table 2 Technical summary of viable clusters
Performance Indicator

North Cluster

South Cluster

Grange Farm

22,000

47,200

1,400

Peak Heat Demand [MW]

10

15

1

CHP size at full build out [MWe]

2.5

3.5

0.2

Energy Centre Size [m2 ]

720

790

580

Total Network Length [m]

4,450

4,200

270

Carbon Saving vs BAU [tonnes CO2/pa]

1,760

2,820

120

70,550

112,840

4,910

Total Annual Heat Demand [MWh]

Lifetime Carbon Savings (40 years)
[tCO2]

Table 3: Financial summary of viable clusters
Performance Indicator

North Cluster

South Cluster

Grange Farm

Total Lifetime CAPEX + REPEX [£]

29,122,000

24,718,000

4,297,000

Initial Investment CAPEX [£]

17,957,000

15,882,000

2,569,000

Energy Centre Fitout, CHP Engines,
Boilers and HIU CAPEX [£]

7,708,000

5,418,000

1,864,000

Cost of Heat Network (Transmission &
Distribution) [£]

8,782,000

8,968,000

483,000

Contingency [£]

1,467,000

1,495,000

222,000

Connection CAPEX (=Developer
Contribution) [£]

9,382,000

4,347,000

1,341,000

Annual OPEX (including Fuel Cost)
[£/year]

1,672,000

2,052,000

173,000

Annual Revenues from Heat Sales
[£/year]

718,000

1,568,000

56,000

Annual Revenues from Electricity
Sales [£/year]

436,000

666,000

35,000

IRR (25 years) [%]

4.7%

7.3%

2.7%

IRR (40 years) [%]

6.3%

8.5%

4.1%

Net Present Value (25 years @ 6%) [£]

-1,024,000

1,235,000

-339,000

Net Present Value (40 years @ 6%) [£]

295,000

3,236,000

-244,000

-4

-29

50

Cost of Carbon Abatement (40 years)
[£/tCO2]
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The Masterplan concluded that in order to establish an area wide heating network
in the longer term, the Council should pursue the development of the three viable
networks identified with the following key conclusions:

North Cluster
The North Cluster was found to be able to achieve at least a 6% IRR over a 40
year period under most scenarios. The Wealdstone cluster on its own was
considerably weaker, while a network serving only the Civic Centre and Harrow
View East sites was found to perform most strongly, with a 7.7% IRR over a 25
year period.
This cluster was the most attractive and low risk given the large development
planned for Harrow View East and West and the Civic Centre. The connection to
the Wealdstone customers was only found to be viable if the railway crossing is
technically feasible, such that, the stronger performing network to the south of the
railway can share the benefits of higher heat density.
The deliverability of this cluster is highest south of the railway due to (a) the nonreliance on development in Wealdstone, (b) the phasing of development with
initial phases planned for 2019 onwards that allow sufficient time to capture the
opportunity, and (c) the Council has significant land holdings.

South Cluster
The Harrow South Cluster performed well and achieve a 7.3% IRR over 25 years.
On its own, the University Cluster is very attractive, with nearly a 19% IRR over
25 years.
The cluster is also considered core to delivering an area wide network because it
is critical to capturing new development and growth potential expected in the
town centre area. The Hospital and University in particular are the drivers of the
opportunity to extend the network to the Town Centre, given that, on its own, the
Town Centre did not perform above the 6% IRR hurdle rate.
Priority should be lent to developing the opportunity to connect the Hospital and
the University buildings, whilst considering the technical feasibility of crossing
the railway in further detail. The crossing will enable connection to the Town
Centre, which in the meantime, would likely require temporary heat supplies to
supply the developments advancing into construction (in particular College Road
and Lyon Road developments).

Grange Farm Cluster
The Grange Farm Cluster performance was found to have marginal financial
performance as a district heating network even with the Grange Farm estate as
standalone, with investment performance, achieving a 2.7% IRR over 25 years
and 4.4% over 40 years.
This cluster was not deemed fundamental to the development of the area wide
network.
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Key network constraints
Although not a full route feasibility analysis, the study highlighted key challenges
to delivering a network in the area, being the need for multiple crossings of
railway lines. Possible routes over existing bridges or underpasses have been
identified, but early discussion with statutory undertakers, and further more
detailed analysis, are recommended to confirm which crossing options are feasible
and to provide a more refined cost assessment for the network.

Business and Implementation Plan
A high level delivery options analysis was undertaken, which concluded that
based on the cluster analysis and the techno-economic results, the Council should
consider a Council-led delivery option for all three clusters. The IRR
performances of the potential networks were found to cluster around the 6%
hurdle rate of interest to public investment, but not the 12% hurdle rate typically
required by private sector ESCOs. This option would fulfil the Council’s aim of
securing an income stream from heat network investment. Furthermore, the
Council’s land interests and position as the putative promoter for the area gives it
the best chance of delivering new networks within the identified windows of
opportunity for connecting developments which are planned and already
commencing construction.
Should the council not lead the development of a Public ESCo, some high heat
demand clusters could be interesting to the private sector; for example the
Hospital, which could have IRR rates of circa 19%, or a network which could
connect Harrow View East and the Civic Centre which achieves around an 8%
IRR. However, this would not lead to the creation of an area wide network, and
would forgo the wider opportunity.

Next steps
The following key next steps were identified:


Identify and secure funding for a full feasibility study for the North and South
Cluster groups. Grange Farm is recommended for an own development
solution.



In parallel with any further study, identify staff in the council, or procure
externally, to put together a development team which can engage with
developers and landowners as potential customers of a future Harrow ESCo



Contact the key developers in Harrow Town Centre to explore whether the
window of opportunity to supply them with heat is still open.



Contact the highway authority and Network Rail to discuss the potential for
using the Wealdstone Overpass site as an energy centre, and the impact of
such a use on the restrictions on use of that site imposed by the highway
authority.



Contact the hospital to discuss how they can build in a district heating energy
centre within their redevelopment plans.

HW_R003 | ISSUE Rev A | 27 January 2016

Page 5

London Borough of Harrow

1

Energy Masterplan for Harrow & Wealdstone and Grange Farm
Final Report

Introduction

Arup was appointed by the London Borough of Harrow (The Council) to
undertake a district heating energy masterplan study for the Harrow & Wealdstone
Opportunity Area and the Grange Farm housing estate regeneration area, located
just outside the opportunity area (the study areas).

1.1

Study Objectives and Overall Scope

The objectives of the Council’s brief were to:


Determine the scale and extent of viable district heating opportunities the
study areas;



Determine the outline economic proposition and the carbon saving potential
for the identified opportunities;



Establish an implementation plan to deliver the vision for heat network(s),
identify the key development risks and set out the next steps for key
stakeholders including the Local Authority.

The scope included consideration of electricity demand, for the purposes of
assessing the potential for electricity sales from new combined heat and power
(CHP) plant.
This study is the first energy masterplanning exercise to be carried out for the
study areas. The key outputs are the identification of an area wide district heating
network which could grow to serve the entire area over the long term, followed by
analysis of specific clusters which were identified as starting points for developing
the network in the short to medium term.
The performance of different network options – including potential heat loads,
energy sources and energy centre sites, and network route options – was assessed
against financial and environmental criteria including:


Internal rate of return (IRR) and net present value (NPV) of projected costs
and revenues, over 25- and 40-year time horizons; and



Carbon emissions savings against an individual gas boiler “business as usual”
reference case.

Although a full analysis of commercial delivery route options for the proposed
networks was not within the scope of the study, the investments were assessed in
terms of a full service Council-owned energy supply company; the risk
assessment was developed with this perspective in mind.
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Structure

The report is structured as follows:


Sections 2 includes a general introduction to district heating as would be
included in the final report;



Section 3 describes the methodology followed for the study;



Section 4 sets out the stakeholder engagement which was undertaken as part
of the data collection stage of the study;



Section 5 presents the demand assessment, assumptions and the basis for the
heat loads used for the techno economic analysis;



Section 6 includes the supply options assessment and energy centre location
considerations;



Section 7 covers the analysis and high level techno-economic performance of
the area wide network, as well as the identification of the key development
clusters;



Sections 8, 9 and 10 cover the techno-economic performance analysis and
results developed for three main clusters (North Harrow, South Harrow and
Grange Farm);



Section 11 describes the key considerations and recommendations for a
business and implementation plan;



Finally Section 12 includes the key conclusions and recommendations of the
study.

Further technical detail, assumptions and results are presented in the relevant
appendices.
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Introduction to District Heating

The UK established through the Climate Change Act 2008 a legal commitment to
an 80% reduction in greenhouse gas (GHG) emissions by 2050 versus 1990
levels. Amongst other measures, this goal requires the decarbonisation of the
nation’s heat supply, which today is responsible for a third of total GHG
emissions1. District heating represents one potential means of enabling this
transition where it can capture and distribute heat from low carbon energy sources
such as electricity generating stations, combined heat and power facilities and
large scale heat pumps.

2.1

District Heating and Combined Heat and Power

Decentralised energy refers to the generation and
distribution of energy closer to the locations where
energy is consumed. Currently, over 90% of
electrical generating capacity in the UK comes
from a small number of very large generating
stations,2 most of which are in remote locations
away from population centres. This approach
creates a variety of inefficiencies in the overall
energy system, of which the greatest is the inability
Figure 2 An energy centre.
to use the spare heat from power stations for
Source: Islington Council
beneficial purposes. By locating a generating
station close to where the energy is used,
decentralised energy offers the potential for the
spare heat to be captured and distributed to
buildings or industrial processes which need it.
District heating (DH) networks provide the means
by which heat from decentralised generation
sources is supplied to connected buildings.
Buildings are typically connected to the network via
plate heat exchangers or heat interface units that
replace individual boilers for space heating and
domestic hot water. Cooling can also be provided
Figure 3 Heat pipes
to the same buildings through the use of absorption
chillers powered from the thermal energy in the heat network, or by constructed
separate cooling networks.
Heat for DH networks is most commonly supplied from a combined heat and
power plant (CHP) such as a gas engine or an energy from waste plant. The high
grade (or high temperature) heat is used to generate electricity while the lower
grade heat is captured and distributed through the network. There are around

1

The Future of Heating: A strategic framework for low carbon heat in the UK
DECC 2015. Digest of United Kingdom Energy Statistics (DUKES) 2015. Department of
Energy and Climate Change. London: TSO. Paragraph 5.36.
2
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2,000 CHP schemes across the UK totalling over 6,000MW of electricity
generating capacity (MWe) and 22,000MW of heat capacity (MWth).3
Due to the significant capital investment required for new pipework and building
connections, district heating networks are best suited for high “heat density” areas
which can ensure enough revenues to a long term return on investment. New
development sites in particular provide an opportunity to design in the connection
from the start, which can reduce the cost of connection (compared with retrofit of
existing buildings) and provide economies of scale for network operation, while
meeting carbon reduction targets in a cost-effective way.

2.2

Potential Benefits of District Heating

The use of combined heat and power (CHP) with DH results in the highly
efficient use of fuel, up to 80% efficiency4, with primary energy savings of 3045% compared with conventional separate generation to achieve the same
quantity of heat and power. This is represented in Figure 4. These energy
efficiencies translate to carbon savings for schemes connected to CHP-led DH
networks. DH networks powered by other low carbon sources, such as biomass
boilers or heat pumps, can also deliver significant carbon savings.

Figure 4 Benefits of Combined Heat and Power.
Adapted from the London Heat Network Manual.

In addition, DH networks can help communities address fuel poverty and local
air quality, as explained below.
Fuel poverty can be addressed by building in a heat price formula which pegs the
customers’ heat price at a discount (typically 10%) to a local basket of gas-boiler
based heat prices. It is noted that this is a commercial rather than a technical
solution, but it is made possible by the creation of a new heat supplier, with a new
heat supply agreement, which would be a necessary part of the delivery of a new
heat network in Harrow & Wealdstone. We would also note that the ability of a
3

DECC 2015. Digest of United Kingdom Energy Statistics (DUKES) 2015. Department of
Energy and Climate Change. London: TSO. Table 7A: A summary of the recent development of
CHP.
4
DUKES 2015 Table 7A reports overall gross energy efficiency of 70% (based on calorific values
of input fuels) across all registered CHP schemes, and notes that net efficiencies will be higher.
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heat network operator (whether that be the Council or a private entity) to offer a
discounted heat price depends, of course, on the viability of the network.
Air quality can be improved through district heating by replacing multiple small
boilers with low elevation flues with a centralised energy centre with a high flue
stack, or with a connection to an existing heat source such as a power station or
energy from waste plant. Finally, the opportunity of heat pumps, like electric
cars, offers the opportunity for zero local emissions heat supply.
It is noted that the direction of change (i.e. reducing or increasing local emissions
to air) can depend on many factors, including overall system efficiency, flue
height and the amount of CHP included in the energy centre. Detailed dispersion
modelling would normally be required at the detailed design stage to ensure stack
height and dimensions are appropriately specified to ensure local air quality is not
adversely affected.

2.3

The Future of District Heating

Gas CHP, which is the typical low-risk, bankable supply option for new DH
networks, achieves its carbon savings advantage in part because the carbon
intensity of the national electricity grid is higher than electricity produced from a
gas CHP engine or turbine. However, with the UK grid projected to reduce its
carbon intensity by over 50% in the next five years5, the relative savings achieved
by gas CHP will diminish over time. Indeed, there exists the possibility that in the
coming years CHP technologies will perform worse in carbon terms than
conventional or advanced heat supplies (heat pumps).
For a network being planned today, gas CHP is expected to achieve relative
carbon savings over a typical plant lifespan of 15-20 years. In the longer term,
however, new low-carbon large scale supply options such as heat pumps will need
to be considered to continue to achieve carbon savings for the network. The
advantage of DH networks in this future scenario is that the supply switch can be
made once for the entire network; if every DH customer still had gas boilers, the
switch to heat pumps would need to take place in each home and business.
A related consideration to supply selection is the operating parameters of the
network, especially operating temperature. A conventional DH network will
operate with a flow temperature of 80°C or higher. Such temperatures are easily
achieved by combustion-based heat sources but are above output temperatures of
standard heat pumps or solar thermal systems, which reduces the efficiency and/or
utilisation potential of these low-carbon alternatives. Setting a network flow
temperature to 55°C would enable alternative low-carbon heat sources to be
connected to the network. However, low temperature networks will work only
when the connected buildings are appropriately designed (or retrofitted) to work
with them.6

5

Based on analysis of DECC Updated Energy and Emissions Projections, September 2014
For further information on heat network design, please refer to the GLA’s London Heat
Networks Manual: http://www.londonheatmap.org.uk/Content/TheManual.aspx
6
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Study Methodology

This section presents the study methodology, and covers the demand assessment,
the supply assessment, the network development process and techno-economic
modelling.

3.1

Study Areas

The spatial scope of this study is two distinct areas:



The Harrow & Wealdstone Opportunity Area; and
The Grange Farm estate regeneration area.

These two areas are within the same general area in the borough but are far
enough apart to be unlikely to be suitable for consideration as part of a single heat
network (other than in the long term). They were therefore set up as two separate
study areas with two separate techno-economic models.
For each study area, an exercise was undertaken to identify any loads or major
heat sources within a reasonable distance of the area. Two such sites were
identified, being Northwick Park Hospital and Westminster University Campus to
the southwest of Harrow town centre. No other major opportunities were found
further afield: the surrounding urban landscape is characterised by existing
terraced residential housing.
The resulting search area is shown in Figure 5.

Figure 5 Energy Masterplan Areas of Study
HW_R003 | ISSUE Rev A | 27 January 2016
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Demand Assessment

Demand data forms the foundation for the whole study and care was taken to
obtain as good a heat load dataset as was practicable within the scope and
timescale of the study. To that end, a data source hierarchy was established to
guide the collection and use of data for the final heat load dataset. This hierarchy
is shown in Figure 6.
In practice a mix of sources had to be used. Sources are identified within the
Excel dataset which will be issued to the Council with the final report.

Figure 6 Heat load data source hierarchy

3.2.1

Data Collection

The data collection process involved the following key elements:


Download of London Heat Map data based on a previous heat mapping study,
produced in 2012 by Arup for the GLA as part of the DEMaP programme7;



Receipt of data held by the Council, including spatial information on Council
buildings and major utility networks; building energy use and system
information; Display Energy Certificate (DEC) data on public buildings; plans
and development quanta for proposed development sites; and energy
statements from planning applications;

7

Harrow Heat Mapping Study, Produced by Arup for the GLA, 2012; available for download from
http://www.londonheatmap.org.uk/Content/uploaded/documents/Heat%20Map%20Report%20-%2
0Harrow.pdf as accessed 12/10/2015.
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Collection of information from route walkover surveys. The surveys were
non-intrusive and took place from public areas (i.e. did not include
investigations inside buildings or plant rooms); and



Email and phone contact with other developers and landowners of significant
opportunity sites, including major existing heat users (see section 4 for more
information).

The collected data on buildings was assembled within an Excel spreadsheet with
geospatial referencing for use in geographic information system (GIS) software
ArcGIS.
A data checking and refinement exercise followed the collection phase to create a
usable dataset containing key information on all potential heat loads including:


Location, size and use of building;



Annual and peak heat and electricity consumption;



For existing buildings, type of heating system and age (where available);



For new development sites, phasing plans for build out.

The refined dataset was presented to the Council for factual checking and agreed
as the heat load dataset which would form the basis of the masterplanning and
techno-economic modelling.

3.3

Supply Assessment

Potential energy supply options were assessed by first exploring existing heat
supply options, mapping possible energy centre locations, and collecting
information about possible alternative low carbon heat sources.
An overall assessment was then carried out to first identify short term and long
term options. Short term options included those considered viable for kick-starting
cluster networks; long term options were those considered less technologically
mature, or more complex and risky to deliver, but which should be considered and
could become attractive opportunities in the longer term to integrate an
established network in LB Harrow.
Both short and long term options were evaluated with quantitative and qualitative
evaluation to enable comparison. In addition, the evaluation intends to distil the
priorities in terms of future development and appraisal of energy supply options
according to recommended Key Performance Indicators (KPI) as discussed and
agreed with the Council.

3.4

Area Wide Network and DH Route Assessment

With the demand and supply technical assessments complete, load clusters were
identified which could be developed independently, with separate energy centres,
considering phasing issues and key network constraints which could determine
their economic performance and implementation feasibility.
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The potential DH network routes were then determined based on the spatial
arrangement of the heat demands, location of potential supply options and energy
centres, and key physical constraints identified and techno-economic analysis to
compare energy centre locations, network routing, etc. All clusters were then
connected to show a ‘Masterplan Vision’ for an area wide network.
The DH pipework was sized based on calculated peak heat demands as
determined from heat demand profiles. These are based on the following:


Space heating demands were profiled according to a degree-day method;
based on London Heathrow (Test Reference Year) weather data.



Domestic Hot Water demands were profiled based on operating hours
assumptions according to use typology.



Pipe sizes are future proofed allowing additional supply in two ways: (a) from
the potential to increase the temperature differential to 30-40˚C (see 3.5.1)
which would allow a third to twice the heat to be passed through the same
pipework, and (b) key routes connecting clusters in the future are oversized to
allow cross-feeding (see Appendix C4).

The feasibility of the DH network route was assessed in further detail through
desktop studies, route walkovers and freely available utility information. This was
undertaken to refine the routing and highlight any sections which may present
difficulties for the installation a DH network and therefore any risks to be
investigated further by a future feasibility study. In accordance with the agreed
study scope, buried services data was not procured.
The area wide network was then assembled into Arup’s techno-economic model
in order to test the performance of the network as a whole, as well as to test
performance of the identified clusters. As noted in Section 1.1, the Grange Farm
cluster was separately modelled from the start, due to the distance between that
cluster and the wider Harrow & Wealdstone area.
By starting with all loads connected and then turning off load clusters
progressively, the study identified the impact of each cluster on the technical and
economic performance of the area wide network. Clusters were then also tested in
isolation to understand their interdependence and viability as stand-alone
networks. A phasing plan was developed for each cluster, including potential
interconnection points to form the area wide network.

3.5

Techno-economic Analysis

The techno-economic performance of the area wide DH network and the clusters
was carried out for a 25- and 40-year project analysis period, with year 0 being
2018 and year 40 being 2058, which allows for a three-year planning and
promotional period, network construction in 2018 and the first delivery of heat by
the network from 2019.
This whole-system assessment is carried out from the perspective of a single
energy service company (ESCo) responsible for financing, design, construction,
operation, maintenance, revenue collection, and further expansion, to ensure that
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the overall viability of the scheme is confirmed. The notional ESCo could be
public or private; the key point is that the masterplan is based on a comprehensive
investment assessment. Analysis of other more complex business models was
beyond the scope of this study.
The system assets (i.e. plant and equipment) included in the techno-economic
model is shown schematically in Figure 7. The main assets are:


Energy centre;



Transmission and distribution pipework up to heat substations on customers’
sites (whether individual buildings or larger campus developments);



Heat exchangers within the heat substations; and



Heat interface units within residential units.

The main excluded element is the secondary pipework which would run between
the heat substation into and around individual buildings. These costs are assumed
to be borne by the developer or landowner.8
The model takes account of both capital costs and operational costs of all included
assets. All revenues – including heat and power sales, service charges and
developer connection charges – are also included within the model.

Figure 7. Ownership and responsibilities boundaries ESCo/Developer

3.5.1

Network Operating Assumptions

The EMP supply options have been modelled assuming a 20˚C temperature
difference (called ΔT) between the flow (at 80˚C) and return (at 60˚C) and a
maximum pressure drop of 100Pa/m. This provides a conservative estimate on the
8

In practice, an ESCo may be contracted to install and/or operate and maintain secondary system
pipework; for the purposes of the modelling, however, this is treated as a zero sum pass-through
cost which does not affect the overall economic performance of the scheme.
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required pipe sizes as well as a system which is capable of connecting to and
supplying heat to existing building systems. An upper limit on the network supply
temperature of 80˚C has been selected to enable integration of alternative heat
sources whilst maintaining compatibility with most existing buildings. Existing
buildings have historically used flow and return temperatures of 82/71˚C such that
at these temperatures, they are capable of meeting peak heating demands during
design external conditions. In London, this is typically -5˚C (dry bulb) external air
temperature.
The greater the temperature difference between the flow and return, the greater the
amount of heat the network can transmit for a certain flow rate. A DH network
operating with a 30˚C ΔT at a specific peak heat demand would result in a
reduction in the required flow rate of 33% compared to a network operating with a
20˚C ΔT.
In addition to temperature difference, the actual temperatures are also important
considerations. Lower temperature systems (such at 55°C/35°C) incur lower
thermal losses in the pipework and can more readily accommodate lower
temperature, low carbon heat sources. However, the building heating systems
would have to be compatible with such operating temperatures (e.g. by use of
underfloor heating and very well insulated building fabric), which is not the case
for most existing buildings, which makes an area-wide low temperature network
in-compatible with existing buildings without extensive retrofit.
Low temperature supply requirements can be incorporated into new building
designs with very little cost impact compared with a conventional system. For
existing building connections, the retrofit costs for a low temperature connection
can be substantial, but not always: many building systems are oversized and
poorly managed and require only minor physical changes and better management
to be able to operate effectively at lower temperatures. This study has not
investigated existing building systems to a level of detail which would allow
confirmation of the level of retrofit works which would be needed to connect to a
lower temperature system. Our analysis will therefore take a low risk approach at
this stage by specifying the system at 80°C/60°C.
A variable flow, variable temperature network is recommended to be investigated
further to enable effective future incorporation of alternative heat sources. This
will require a compatibility specification to be rolled out to developers such that
their building designs are compatible with the network. In principle, the network
would operate at the higher temperatures (80˚C flow) during the coldest periods (0
to -5˚C ambient) and would reduce its temperature to operate as a low temperature
network (55˚C flow) during the warmer periods. Legionella would be controlled
through scheduled pasteurisation cycles.

3.5.2

Thermal Storage

Thermal storage has been simulated by ensuring equipment sizing and operation is
based on generation plant run times which are representative of equipment
requirements. At energy masterplanning stage this is a conservative approach as
thermal storage could serve to increase run hours. Economically the effect of
adding a thermal store has been observed to be a similar IRR or a slight decrease,
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but with an improvement in CO2 performance. The approach remains as a
conservative assumption and is preferred at this stage.

3.5.3

Costs

Cost items were broken down into capital, operational, replacement, and
commodity costs to be incurred by the developer and operator of the area-wide
strategic network:


Capital costs included the cost of the low carbon heat supply and gas boilers,
the energy centre shell and fit-out, as well as the costs for the transmission and
distribution pipework. Contingencies have been allowed for the energy centre
and pipework costs.



Operational costs includes: management fees, service fees, energy losses,
maintenance of the low carbon heat supply, gas boilers and network.



The fuel costs includes the cost of the commodities (wholesale gas and retail
electricity) for the low carbon heat supply, gas boilers and pumping
requirements.



Allowances were made for the replacement costs of the low carbon heat
supply, gas boilers, and HIUs which occur at the end of their useful lifetimes.

3.5.4

Revenues

The scheme’s revenues accrue through four main income streams: developer
connection charges, customer payments for heat sales and service charges, and
electricity export payments. These are briefly described in turn below.
Revenues do not include external capital funding sources such as borrowing or
grant funding. The cost of borrowing from different sources is implicitly
represented by the use of different discount rates to obtain investment net present
values.

3.5.5

Connection Charges

The connection charge (or developer contribution) is an up front and one-off
financial contribution from the developers to the DH network. The value of this
contribution is in practice a negotiated amount.
The connection charges for existing residential customers are based on the
avoided cost of the following items:


The avoided cost of on-site energy centres and heat generation equipment (e.g.
gas boilers);



The avoided cost of other measures to achieve the carbon savings delivered by
the heat network (e.g. rooftop solar PV); and



Additional costs (if any) which would be incurred in order to make the
connection to the network.
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The connection charges for existing non-residential customers are based on the
avoided cost of gas fired boiler plant replacement.
The new residential development connection charges are typically based on the
avoided costs for the developer’s alternative heating system and additional
renewable and carbon offsetting measures. Generally, existing residential
developments have lower net avoided costs than new developments, resulting in
lower or zero connection charges. This is primarily due to the fact that the new
developments avoid the requirement to install heating plant in the first instance as
well as any carbon reduction measures which might be required to comply with
building and planning regulations which connection to the low carbon DH
network may mitigate.
The avoided cost of connection was calculated for Harrow View East as a
benchmark for the study. Its avoided cost for heating and low carbon systems is
estimated to be £2,800 per dwelling. See Appendix A3 for a detailed breakdown
of the calculation, which is in line with the GLA Guidance on Preparing Energy
Statements (2015).9
Existing, privately owned residential developments with individual gas boilers
have separate replacement cycles due to variation in installation date. These
buildings would therefore not be able to offer an aggregated connection charge,
for which the connection charge is therefore assumed to be zero. An incentivised
connection would be required at zero cost to the owners.
Council owned housing blocks with individual boiler systems in Harrow were
confirmed by the Council to have recently undergone boiler replacement. This
effectively ruled them out of inclusion in the network for the next 10-15 years.
The assumed connection charge values are shown in Table 4 below. The basis for
the non-residential connection charges are based on avoided cost of a gas boiler
replacement as obtained from Spons 2015.10
Table 4. Assumed connection charges / developer contributions
Building type

Value

New and Existing Non-Residential

£37,000/MW

New Residential11

£2,800/dwelling

Existing Private Residential

£0/dwelling

Existing Public Residential

N/A due to recent plant replacement.

3.5.6

Customer Payments

Heat sales, standing charges and service charges are collected in return for the
provision of heat. Pricing assumptions take account of prevailing market prices
9

Energy Planning, Greater London Authority guidance on preparing energy assessments, April
2015, Greater London Authority.
10
Spon’s Mechanical and Electrical Services Price Book, 2015, Forty-sixth edition, AECOM,
CRC Press, Taylor & Francis Group.
11
No existing residential schemes were found to be suitable for connection due to individual gas
boilers making connection costs too high.

HW_R003 | ISSUE Rev A | 27 January 2016

Page 18

London Borough of Harrow

Energy Masterplan for Harrow & Wealdstone and Grange Farm
Final Report

for a gas boiler comparator, as explained below. The prices used in the analysis
are set out in Appendix A4.2.
Figure 8 shows the total price of heat typically paid by residential customers with
individual gas boilers across the UK. These figures are based on market price
research carried out by Arup in 2014. This heat price includes standing charge,
fuel charge, boiler, replacement costs, and boiler maintenance contracts.
The district heating heat price is set equal to the unit gas charge for residential
and small non-domestic users. This allows the heat tariff to be fair across the full
range of connected domestic and non-domestic heat demands.
In order to ensure a market-competitive heat tariff for the district heating network
at the above-mentioned heat price, the standing charge is set such that the heat
bill of the proposed heat networks offers a minimum 10% discount on the price of
heat from counterfactual individual gas boilers.
The domestic service charge is set to cover the annual maintenance cost of an
HIU and the costs associated with metering and billing.
The proposed heat tariff offers a 10% discount on the gas boiler comparator rate
as shown in Figure 9. For example, a typical 2 bed flat might consume
approximately 4,000 kWh a year. Based on a £45/MWh, £200/year standing
charge (to cover fixed costs associated with energy centre metering and billing)
and a £170/year service charge (to cover maintenance and replacement) a typical
customer would pay £550/year for their heat. /This is equal to a 14 p/kWh total
heat price. In contrast, the same flat with an individual gas boiler would typically
pay approximately £640/year for their heat. By using this heat price, fuel poverty
for both Council tenants and leaseholders flats may be reduced.
For non-domestic customers we have assumed no service charge or standing
charge and instead a charge solely on heat usage as shown in Figure 11. The gas
comparator is shown in Figure 10.
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Figure 8: Individual gas boiler heat price comparator

Figure 9: Domestic DH Heat Tariff
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Figure 10: Non-Domestic Gas Comparator

Figure 11: Non-Domestic DH Heat Tariff
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Electricity Export

In addition to the heat sales revenues, the electricity generated by the CHP units is
assumed to be an additional revenue stream for the CHP supply option. The
electricity generated can either be sold wholesale (around £45/MWh) to the
electricity network or to a single large consumer of electricity at a price slightly
below retail value (around £90/MWh).
The Greater London Authority (GLA) is continuing its involvement to develop a
new form of electricity supply licence referred to as ‘Licence Lite’. The GLA’s
objective is to acquire a new licence and buy electricity from embedded
generation (initially local authority CHP) at above wholesale prices and to sell it
on at retail prices to selected consumers.
The Licence Lite model would lower costs through a focus on matching local
generation and consumption and the elimination of transmission use of system
charges. By offering a power purchase price above wholesale rates (estimated at
£50/MWh), the Licence Lite service would improve the economic viability of
CHP generation.
Notwithstanding the potential for this economic benefit to CHP operations, we
have applied a more conservative value of the standard wholesale price in our
modelling.
Where the energy centre is located next to a large new development such as the
Civic Centre or Harrow View East, the extent of development may create an
opportunity for a private wire supply. The opportunity has been quantified for the
various cluster scenarios by checking the effect of Licence Lite under the
sensitivities section in each cluster analysis. This is as the energy centres are
mainly sited at large residential development sites where realising private wire is
not likely due to individual supply agreements and complexities herein.

3.5.8

Inflation and Indexing

We have have not included inflation and fuel price indexing at this
masterplanning stage. Indexing can produce results which are difficult to interpret
and can alter interpretations which depend on forecasts. Additionally sensitivities
will be distorted.

3.6

The Route to Delivery

Finally, the analysis explored delivery models and business cases which the
Council could explore in advancing the scheme.
The study concludes with a set of recommendations and next steps.
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Stakeholder Engagement

Stakeholder engagement was undertaken with various parties to obtain or update
energy demand information, information about projected plant replacement dates,
interest in district heating, projected build out areas and residential units,
locations, and other relevant information to inform the energy masterplan.
Table 5: Stakeholder Engagement Summary
Stakeholder

Summary of engagement

Outcome

Existing Kodak
Factory

Arup contacted the Energy
Manager Stephen Procter to
enquire about the factory’s
projected operation time line;
existing CHP energy centre as a
possible heat source.

The factory is projected to shut down
at some point during the next ten
years; due to which there is no real
interest in any long term commitments
to supply heat to a district heat
network; further discussion is
presented in Section 6.2.

Northwick Park
Hospital

Anthony Tabor
(Anthony.Tabor@nhs.net), NHS
sustainability manager in charge of
the Hospital was contacted by
telephone and subsequently via
email to request information
around their proposed
refurbishment plan, phasing and
current energy demand. The
information requested via email
was not provided.

It was confirmed over the phone that
the Hospital is undergoing a phased
refurbishment plan to maintain the site
operational. The site currently
includes a failing steam heating
system whilst there is little or no
demand for steam on site. The steam is
fed from a central energy centre in the
North-East of the site with the plant in
need for replacement. Current strategy
involves a building by building
heating system as buildings are
refurbished; however, only one has
been undertaken so far and the
Hospital would be interested in
pursuing a district heating connection.

St Ann’s
Shopping
Centre

Shaun Wall
(operations.manager@stannsshopp
ing.co.uk) was contacted to
provide details on the heating
systems, annual gas demand and
asset replacement plans. No data
was provided.

It was confirmed that St Ann’s has a
central boiler room, with two units of
unknown capacity which serve Air
Handling Units (AHUs), Domestic
Hot Water (DHW) and the shopping
centre’s door hot air curtains. The
estimated year of boiler replacement is
2023. All shops have their own
electrical heating and cooling. No data
was provided.

St George’s
Shopping
Centre

Central Management was
contacted with a similar request for
information as with St Ann’s.

It was confirmed that the shopping
centre has a similar setup to St Ann’s.
No data was provided.

Westminster
University
Campus

Arup contacted a facilities manager
at Westminster University Campus
in Harrow that provided some
information over the phone.

The campus has a central boiler room
located in A-Block which includes 4
gas boilers which feed the surrounding
university facilities, but not the student
accommodation blocks.

Harrow
Planning &
Regeneration

Extensive engagement was
undertaken and information
provided as to council

All key sites were investigated;
planning applications and Energy
Statements and Display Energy
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development sites and
opportunities.

Certificates provided; including floor
area and residential unit targets, build
out time lines and other relevant
information.

Harrow Council
Education and
Housing

Arup met with Harrow Housing
and Education to discuss and
request information regarding the
existing heating systems and latest
metered gas demands.

It was confirmed that all schools have
existing central boiler systems bar
Whitmore High School which has a
ground source heat pump and a CHP
unit. Some information was provided
as to asset replacement cycles.
Housing confirmed that all social
housing included individual gas boiler
systems which had recently undergone
a replacement/renewal. Only sheltered
housing schemes had communal boiler
systems (identified in the heat
mapping).

Various
developers and
existing
buildings

The Council sent out a
questionnaire to a mix of 16
private developers and existing
building operators.

Two responses were received. For the
questionnaire and list of addressees
please refer to Appendix A5.

HW_R003 | ISSUE Rev A | 27 January 2016

Page 24

London Borough of Harrow

5

Energy Masterplan for Harrow & Wealdstone and Grange Farm
Final Report

Demand Assessment

This section sets out the assessment carried out for this study to determine the
potential heating, cooling and electrical energy demands of proposed new
development and existing buildings within and surrounding the Harrow and
Wealdstone Opportunity Area and Grange Farm.

5.1

Previous Heat Mapping

An initial review of the Harrow Heat Mapping Study (Arup, 2012) identified six
heat clusters which presented opportunities due to high heat demand density as
summarised below in Table 6 ordered by heat demand size. The clusters are
shown in Figure 12 spatially.
The Station Road and Harrow-on-the-Hill clusters (highlighted) fall within in this
study area.
Table 6. Opportunity Clusters identified from previous heat mapping
Cluster

Heat Demand
[MWh/year]

Station Road: Civic Centre, and surrounding area, CHP surplus heat
from Kodak factory.

6,311

Courtney Avenue: includes four schools, two sports & leisure centres
and a museum.

6,031

Harrow-on-the-Hill Cluster: this cluster spans the border of Harrow and
Brent. Includes the Northwich Park Hospital; Westminster Student
Accommodation and campus; four housing estates; two schools; + new
development

3,460
+ 45,374 (hospital)

Eastcote Lane: small cluster made up of two schools (Rooks Heath,
Heathland) and two housing estates (Meadfield, Cornell)

3,191

Streatfield Road: includes six publicly owned buildings including 4
housing estates and three schools in relatively proximity.

2,725

Rickmansworth Road Cluster: made up of one school (Pinner Wood)
and two housing estates.

1,940
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Figure 12. Harrow wider area heat demands clusters
Source: Harrow Heat Mapping Study, Arup on behalf of the GLA, 2012

5.2

Heat Mapping

A heat mapping exercise was then undertaken to update and expand on the
previous study to quantify the opportunity for district heating. The data collection
process is described in the Methodology section (Section 3.2).
The process resulted in approximately 150 possible heat load data points for
consideration. These are shown in Figure 13 (North loads) and Figure 14 (South
loads). The map reference numbers are listed a full daeta schedule in Appendix A,
together with annual and peak heat demands, completion year assumptions, the
source of the data, and whether the heat demand was calculated or based on
metered data.
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Figure 13: Harrow &
Wealdstone North Heat Load
Map
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Figure 14: Harrow & Wealdstone
South Heat Load Map

HW_R003 | ISSUE Rev A | 27 January 2016

Page 28

London Borough of Harrow

5.2.1

Energy Masterplan for Harrow & Wealdstone and Grange Farm
Final Report

Heat Demand Assessment for Techno-economic Scenario
Modelling

This dataset was then critically analysed to reduce the number of loads to those
practical for inclusion in techno-economic modelling of the area wide district
heating network. For this purpose two main filters were used as follows:


Existing buildings with a heat load below 200 MWh were not included in the
analysis. These relatively small loads will have a simple payback time of more
than 10 years, which makes their connection unlikely to be economically
viable and introduced further uncertainty in the analysis at this stage.
Appendix A2 includes further details of how this threshold is calculated.



New buildings that were in advanced construction stages were not included in
the techno economic the analysis.

Following the above process, the identified list of potential heat customers to be
evaluated with techno-economic modelling are listed below in Table 7 including
annual heat demands, whether the data is from a metered source or calculated, and
whether the building is existing or, planned or under construction.
It should be noted that the sieving process described above should not be
construed as a rejection of the excluded loads from future consideration as part of
a future heat network. Rather, its purpose is to enable the Council to obtain a
masterplan which carried a reasonably high prospect of being deliverable in full.
Should the Council elect to take on the role of network developer, Arup’s
previous experience of delivering heat networks indicates that the Council will
need to focus on a small number of high confidence, high value loads in order to
deliver the network within the likely window of opportunity and for a reasonable
cost of promotion and delivery. Once the network is established, it will be much
easier for the network to grow organically and to connect to other loads as they
become available.

Table 7 Filtered loads included in the techno-economic analysis
Map
Ref.

Heat load/ Building Name

2

Marlborough F & M School (Primary
School)

509

Y

Existing

3

Norbury F & M School

357

Y

Existing

4

Pinner Park F & M School

591

Y

Existing

5

St. Anselms RC Primary School

180

N

Existing

6

Whitefriars Sch. & Teachers Ctr

452

Y

Existing

7

Harrow High School

1,325

N

Existing

8

Sacred Heart Language College

549

Y

Existing
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26

Energy Masterplan for Harrow & Wealdstone and Grange Farm
Final Report

Annual
Heat
Demand
[MWh/year]

Metered
(Y/N)

Completion
year*

53

Y

Existing

The Bridge (Mental Health) Ctr.

108

N

Existing

27

Durrant Court

491

N

Existing

28

Harkett Court

778

N

Existing

29

Tapley Court

357

Y

Existing

30

Watkins House (offices)

571

Y

Existing

35

Col Art (Residential)

570

N

UC-2015

38

Dellers Cars (5 Parlmerston Road)

280

N

2019

39

Budget Car Rental

378

N

2019

40

Former Sam McGuires PH
(Residential)

80

N

2016

41

Leisure Centre / Byron park

2,037

N

2021

42

Lyon Road

1,162

N

UC-2018

43

17 - 51 College Road (Library)

1,033

N

2019

44

Harrow View East – Phase A (Kodak)

3,974

N

2019

44

Harrow View East – Phase B (Kodak)

573

N

2022

44

Harrow View East – Phase C (Kodak)

1,753

N

2024

44

Harrow View East – Phase D (Kodak)

2,851

N

2026

46

Greenhill Way Car Park

490

N

2019

48

Greenhill Way Car Park North

875

N

2018

49

Tesco

483

N

Existing

50

Harrow View West - (Former Zoom L)

927

N

2019

52

College Road West

413

N

2022

53

Gayton Road

1,104

N

2018

54

Civic Centre

1,909

N

2020

58

Wickes House

153

N

2019

61

Peel Road CP & Premier House

563

N

2019

71

Teachers Centre

450

Y

UC-2016

74

Whitefriars Children's Centre

1,040

Y

Existing

75

Elmgrove F & M School

465

N

Refurb2018

104

University of Westminster Harrow
Campus

6,249

N

Existing

105

Northwick Park Hospital

16,951

N

Existing

109

Harrow High School

1,569

N

Existing

114

Byron Road Estate

-

N

Existing
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Ref.

Heat load/ Building Name

131

Col Art (Retail)

145

275 287 Station Road (Debenhams)

146

Harrow Crown Court

147
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Annual
Heat
Demand
[MWh/year]

Metered
(Y/N)

Completion
year*

175

N

UC-2015

15,468

Y

Existing

657

N

Existing

Unit 1 Waverley Industrial Estate

2,001

N

Existing

148

Unit 9 Waverley Industrial Estate

1,805

N

Existing

201

Grange Farm Estate

1,414

N

2019

202

Grange Middle School

852

Y

Existing

203

Whitmore High School

3,151

Y

Existing

204

Lower Road Estate

200

N

Existing

205

Grange Court

280

N

Existing

206

Alma Court: Grange Farm Estate

62

N

Existing

209

Hillview Nursery Centre

224

Y

Existing

210

Supermarket Waitrose

613

N

Existing

211

Industrial Park (Unit 13A Orthene
Chemicals Ltd)

6,442

N

Existing

Total

75,072

*Note: ‘UC’ refers to “Under Construction” and is shown next to estimated date of completion;
“Existing” is shown where the building is existing with no known plans to refurbish.

The process resulted in 59 heat load data points shortlisted for further analysis in
the techno-economic model. To give some insight in the resulting heat load data
set, they are categorised below in different ways: Figure 15 shows the annual heat
demand breakdown by typology, Figure 16 shows the split of metered vs
calculated annual demands, and Figure 17 shows the heat demand breakdown by
new or existing building status.
The figures show that 38% of the total annual demand was metered, and 27% of
the demands are expected to come from new building developments.
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Typology of the building
1%
3%

3% 3%

4%
27%

19%

21%
19%

Retail

Hospital

Education

Residential

Industrial

Public

Leisure

Office

Hotel

Figure 15: annual heat demand split by typology

Metered heat data

New or existing building

27%
38%

62%
73%

Yes

No

Figure 16: annual heat demand by metered/nonmetered data
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Cooling Demand Assessment

In the course of the analysis a number of key cooling opportunities were identified
which should be noted for reference, and addressed in more detail in a future more
detailed feasibility study for the proposed network:


The largest cooling demands in Harrow & Wealdstone are expected from
existing shopping centres and retail areas around the town centre and the high
street. Further cooling demands of note would appear at the main
supermarkets (Tesco Superstore (Station Road) and Morrison’s (Trident
Point). St Ann’s and St Georges shopping centres were found not to be
suitable for connection due to individual cooling systems as confirmed by
stakeholder engagement.



In terms of new developments, the study recognised that the large residential
developments would not present insignificant cooling demands. Some mixed
use (retail/ office space) development would present some cooling demand,
however, sufficient cooling demand density was not encountered to prompt
further investigation into district cooling opportunities.

Arup’s experience from previous analysis is that district cooling is not
economically viable in London’s climate unless the cooling demand density
similar to that encountered in high-rise financial districts, which is not the case in
Harrow & Wealdstone. However, cooling can be supplied to buildings connected
to the heat network by the use of absorption chillers which are powered by the
thermal energy in the heat network. This could improve the utilisation of the heat
network by increasing summertime heat demand.

5.4

Electrical Demand Assessment

An electrical energy demand assessment was made of the main new developments
which could benefit from private wire arrangements fed from CHP technology in
order to benefit the economics of the scheme.
The following Table 8 presents the benchmark calculations for main sites
neighbouring possible energy centres. The table enables the quantification of
private wire opportunities to improve the business case for electrical generation
capacity which can be included in district heating energy centres depending on the
supply option; non-CHP based supply options would preclude this revenue
stream. These are taken into account during sensitivity testing where various cases
are tested.
Table 8: Electrical demand estimates for main developments
Map
Ref

Development
Name

Typology

Harrow View
East

Care Home

5,500

75

412,500

Community Centres

2,120

33

69,960
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Typology

Floor area
[m2]

Benchmark
(from CIBSE
guide F)
[kWh/m2]

Annual
Electrical
Load [kWh]

Flexible active uses
and leisure centre

1,660

152

252,320

Retail

2,000

346

692,000

Primary Education

3,630

32

116,160

100,515*

79

7,940,685

Residential
Office

32,360

181**
(average)

Subtotal

5,857,160
15,340,786

Harrow View
West

Residential

15,700*

79

1,240,300

Civic Centre

Residential

24,400*

79

1,927,600

Retail

2,650

346**

916,900

Education

2,375

32

76,000

940

33

31,020

Community
Subtotal
Peel Road
Development
Cluster (list)

2,951,520

Residential

2,500*

79

197,500

Civic Centre

7,840

33

258,720

Office

1,295

181**

234,395

Subtotal
17-51 College
Road

Residential

690,615
15,850*

79

Library

868

234**

203,112

Retail

800

346**

276,800

Subtotal
Lyon Road

1,252,150

Residential
Retail

1,732,062
14,750*

79

1,165,250

4,000

346**

1,384,000

Subtotal
Gayton Road

Residential

Northwick
Park Hospital

Hospital

Westminster
Campus

Education

Total Annual Electrical Load [kWh]

2,549,250
18,700

79

1,477,300

125,985

95**

11,968,575

34,833

152**

5,294,616
43,245,024

*Based on average unit size of 50m2.
**Average figures used.

Appendix A1 also includes loads recorded from Display Energy Certificates for
existing buildings, as well as estimates for all other buildings for which floor area
data was available.
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Energy Supply Assessment

The energy supply options considered here focus firstly on serving a district
heating system with low to zero carbon heat, and secondly opportunities to
provide low carbon electrical and cooling supplies are identified and evaluated.
As a practical starting point the supply options were assessed based on
geographical observation of the Harrow & Wealdstone area, and then classified as
short-term and long-term options. The short-term options are recommended as the
most practical, and low risk delivery options which are tried and tested as district
heating energy supplies. Long-term options are suggested and evaluated for future
energy supply options to be considered at the first asset replacement cycle
expected to be within approximately 15 years of the initial energy supply being
installed.

6.1

Common DH Energy Centre System Components

All supply options have a series of components in common which are explained
here to help gain an understanding of how typical supply options would integrate
into the wider district heating system.
Typical energy centres will include the following common components, which are
also displayed in Figure 18:


Low carbon heat supply: this could typically be a CHP engine, a biomass
boiler, or an alternative low carbon heat source. This equipment will supply
what is called the “base-load”, which is a heat demand which is generally
present throughout the year. The base-load can represent approximately 6070% of the total annual heat demand, and is more suited to constant heat
outputs which tend to be characteristic of lower carbon heat sources.



Gas boilers to provide backup and top-up to the base-load heat supply, by
providing the remaining 30-40% of annual heat demand.



Thermal storage tanks: usually large tall cylindrical steel vessels containing
hot water, are used to enable the main heat supply equipment to supply more
heat.



District Heating Pumps: large pumps which pump the water around the
district heating pipe network.



Flue: present in all cases with gas boilers, but with additional flues for the
base-load technology if it is based on the combustion of a fuel (e.g. natural
gas, biomass)



A control room, workshop and welfare facilities will normally be included
to enable effective operations and maintenance.



Electrical switch room: a high voltage (HV) electrical switch room is typical
should the system include CHP and therefore have electrical power export
requirements.

HW_R003 | ISSUE Rev A | 27 January 2016

Page 35

London Borough of Harrow



Energy Masterplan for Harrow & Wealdstone and Grange Farm
Final Report

Incoming utilities include gas, electrical and water supplies as well as foul
water connections and telecommunications.

Figure 18. Typical energy centre layout with gas-fired CHP

6.2

Existing and Planned Energy Supply Options

An initial desk top study was performed to identify any existing and planned low
carbon heat supply options which could supply a district heating network in the
area.
The following steps were undertaken:
1.

Check of the London Heat Map, details below.

2.

Engaging Harrow stakeholders. As described in Section 0.

3.

Reviewing available Energy Statements, as provided by the council or
downloaded from the Council planning website12

6.2.1

Existing Options

In reviewing the London Heat Map the following local heat sources were
identified (as shown on Figure 19).

Kodak Factory CHP
Based on engagement with the factory energy manager, it was established that the
site has two aging CHP gas turbines and operates high temperature steam heat
12

Harrow Council planning search tool accessible at (12/10/2015)
http://www.harrow.gov.uk/planningsearch/lg/plansearch.page?org.apache.shale.dialog.DIALOG_
NAME=planningsearch&Param=lg.Planning&searchType=quick
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recovery to supply the manufacturing process with high temperature heat. The
manufacturing plant no longer operates at weekends due to reduced demand of
photographic film and the overall plant has significantly lower energy demand
than was originally intended. In an attempt to improve its economics, the factory
installed a steam boiler in 2011 to supply the sites heat demands at the weekends
and not operate the CHP engines13.
Although the existing CHP equipment has considerable spare capacity, there are a
series of factors preventing their incorporation as an energy source for a district
heating network:


While Kodak need to maintain full control of their energy centre and engines
during the operation of the factory, they are not able to commit to long term
supply or demand contracts due to uncertainty as to the projected shut down
date of the manufacturing plant which is projected to occur within 10 years.



Harrow View East / Land Securities planning permission allows for the
demolition and re-use of the energy centre site as a Community Centre space,
and re-locates the Energy Centre to Phase A.



In addition, the existing equipment is not well suited for operation with a
District Heating network as the setup is suited for high temperature steam heat
supplies and would therefore reduce its energy efficiency considerably.

Figure 19. Extract from the London Heat Map with heat supply sources shown14

13

Process Engineering publication article, 2012, accessed on the 12/10/2015 at the URL:
http://processengineering.theengineer.co.uk/new-energy-centre-for-kodak/1015005.article
14
Graphic sourced from the URL http://www.londonheatmap.org.uk/Mapping
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Northwick Park & St Mark’s Hospitals EU ETS site
The Display Energy Certificate (DEC) Advisory Report (AR) of the hospital
states that it has an annual heat use of 39,811 MWh/year, this large load is
provided by steam boilers installed in an Energy Centre towards the North East of
the hospital site. From conversations with the Facilities Manager of the hospital it
appeared the steam boilers are old and should soon be ready for replacement.
Steam heating systems are inefficient compared to low temperature hot water
(LTHW) systems as thermal losses are substantially higher due to elevated
operating temperatures, and boilers cannot achieve the higher efficiencies
available for condensing gas boilers that condense the water vapour in the flues
gasses and can increase efficiencies to above 90% (gross).
The NHS Sustainability Manager confirmed that the site is looking to retire the
steam system, however has to do so in a phased approach to keep existing
buildings operational.
The energy centre site is therefore a suitable one for an energy centre serving the
Hospital and Westminster campus cluster; however, the existing systems are not
suitable for re-use.

Communal Gas Boilers
From stakeholder engagement with Harrow Housing it was established that only
one or two sheltered housing developments have communal boiler systems, which
are sized for their own heating capacity requirement. Their location was not able
to be identified in the course of the study. Should these be identified in future, the
systems could pose some opportunity for connection. In the event of a district
heating connection, the boilers could be used for peaking and backup equipment.
In any case, the systems’ state of repair, asset replacement cycles and metering
arrangements would need to be assessed to determine suitability. It is
recommended this is investigated further in a future feasibility study.

6.2.2

Planned Supply Options

Four options were identified from Energy Statements with proposed on-site
energy supply options coming forward for construction due to no district heating
connection being available in the development timescale:


Headstone Manor and Museum: the Design and Access Statement, written
by Think Renewable Energy, proposes a 198 kW containerised energy centre
with biomass boiler and fuel store to be built at the Headstone Manor and
Museum site. This is a low carbon supply option which could be considered
for integration into the network.



Col Art: The Energy Statement states the flats and duplexes at the Col Art site
are provided with heat from a communal gas boiler and a site heating network.
It is also stated in the Energy Statement that “this will make it possible to
convert to district heating in the future if this becomes available.” The gas
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boilers could serve as backup to the network in the short term, however do not
represent a low carbon heat supply.
Lyon Road: The Energy Statement states the site is to include a CHP system,
which could supply up to 20% of the site’s yearly heating and hot water
demand.15 This site is proposed for connection the Harrow & Wealdstone
network as it is due for completion 2019 and is still within the opportunity
window. At the time of writing the report the site piling was underway. Should
the development go ahead without connecting to the DH network, its CHP
system could potentially be integrated into the network, as an additional heat
source, at a future date.





College Road: The site includes the residential, library and retail buildings.
The Energy Strategy included communal heating and a CHP engine. A small
scale CHP of 90kWe, which could provide approximately 70% of the thermal
load16. As with Lyon Road, this site is considered as suitable for connection to
the planned district heating network if it is able to materialise in time.
However, should this not occur, the site could still be connected and the CHP
integrated to supply low carbon heat to the network.

6.3

New Energy Supply Options

Initially, a high level supply options evaluation was undertaken to classify the
supply options into three types according to their perceived viability. It is clear
that some options are non-starters, for example water source heat pumps from
lakes or rivers, given there are none in the area. The rest of the options were then
classified for consideration in the short term, where some technologies were
assessed to be more suitable for kick-starting the DH network, or for consideration
in the long run to future proof a low carbon heat supply.
Supply
Option

Comments

Short-term options – Low delivery risk, proven technology
Gas-fired
CHP

Proven technology well suited to district heating, provides considerable carbon
savings when sized correctly and often present an attractive base case for
establishing heat and power supplies for district heating systems.

Biomass
Boilers

Biomass boilers are a proven technology and have been applied in many cases
as district heating supply sources.

15
16

Application Reference
Application Reference
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Comments

Long-term options – Higher delivery risk, fewer case studies, more constraints.
Biomass CHP

Biomass systems will require considerably more space than biomass boilers as
the quantity of fuel required is effectively twice as much. Although their
carbon performance can be better than biomass boilers, there are relatively few
examples of successfully implemented systems. These are generally expensive
and complex systems which are prone to technical problems, and local air
quality is worse affected than with biomass boilers.

Air Source
Heat Pumps

ASHPs have a relatively low power density and offer limited economies of
scale. They are therefore more typically suitable for individual building
solutions rather than for a centralised energy centre powering a heat network;
however, with a decarbonising grid they can offer good carbon performance,
although the benefits are disputable due to increased strain on national grid
infrastructure.

Ground
Source Heat
Pumps

GSHPs can achieve a better carbon performance and lower space take than
ASHPs. Open loop systems require specific ground conditions with aquifers
and abstraction boreholes. However, these systems are costly, require
environmental agency licences and detailed geological surveys and are best
suited to low temperature networks. Yield from closed loop systems is
generally lower and requires substantially more piling – a technology best
suited for standalone buildings.

Solar
Thermal

Commercial solar water heating technologies are mature and there are no
fundamental technical issues remaining. Although they are one of the lowest
carbon sources of heat, they are subject to weather variability, require large
land areas to install, and are less capable of supplying heat demands in the
winter when they are most needed. High land value and low compatibility with
district heating are the principal reasons this technology should be considered
at a later date to improve the carbon performance of the DH network.

Deep
Geothermal
Energy

Wells of up to 2,000m depth can be drilled into underground reservoirs to tap
hot water that can be brought to the surface for use in a variety of applications.
The brownfield nature of the Harrow Energy Centre sites at HVE, the Civic
Centre and Gayton Park, means that drilling rigs could readily be used predevelopment to produce hot water boreholes. It should be investigated first
though if adequate geothermal sources are available at these sites.
In addition to the drilling risks, temperatures and water permeability at the
target depth are not certain. Therefore the operational performance and cost of
a geothermal system cannot be firmly predicted.

Substationheat recovery

This is a technology is in its infancy and is being piloted by National Grid.
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Supply
Option

Comments

Sewer
Mining

Heat recovery from sewer systems is a technology which has been applied
however it is a generally a small source of heat unless there are major sewage
treatment plants in the area; not the case for Harrow & Wealdstone.

Building Heat
Rejection
(including
supermarkets)

Heat rejection from building cooling systems can be captured and fed into low
temperature heat networks; generally a small heat supply can be extracted and
is counter-cyclical with the heating season.

Not Currently Viable
At the time of writing the report, there were no reasonable prospects for an
energy from waste facility. LB Harrow is a member of the West London Waste
Authority (WLWA) which encompasses six other boroughs in West London.
It currently sends 23% of the waste collected to Energy from Waste facilities.
The main one in the area is the Lakeside Energy from Waste facility which is
located next to Heathrow Airport. In a straight line, this facility is 13km from
Harrow and does not provide an immediate opportunity to supply heat to the
borough.

Energy from
Waste

Water Source
Heat Pumps

There are major water bodies in or immediately around Harrow & Wealdstone
and Grange Farm; for which this option was considered a non-starter.

The following sections cover the options in more detail.

6.4

Short-Term Supply Options

The following options are detailed and evaluated against each other as options
proposed for the initial cluster energy centres. These will deliver an initial low
carbon energy supply with a low delivery risk. These options are taken forward
and analysed in detail in the techno-economic analysis.

6.4.1

Gas-Fired CHP Engines

A gas-fired CHP engine integrates the production of usable heat and power
(electricity). CHP systems capture the heat released during the power generation
process, resulting in increased energy efficiency. Gas-fired CHP (generally based
on internal combustion, reciprocating engines) is the most common technology for
base-load heat supply in mixed land-use and high density modern developments.
The heat to power ratio normally determines the size of the gas CHP unit that is
viable for a given building or site load. The typical target for CHP engines are to
ensure at least 5,000 running hours per annum (out of a total of 8,760 hours in a
year).
A well-designed gas CHP can reduce carbon emissions due to its higher efficiency
compared to the alternative case of conventional gas boiler and grid electricity
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produced mostly by large distant “power only” power stations. As in the case of
all other embedded generation options presented here, gas CHPs located close to
the point of consumption eliminate electricity distribution losses and therefore
reduce carbon emissions.
Typically a CHP system provides the best economics when all electricity is
consumed locally. Major opportunities for a private wire is only expected at the
Hospital and university as there are two large clients. The regulatory and
contractual complexity of connecting residential customers to a private wire
normally precludes this option for residential developments (see 3.5.7 for more
detail).
Although CHP engines would be installed in modular units, the viability of the
CHP investment will be poor until the heat network builds up to a sufficient load
to ensure steady operations of the engines. Overall, a hybrid approach where
boilers are used to provide top-up heat yields better resilience for the heat network
as well as better economics. Gas boilers are the most conventional solution for
heating in the UK. Gas boilers provide top up and back up when deployed in
conjunction with any other technology option discussed here. They are likely to
offer the cheapest solution even with the subsidies available to the renewable
alternatives discussed here.

6.4.2

Biomass Boilers

Biomass resources include wood and wood wastes, agricultural crops and their
waste by-products, municipal solid waste, animal wastes, waste from food
processing and aquatic plants and algae. Possible local sources of biomass in
Harrow appeared to derive from forestry activity in parks or collection of garden
waste with no other significant local source.
Biomass boilers are a proven technology, able to provide reliable base-load
capacity. In many applications, they can be relatively capital-light (although
always more expensive than equivalently sized gas boilers).
The heat they produce is eligible for Renewable Heat Incentive (RHI) payments.
The sustainability of biomass can differ greatly by how it is harvested, and can
lead to air quality issues (due to particulate matter and NOx emissions) if
inadequate abatement measures are in place.
The actual net emissions also depend significantly on the distance of the biomass
supply and the means of transport to deliver it to site.
Compared to gas fired boilers, biomass boilers are generally less capable of load
modulating due to start and stop lags of the heat source, with the exception of
biodiesels. Modulation can, however be managed by using appropriately sized and
dispatched thermal storage.
A biomass solution in Harrow would require (planning) consideration of
transport/traffic implications, as regular pellet / chip / fuel deliveries by truck
would be necessary. Harrow’s local appraisal of biomass fuel source would also
be of interest to maximise the sustainability of this source.
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Biomass energy could affect the air quality in Harrow and would be subject to
further dispersion modelling to determine its’ suitability and impact. Large
biomass boilers may not be too suitable for installing in central locations in
Harrow due to this reason in particular.
Further investigation and detail into the suitability of biomass boilers will depend
on the final route and connected customers to the district heating network to
evaluate transport and air quality restrictions surrounding the Harrow Opportunity
area.

6.4.3

Short-Term Options Evaluation

The above options are evaluated both quantitatively and qualitatively as shown in
Table 9.
The evaluation shows that both options are potentially attractive. While gas CHP
has a worse carbon performance, it can present a more financially attractive
scheme and does not rely on the Renewable Heat Incentive (RHI) to complete the
business case compared to gas boilers. However, current grid decarbonisation
pathways mean that carbon savings from CHP are set to fall considerably to the
point of no saving compared to Business As Usual (BAU) gas boiler systems.
From this perspective, biomass boilers present a more future proofed solution
although they require frequent fuel deliveries increasing local heavy vehicle
traffic.
A quantitative analysis of the performance of the biomass boiler supply option is
reported in section 8.5 to allow comparison with the base case CHP supply option
which has been followed for the rest of the analysis. The analysis shows
substantially worse financial performance due to the absence of revenue from
electrical export.
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Table 9: Short-term energy supply options evaluation

Aspect

Gas fired CHP

Biomass Boiler

Percentage of demand

60-70%

70-90%

CO2 emissions17 per kWh
heat delivered. Note heat
41gCO2/kWh
mains gas 216 gCO2/kWh.

31gCO2/kWh

Selective Catalytic Reduction
(SCR) required to scrub out the
NOx to meet the Medium Plant
Combustion directive.
5gNOx/kWh

Particulate Matter (PM) and NOx
emissions require control with
adequate filtration.

Base-load heat supply

Yes

Yes

Noise pollution

Engines are noisy but can be
controlled with sound proof
enclosures.

No issue

Technical feasibility of
scheme

Mature generation technology
but requires experienced
maintenance staff.

Mature generation technology, but
requires experienced maintenance
staff and more space for fuel
storage.

Space take

Large radiator equipment, air
Large fuel store requirement given
intakes and acoustic enclosures
low energy density of fuel.
to control considerable noise.

Other considerations

Vulnerable to increases in gas
prices. Carbon performance
worsens as electricity grid
decarbonises

Air quality18

17
18

0.36gNOx/kWh

Uncertainty of RHI subsidy.
Vulnerable to disruptions in the
local supply chain. Frequent fuel
deliveries. Carbon performance
depends fuel type and on supply
distance and method of harvesting.

CO2 emissions based on emissions factors provided in SAP 2012
Biomass and CHP Emissions Standards, Air Quality Support, Amec, GLA 2013.
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Long-Term Energy Supply Options

The majority of heat networks in the UK are supplied by gas CHP, gas boilers or
biomass boilers. Gas CHP offers carbon savings because of the primary energy
savings from generating heat and power together compared to separate the
conventional separate generation. Carbon savings are also achieved because the
majority of electricity is generated using gas or coal fired power stations. As more
renewables are added to the generation mix, the electricity carbon factor is
reducing. As this continues to reduce in the next 20-30 years, district heat
networks supplied by either gas boilers or CHP may no longer offer significant
carbon savings. There are multiple low carbon heat sources that should be
considered in the future when the CHP is due for replacement (approximately 15
years). In order to assess the potential of different heat sources, spatial data from a
study by Buro Happold on Secondary Heat Sources19 was overlaid on the
proposed Harrow networks. The following options have been considered for
supply of a heat network in Harrow:







Air Source Heat Pumps (ASHPs)
Ground Source Heat Pumps (GSHPs) & Deep Geothermal
Sewer Heat mining
Building Heat Rejection (including supermarkets)
Solar Thermal
Electricity Substation heat offtake (no spatial data is available on this because
of the sensitivity of this information but it is still considered as a future
opportunity)

CHP led DH networks are typically designed to operate with flow temperatures of
90-80°C (varying depending on the season) and return temperature of 50-55°C.
The heat sources previously listed (with the exception of deep geothermal) all
provide low grade heat that requires upgrading with the use of heat pumps. The
efficiency of a heat pump is dependent on the temperature upgrade required and
low carbon heat sources are therefore better suited to a low temperature heat
network of approximately 55°C. A network temperature of 55°C is typically
considered the lowest temperature a network can operate because of legionella
control. Low temperature heat networks usually operate with a lower temperature
differential between flow and return. This means that pipe diameters must be
larger in order to deliver the same quantity of heat. In order to account these
issues, there are several measures that Harrow can consider, including:


Oversizing of transmission network pipes. This can lead to slightly increased
CAPEX during initial network build-out.



Plan for any future sections of the network to operate at different temperature
to the main network. This has been successfully tested in Denmark. The lower
carbon supply option would therefore only supply a certain part of the network
designed to operate at lower flow temperatures.

19

Data download from the London Secondary Heat Study (2013) available for download from the
London Data Store at URL: http://data.london.gov.uk/dataset/londons-zero-carbon-energyresource-secondary-heat
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Connect low carbon source to return leg of the network. This configuration
would increase the return temperature which would reduce the heat load
necessary to be supplied by the main source.

6.5.1

Air Source Heat Pumps (ASHPs)

Heat pumps essentially move heat that already exists and hence do not require that
heat to be generated. That is, they can increase the temperature of a heat source
enabling heat in the ambient air, in a body of water, or in the ground to be ‘upgraded’ and used at useful temperatures up to 80°C.
ASHPs work like back-to-front refrigerators; turning a unit of high-grade
electrical energy into multiple units of low-grade heat energy. This ratio of input
electric power to output thermal power is called the coefficient of performance
(COP). The COP varies through the year depending on the temperature of the air
as well as the required heating output temperature from the system. Warmer air
sources give a higher COP; conversely, higher required supply temperatures result
in lower COPs. Average – or seasonal – COPs for ASHPs are typically around 2
to 3.
ASHPs are eligible for Renewable Heat Incentive (RHI) payments, subject to
meeting minimum efficiency criteria. The potential future electricity grid
decarbonisation could result in future carbon emission reductions as the ASHP
supply option energy input is grid electricity.
ASHPs have a relatively low power density which means they need large areas of
floor space to meet the required peak heating demand. They also require large
volumes of air intake and discharge to extract any available heat, offering limited
economies of scale. ASHPs are more typically suitable for individual building
solutions rather than for a centralised energy centre powering a heat network.
ASHPs typically represent the poorest heat pump option, with ground source,
water source and other secondary heat source heat pumps offering higher COPs
and therefore better carbon performance.
The Buro Happold Study did not identify any potential to use ASHP’s in the
Harrow Area. The methodology used was to investigate spare capacity in
electricity substations that could supply a large scale ASHP. No spare capacity
was found in the study but this could change over the 20-30 years and therefore
supply options has still been considered.

6.5.2

Ground Source Heat Pumps (GSHPs)

GSHPs function in a very similar way to ASHPs but upgrade low grade heat from
water-to-water. Typically, GSHPs can achieve COPs of 4-5 when upgrading heat
from 10°C to 55°C. High temperature heat pumps can also upgrade heat to 70-80
C at COPs of approximately 3.
Figure 20, shows the geothermal heat available across all the potential Harrow
networks. In most of these areas there is between 1800-4400MWh of heat that
could be utilised. Assuming a COP of 4, this would result in between 450-
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1100MWh additional electricity usage. If the grid decarbonises rapidly, this could
offer significant carbon saving over a gas supplied equivalent network.

Figure 20: GSHP heat available in Harrow Area
Data Source: Arup using data from the London Data Store, Secondary Heat Study, Buro
Happold for the GLA 2013.

6.5.3

Solar Thermal

Solar thermal systems collect solar energy to generate heat. Solar thermal
technologies are well-suited for use in urban areas and widely used in many cities.
The main applications in the UK are for heating domestic hot water (DHW).
Other uses are possible but the limited yield normally makes it more suitable to
focus on a single specific use.
Commercial solar water heating technologies are mature and there are no
fundamental technical issues remaining; however since each installation is unique,
technical competence in system design, specification, construction and support is
essential. Solar thermal technologies continue to evolve in terms of improved
performance, lower costs, greater flexibility and lower deployment costs.
Solar thermal might be compatible with a low temperature heat network powered
by heat pumps or boilers, but it would be less compatible with a CHP engine,
since the solar thermal contributions would reduce the running time of the CHP or
would mean a smaller engine was specified.
There are a number of examples of solar thermal systems being used to feed DH
networks throughout Western Europe however these typical require large roof or
land areas to concentrate the position of the solar thermal system and feed into the
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wider DH network in a single location providing both technical and cost benefits.
In the UK, winter performance can be significantly reduced versus summer levels.
In London, the land take required for large scale solar thermal plants usually
means they are uneconomical because of the high land value on which they would
be situated. This usually means that solar thermal is limited to building by
building solutions. In the case there is a large roof area available, such as a
warehouse or supermarket, solar thermal could be used to supply summer heat
requirements.

6.5.4

Deep Geothermal Energy

Heat from the earth or geothermal energy, can be accessed by drilling water or
steam wells in a process similar to drilling for oil. It is widely accepted that
geothermal energy is an enormous underused heat and power resource that is
clean and reliable (95% average system reliability).
It has two key applications:
1.

Power generation – Where suitable geology exists, wells of between 2,5004,000m depth can be drilled into underground reservoirs to tap steam and
very hot water to propel turbines that drive electricity generators. London
geology does not lend itself to this application, and in Harrow a
straightforward grid connection is far more suitable for electricity provision.

2.

Heating – wells of up to 2,000m depth can be drilled into underground
reservoirs to tap hot water that can be brought to the surface for use in a
variety of heat supply applications. The brownfield nature of the Harrow
Energy Centre sites at HVE East, the Civic Centre and Gayton Park, means
that drilling rigs could readily be used pre-development to produce hot
water boreholes.

Despite their high capital costs, geothermal energy systems have very low
maintenance costs and provide low carbon energy over long lifetimes, given the
availability of adequate geothermal sources at the site. The COP of heat-only
geothermal systems can be 50 or higher, depending on how the heat is used.
Geothermal is a reliable means of renewable energy with 95% average system
availability. This means a robust system that is very resilient to future changes in
gas and electricity costs.
Ground storage of building heat energy can provide resilience in the form of timeshifting.
The main focus is on the required groundwork to bore to the required depth. Risks
include the undermining of building foundations (likely not relevant in the
expansive Energy Centre sites), and potential complications that would be caused
by the amount of existing services in the ground around that area (utilities, trains,
underground). These risks in Harrow appear lower than in some more heavily
built-up urban areas in London.
In addition to the drilling risks, temperatures and water permeability at the target
depth are not certain; therefore the operational performance and cost of a
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geothermal system cannot be firmly predicted. This risk is much higher than for
CHP geothermal systems but is not negligible for heat-only geothermal systems.
Capital costs are likely to prove a greater barrier to this technology, particularly
with the expected build-out profile, but it is noted that geothermal heat does
qualify for the non-domestic RHI. Overall London’s deep geology is less well
suited to geothermal energy than other “hotspots” in the UK such as the south
coast of England, Cornwall, Cheshire and the North East of England. Figure 21
shows the heat available at 2km borehole depth. Drilling further than 2km can
substantially increase the drilling costs and London is situated over an area where
water available is 64-68 C. As this technology is developed drilling costs may
reduce substantially and these well could be integrated into low temperature heat
networks.

Figure 21: Temperature of water available at 2km across the UK
Source: Arup based on BGS data

6.5.5

Sewer Heat Mining

The temperature of the sewage varies seasonally between 7 and 22°C with the
efficiency of the heat supply most affected in winter. To avoid significantly
affecting normal main wastewater network conditions and ensure compliance with
wastewater regulations, the temperature of the wastewater should not drop more
than 5°C in the heat offtake process; this limits the heat recovery potential. The
underground transmission pipes (also known as trunk sewers) can be ‘mined’ for
heat by drawing the wastewater flow into a chamber where filtration and heat
exchange can occur. Figure 22 shows the principals of the system.
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Figure 22: Sewer Heat Recovery schematic

Figure 23 shows there is very limited potential to mine heat from sewers for both
the Grange Farm and South Harrow Networks. There is potential for mining heat
in the North Harrow and Grange Farm Networks but further investigation would
be required to establish the proximity of the sewers to the network and its
potential integration.

Figure 23: Sewer Heat Available across Harrow Networks (MWh)
Data Source: Arup using data from the London Data Store, Secondary Heat Study, Buro
Happold for the GLA 2013.
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Building Heat Rejection

Building cooling systems reject heat during operation. The heat rejected by
building cooling systems is dependent on the cooling load of the building. The
heat rejected by the building could be passed through a heat exchanger and then
upgraded using a heat pump at higher efficiencies than are typically achieved by
ASHPs or GSHPs. Data from mapping of air conditioned office and retail space
shows there is significant potential to utilise rejected heat from in both the Grange
Farm and South Harrow networks. The data (Figure 24) shows that an over 9,000
MWh could be utilised from building heat rejection across each of these areas.
Further feasibility would be required to establish the suitability of these systems
for offtake on a building by building basis.

Tesco
Superstore

Morrisons
Superstore

Figure 24: Building Heat Rejection across potential Harrow networks
Data Source: Arup using data from the London Data Store, Secondary Heat Study, Buro
Happold for the GLA 2013.

6.5.6.1

Supermarkets

Supermarkets reject heat from refrigeration systems which run almost constantly.
The temperature of the waste heat is relatively stable at approximately 28°C. This
option could be a practical heat source where a supermarket has a centralized
cooling system and the heat recovery system is integrated onto a large plant.
However, it is more common for supermarkets to have several individual chillers
installed with heat dissipating into the air from the roof. To progress this option
further, it would be necessary to engage with supermarkets and understand in
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detail the replacement cycle of their chillers and appetite for centralising their
systems.
In the Harrow area, the two main opportunities for supermarket heat recovery are
the Tesco’s on Station Road (North Network) and Morrison’s at Trident Point
(Southern Network). Locations shown in Figure 24.

6.5.7

Electricity Substations

Electricity substations in the city contain transformers which step down the
voltage for distribution to medium voltage (11kV) and also to low voltage (400V).
This process results in energy losses in the form of heat. If not removed from the
equipment, this heat affects the efficiency of the voltage transformation. To avoid
this, transformers are cooled to maintain efficient performance. A heat recovery
unit would allow for this heat to be captured and utilised in a heat network, thus
avoiding the need for the transformer’s cooling system to reject heat to the
atmosphere. The average temperature of the rejected heat is one of the highest
available from a secondary source, at a stable 50°C.
One of the challenges in utilising the heat from substations is the risk of adversely
impacting on the performance of the transformer by reducing the efficiency of
their cooling mechanism. As a result, substation operators have historically been
unwilling to retrofit existing substations for heat recovery. It is more likely that
new transformers installed at large scale developments could be designed for heat
recovery, this is already being done by National Grid for some of its new
transformer stations. According to the Buro Happold Study, the most viable
transformers are for voltages of 33kV to 11kV, yielding 300kW for a typical
30MVA capacity. Spatial data for electricity substations is not available because
the information is sensitive but key opportunities for Harrow could include new
developments where new substations will be required.

6.6

Energy Centre Locations

The location of the energy centre impacts both on the potential construction costs
of the energy centre as well as the cost of the DH network. The location is key
since it dictates the required pipework sizes to supply heat to all of the connected
customers. Energy centres supplying heat at the end of a DH network will require
larger pipe sizes to accommodate the cumulative heat demand of all of the
connected buildings at the other end of the DH network. In contrast, an energy
centre located centrally in a network should reduce the cumulative heat demand
connected to the key transmission pipes and therefore the size and cost of the
pipework to supply heat to all connected customers.
Six energy centre locations have been identified as part of this study as shown in
Figure 25. These are locations which could accommodate a new energy centre,
and include locations which have planned energy centres and supply options are
discussed in Section 6.2, as well as vacant council owned sites identified during
the course of the study
1.

Civic Centre Site: The Civic Centre offers a central location under council
land ownership and control. However, this site is one of the areas with
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highest land value and is therefore not a preferred option of the Council.
This site is not limited by space constraints except for commercial
constraints due to opportunity cost of the alternative use.
2.

Gayton Road Car park is located in the in the south of the main
opportunity area and would form a suitable location for a DH network
serving developments in this area. This site would be a good alternative to
the Civic Centre due to its proximity to a large part of the heating demand.
The site is understood to be council owned and was previously also
occupied by Harrow Library which has been demolished and moved to an
alternative location. As with the Civic Centre, this site has flexibility in
terms of space available for an energy centre, which would be limited due to
opportunity cost of alternative use, however it allows flexibility for the
diverse supply options which are available. .

3.

Wealdstone Overpass: This site is located north of the Harrow and
Wealdstone railway station and tracks and would make use of a space
currently disused with no plans for development. This site could
alternatively provide the site for an Energy Centre for a stand-alone DH
network in the Wealdstone only area. The site is understood to be council
owned however could be subject to restrictions from the Highways
Authority who may require access for maintenance of the overpass.

4.

Harrow View East (HVE), Phase A: Planning permission for HVE at the
Kodak site includes an Energy Centre in Phase A, with a district heating
network within the development connecting the following phases as these
are developed. This is a potential site to house a district heating energy
centre capable of supplying an area wide DH network. However, this site is
not as central as the Civic Centre site with consequent downsides. In
addition the site is owned by Land Securities and would be subject to lease
terms to be negotiated, as opposed to council owned sites that could lease
the energy centre space at a ‘near-zero’ rate to promote the development of
the district heating system.

5.

Northwick Park Hospital Energy Centre: This is an existing energy
centre which currently serves the hospital and contains steam boilers
systems. Should a district heating cluster be created to serve the hospital and
Westminster University Campus, the energy centre could be re-developed to
include a low carbon heat supply whilst managing the steam to LTHW
phased transition at the hospital. The land is owned by the NHS trust and
further consultation would be required to understand their disposition;
however, initial consultation with the NHS Sustainability officer (see
Section 0) indicated that they are looking for alternative solutions and could
be interested in this option.

6.

Grange Farm Estate Energy Centre: The main energy centre location
proposed for Grange Farm is within the new council development. The site
will likely require a central energy centre and site wide heat network due to
the scale of the development. Again the consideration is to minimise the
space take as it has an opportunity cost associated.
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Figure 25. Potential energy centre locations (map references as above)
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District Heating Masterplan

This section includes the vision plan for a Harrow area wide district heating
scheme where all loads shortlisted in the Demand Assessment (see section 5.2.1)
are connected, from here on the Harrow Heat Network (HHN).

7.1

Harrow Heat Network

The HHN is shown in full in Figure 26 below with all shortlisted heat loads
connected. This is the vision plan which could result of the connection of all
shortlisted heat loads currently identified. Note however, that other smaller loads
which were not included in the analysis may connect subject to feasibility.

Figure 26: Harrow Heat Network full build out
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Technical Summary

The HHN was modelled based on the base case supply options with a central
energy centre at the Civic Centre including gas fired CHP (an alternative biomass
supply option is tested for a cluster in 8.5.1). This system provides the technoeconomic base case for most district heating networks and was used to simulate
the techno-economic performance of the wider scheme. Note that this Energy
Centre location is chosen as an advantageous location in order to test the full
network and does not necessarily represent the location of a cluster network tested
in this area in subsequent sections.
Table 10 summarises the technical parameters of the HHN. Grange farm is
presented separately due to the heat demand density of the area and its distance
from the Harrow Town Centre (discussed in section 7.3). The total column,
provides a sample of the potential area wide network – the HHN which could
eventually be developed.
Table 10 Area wide network technical performance
Performance Indicator

Harrow &
Wealdstone

Total Annual Heat Demand [MWh]

Grange
Farm

Total

74,600

6,800

81,400

Peak Heat Demand [MW]

25

4

29

CHP size at full build out [MWe]

6.0

0.6

6.6

Energy Centre Size [m2 ]

940

610

980

14,770

3,210

17,980

3,250

320

3,570

129,980

12,960

142,940

Total Network Length [m]
Carbon Saving vs BAU [tonnes CO2/pa]
Lifetime Carbon Savings (40 years) [tCO2]

7.3

Financial Summary

Table 11 provides a summary of the economic performance of the HHN. The
analysis demonstrates that an area-wide network is not currently financially viable
as Internal Rates of Return (IRR) do not reach the 6% hurdle rate typically
required for a publicly funded project. This is the case for both the 25- and 40year time period analysis.
The cost of carbon abatement is a function of the 40 year NPV and carbon
savings.
Table 11 Area wide network economic performance
Performance Indicator

Harrow &
Wealdstone

Grange Farm

Total

Total Lifetime CAPEX + REPEX [£]

56,867,000

11,071,000

67,938,000

Initial Investment CAPEX* [£]

44,678,000

8,711,000

53,389,000

Energy Centre Fitout, CHP Engines,
Boilers and HIU CAPEX [£]

11,814,000

2,180,000

13,994,000
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Harrow &
Wealdstone

Grange Farm

Total

28,447,000

5,549,000

33,996,000

4,417,000

982,000

5,399,000

13,336,000

1,450,000

14,786,000

Annual OPEX (including Fuel Cost)
[£/year]

3,798,000

458,000

4,256,000

Annual Revenues from Heat Sales
[£/year]

2,418,000

225,000

2,643,000

Annual Revenues from Electricity
Sales [£/year]

1,097,000

101,000

1,198,000

Contingency [£]
Connection CAPEX (=Developer
Contribution) [£]

IRR (25 years) [%]

2.5%

-9.8%

IRR (40 years) [%]

4.0%

-5.0%

Net Present Value (25 years) [£]

-8,303,000

-5,321,000

Net Present Value (40 years) [£]

-3,703,000

-5,197,000

29

401

Cost of Carbon Abatement (40 years)
[£/tCO2]

7.4

Cluster Analysis

Based on the initial techno-economic analysis of the HHN, identification of
development phasing and key physical constraints, it was recognised that a cluster
approach would be required to take advantage of the various windows of
opportunity and approach development in a phased approach.
A series of clusters are identified in Figure 27 and an analysis ensues to
understand their standalone performance.
The five key clusters identified have been grouped and analysed in three sections:
Section 8 covers:


Civic Centre and Kodak



Wealdstone

Section 9 covers:


Harrow Town Centre



Hospital and University Campus

Section 10 covers:


Grange Farm.
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Figure 27: Cluster mark-up

7.5

Key Network Constraints

The HHN has a series of key physical constraints which would have to be
managed and pose risks to the development of the network if they cannot be
overcome in some cases.
The following key network constraints (location marked up in Figure 28) were
observed on the route walk which was undertaken on in August 2015. This
documented main constraints around the installation of the district heating
network and visited potential energy centre sites.
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Figure 28: Key network constraints mark-up

7.5.1

Station Road Bridge

Station Road Bridge is the shortest route from the energy centre at the Civic
Centre; however it crosses the main railway line at Harrow & Wealdstone as
shown in Figure 29. There are several options observed including pipework which
could cross attached to the side of the road bridge if this could be agreed with the
highway authority (LB Harrow) and National Rail. Alternatives could include
crossing in the central reservation above ground, protected with reinforced
architectural cladding.
Detailed discussions of this crossing with the relevant statutory undertakers would
be needed as part of a full route feasibility assessment.
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Figure 29. Station Road Bridge

7.5.2

Wealdstone Overpass

The Wealdstone Overpass, which passes over a possible energy centre location, is
shown in Figure 30. Routing the network over this bridge would involve
pipework running either on the side of the overpass or down the central
reservation. Achieving a connection to the energy centre site, and reaching sites
to the east of the overpass would require running the pipes down the bridge
columns, through the site and onto Masson Avenue.
As with Station Road bridge, detailed discussions of this crossing with the
relevant statutory undertakers would be needed as part of a full route feasibility
assessment.

Figure 30. Wealdstone Overpass
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Headstone Drive Underpass

The Headstone Drive Underpass, Figure 31, although not on the initial route plan,
could be a more feasible crossing route for the main railway running through
Harrow & Wealdstone. This route could connect to the new developments on the
Wealdstone High Street and around the Roundabout on Palmerstone Road.
Following a site visit, this alternative route represents a possibly easier crossing in
order to avoid difficulties involved with the Station Road Bridge and Wealdstone
Overpass route as explained previously.
As with the other bridge crossings, detailed discussions with the relevant statutory
undertakers would be needed as part of a full route feasibility assessment.

Figure 31. Headstone Drive Underpass

7.5.4

Northwick Park Roundabout Bridge

The main crossing point which could connect Northwick Park Hospital and
Westminster University Campus is the Northwick Park Roundabout Bridge
crossing as depicted in Figure 32. This is a very busy intersection which would
require careful traffic management and approval from the highway authority;
however it forms the best route to connect these sites to the DH network, whilst
passing close to Harrow High School, which would improve the opportunity for
connecting to this heat load.
No other suitable crossing points have been identified in the area.
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Figure 32. Northwick Park Roundabout Bridge
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North Cluster Analysis

The Kodak and the Civic Centre and Wealdstone clusters are analysed within this
section.
The techno-economic modelling process undertook a series of tests to establish a
viable network connecting as many loads as possible to target a 6% IRR as would
be suitable for a public ESCo ownership model as was the principal priority of the
Council.

8.1

Network Options and Phasing

The North Cluster has three main options for location of an energy centre, which
could be either the Wealdstone Overpass, the Civic Centre or Harrow View East
Phase A. In addition, there are various options for crossing the rail way, either via
the Headstone Drive Underpass, or the Station Road Bridge.
The study developed a series of routing scenarios to test economic performance
which are shown in Figure 33. These figures also show the proposed phasing of
the cluster network. The test cases are described below:
Table 12: North Cluster options
Option

Energy Centre Location

Comments

Option 1.1

Wealdstone Overpass

Low energy centre land value preferable, with
rail crossing at both the bridge and the
Headstone Drive underpass.

Option 1.2

Wealdstone Overpass

As with Option 1.1 but with a single crossing at
the underpass.

Option 2

Harrow View East

Private land ownership of the energy centre site
and a single crossing at the underpass.

Option 3

Civic Centre

Harrow owned energy centre site, crossing at
the underpass.

Energy centre locations were chosen on the basis location availability in relation
to key constraints such as railway crossings and where more than one option was
available, this was tested as indicated in the table above. Note this applies to all
clusters tested.
Pipe sizes are available in C1. Note these are future proofed capable of carrying
between 30-50% more heat with an increased temperature differential to 30-40°C;
note currently sized on 20°C as a way of future proofing.
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Option 1.1 – Energy Centre at Wealdstone, Double Crossing

Option 1.2 – Energy Centre at Wealdstone, Single Crossing

Option 2 – Energy Centre at HVE, Underpass Crossing

Option 3 – Energy Centre at Civic Centre, Underpass Crossing

Figure 33: North Clusters Network and Phasing Options
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Technical Performance

The technical performance of the North cluster is shown below in Table 13
Table 13 Harrow North Cluster performance indicators
Scenario Run

A

B

C

D

E

F

G

Network Option

1.1

1.2

2

3

1.1

2

3

Railway Crossing Point

Both

Underpass

Underpass

Bridge

North Isolated

South Isolated (no
crossing)

Energy Centre Location

Wealdstone

Wealdstone

HVE

Civic Centre

Wealdstone

HVE

Total Annual Heat Demand [MWh]

Civic Centre

22,000

22,000

22,000

22,000

4,300

17,700

17,700

Peak Heat Demand [MW]

10

10

10

10

1

9

9

CHP size at full build out [MWe]

2.5

2.5

2.5

2.5

0.5

2.0

2.0

Energy Centre Size [m2 ]

720

720

720

720

600

690

690

Total Network Length [m]

4,240

4,450

4,410

4,150

1,910

3,460

2,170

Carbon Saving vs BAU [tonnes CO2/pa]

1,980

1,760

1,980

1,760

310

1,570

1,390

79,400

70,550

79,400

70,550

12,410

62,720

55,790

Lifetime Carbon Savings (40 years) [tCO2]
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CHP Sizing

The CHP sizing for the North Cluster as a whole resulted a total CHP capacity
installation of 2.5MW in order to operate 5,000 hours a year as is a suitable rule of
thumb for minimum operation hours require for typical CHP engines. It is
proposed that two 1.25MWe CHP engines would be installed in phases once
sufficient demand had connected to the network to ensure the engines could
achieve its target minimum run time of 5,000 hours per annum.
Figure 34 shows the demand duration curve for the cluster:

Figure 34 Harrow North Cluster demand duration curve and CHP sizing

8.4

Financial Performance

Seven test cases were compiled and run for the Northern Cluster in order to test
variations of the routing options. These are summarised in Table 14 below, and
include the four options as developed in Section 8.1 above; but also three
variations to test the isolation of the Wealdstone Cluster (E), and the isolation of
the HVE and Civic Centre Cluster with the two energy centre location options
(F,G).
The table shows how the North Cluster generally meets the hurdle rate of 6%
under a 40 year IRR except for in the case of Scenario E, which tests the
Wealdstone cluster isolated to the North of the Railway, which has a negative of
very low IRR for 25 and 40 years respectively.
The scenario testing also highlights the principal network start point which is
around the Harrow View East and Civic Centre sites, which perform better when
not connected to the loads North of the Railway; however, the overall North
Cluster appears economically viable.
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Table 14 Summary of Harrow North Cluster Scenario testing
Scenario Run

A

B

C

D

E

F

G

Network Option

1.1

1.2

2

3

1.1

2

3

Railway Crossing Point

Both

Underpass

Underpass

Bridge

Energy Centre Location

Wealdstone

Wealdstone

HVE

Civic Centre

North Isolated
Wealdstone

South Isolated (no crossing)
HVE

Civic Centre

Total Lifetime CAPEX + REPEX [£]

28,690,000

29,122,000

30,774,000

28,308,000

8,224,000

25,022,000

21,056,000

Initial Investment CAPEX [£]

17,524,000

17,957,000

17,359,000

17,142,000

5,923,000

13,895,000

12,179,000

Energy Centre Fitout, CHP Engines, Boilers and HIU CAPEX [£]

7,708,000

7,708,000

7,708,000

7,708,000

2,150,000

6,564,000

6,564,000

Cost of Heat Network (Transmission & Distribution) [£]

8,406,000

8,782,000

8,262,000

8,074,000

3,150,000

6,245,000

4,752,000

Contingency [£]

1,411,000

1,467,000

1,389,000

1,361,000

623,000

1,087,000

863,000

Connection CAPEX (=Developer Contribution) [£]

9,382,000

9,382,000

9,382,000

9,382,000

1,454,000

7,928,000

7,928,000

Annual OPEX (including Fuel Cost) [£/year]

1,672,000

1,672,000

1,672,000

1,672,000

278,000

1,411,000

1,411,000

Annual Revenues from Heat Sales [£/year]

718,000

718,000

718,000

718,000

146,000

572,000

572,000

Annual Revenues from Electricity Sales [£/year]

436,000

436,000

436,000

436,000

84,000

351,000

351,000

IRR (25 years) [%]

5.2%

4.7%

5.2%

5.6%

-2.6%

4.8%

7.7%

IRR (40 years) [%]

6.7%

6.3%

6.6%

7.0%

0.5%

6.3%

8.8%

Net Present Value (25 years) [£]

-629,000

-1,024,000

-656,000

-295,000

-2,470,000

-770,000

896,000

Net Present Value (40 years) [£]

691,000

295,000

663,000

1,025,000

-2,201,000

220,000

1,886,000

-9

-4

-8

-15

177

-4

-34

Cost of Carbon Abatement (40 years) [£/tCO2]
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Sensitivity Analysis

Sensitivity analysis was carried out Scenario B, as a representative network which
included the energy centre in the preferred location for the council. The effect on
IRR was tested for the following variables:


Variations in connected heat load by +/-10%;



Increase and decrease of heat price up to +/-10%;



Increase and decrease of the cost of gas by up to +/-10%;



Increase and decrease of the residential connection charge up to +/-10%;



Changes in CAPEX by +/-10%; and



The effect of Licence Lite through selling electrical output of CHP at retail
prices.

Note that sensitivities to phasing, energy centre location, pipework routing and
sizing, CO2 performance etc, have been performed through the various iterations
shown in the technical and financial summary tables.

Heat load sensitivity
9.00%
8.00%
7.00%
6.00%

IRR %

5.00%
4.00%
3.00%
2.00%
1.00%
0.00%
-15%

-10%

-5%

0%

5%

10%

15%

% change in heat load
Heat load sensitivity over 25 years
Heat load sensitivity over 40 years

Figure 35: North cluster heat load sensitivity

Figure 35 shows that the network is not very sensitive to changes in the total heat
load. This is because a large portion of the model revenues are made up of fixed
charges that are not dependant on the heat demand of a flat.
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Residential Heat Price Sensitivity
9.00%
8.00%

IRR (%)

7.00%
6.00%
5.00%
4.00%
3.00%
2.00%
1.00%
£40

£41

£42

£43

£44

£45

£46

£47

£48

£49

£50

Heat price (£)
Heat price sensitivity 25 years

Heat price sensitivity 40 years

Figure 36: North cluster - heat price sensitivity

In the above graph (Figure 36) the residential heat price is varied up to +/-10%.
The sensitivity of the IRR is tested for this variation. It can be seen that the IRR
varies by circa 0.6% below and above the base case (Scenario C for the North
Cluster).

Gas Price Sensitivity
9.00%
8.00%
7.00%

IRR %

6.00%
5.00%
4.00%
3.00%
2.00%
1.00%
£21

£22

£23

£24

£25

£26

£27

£28

£29

Gas price (£)
Gas price sensitivity 25 years

Gas price sensitivity 40 years

Figure 37: North cluster - gas price sensitivity

In the above graph (Figure 37) the gas price is varied up to +/-10%. The sensitivity
of the IRR is tested for this variation. It can be seen that the IRR varies by circa
1.5% below and above the base case (Scenario C for the North Cluster).
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Residential Connection Charge Sensitivity
9.00%
8.00%
7.00%
6.00%

IRR %

5.00%
4.00%
3.00%
2.00%
1.00%
£2,400

£2,500

£2,600

£2,700

£2,800

£2,900

£3,000

£3,100

£3,200

Connection Charge (£)
Connection charge sensitivity 25 years

Connection charge sensitivity 40 years

Figure 38: North cluster - residential connection charge sensitivity

In the above graph (Figure 38) the residential connection charge is varied up to +/10%. The sensitivity of the IRR is tested for this variation. It can be seen that the
IRR varies by circa 0.9% below and above the base case (Scenario C for the North
Cluster).

CAPEX sensitivity
9.00%
8.00%
7.00%
6.00%

IRR %

5.00%
4.00%
3.00%
2.00%
1.00%
0.00%
-15%

-10%

-5%

0%

5%

10%

15%

% change in CAPEX
CAPEX sensitivity over 25 years
CAPEX sensitivity over 40 years

Figure 39: North cluster CAPEX sensitivity

Figure 39 shows the network sensitivity to changes in total CAPEX. The IRR
increases by approximately 2% if the overall CAPEX is reduced by 10% and
revenues remain constant.

HW_R003 | ISSUE Rev A | 27 January 2016

Page 70

London Borough of Harrow

Energy Masterplan for Harrow & Wealdstone and Grange Farm
Final Report

Private wire sensitivity
12.00%
11.00%
10.00%
9.00%
8.00%

IRR %

7.00%
6.00%
5.00%
4.00%
3.00%
2.00%
1.00%
0.00%
£40

£50

£60

£70

£80

£90

£100

Wholesale electricity export price (£/MWh)
Private wire sensitivity over 25 years
Private wire sensitivity over 40 years

Figure 40: North Cluster private wire test

In the above graph (Figure 40) the sales of electricity through private wire is tested
for Scenario C of the North Cluster. This means that the electricity produced in
the Energy Centre at HVE will be sold to the new development on this site at
£90/MWh. The increased revenues increases the IRR by approximately 6%
compared to the base case.

8.5.1

Biomass Supply Option Test

Following on from section 6.4.3, the North Cluster (B) was tested for a biomass
boiler supply option.
The calculation resulted in a 2.5MW biomass boiler sizing; which produces the
following results in comparison the CHP options as shown in Table 15.
Table 15: Biomass Boiler Supply Option Test Results Comparison
Performance
IRR (25 years) [%]
IRR (40 years) [%]
Net Present Value (25 years) [£]
Net Present Value (40 years) [£]
Cost of Carbon Abatement [£/tCO2]

North 1.2 (B)
4.7%

Biomass with
RHI
4.4%

Biomass with
no RHI
0.0%

6.3%

6.0%

2.1%

-1,024,000

-1,171,000

-3,696,000

9,000

-3,099,000

0

29

105,250

105,250

295,000
-4

Lifetime Carbon Savings (40 years) [tCO2]
70,550
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Without the RHI as is the case currently, the IRR of the scheme drops off to 0.0%
and 2.1% for 25 and 40 years respectively. This is due in part to the loss of
revenue from sales of electricity and increased cost of biomass. Note that this
performance is replicated across the clusters and iterations.

8.6

Cash Flow

The following Figure 41 shows the discounted cash flow diagram for the North
Cluster Option B, which is based on the CHP supply option. The discount rate
applied is 6%. It shows typical district heating performance where capital is
recovered quickly by means of developer contributions (connection charges).

Figure 41: North Cluster (C) discounted cash flow
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Harrow South Cluster Analysis

The Harrow South cluster grouping is analysed within this section, including the
Harrow town centre and Hospital/University areas.
The structure and methodology follows in accordance with previous sections.

9.1

Network Options and Phasing

The South Cluster has two main options for location of an energy centre, which
could be either the Gayton Road Carpark site or at the Northwick Park Hospital
Site.
Connection of the two clusters would involve crossing the main railway running
through Harrow-on-the-Hill, with a likely crossing point identified as the
Northwick Park Roundabout Bridge as shown previously in Figure 32.
A proposed routing of the Southern Network is shown below in Figure 42. It
shows the initial phase extending from the Gayton Road Carpark in 2018 to
connect to the main existing loads (Debenhams) and new developments which are
due for completion that year in order to capitalize on the window of opportunity.
The next phase shows the connection to the Hospital Site in 2019. Further phases
connect the remaining loads as time progresses.
As noted previously, two major new developments in the town centre are on site
already but there may still be time to engage with the developers on the prospect
of a heat supply from an off-site energy centre.
The hospital is a very large heat load and is planning a progressive redevelopment
of the site. There appears to be a willingness from the hospital to engage with a
potential heat network connection. Potentially an energy centre with a larger CHP
could be incorporated within the site as part of the redevelopment. However the
hospital’s organisational resources and commitment to capture this opportunity
may be limited and may benefit from an outside party (e.g. the Council) driving
the opportunity forward.
The timing of the earliest new developments means that it might be necessary to
consider temporary heat supplies (e.g. gas boilers in ISO containers) for the early
developments, with the main energy centre (whether the hospital or Gayton Road
car park) and network connections coming on line later.

HW_R003 | ISSUE Rev A | 27 January 2016

Page 73

London Borough of Harrow

Energy Masterplan for Harrow & Wealdstone and Grange Farm
Final Report

The key test scenarios developed include:
Option

Energy Centre
Location

Comments

Option 1 – All connected.

Gayton Road Car Park

Central energy centre location,
testing the connection of all the loads
and main Hospital and town centre
clusters.

Option 2 – Town Centre
Stand Alone

Gayton Road Car Park

As with Option 1, testing the
performance of the Town Centre as a
stand-alone network.

Option 3 – Hospital Stand
Alone

Northwick Park Hospital

Locating the energy centre at the
Hospital, and assuming a connection
to the town centre isn’t possible, this
option explores the performance of
the Hospital/ University Cluster as
stand-alone.

Pipe sizes are available in C2. Note these are future proofed capable of carrying
between 30-50% more heat with an increased temperature differential to 30-40K;
note currently sized on 20degC as a way of future proofing.
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Figure 42: Harrow South Clusters Network and Phasing Options
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Technical Performance

The technical performance of the Harrow South cluster is shown below in Table
16.
Table 16: Harrow South Cluster technical performance
Performance Indicator
Total Annual Heat Demand [MWh]

South Cluster

Town Centre

University
and Hospital

47,200

24,000

23,200

Peak Heat Demand [MW]

15

11

4

CHP size at full build out [MWe]

3.5

3.0

0.5

Energy Centre Size [m2 ]

790

760

600

Total Network Length [m]

4,200

3,260

1,280

Carbon Saving vs BAU [tonnes CO2/pa]

2,820

2,000

1,930

Lifetime Carbon Savings (40 years)
[tCO2]

112,840

98,740

77,330

Total Annual Heat Demand [MWh]

47,200

24,000

23,200

9.3

CHP Sizing

The CHP sizing for the South Cluster as a whole resulted a total CHP capacity
installation of circa 3.5MW in order to operate 5,000 hours per year as is a
suitable rule of thumb for minimum operation hours require for typical CHP
engines. It is proposed that two 1.75MWe CHP would be installed in phases once
sufficient demand had connected to the network to ensure the CHP could achieve
its target minimum run time of 5,000 hours per annum.
Figure 43 shows the demand duration curve for the cluster:

Figure 43 Harrow South Cluster demand duration curve and CHP sizing
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Financial Performance

Three main scenarios were run for the Southern Cluster in order to test variations
of energy centre locations, and if clusters would be viable as standalone networks.
These are summarised in Table 16 below, and include the three options as
developed in Section 9.1 above.
The performance summary results shown in Table 16 show how the South Cluster
exceeds the hurdle rate of 6% under a 25 and 40 year IRR. However, the town
centre network as a stand-alone network would not be a viable network as
indicated by low or negative IRR results. Conversely, the Hospital and University
Cluster are very important to the Network and could bring a substantial anchor
load that would work very well on its own, but that would enable the town centre
network to be viable as long as connection is proven to be technically feasible.
Table 17: South Cluster Economic Performance
Performance Indicator

South Cluster

Town Centre

University and
Hospital

Total Lifetime CAPEX + REPEX [£]

24,718,000

20,741,000

4,770,000

Initial Investment CAPEX [£]

15,882,000

12,701,000

3,973,000

Energy Centre Fitout, CHP Engines,
Boilers and HIU CAPEX [£]

5,418,000

5,020,000

1,398,000

Cost of Heat Network (Transmission &
Distribution) [£]

8,968,000

6,548,000

2,109,000

Contingency [£]

1,495,000

1,132,000

466,000

Connection CAPEX (=Developer
Contribution) [£]

4,347,000

4,034,000

313,000

Annual OPEX (including Fuel Cost)
[£/year]

2,052,000

1,709,000

359,000

Annual Revenues from Heat Sales
[£/year]

1,568,000

819,000

749,000

Annual Revenues from Electricity
Sales [£/year]

666,000

573,000

86,000

IRR (25 years) [%]

7.3%

-2.2%

18.8%

IRR (40 years) [%]

8.5%

0.4%

19.1%

Net Present Value (25 years) [£]

1,235,000

-4,371,000

4,591,000

Net Present Value (40 years) [£]

3,236,000

-3,987,000

6,152,000

-29

40

-80

Cost of Carbon Abatement (40 years)
[£/tCO2]
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Sensitivity Analysis

Sensitivity analysis was carried out Option 1 in order to test the impact on the IRR
of the following variables:


Variations in connected heat load by +/-10%;



Increase and decrease of heat price up to +/-10%;



Increase and decrease of the cost of gas by up to +/-10%;



Increase and decrease of the residential connection charge up to +/-10%;



Changes in CAPEX by +/-10%; and



The effect of Licence Lite through selling electrical output of CHP at retail
prices.

Heat Load Sensitivity
11.00%
10.00%
9.00%
8.00%
7.00%

IRR %

6.00%
5.00%
4.00%
3.00%
2.00%
1.00%
-15%

-10%

-5%

0%

5%

10%

15%

% change in heat load
Heat load sensitivity 25 years

Heat load sensitivity 40 years

Figure 44: South cluster heat load sensitivity
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Residential Heat Price Sensitivity
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Figure 45: South cluster heat price sensitivity

In the above graph (Figure 45) the residential heat price is varied up to +/-10%.
The sensitivity of the IRR is tested for this variation. It can be seen that the IRR
varies by approximately 0.2% below and above the base case (Option 1 for the
South Cluster).

Gas Price Sensitivity
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Gas price sensitivity 25 years

Gas price sensitivity 40 years

Figure 46: South cluster gas price sensitivity

In the above graph (Figure 46) the gas price is varied up to +/-10%. The
sensitivity of the IRR is tested for this variation. It can be seen that the IRR varies
by approximately 2% below and above the base case (Option 1 for the South
Cluster).

HW_R003 | ISSUE Rev A | 27 January 2016

Page 79

London Borough of Harrow

Energy Masterplan for Harrow & Wealdstone and Grange Farm
Final Report

Residential Connection Charge Sensitivity
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Figure 47: South cluster residential connection charge sensitivity

In the above graph (Figure 47) the residential connection charge is varied up to +/10%. The sensitivity of the IRR is tested for this variation. It can be seen that the
IRR varies by approximately 0.35% below and above the base case (Option 1 for
the South Cluster).

CAPEX sensitivity
11.00%
10.00%
9.00%
8.00%
7.00%

IRR %

6.00%
5.00%
4.00%
3.00%
2.00%
1.00%
-15%

-10%

-5%

0%

5%

10%

15%

% change in CAPEX
CAPEX sensitivity over 25 years
CAPEX sensitivity over 40 years

Figure 48: South cluster CAPEX sensitivity

Figure 48 shows that reducing capital costs by 10% could increase the IRR by
1.5%.
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IRR %

Licence Lite sensitivity
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Figure 49: South cluster private wire test

In the above graph (Figure 49) the sales of electricity through Licence Lite tested
for Option 1 of the South Cluster, however based on the electricity being sold via
private wire to the Hospital at £90/MWh. The increased revenues increases the
IRR by approximately 8% compared to the base case.
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Cash Flow

The following Figure 50 shows the discounted cash flow diagram for the South
Cluster Option 1, which is based on the CHP supply option. The discount rate
applied is 6%. It shows typical district heating performance where capital is
recovered quickly by means of developer contributions (connection charges).

Figure 50: South Cluster (Option 1) discounted cash flow
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Grange Farm Cluster Analysis

The Grange Farm cluster is analysed within this section, including the Harrow
town centre and Hospital/University areas.
The structure and methodology follows in accordance with previous sections.

10.1

Network Options and Phasing

The Grange Farm Cluster is mainly suitable for an energy centre located at the
Grange Farm Estate, which is being re-developed, would require a central energy
centre anyway, and which is in its self the main anchor load of the cluster.
A proposed routing of the Grange Farm Network is shown below in Figure 51. It
shows the initial phase connecting the Grange Farm Estate only, with subsequent
phases connecting other loads in the area as a proposed build-out programme.
The key test options developed include:
Table 18: Grange Farm network options
Option

Energy Centre
Location

Comments

Option 1 – All connected.

Grange Farm Estate

Central energy centre location,
testing the connection of all the loads.

Option 2 – Exclusion of
the industrial Park

Grange Farm Estate

This option excludes the industrial
park customers as a test to observe
the economic effect on IRR.

Option 3 – Grange Farm
Estate Only

Grange Farm Estate

This scenario only connects the
Grange Farm Estate.

Pipe sizes are available in C3. Note these are future proofed capable of carrying
between 30-50% more heat with an increased temperature differential to 30-40K;
note currently sized on 20degC as a way of future proofing.
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Figure 51: Grange Farm Cluster Network and Phasing Options
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Technical Performance

The technical performance of the Grange Farm cluster is shown below in Table 19
Table 19 Grange Farm cluster technical performance
Performance Indicator

Total Annual Heat Demand [MWh]

Industrial
Park
Excluded

All
Connected

Only Grange
Farm Estate

6,800

6,800

1,400

4

4

1

CHP size at full build out [MWe]

0.6

0.6

0.2

Energy Centre Size [m2 ]

610

610

580

3,210

2,790

270

320

320

120

12,960

12,960

4,910

Peak Heat Demand [MW]

Total Network Length [m]
Carbon Saving vs BAU [tonnes CO2/pa]
Lifetime Carbon Savings (40 years)
[tCO2]

10.3

CHP Sizing

The CHP sizing for the Grange Farm cluster with only the Grange Farm Estate
connected, resulted a total CHP capacity installation of circa 200kWe in order to
operate 5000h a year as is a suitable rule of thumb for minimum operation hours
require for typical CHP engines. It is proposed that CHP engine would be
installed once sufficient demand had connected to the network to ensure the CHP
could achieve its target minimum run time of 5,000 hours per annum.
Figure 52 shows the demand duration curve for the cluster:

Figure 52 Grange Farm demand duration curve and CHP sizing
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Financial Performance

Three main scenarios were run for the Grange Farm cluster in order to test
variations of connected loads in order to assess the economic viability of the
cluster. These are summarised in Table 20 below, and include the three options as
developed in Section 10.1 above.
The performance summary results shown in Table 20 demonstrate that the loads
identified in the near vicinity of the Grange Farm Estate are not sufficient to
justify the expansion of the network beyond the Estate. The Grange Farm Estate
can perform above the hurdle rate of 6% for a public ESCo.
Table 20 Grange Farm Economic Performance
Performance Indicator
All Connected
Total Lifetime CAPEX + REPEX [£]

Industrial
Park
Excluded

Only Grange
Farm Estate

11,071,000

10,451,000

4,297,000

Initial Investment CAPEX [£]

8,711,000

8,092,000

2,569,000

Energy Centre Fitout, CHP Engines,
Boilers and HIU CAPEX [£]

2,180,000

2,180,000

1,864,000

Cost of Heat Network (Transmission &
Distribution) [£]

5,549,000

5,011,000

483,000

982,000

902,000

222,000

1,450,000

1,450,000

1,341,000

Annual OPEX (including Fuel Cost)
[£/year]

458,000

458,000

173,000

Annual Revenues from Heat Sales
[£/year]

225,000

225,000

56,000

Annual Revenues from Electricity
Sales [£/year]

101,000

101,000

35,000

IRR (25 years) [%]

-9.8%

-9.1%

2.7%

IRR (40 years) [%]

-5.0%

-4.6%

4.1%

Net Present Value (25 years) [£]

-5,321,000

-4,858,000

-339,000

Net Present Value (40 years) [£]

-5,197,000

-4,734,000

-244,000

401

365

50

Contingency [£]
Connection CAPEX (=Developer
Contribution) [£]

Cost of Carbon Abatement (40 years)
[£/tCO2]
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Sensitivity Analysis

Sensitivity analysis was carried out Option 3 in order to test the impact on the IRR
of the following variables:


Variations in connected heat load by +/-10%;



Increase and decrease of heat price up to +/-10%;



Increase and decrease of the cost of gas by up to +/-10%;



Increase and decrease of the residential connection charge up to +/-10%;



Changes in CAPEX by +/-10%; and



The effect of Licence Lite through selling electrical output of CHP at retail
prices.

Heat load sensitivity
6.00%
5.00%
4.00%

IRR %

3.00%
2.00%
1.00%
-15%

-10%

-5%

0%

5%

10%

15%

% change in heat demand
Heat load over 25 years

Heat load sensitivity over 40 years

Figure 53: Grange farm heat load sensitivity

This network is not very sensitive to changes in heat demand. This is primarily
because a large proportion of the revenues and fixed and not dependant on the
amount of heat a resident uses.
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Residential Heat Price Sensitivity
9.00%
8.00%
7.00%

IRR (%)

6.00%
5.00%
4.00%
3.00%
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£40

£41
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£43
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£45
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Heat price (£)
Heat price sensitivity 25 years

Heat price sensitivity 40 years

Figure 54: Grange Farm heat price sensitivity

In the above graph (Figure 54) the residential heat price is varied up to +/-10%.
The sensitivity of the IRR is tested for this variation. It can be seen that the IRR
varies by circa 1% below and above the base case (Option 3 – Grange Farm only).

Gas Price Sensitivity
9.00%
8.00%
7.00%

IRR %

6.00%
5.00%
4.00%
3.00%
2.00%
1.00%
£21

£22

£23

£24

£25

£26

£27

£28

£29

Gas price (£)
Gas price sensitivity 25 years

Gas price sensitivity 40 years

Figure 55: Grange Farm gas price sensitivity

In the above graph (Figure 55) the gas price is varied up to +/-10%. The
sensitivity of the IRR is tested for this variation. It can be seen that the IRR varies
by circa 1.2% below and above the base case (Option 3 – Grange Farm only).
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Residential Connection Charge Sensitivity
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Connection charge sensitivity 25 years
Connection charge sensitivity 40 years

Figure 56: Grange Farm residential connection charge sensitivity

In the above graph (Figure 56) the residential connection charge is varied up to +/10%. The sensitivity of the IRR is tested for this variation. It can be seen that the
IRR varies by circa 1.4% below and above the base case (Option 3 – Grange Farm
only).

CAPEX sensitivity

IRR %
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3.00%
2.00%
1.00%
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-10%

-5%

0%

5%

10%

15%

% change in CAPEX
CAPEX sensitivity over 25 years

Figure 57: Grange farm CAPEX sensitivity

Figure 57 shows that reducing capital costs by 10% could increase the IRR by
2.5%. These costs savings would most likely be achieved on the network
construction.
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Licence Lite sensitivity

IRR %
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Figure 58: Grange Farm through Licence Lite

In the above graph (Figure 58) the sales of electricity through Licence Lite is
tested for Option 3 (Grange Farm Only), based on the electricity being sold via
private wire to the Estate at £90/MWh. The increased revenues increases the IRR
by approximately 5% compared to the base case.

10.6

Cash Flow

The following Figure 59 shows the discounted cash flow diagram for Grange
Farm Option 3, which is based on the CHP supply option. The discount rate
applied is 6%. It shows typical district heating performance where capital is
recovered quickly by means of developer contributions (connection charges).

Figure 59: Grange Farm Cluster (Option 3) discounted cash flow
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Business & Implementation Plan

This section of the report includes the potential commercial delivery options
which have been analysed for the scheme. They have been tailored to meet the
requirements of the Council, which has expressed interest in a business model that
allows the Council to:



retain ownership of assets; and
obtain the available revenue from a future network.

Therefore, the delivery options presented are focused on the Council being very
involved in the management and ownership of the network.

11.1

Benefit of Local Authority Involvement

Involvement of the local authority in the delivery of district heating network is
beneficial in numerous ways. The Council can:


Provide the basis for initial satellite networks, securing and retaining heat
loads to underwrite heat transmission infrastructure



Bring parties together to offer anchor heat loads



Facilitate development by fast tracking planning consent or putting Local
Development Orders in place (as adopted by Newham for the Royal Docks
area)



Efficiently gain highway consents (especially for big networks)



Meet their social agenda and other related policies (e.g. reducing fuel poverty,
meeting carbon targets, creating jobs)



Access low cost capital



Be held financially and politically accountable



Facilitate coordination with other councils if the heat network systems cross
local authority boundaries



Ensure long term network objectives are realised

11.2

Risks

Although there clear benefits and opportunities from Harrow Council having
involvement in the ownership and operation of the network, there are also risks
which must be recognised. Following discussions with the Council, it was
established that the Council is accustomed to dealing with both debt and demand
risk – the two main risks associated with funding and owning the network long
term.
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Debt Risk

Debt risk is the risk of someone delaying or defaulting on payments for the energy
service which has been provided.
The Council has experience and protocols to manage debt risk within the borough.
Harrow are responsible for managing the collection of social housing rent and
Council Tax. Therefore, the internal management of both means that a system is
in place to deal with debt risk. The Council are already accustomed to the process,
so managing debt risk from customers’ energy bills on a district heating network
is considered a manageable risk.

11.2.2

Demand Risk

Demand risk is associated with the uncertainty of future connections and the
variability of demand from year to year. Lower than expected demand can affect
cash flow and commercial viability.
A mechanism to help lower demand risk is for the Council to mandate that all new
planning applications must have section 106 clauses which ensure any new
development connects to the network, consistent with policies within the London
Plan and the Council's Local Plan.
A further option to mitigate demand risk that is sometimes employed is to obtain
development agreements from the developers who commit to building a certain
quota of housing, commercial and various other usage type floor areas. However,
this option is often harder to achieve.
Overall this risk is mitigated by the large volume of projects coming forwards,
and the fact that the area wide network would be developed in clusters initially.

11.2.3

System Design and Performance Risks

These are the technical risks associated with the design, construction, operation
and maintenance of the district heating network and energy centres. These risks
can be shared or transferred to the contractor carrying out these functions.
Performance specifications are a key mechanism by which detailed design risk is
passed to the contractor. Linking D&B and O&M functions into a single contract
can provide benefits by allowing the contractor to optimise the balance between
higher cost but longer lived and lower maintenance assets and lower cost but
lower performance assets.

11.3

Commercial Options

The commercial options presented below reflect the Council’s desire to be closely
involved with the funding and ownership of the district heating network. In
discussion with the Council, it was established that the Council may be able to
leverage funding to build the network.
In order to deliver a district heating network there are numerous roles which must
be fulfilled by different parties, outlined in Table 21.
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Table 21 Network delivery roles
Role

Responsibility

Regulator

As the distributed heat generation market is not currently regulated,
some form of regulator would be required for the successful operation
of an ESCo for Harrow network. The key responsibilities of the
regulator may include:
a. Establishing criteria for consumer protection; this is especially
important for the domestic customers,
b. Setting operating standards,
c. Establishing planning constraints,
d. Managing the above on an on-going basis.

Governing Body

The role of governance of an ESCo concerns the business practices of
the company or companies involved in the heat network. The key
responsibilities of this role may include:
a. Intervening where necessary to ensure the project remains aligned
with the business & Council interests;
b. Be accountable and report to stakeholders during design,
installation and operation;
c. Provide high-level supply chain management.

Promoter / Sponsor

The promoter in a project has a time-limited interest in establishing an
energy scheme. The promoter’s activities may include:
a. Undertaking investment appraisals and securing funds,
b. Managing the business portfolio,
c. Defining and guaranteeing the scale and timing of demand for
services,
d. Controlling development,
e. Defining physical nature of the project,
f. Procuring developers, investors and operators.

Asset Owner

An asset management company or a parent company of the operator,
the asset owner, secures the long term returns generated by the energy
scheme. (The owner of the system infrastructure may be a separate
body.) The key functions of the asset owner may include:
a. Arrange finance and provide financial guarantees,
b. Invest in replacement and enhancement,
c. Contract with installers, operators and service companies.

Operator

Responsible for on-going technical and operational aspects of the asset
from design through to operation. This role may consist of the
following activities:
a. Fuel purchase,
b. Plant availability and network management,

Retailer

Provides end-user services related to energy provision. The key
functions of this role include:
a. Metering,
b. Billing,
c. Pricing,
d. Sales,
e. Customer Services.

HW_R003 | ISSUE Rev A | 27 January 2016

Page 94

London Borough of Harrow

Energy Masterplan for Harrow & Wealdstone and Grange Farm
Final Report

The delivery structure for the Harrow & Wealdstone DH system will depend on
which entity takes on the above roles. The following section identifies the roles of
the players responsible for delivering the network. The Council is currently acting
as the promoter of a potential DH network through the commissioning of this
EMP. As aforementioned, the Council has expressed a desire to be closely
involved in the promotion, funding, and ownership of the DH network.

11.4

Delivery Options

There are three potential options for delivery of a DH network in Harrow have
been identified with different levels of involvement for the council:
Option A: The council acts as the promoter.
Option B: The council acts as the promoters and sponsor.
Option C: The council acts as the project sponsor, asset owner, operator, retailer,
regulator and supply chain manager. This is the most long term structure for the
council and will require the greatest capital investment.

11.4.1

Delivery Option A

Under Option A, the Council would dedicate staff resources and secure funding
for further studies to develop the project. It would work through its planning
power and stakeholder relationships to identify a body willing and able to take the
project forward to delivery. This might be a commercial ESCo, if a subset of
loads can be identified that provide commercial rates of return and which are
secure enough to attract the market. It might alternatively be a developer or
landowner which could build an energy centre and procure the delivery of a
network serving nearby loads.
The Council’s role would be very limited and it would carry essentially no risks or
responsibilities once its promoter role was completed. The Council would earn no
revenues, nor would it retain any control of the network.

11.4.2

Delivery Option B

Under Option B, the Council would continue to be involved through to a
procurement process. This might be a concession type arrangement for one site or
for a small cluster of sites, or might be through a partnership model such as is
being pursued within the Vauxhall Nine Elms opportunity area. The Council
might have a residual role with step-in rights and as the network owner upon the
end of the concession period (which might be 40 years). Alternatively it could act
in a procurement role but take no ongoing direct interest in the ownership or
operation of the network.
As with option A, the Council’s role would be limited but it might have ongoing
liabilities and responsibilities for the operational network. The Council would,
however, earn no revenues. Depending on the commercial prospect of the project
taken forward, it is possible that a capital contribution from the Council (or a third
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party source) would need to be found to bring the project up to a commercially
attractive rate of return.

11.4.3

Delivery Option C

Option C most closely meets the delivery route indicated by the Council as its
initially preferred position. They are in a position to leverage the financing for the
construction and maintenance of the network long-term, and have adequate
experience in debt risk and are capable of managing demand risk. The advantages
and disadvantages of the Council following Option C, are:
Table 22 Delivery Option C advantages and disadvantages
Advantages

Disadvantages

Council gets the most creative control

Largest intellectual & capital costs to Council.

Disposal of energy scheme is de-risked and
thus more cost effective over the entire
lifespan of the project

Interim ownership risks are potentially
significant.

Potential for future divestment once the
scheme is operational

Highest risk exposure to the Council

If the council decides to follow this option, it means:
1. It is possible to self-fund the project
2. A detailed feasibility study, followed by a specification for the design +
build and operation + maintenance will need to be prepared
3. It will require dedicated staff resources or appointment of an external
project manager to manage this process
4. Many of the risks and responsibilities will likely lie with the Council
5. This is potentially the highest revenue generating option, given the
Council’s relatively low cost of capital
A basic organisational structure for the possible set up is seen in Figure 60.

Figure 60 Option C organisational structure
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The Council would finance and own the network. Prior to delivering the network,
the Council would appoint an ESCo on a fixed price contract to design and install
the network. The same ESCo could be appointed to operate and maintain the
network in accordance with an agreed set of key performance indicators (e.g.
availability, efficiency, carbon emissions) throughout the lifetime of the asset.
The Council would secure revenue from developers from connection charges and
from customers for energy use.
Metering and billing services could be outsourced or held in house depending
what option is preferred or is most cost effective. The ESCo contractor may also
be able to offer that service as part of the O&M contract.
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Conclusions and Next Steps

The Harrow & Wealdstone and Grange Farm energy masterplan study has made
the following key conclusions:
A masterplan comprising three main heat network clusters has been developed,
each with an identified energy centre location. Networks have been modelled for
each cluster which have been found to achieve positive returns on investment over
25- and 40-year time horizons. The route assessment indicates that the networks
are likely to be feasible, although some key routing challenges have been
identified, typically where railway crossing are required.
The economic performance of the three clusters varies depending on the network
scenarios which were tested, but viable networks were identified in all three
clusters.
The conditions of each cluster each appear to lend themselves to a Council-led
business model. In the case of the Harrow North and Grange Farm clusters, the
Council’s own major property interest is a key driver of this conclusion. In the
case of Harrow South clusters, the combination of a closing window of
opportunity together with evidence of the lack of organisational resources in the
Hospital mean that the Council is the best placed actor who can move quickly to
capture the opportunities which have been identified.

12.1

Next Steps

The following actions are recommended as next steps towards development of the
masterplan into an operational heat network:


Identify and secure funding for a full feasibility study for all three cluster
groups



In parallel with any further study, identify staff in the council, or procure
externally, to put together a development team which can engage with
developers and landowners as potential customers of a future Harrow ESCo



Contact the key developers in Harrow Town Centre to explore whether the
window of opportunity to supply them with heat is still open.



Contact the highway authority to discuss the potential for using the
Wealdstone Overpass site as an energy centre, and the impact of such a use on
the restrictions on use of that site imposed by the highway authority.



Contact the hospital to discuss how they can build in a district heating energy
centre within their redevelopment plans.

It is recommended that the Council undertakes the feasibility study work in
parallel with the potential customer engagement work, so that there is a reasonable
chance of having a bankable business plan, with committed customers, by next
spring. If the Council should work sequentially, and complete the feasibility
study before having any serious conversations about connection agreements and
heat price formulas, there appears to be a real risk that the Town Centre and
Hospital cluster opportunities, in particular, will have been lost for the time being.
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Feasibility Study Design Option Considerations

As noted in Section 3.5.1, the assumed network operating temperature is 80°C
flow and 60°C return (with a 20° ΔT). It would therefore be appropriate at the
next stage of the project to determine whether these assumptions can be refined to
deliver a system with


a larger ΔT, leading to a reduction in pipework sizes and associated costs as
well as operational savings with a reduction in pump power consumption;
and/or



lower flow and return temperatures or a variable temperature system, allowing
better utilisation of low-carbon heat sources and reducing thermal losses
across the network.
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