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Abstract

Modelling and optimisation of a decentralised heat
network and energy centre in London Docklands

Azeem Janjua

The following project aims to create a decentralised heat network development 
methodology which makes best use of heat sources and loads and can be widely 
applied to evaluate the energy economics of a heat network scheme and energy 
centre. As the energy transition takes shape, the key is connectivity and the 
potential now, or in the future to aid progressive development of energy systems 
and technologies rather than traditional models that consider schemes individually 
in isolation and not holistically; where with the latter we’re more likely to end up 
with robust, future-proof solutions.

A methodology was formulated which encompassed various elements of 
decentralised energy masterplanning approaches and enabled heat demand loads 
and associated profiles to be simulated. The development of an optimisation model 
enabled strategies to be devised (maximisation of energy generation and revenue 
independently) over a set technology lifetime for the energy centre.

The results have concluded that the maximisation of revenue optimisation strategy 
is the most viable economically. An energy generation optimisation for the energy 
centre produced optimal results in terms of its heat generation profile, however, 
the scheme was not economically viable due to significantly high capital costs 
associated with piping connections to multiple clusters. 

A CO2 emission analysis was carried out for a selection of energy technologies 
(CHP, heat pumps and gas boilers) for the heat network energy centre. An 
evaluation of the results has concluded that the optimal selection of technology for 
the energy centre for the minimisation of CO2 emissions is heat pumps. When 
selecting combinations of technologies for peak and base loads within the energy 
centre, heat pumps (base load) and gas boilers (peak load) are optimal when 
aiming to maximise revenue generation whilst minimising CO2 emissions. In this 
case, reductions in associated CO2 emissions have been calculated to achieve up 
to 89.07% when compared to a base case gas boiler technology (energy centre) 
scenario alone.

The methodology and models developed in this project can be widely applied to 
decentralised heat network projects in London in order to identify optimal 
development and expansion strategies and evaluate the energy economics of 
schemes.
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The following project aims to create a decentralised heat network development 
methodology which makes best use of heat sources and loads and can be widely 
applied to evaluate the energy economics of a heat network scheme and energy 
centre. As the energy transition takes shape, the key is connectivity and the potential 
now, or in the future to aid progressive development of energy systems and 
technologies rather than traditional models that consider schemes individually in 
isolation and not holistically; where with the latter we’re more likely to end up with 
robust, futureproof solutions. 
 
A methodology was formulated which encompassed various elements of decentralised 
energy masterplanning approaches and enabled heat demand loads and associated 
profiles to be simulated. The development of an optimisation model enabled strategies 
to be devised (maximisation of energy generation and revenue independently) over a 
set technology lifetime for the energy centre. 
 
The results have concluded that the maximisation of revenue optimisation strategy is 
the most viable economically. An energy generation optimisation for the energy centre 
produced optimal results in terms of its energy generation profile, however, the 
scheme was not economically viable due to significantly high capital costs associated 
with piping connections to multiple clusters.  
 
A CO2 emission analysis was carried out for a selection of energy technologies (CHP, 
heat pumps and gas boilers) for the heat network energy centre. An evaluation of the 
results has concluded that heat pump technology is optimal in terms of CO2 
minimisation for the heat network. When selecting combinations of technologies for 
peak and base load within the energy centre, heat pumps (base load) and gas boilers 
(peak load) are optimal when aiming to maximise revenue generation whilst minimising 
CO2 emissions. In this case, reductions in associated CO2 emissions have been 
calculated to achieve up to 89.07% when compared to a base case gas boiler 
technology scenario alone. 
 
The methodology and models developed in this project can be widely applied to 
decentralised heat network schemes in London in order to evaluate the energy 
economics of schemes and select optimal combinations of heat generation 
technologies for energy centres. 
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Chapter 1                                     
Introduction 
 
The Kyoto protocol established the first international treaty that committed state parties to 
reduce greenhouse gas emissions based on the scientific consensus that global warming is 
occurring and it is extremely likely that human-made CO2 emissions have predominantly 
caused it [1]. The agreement was developed under the United Nations Framework 
Convention on Climate Change (UNFCCC) and negotiated in December 1997 after which it 
came into force in 2005. The agreement involved a pledge for developed nations to reduce 
emissions by an average of 5% by 2008-2012. 
 
Following the UFCCC agreement, the United Kingdom (UK) introduced the Climate Change 
Act of 2008, an act of the UK Parliament to reduce greenhouse gas emissions by 80% by the 
year 2050 from baseline levels at 1990 [2]. In order to achieve this long-term goal, a number 
of carbon budgets were fixed to meet these objectives. 
 
Table 1.1 - UK carbon budgets 

Carbon budget Years % reduction vs 1990 levels Status 
1 2008-2012 23 % Achieved 
2 2013-2017 29 % On target 
3 2018-2022 35 % Legislated 
4 2023-2027 50 % Legislated 
5 2028-2032 57 % Legislated 

 
At the end of 2015, 196 parties of the UNFCCC treaty adopted the Paris Agreement, a 
legally-binding agenda to tackle climate change and mitigate against global warming in 
order to keep levels well below the 2oC threshold. With growing concerns over the impact 
of global warming, the exploitation of low carbon pathways is critical. 
 
In the UK, approximately half of final energy consumption comes from heating, accounting 
for 38% of carbon emissions [3]. In order for the UK to meet their greenhouse gas (GHG) 
emission targets, critical measures must be taken to decarbonise the heating sector. The 
development of heat networks has been identified as a core strategy to achieve this 
objective. Heat networks are currently widely accepted in Europe, in particular Sweden 
where they contribute to almost 50% of the heat market [5]. In the UK, only 2% of heat 
demand is met by heat networks. The UK Government are committed to increase these 
figures and it has been estimated that 18% of UK heat will need to come from heat networks 
by 2050 in order to meet national carbon budgets [6]. 
 
In 2014, a high-level water source heat map was developed by the UK Government. The 
map identifies areas with the highest potential for the application of water source heat pump 
(WSHP) technology. WSHPs operate by upgrading low grade heat from water sources and 
boosting the temperature to provide a low carbon form of heating. The heat pumps can be 
integrated within heat networks or used to heat single buildings.  
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The Canal & River Trust (CRT) are a waterway company who are responsible for 2,000 miles 
of waterways, rivers, reservoirs, and docks in England and Wales [63]. The company, formerly 
known as British waterways, formed a charity in 2012 and are currently partly funded by the 
UK government. CRT have a large number of water sales customers who abstract water from 
their waterways, reservoirs and docks for a number of different end-uses. These range from 
major water companies who produce potable water in water treatment plants, to residential 
developers who utilise the water for heating and cooling of buildings using water source 
heat pump (WSHP) technology. 
 
The waterway network runs through the majority of cities in England and Wales. The current 
infrastructure provides the opportunity for the waterways to be utilised for the heating and 
cooling of buildings in urban areas. With this in mind, waterways including docks and canals 
can be utilised as energy sources for the space heating and cooling of buildings. The water 
sources can also facilitate energy storage due to their large thermal capacity. The utilisation 
of low carbon heating technologies such as WSHPs in conjunction with water sources can 
provide a low carbon alternative to conventional gas boilers. 
 

CRT aim to help facilitate heat network projects in the UK as a commercial venture. This will 
involve the development of energy centres close to waterways and where there is a heat 
demand requirement for building loads. An energy centre is a plant in which heat will be 
generated by a selected technology and distributed to supply heat to the local area [64]. 
The waterways and thermal heat present in the water sources have an associated commercial 
value and can therefore be sold to potential customers. With the long-term strategy of heat 
networks providing 18% of heat demand, CRT are encouraging potential customers to 
collaborate with one another to develop new schemes and aid progressive expansion of heat 
networks in the UK. The delivery and success of such schemes rely on an open approach 
where potential stakeholders must be transparent and willing to collaborate with one 
another in order to build robust, futureproof solutions. 
 
 

Legend 

Figure 1.1 - Department of Energy & Climate Change (DECC) Water Source Heat Map [7] 
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1.1 Project scope, purpose and focus 
 
One of the primary areas of interest for CRT is the London Docklands in the borough of 
Tower Hamlets in London. The dock is owned by CRT and is surrounded by a host of building 
typologies including commercial offices, residential apartments, hotels and schools. A study 
carried out on the dock has concluded that there is currently a 15-Megawatt capacity of 
thermal energy available which can be extracted. CRT have received a lot of interest from 
potential water sales customers for the utilisation of dock water for heating and cooling 
purposes. Customers include residential developers who wish to use the dock water for 
space heating purposes and also data centres who have expressed an interest in utilising the 
dock water for cooling. 
 
With this in mind, the purpose of the project will be to design a heat network and energy 
centre in the London Docklands. The energy centre will generate and distribute heat to 
customers requiring space heating whilst harnessing waste heat sources from local data 
centres as input streams. The design of a future proof heat network will require a robust 
implementation strategy in order to phase the project accordingly and make best use of 
potential heat demands and sources. This will ensure that project partners can connect to 
the network seamlessly and minimise disruption. Having a good investment and network 
development strategy will enable network costs to be minimised whilst ensuring a reduction 
in GHG emissions through the selection of technologies for the energy centre. The boundary 
of the project area is outlined in figure 1.2 below. 
 

 
 

Figure 1.2 - Project Area - London Docklands 

The design of a futureproof heat network scheme will require a strategic approach and 
therefore the key aim of the project is to formulate a decentralised heat network design 
methodology which makes best use of heat sources and loads and can be widely applied to 
evaluate the energy economics of heat network schemes in London. This primary aim can be 
met by achieving the following sub-aims: 
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§ What are the anchor loads in the project area and how do their heat demands vary 

during seasons? An anchor load is defined as an existing building with a large, steady 
heat demand requirement [22]. Anchor loads are very attractive for heat network 
development as they provide developers with the opportunity to connect multiple 
heat loads with a significant heat demand in order to develop a heat network.    

§ What energy centre heat supply technologies are optimal for the minimisation of CO2 
emissions and network costs? 

§ Can an optimal strategy by identified for connecting loads to maximise revenue? 
§ What are the environmental benefits of designing such a heat network compared to 

a baseline case with conventional heating technologies?  
§ How can the strategies be formulated to aid the development of a heat network 

which accommodates existing and potential project partners? 
 
A 10-year design strategy will be devised for the heat network. This will enable a master plan 
to be formulated which will encompass long term environmental goals and strategies for the 
district. A 20-25-year financial analysis will be carried out to identify long-term cash flows 
and determine the payback period for the project. The development of an optimisation 
model under fixed constraints will ensure a coherent strategy is formulated based on the 
most important selection criteria. In addition to this, a long-term view of the network design 
will ensure that all design criteria are considered carefully and phased accordingly to ensure 
economic viability and commercialisation over the project’s duration. 
 

1.2 Thesis outline 
 
Chapter 2 provides the relevant background to the project, summarising energy and water 
policies in the UK and current strategies adopted by London in order to progress the 
development of heat networks. An overview of heat networks is given followed by a 
description of different methods of heating including CHP and heat pumps. Waste heat 
sources for heat networks are summarised followed by the pumping costs associated with 
delivering heat through a heat network. The chapter concludes with a summary of the current 
stakeholders for the project and details of their current involvement to date.   
 
Chapter 3 introduces the concept of decentralised energy and energy masterplanning. The 
chapter begins with a comprehensive overview of the methodology developed and the steps 
devised to carry out the project. The remainder of the report will follow the structure outlined 
in figure 3.1 at the beginning of the chapter. 
 
Chapter 4 incorporates the heat mapping and heat demand analysis for the project area. 
Once all relevant data has been gathered for the project area, the heat mapping process 
and results are presented. The remainder of the chapter describes the methodology devised 
to develop a heat demand profile tool which can be used to estimate hourly heat demand 
values for heat loads typologies.  
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Chapter 5 outlines the optimisation model that has been developed for the design of the 
heat network and energy centre. All model inputs are detailed, followed by the specific 
objective functions and constraints for the heat network. 
 
Chapter 6 summarises the energy masterplanning for the heat network which involves the 
formulation of connection strategies. Two strategies are presented in the chapter in 
accordance with their objective functions. 
 
Chapter 7 describes the results obtained and compares the different technology options for 
the energy centre in terms of capital costs and associated CO2 emissions. A number of 
investment scenarios are outlined to highlight the energy economics of the selected 
schemes. A sensitivity analysis is carried out for all major scheme parameters. 
 
Chapter 8 describes the discussion of results followed by chapter 9 which brings together 
all of the key findings from the project and outlines recommendations for future work. 
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Chapter 2                                   
Background & Literature Review 
 
This chapter of the report provides the relevant background to the project, summarising 
energy and water policies in the UK and current strategies adopted by London in order to 
progress the development of heat networks. An overview of heat networks is given followed 
by a description of different methods of heating including CHP and heat pumps. Waste heat 
sources for heat networks are summarised followed by the pumping costs associated with 
delivering heat through a heat network. The chapter concludes with a summary of the current 
stakeholders for the project and details of their current involvement to date.   
 

2.1 Heating in the UK 
 
The heating sector accounts for 44% of final energy consumption in the UK resulting in 38% 
of all GHG emissions [3]. In order to gain an appreciation of which sectors must be targeted 
to reduce GHG emissions, it is critical to identify heating sub-sectors and end-users. As seen 
in figure 2.1 below, space heating accounts for the majority of energy consumption from 
heating in the UK. 
 
 

 
 

Figure 2.1 - UK final energy use and energy consumption for heating by sub-sector and end-use, UK 2013 [4] 

As mentioned previously, heat networks are currently widely accepted in Europe, in 
particular Nordic countries where they contribute to the vast majority of the heat market. 
The UK government will need to exploit low carbon pathways to reduce the CO2 emissions 
associated with space heating. This will involve an increase in the uptake of low carbon 
technologies and may require the introduction of new support schemes and incentives to 
drive this change. 
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2.2 Policy framework 
 
In London, the Mayor is committed to pursuing a range of low carbon heat and energy 
projects in order to decarbonise the current heating system and meet climate targets to 
transform London into a low carbon city. The Code of Practice [40] which outlines the 
minimum requirements for heat networks in the UK has been enforced to increase uptake of 
such schemes and act as a low carbon pathway, contributing to the overarching goal of 
reducing carbon emissions in the UK [40]. 
 
2.2.1 UK Government energy policy 
 
The current energy policy in the UK is set out in the Energy White Paper 2007 [8] and the 
Low Carbon Transition Plan of July 2009 [9]. The documents were led by the Department of 
Energy and Climate Change (DECC) whose responsibilities have now merged with the 
Department for Business, Energy and Industrial Strategy (BEIS) in 2016. Both papers set out 
the UK’s transition plan to becoming a low carbon economy, maintaining security of energy 
supplies, reducing emissions, and maximising economic opportunities. The paper 
acknowledges the long-term challenges that the UK face which include: 
 
§ Tackling climate change by reducing CO2 emissions both within the UK and abroad [9] 
§ Ensuring secure, clean affordable energy as we become increasingly dependent on 

imported fuel [9] 
 
As outlined in Chapter 1, there have been a number of carbon budgets set by the UK 
Government. The White Paper sets out how the carbon budgets will be met through specific 
low carbon pathways, for example, the decarbonisation of heating. 
 
2.2.2 UK Government water policy 
 
In 1989 the running of water and wastewater services in England and Wales was transferred 
from the state to the private sector [58]. The government department currently responsible 
for the quality of waterways and security of supply are the Department for Environment, 
Food and Rural Affairs (DEFRA) [59]. DEFRA sponsor the Environment Agency (EA) who are 
responsible for the protection and enhancement of the environment taken as a whole, so as 
to promote the objective of achieving sustainable development [10]. The EA are also 
responsible for industry and infrastructure licensing and regulation in the water Industry. 
 
CRT are closely linked to the EA with regards to their water sales customers who must obtain 
abstraction and discharge licenses which require approval from the EA. In addition to this, 
the EA specify that water being discharged back into water sources must not raise or lower 
the temperature of the water source by 3oC due to the environmental implications incurred 
[60]. It is on this basis that heat networks designed to utilise dock water must be designed 
to abstract and discharge water without changing the overall temperature of the dock by 
this specified value. 
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The Office of Water Services (OFWAT), another UK Government agency, are responsible for 
the regulation of pricing within the industry and for setting water prices in the UK [61]. As 
outlined in chapter 1, CRT have a large number of water sales customers who abstract and 
discharge water from their waterways and docks. CRT are looking to expand their customer 
base to customers wishing to utilise their waterways for cooling purposes. This will entail 
heat being discharged into their waterways. Harnessing this heat and utilising it within heat 
networks will provide an additional revenue stream for CRT. A pricing structure must be 
formulated for projects of this nature in accordance with OFWAT. 
 
2.2.3 Mayor of London’s energy and environmental plan 
 
In order to progress sustainable and clean development in London, the Mayor of London 
has produced The London Plan which encompasses a spatial development strategy, setting 
out an economic, environmental, transport and social framework for development [11]. In 
addition to this, the Mayor has developed the London Heat Map (LHM) [12] and the London 
Heat Network Manual [13] which form the basis of a master plan to encourage the 
development of decentralised energy networks in London. All three sources mentioned 
above will be used during this project to ensure that the heat network designed will meet 
minimum requirements. 
 
2.2.4 Tower Hamlets & planning guidance documents 
 
The project area previously outlined in figure 1.2 (Chapter 1) is situated in Tower Hamlets, a 
London Borough in East London. The borough lies north of the River Thames and has a 
population of 272,890. A local plan has been developed for the borough which sets out a 
15-year plan for the growth and development of the area. The local plan consists of two 
documents including the Core Strategy [14] and the Management Development Document 
[15]. These documents help to guide and manage development within the borough by 
providing spatial and development policies as well as site allocations to guide and manage 
development. The latest version of the local plan has been submitted in February 2018 to 
the secretary of state for examination [16]. The plan identifies a number of future 
opportunities including new homes, jobs, services and infrastructure developments. This 
information will be useful when identifying potential customers for the heat network 
including residential developers who will require space heating for their building stock. 
Having a wide range of strategic documents at hand helps to keep a holistic view on future 
developments and facilitate the design of local heat networks. This contributes to a long-
term vision for the area and enables developers to utilise the existing infrastructure and 
industry as effectively as possible. 
 
2.2.5 UK renewable incentive policy and regulations 
 
The Renewables Obligation (RO) was enforced in 2002 in England and Wales and is one of 
the central support mechanisms for large-scale renewable electricity production in the UK 
[54]. Through the RO, UK electricity suppliers had to source an increasing proportion of their 
electricity from renewable sources [54]. At the end of March 2017, the RO closed to all new 



 9 

generating capacity. Since being established in 2002, the RO successfully contributed to the 
increase in percentage of low carbon electricity generation in the UK from 1.3% to 23.5%. 
 
There are also a number of UK Government incentives that were used to increase uptake of 
renewable energy technologies. One of the first incentives introduced were Feed-in Tariffs 
(FITs). These were announced in October 2008 and came into effect from April 2010 under 
the Energy Act of 2008 [17]. FITs are aimed at small-scale renewable and low carbon 
electricity generation technologies. FITs guaranteed to pay the generator for the energy 
consumed and also for the surplus of energy generated which could be exported to the grid. 
As FITs are aimed at small-scale systems, they do not qualify for heat network energy centre 
electricity generation from low carbon and renewable technologies. 
 
The Renewable Heat Incentive (RHI) was introduced in November 2011 and was set out to 
encourage uptake of renewable heating technologies for businesses, communities and 
homeowners to benefit from switching to sustainable, cleaner alternatives, and in return 
receive a fixed tariff for their scheme. The RHI was the first of its kind in the world and was 
set to make a significant contribution to helping to decarbonise heating in the UK. The RHI 
is a very attractive source of income for developers aiming to install heat pump systems. 
Customers who wish to install a WSHP will receive up to £0.0936 per kilowatt hour of heat 
generated. 
 
The financial incentives such as the RHI can increase the economic viability of designing heat 
networks if combined with renewable technologies such as heat pumps. CHP technology 
can also be an attractive technology for the energy centre if the electricity is sold to 
customers. Following the closure of the RO and reduction in rates of the RHI and FITs, the 
UK energy industry require clarity in terms of the long-term clean energy strategies adopted 
by the UK government.  
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2.3 Heat networks 
 
2.3.1 Principles 
 
A heat network is essentially a network of insulated pipes used to deliver thermal energy in 
the form of space heating and/or domestic hot water to final customers [18]. There are two 
types of heat networks which are typically defined by their size: 
 
§ Communal heating – a central plant delivers heat to customers in a single building [18] 
§ District heating network – district heating schemes have a large centralised energy 

centre as an alternative to an individual boiler. The energy centre typically houses 
sustainable energy technologies for example, CHP engines, heat pumps and biomass 
boilers. These provide thermal energy to multiple buildings in a district via a pipe network 
[38]. 

 

 
 

Figure 2.2 - District heating network example [reformed from 13] 

 
District heating enables valuable energy to be harnessed from waste energy sources which 
would normally be wasted in power generation or industrial processes.  This results in a 
reduction of the total heat generation required in the energy centre. The application of 
district heating allows for ‘economies of scale’, where the generation of heat in one central 
plant with a higher capacity is more efficient than the production of heat in multiple smaller 
plants with lower capacities [48,53]. 
 
2.3.2 Methods of heating 
 
There are a number of different methods of generating heat for distribution in a heat 
network. Conventionally, heat is generated from an energy centre by burning fossil fuels 
with cogeneration combined heat and power (CHP) technology. There are however a 
number of alternative technologies which are increasingly being installed in heat network 
energy centres. These include heat pumps, biomass boilers as well as nuclear power. 
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2.3.3 Combined heat and power  
 
Combined heat and power technology, as the name suggests, involves the simultaneous 
generation of useful heat and electricity from a central energy centre. Unlike a conventional 
power plant which only generates electricity from burning fossil fuels, CHP also harnesses 
the waste heat generated in this process. When compared to conventional forms of heating, 
such as gas boilers, CHP reduces primary energy consumption [19]. This results in lower rates 
of CO2 emissions associated with this form of heating due to the fact that less fuel input is 
required to generate the same quantity of heat. The benefits of CHP technology and its 
associated thermal and electrical efficiencies are outlined in figure 2.3 below. 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
2.3.4 Heat pumps 
 
A heat pump is a device which operates by extracting low grade heat from a source (surface 
water, ground water, air or ground) and upgrading it to a useful operating temperature for 
use in a single building or in local heat networks [20]. The diagram below outlines the 
principles of a heat pump in heating mode.  
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The key parameter which defines the performance of a heat pump is known as the coefficient 
of performance (COP). The COP is defined as the ratio between the amount of heat 
delivered by the heat pump, -̇"#$", and the compressor power, (̇*&+,. The only source of 
power required to run a heat pump is for the compressor. The equations defining the COP 
for both heating and cooling modes are [51]: 

012"345#6$ =
8̇9

:̇;<=>
      (2.1)              012*&&%#6$ =

8̇?

:̇;<=>
 (2.2) 

The coefficient of performance typically ranges from 3-5 meaning that 1 unit of electricity 
will supply 3-5 times the amount of useful heat. The price of each unit of heat is directly 
related to the price of imported electricity; this is relevant when studying the economic 
aspects of designing a heat network with heat pump technology. The imported electricity 
required to power the heat pump may have been generated from non-renewable sources 
and therefore must be taken into consideration when evaluating the environmental impact 
of the system. 
 
Water Source heat pumps 
 
A water source heat pump (WSHP) operating in heating mode is a device which extracts low 
grade heat from a water source and upgrades it to a useful temperature [21]. The water can 
then be distributed for use in individual buildings or heat networks. WSHPs can also operate 
as cooling systems by absorbing waste heat and transferring it into a water source, for 
example a dock or river.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the UK, WSHP technology is a relative new technology and has not been widely adopted. 
When assessing the viability of a potential heat network project area, the presence of water 
sources can be considered as potential energy sources when integrated with heat pump 
technology. As outlined previously in section 1.1, the water source heat map developed by 
the UK Government can be used as a starting point to identify potential water sources and 
their associated thermal capacities. Heat pump technology is considered as a renewable 
energy technology and is therefore supported by the RHI. WSHPs can be installed as the 
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Figure 2.5 - Surface Water Source Heat Pump Configuration [21] 
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primary technology in a heat network energy centre in locations where there are water 
sources available. 
 
2.3.5 Waste heat sources 
 
Waste heat sources can be integrated with heat networks by harnessing the waste heat and 
delivering it to the energy centre. This will increase the overall efficiency of the energy 
centre. Table 2.1 below outlines the main waste heat sources available for heat networks 
and their viability for connection. 
 
Table 2.1 - Waste energy sources evaluation [25] 

Heat source Location Availability Temperature of 
source (oC) 

Power station Remote locations All year 35 
Buildings Urban areas Inconsistent  28 
Industrial heat Remote locations All year 35-70 
Underground tube Urban areas All year 32 
Data centres Urban areas All year 35 

 
As it can be seen in table 2.1 above, the most viable waste energy sources for heat networks 
are underground tubes and data centres. Both waste energy sources are available all year 
round, are located in urban areas where there is a high heat demand density and have a high 
source temperature which is ideal for heat network integration. 
 
2.3.6 Pumping costs 
 
There are pumping costs associated with pumping water through a heat network in order to 
deliver the required heat to loads. The pumping power must be obtained to calculate the 
associated pumping costs for the network. The following equations can be utilised to 
calculate the required pumping power [42]: 
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            (2.5) 
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                (2.6) 

 

Once the required pumping power has been obtained, the overall costs associated with 
pumping can be calculated using the following equation: 
 

2@AB_0* = 2@AB* × 	nJ_B                (2.7) 
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Where: 
 

o  -  Pipeline to cluster, c (c=1 to 51) 
K*   -  Maximum water velocity of pipeline to cluster, c (ms-1) 
J*   -  Length of pipeline to cluster, c (m) 
2@AB*  -  Required pump power to cluster c (kWh) 
∆B*  -  Pressure loss in pipeline to cluster c (pa) 
QE,p  -  Friction factor 
ij  -  Reynolds number 
q*   -  Pipe diameter size to cluster, c (mm) 
r  -  Density of water (kgm-3) 
s  -  Surface roughness (mm) 
t  -  Dynamic viscosity (kg m-1 s-1)                                      
u,v+,  -  Efficiency of pump (%) 
2@AB_0* -  Cost of pumping (£) 
nJ_B  -  Electricity rate (£/kWh) 
w.x  -  all piping and pressure values link clusters to energy centre origin 
 
 

2.4 Current stakeholders & existing infrastructure 
 
The following section outlines the existing and potential stakeholders involved in the project 
and summarises their individual roles. Stakeholder engagement will play a crucial role in the 
development of a heat network in order to build good relationships and secure long-term 
commitments to development and expansion strategies [46]. 
 
2.4.1 Westferry Printworks 
 
The Westferry Printworks is a residential development which aims to develop a portfolio of 
properties in the location shown in figure 2.6 below. The peak heat demand for this 
development has been estimated to be 5MW. The proposals for building stock have been 
outlined in planning reports, however the development plan has not been specified. In order 
to phase in the appropriate clusters and loads from Westferry, assumptions will have to be 
made in terms of their construction dates in order to carry out the energy masterplanning 
process (refer to section 4.1.1 for more details). 
 
2.4.2 Barkantine district heating 
 
Currently there is one existing district heating network in London Docklands, Barkentine 
District Heating. The network was built to supply heating and hot water to 700 homes, a 
leisure centre, primary school and swimming pool [26]. The existing energy centre for 
Barkentine is due for replacement as the existing boilers that have served the scheme have 
reached the end of their economic life. The energy centre for the network consists of a 
1.4MWe CHP engine and four 1.4MWth heat-only boilers for peak load requirements [27]. 
The current heat network infrastructure distributes heat via 2.4 km of piping by underground 
mains.  
 



 15 

The existing contract for the network is due to expire by 2025. It has been established that 
the Barkantine network has a peak heat demand of 5MW for heat distribution to all 700 
homes. An assumption must be made for the connection time for Barkantine which should 
be scheduled for 2025 (refer to section 4.1.1 for more details). 
 

 
 

Figure 2.6 – Barkantine DHN & Westferry Printworks residential development locations 

2.4.3 Point North Data centre 
 
The Point North data centre have requested to utilise the CRT dock for cooling purposes. 
The data centre is currently situated between the Westferry development and the Millwall 
dock as seen in figure 2.7 below. The data centre plan to reject a peak capacity of 10MW of 
heat. 
 
2.4.4 Digital Reality Data Centre 
 
Digital Reality is a company who own a data centre in the Docklands. The data centre is a 
prospective project partner and could also utilise the CRT dock for cooling purposes. If 
agreements are finalised between CRT and the company, the data centre plan to reject a 
peak capacity of 5MW of heat. 
 

 
 

Barkantine 
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network 

Westferry Printworks 

Digital Reality 

The Point 

Figure 2.7 - Data centres in London Docklands 



 16 

2.4.5 Millwall and West India docks 
 
As mentioned earlier in the report, water sources can be utilised as energy sources when 
combined with heat pump technology. As seen in figure 2.8 below, there are two docks in 
the project area which are owned by CRT. As stated in chapter 1, a heat analysis study has 
revealed that there is a peak capacity of 15MW of thermal energy which can be extracted 
from the dock. The study has factored in the EA regulation constraint that the dock water 
cannot be raised or lowered by more than 3oC due to environmental impacts. 
 

 
 
 
 
 
 
 
 
 
 
 
 
           
 
 
 
 
 
 
 
 
 
 

Figure 2.8 - Millwall dock (left), West India docks (right) [44] 
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Chapter 3                             
Decentralised Energy Masterplanning & 
Methodology  
 
The modelling approach for the heat network will involve elements of decentralised energy 
(DE) masterplanning which encompasses energy masterplanning. Stakeholder engagement 
is key to the success of a heat network project as project partners must be willing to connect 
and commit to long term strategies. A clear methodology will ensure that all factors studied 
in the literature review are accounted for. The methodology and planning approach which 
has been formulated for the design and delivery of this decentralised heat network in the 
London Docklands is outlined in figure 3.1 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Decentralised energy 
 
Decentralised energy is essentially the generation of off-grid energy nearby to where it is 
required for consumption [19]. In the UK, the majority of electrical power is generated in 
large power stations situated in remote areas of the country. Waste heat generated from 
these large power stations cannot not be harnessed and utilised due to their geographical 
locations. By locating power plants or energy centres close to the source of energy demand, 
decentralised energy can be very beneficial, not only for meeting energy demand, but also 
in terms of efficiency of energy production. 
 

 

Heat mapping & heat 
demand analysis 

 

Energy centre & heat 
network design 

 

Optimisation results & 
discussion 

 

Conclusions & further work 
 

 

Chapter 4 

 

Chapter 5 

 

Chapter 6 

 

Chapter 7 + 8 

 

Chapter 9 

What are the anchor loads in the project area 
and how do their heat demands vary during 
seasons? 

 

What energy centre heat supply technologies 
are optimal for the minimisation of CO2 
emissions and network costs? 

 

What are the environmental benefits of designing 
such a heat network compared to a baseline case 
with conventional heating technologies?  

 

How can the strategies be formulated to aid the 
development of a heat network which accommodates 
existing and potential project partners? 

 

Can an optimal strategy by identified for 
connecting loads to maximise revenue? 
 

 

 

Energy masterplanning 

Figure 3.1 - Decentralised energy masterplanning methodology, London Docklands project 
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Strategic importance of decentralised energy masterplanning 
 
The decentralised energy masterplanning process has been established to aid the 
development of decentralised heat networks in London. The masterplanning process is 
aimed at DE developers and local authorities and sets out a trajectory which covers the key 
deliverables required by the local council, planning authority and developer [19]. The main 
concepts from the trajectory are outlined in figure 3.2 below. 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
As seen in the figure above, energy masterplanning is a core element of the masterplanning 
process. It enables developers to assess the opportunities which emerge from their outputs 
and devise area-wide strategies [19]. This enables energy demands to be met in the project 
area whilst harnessing heat from waste energy sources. 
 
Key drivers for viability 
 
The engineering challenges of designing and constructing heat networks are well known due 
to the fact that they have been widely adopted, especially in European countries, for many 
years. The present challenge is how to design a network which minimises carbon emission 
whilst being commercially attractive. The key drivers for the viability of heat network schemes 
are outlined below [45]: 
 

§ Scheme heat density - This refers to the density of heat in the project area, typically 
measured in kWh/m2/year. Studies carried out by DECC have concluded that areas 
with a heat density lower than 26 kWh/m2/year are typically not viable [19]. 

 
 

§ Diversity of loads – Energy demand profiles for different building typologies can 
differ vastly.  This can be beneficial when integrating heat loads into heat networks 
due to the fact that there will be a more even aggregated demand profile when 
loads are combined. This will result in a lower peak demand for the energy centre. 
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Figure 3.2 - DE masterplanning trajectory [reshaped from 19] 
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§ Presence of anchor loads – Anchor loads are existing buildings with a large, 
relatively steady heat demand requirement [22]. They are extremely useful when 
designing a heat network in order to identify and guarantee heat demand customers. 
The London Heat Map (LHM) is an open source tool which has been created to 
facilitate decentralised energy projects in London [12]. The tool can be used to 
identify anchor heat loads in London and geographically with their associated annual 
heat demands (MWh/year) 

 
§ Heat network development costs – These include all the costs associated with the 

project including, energy centre construction, piping costs, pumping costs, fuel 
consumption and land costs. 

 
§ Revenue from electricity exports and heat sales – Revenues from electricity sales 

assume that CHP technology will be installed in the energy centre. This would enable 
electricity to be exported and sold to the grid, providing an additional revenue 
stream from power generation. Revenue from heat sales would be generated from 
all heating customers connected to the heat network. Energy prices would have to 
be competitive with the market rate in order to compete with conventional forms of 
heating. 

 
§ Operating costs – These include the cost of fuel for example, natural gas. There are 

carbon taxes for example the Climate Change Levy (CCL) which has been enforced 
to encourage an increase in energy efficiency [23]. 

 
§ Connection charges – heat network customers may be liable to pay an upfront 

connection charge to connect to the network. This charge will typically account for 
the capital costs associated with installing a heat interface unit (HIU) and piping 
connections. 

 
It must be noted that all drivers for viability must be studied as a whole in order to assess 
the overall scheme viability. The key drivers outlined above should be considered as part of 
a preliminary feasibility assessment. 
 

3.1 Heat mapping 
 
A heat map is a spatial plan of heat demand data in the form of a map [55]. The purpose of 
the heat map is to enable developers to identify heat loads when designing a DE heat 
network. An example of a heat map is the London Heat Map which can be utilised to identify 
heat loads in London. There are three key elements for the development of a heat map which 
are summarised in the subsequent sections below.  
 
3.1.1 Acquiring data 
 
During this step, data is gathered from relevant sources. Data which will be acquired includes 
heat loads, building locations and addresses, building typology and age and heat demand 



 20 

data. All of the data outlined is available on the LHM and accessible in EXCEL format from 
the London Datastore. The output of this process is illustrated in figure 3.3 below. It must 
be noted that the typology refers to the type of building category (e.g. office, residential, 
school, hotel etc). 
 

 

 

 

 

 

 
 
 
3.1.2 Analysis 
 
The next step in the heat mapping process involves identifying clusters of interest. Clusters 
are gathered with the following criteria in mind: geographical location, heat demand density, 
typology, diversity and connection availability. 

 

 

 

 

 

 
 
 
3.1.3 Implementation Plan 
 
The final stage of the heat mapping process involves the formulation of a plan to enable 
developers to progress the opportunities they have identified during the heat mapping 
process [19]. Next steps would involve engaging with private stakeholders to discuss the 
proposed scheme and confirm the connection strategies which incorporate the delivery of 
heat to their heat loads. Once connections have been confirmed, a planning application can 
be made to ensure the network will be developed as planned. The planning application 
stage is a crucial part of this project; however, this step will not be included in this report 
due to the scope, key aims and motivation of the report. 
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Figure 3.3 - Heat map example output 

Figure 3.4 - Heat map example - generating clusters of interest 
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3.2 Energy masterplanning 
 
The energy masterplanning process aims to help developers deliver strategic district heating 
schemes [50]. The energy masterplanning process undertaken for the development of this 
heat network scheme included the following: 
 
Starting point - All heat maps and heat demand data should be available from the heat 
mapping process. This will be utilised for the energy masterplanning analysis. Heat demand 
data for this project was acquired from the London datastore which provided annual heat 
demand values for all anchor loads. As hourly data is required to generate an accurate 
representation of the heat demand profile for the energy centre, a methodology and tool 
was developed to simulate these data values for this project (as outlined in chapter 4). 
 
Defining the heat network - all constraints for the heat network should be identified and 
factored in at this stage before creating strategies. In order create a robust connection 
strategy, a non-linear optimisation was created and run using EXCEL. See chapter 5 for a 
comprehensive overview of the model. 
 

 
Figure 3.5 - Heat network concept – visual example 

 

Phasing plans – the availability of clusters and their connection times must be acquired in 
order to phase the network development accordingly. The heat network infrastructure also 
takes time to construct and therefore must be factored in to ensure a robust connection 
strategy has been devised. Table 3.1 below demonstrates an example of a typical strategy. 
 
Table 3.1 - Energy masterplanning strategy example case 

Year Cluster Total number of loads Aggregated Heat Demand 
(MW/year) 

1 1 2 0.7 
2 3 6 2.3 
3 2 10 5.0 

 
3.2.1 Financial contributions & investment schedule 
 
In order to determine the investment schedule for the heat network, all sources of financing, 
carbon taxes and revenue streams must be accounted for. This will enable cash flows to be 
estimated and an accurate economic model to be developed for the heat network. As the 

Legend 
 
 Energy centre 
 

Cluster X 
Cluster Y 
 
Connection 
strategy 

 
 
 



 22 

economic viability of projects is a key driving factor for heat network projects being realised, 
the investment schedule produced must be succinct in order to evaluate payback periods 
for the project and make informed decisions with regards to future heat network expansion. 
 
Climate Change Levy 
 
There are a number of economic parameters which are fixed by Her Majesty’s Revenue and 
Customs (HMRC) in the UK. The HMRC is a non-ministerial department of the UK 
Government who are responsible for the payment of state support, the administration of 
regulatory regimes and the collection of taxes [41]. The climate change levy is a tax which 
has been introduced to help reduce carbon dioxide emissions and encourage an increase in 
energy efficiency. The tax applies to energy delivered to non-domestic users and the rates 
are set by the HMRC [24]. 
 

The CCL rate is due to increase from 2019 onwards. The new rate will be enforced from 1st 
April to the 31st March 2019. Changes to the CCL rates have not followed any general trend 
and therefore future rates must be estimated in order to account for imposed taxes. The 
uncertainty associated with making estimations are quite high and can have a direct effect 
on the economic viability of heat network schemes. 
 
Revenue Streams 
 
In order for district heating to compete with alternative forms of heating, it must have lower 
overall costs of supply. There are a number of revenue streams associated with variations of 
energy centre designs for heat networks. The technologies which are installed in energy 
centres will determine what revenue streams will be made available. The key technologies 
and their associated revenue streams are outlined in table 3.2 below. 
 
Table 3.2 – Potential energy centre revenue streams 

Technology Description Comment 
Heat pump Renewable heat 

incentive (RHI) 
The renewable heat incentive has been introduced to increase 
the uptake of heat generation from renewable sources. 
Customers are payed per kilowatt hour of heat generated. 

Heat pump & 
CHP 

Heat sales 
revenue 

The heat distributed to customers via the heat network will be 
sold at a price which is competitive with the conventional 
options for heating available on the market.  

Heat Pump Water Sales 
revenue 

CRT will charge a flat rate per megalitre of water abstracted 
from their water sources (e.g. dock or river) 

CHP Electricity 
revenue 

CRT will charge a flat rate for all electricity generated and 
exported from the energy centre.   

 
Another source of income which may be considered is for the value of heat harnessed from 
waste energy sources (e.g. data centres). This waste heat has an associated commercial 
value; however, a financial structure must be put in place to charge for the heat accordingly. 
Due to the limited scope of this project, the revenue attained from the data centres has not 
been factored in but may be included in further work (please see section 9.2.5 for more 
details).  
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3.3 CHP greenhouse gas emission analysis 
 
Three methods have been identified to calculate the CO2 emissions associated with CHP 
technology [37]. Each method can be applied according to the most appropriate electricity 
generation alternative. The three methods are as follows: 
 
DUKES method – This method makes the assumption that each unit of electricity is 
generated from two units of fuel. The method has been derived from the fact that the 
efficiency of electricity generation is approximately half the efficiency of the generation of 
heat from heat fired boilers [37]. The method is represented by following equations [37]: 
 
 

yjz{	n|j}Y~ = 	�
Ä&54%	Åv3%	Ç6,v5

(P	×	Ñ%3*5Ö#*#5Ü	áv5,v5)â/345	áv5,v5
ä 	× 	yjz{	1@{B@{           (3.1) 

 
 

nJjo{}ãozJ	n|j}Y~ = 	�
P	×	Ä&54%	Åv3%	Ç6,v5

(P	×	Ñ%3*5Ö#*#5Ü	áv5,v5)â/345	áv5,v5
ä 	× 	nJjo{}ãoã{~	1@{B@{        (3.2) 

 
 
Boiler Displacement method – The heat generated by CHP technology is assumed to 
replace the heat generated by a boiler with an associated efficiency of 81% [37]. The input 
fuel must be the same for both the boiler and CHP technology. The equations below 
represent the method mathematically [37]: 
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Power Plant displacement method - The electricity generated by CHP technology is 
assumed to replace the electricity generated by a power plant with a fixed efficiency [37] (in 
this case, a UK power station). The method can be summarised mathematically by the 
equation below [37]: 
 

yjz{	j|j}Y~ = 	!X{zJ	Q@jJ#6,v5 −
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	            (3.7) 
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Where: 
 
 

Prime mover   –  machine/technology 
Heat energy   –  heat to the prime mover allocated to the heat generated 
Heat output   –  useful heat output generated from prime mover 
Total fuel input (TFI)  –  total fuel to prime mover 
Electricity output  –  electricity generated by the prime mover 
Electrical energy  –  fuel to the prime mover apportioned to the electricity generated  
QHO    –  qualifying heat output 
EM    –  emission factor  
 

3.4 Energy centre design approach 
 
The design of the energy centre can be optimised according to various criteria. As outlined 
previously, the design of the DE heat network will factor in the minimisation of CO2 emissions 
whilst aiming to be commercially attractive. There are a number of different design 
approaches for heat networks which will account for the design of the energy centre and 
sizing of technologies [52]. The approaches are illustrated in figure 3.6 below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Leading approach – the full capacity of the energy centre is installed upfront [52] 
 

Matching approach – the energy centre production capacity is incrementally increased to 
match the increase in demand when new clusters are connected [52] 
 
 
 
 
 
 
 

Heat 
Capacity 
MW/year 

Time 

Demand 
Leading approach 

Matching approach 

Figure 3.6 - Energy centre design approach visual 
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Chapter 4                                           
Heat Mapping & Heat Demand Analysis 
 
As described in section 3.1, the purpose of a heat map is to obtain all heat demand data and 
sources of energy as a starting point for the development of a heat network. The following 
section describes the modelling approach used to obtain the heat demand of buildings in 
the project area in order to create clusters of interest as connectivity points for the heat 
network. Successful estimation of heat demands for all anchor loads will result in the energy 
centre being sized appropriately when selecting clusters. Thus, a heat demand tool was 
devised which simulated hourly values for all anchor loads. The heat mapping and heat 
demand profile methodology used in this project is outlined in figure 4.1 below: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4.1 Data gathering 
 
As outlined previously, the first step in the heat mapping process is to gather the prospective 
heat load data for the project area. This data will include all anchor heat loads, their building 
locations, addresses and typologies. This data has been made available on the London Heat 
Map tool. Data from the map is also available in EXCEL format which can be downloaded 
from the London Datastore [28]. In addition to the anchor heat loads identified on the LHM, 
current CRT customers were also included in the data gathering process. This includes the 
portfolio of loads in the Westferry development and also Barkantine district heating network. 
Once all loads have been identified, waste energy and heat sources can be identified. The 
final heat map brings together a representation of all anchor loads, waste energy sources 
and heat sources on a heat map which can then be analysed in further detail. 
 
 

1 Data gathering 

§ Identification of 
anchor loads 

 

§ Identify waste 
energy sources 

2 Heat Map Analysis 3 Heat demand 
Analysis 

§ Build clusters 
of interest 

 

London Heat Map 

§ Identify heat 
sources 

 

Data centres 

Dock water 

Figure 4.1 - Heat mapping and heat demand analysis process 

§ Annual heat 
demand data 

 

§ Annual hourly 
demand profile 

 

§ Weekday, 
weekend and 
annual profiles 
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4.1.1 Identification of anchor loads 
 
The London Heat Map tool has a DH masterplanning layer. Within this layer, there are a 
number of sub-layers which can be selected. The ‘Potential anchor loads’ tab was selected, 
and the output can be viewed in figure 4.2 below. A total number of 120 anchor loads were 
identified with building typologies including residential apartments, private commercial 
buildings, hotels and educational facilities. As you can see from the diagram and legend, the 
colour of the loads represent different building typologies. The data for all anchor loads 
displayed in figure 4.2 is available in Appendix B. Data includes building names, typologies, 
gross internal floor area (m2) and annual heat demand (MWh/year). 
 

 
 

 
As mentioned in the previous chapter, the Westferry and Barkantine developments are also 
heat loads which must be included in the heat map. As outlined previously, the development 
plans for Westferry and Barkantine have not been confirmed. Therefore, a number of 
assumptions have to be made for the development plan and specific anchor load data. The 
assumptions are as follows: 
 
Table 4.1 – Barkantine and Westferry anchor load data 

Westferry 

Year Building  
(Anchor loads) 

Number of 
buildings 

Area 
(m2) 

Heat demand 
(MWh/year) 

2020 Apartments 308  / 924.0 
2020 Commercial  / 1000 65.0 
2021 Apartments 308  / 924.0 
2021 Commercial  / 3680 239.2 
2022 Apartments 308  / 924.0 
2022 Commercial  / 10375 622.5 
2023 Apartments 308  / 924.0 
2024 Apartments 308  / 924.0 

Barkantine 
2025 Apartments 700  / 8032.5 

Figure 4.2 - London Heat Map Tool - DH Masterplanning Anchor load output 
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In total, there are 129 anchor loads in the London Docklands including the ones identified 
from the LHM, Westferry and Barkantine. 
 
4.1.2 Identification of waste energy sources 
 
As outlined in section 2.4, there are two waste heat source customers in the project area 
who wish to reject heat from their data centres. The data centres and their associated heat 
source data is summarised in table 4.2 below. The locations of the data centres can be seen 
in figure 2.7 in chapter 2. 
 
Table 4.2 - Waste heat sources 

Waste heat source Name Rejected peak heat capacity 
(MW) 

Data centre 1 Point North 10 
Data centre 1 Digital Reality 5 

 
Due to the limited scope of this project, the heat from the data centres will not be considered 
in the design of the energy centre and will not be included on the heat map. 
 
4.1.3 Heat sources 
 
As mentioned previously, the London Docklands has two large docks which are potential 
heat sources for the project. A total capacity of 15MW of thermal energy is available for 
extraction from the dock. The design basis for the energy centre will assume a peak capacity 
of 15 MW in accordance with existing studies carried out prior to this project. 
 

4.2 Heat mapping analysis 
 

The next stage in the heat mapping process involves identifying and creating clusters of 
interest. One of the main factors for generating clusters of interest is the proximity of anchor 
loads to one another. This is due to the fact that piping costs in urban developments are 
extremely high. Furthermore, in order for a cluster to be feasible for connection, there must 
be a high heat density in the clusters of interest. Ideally, the clustering methodology would 
consider a number of factors as outlined in section 3.1.2, however, due to the fact that the 
geographical location has the biggest impact on the feasibility of clustering anchor loads, all 
clustering was carried out manually in accordance with this. Please see section 9.2.3 for 
comments on future work that would incorporate additional clustering techniques. 
 
A total number of 51 clusters were identified in the project area. The Westferry development 
was split into 5 separate clusters and Barkantine was treated as 1 large cluster. The following 
figure summarises the clusters formulated in the project area. 
 

Clusters are gathered with the following criteria in mind: geographical location, heat demand 
density, typology, diversity and connection availability. 
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Figure 4.3 - Clusters of interest, London Docklands 

Table 4.3 below outlines the data obtained for all the clusters of interest in the project area, 
their associated heat demands (MWh/year) and the building typologies in each cluster. 
 
Table 4.3 - Heat demand clusters and building typologies 

Cluster Number of 
loads 

Annual heat demand 
(MWh/year) Apartments Offices Hotels School 

1 1 530.7 1       
2 4 4,525.5 3   1   
3 7 18,168.3   7     
4 2 2,163.7 2       
5 1 785.0   1     
6 5 27,454.7   5     
7 5 29,075.8 1 4     
8 8 23,374.7   6     
9 3 15,208.7   3     

10 5 6,822.5 2 1 2   
11 2 6,417.7 2       
12 2 13,197.8 2       
13 2 7,285.4     2   
14 6 18,415.1 5 1     
15 7 4,768.4 7       
16 2 865.5 2       
17 2 1,134.9 2       
18 3 3,772.2 3       
19 1 2,874.1 1       
20 3 2,132.3 2     1 
21 8 4,490.8 7       
22 1 685.9 1       
23 1 702.2 1       
24 2 906.3 2       
25 1 127.3       1 
26 1 566.4       1 
27 1 849.2 1       
28 3 1,739.1 3       
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29 4 2,269.9 4       
30 1 685.9 1       
31 2 2,453.1 1     1 
32 1 555.0       1 
33 1 449.1 1       
34 1 547.1 1       
35 1 191.3       1 
36 1 122.9         
37 1 432.7 1       
38 4 2,857.8 4       
39 2 3,241.5 1 1     
40 2 5,526.2   2     
41 2 930.8 2       
42 1 478.2         
43 3 1,878.0 3       
44 1 23,151.0   1     
45 3 1,355.4 3       
46 2 989.0 1 1     
47 2 1,163.2 1 1     
48 2 1,546.5 1     1 
49 1 924.0 1       
50 1 924.0 1       
51 1 8,032.5 1       

 
In conclusion, we have now formulated a heat map which identifies all anchor loads and 
clusters of interest for the project area. The data accrued can now be utilised as an input for 
optimisation and enable energy masterplanning process strategies to be formulated. 
 

4.3 Heat demand profile analysis 
 
The aim of the heat demand analysis is to simulate hourly demand values for all anchor loads 
in the project area. The London datastore and data available on the LHM provides annual 
heat demand values for each anchor load. Thus, a tool must be devised in order simulate 
this data. The purpose of simulating hourly data is to identify the peak loads for individual 
buildings and then aggregated combinations of loads corresponding to the peak demand 
for the energy centre. The methodology used to simulate hourly data values for all heat loads 
is outlined in figure 4.4 below.  
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Obtain daily and 
monthly heat 
demand curves for 
each building 
typology  

Use daily and 
monthly curves to 
devise heat 
demand factors 
(HDF) for one full 
year 

Obtain all annual 
heat demand 

profiles for anchor 
loads in the project 

area 

Apply hourly heat 
demand factors 
against annual heat 
demand values for 
each typology 

Daily & monthly 
heat demand 

curves 

Heat  
load factor 

Heat demand 
factor application 

Figure 4.4 - Methodology to simulate hourly heat demand values for all anchor loads (HDF – heat demand factor) 
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4.3.1 Daily and monthly heat demand curves 

In order to determine the daily and monthly heat demand curves, the building typologies 
(building categories) must be known. Following the gathering of data from the London 
datastore, the following building typologies were identified in the project area: 

§ Residential (apartments) 
§ Offices 
§ Schools 
§ Hotels 

Each building typology has an associated daily heat demand curve which characterises that 
building. There are typical heat demand curves which characterise a building: weekday, 
weekend and monthly profiles. The first stage of deriving the hourly values for typologies 
involved: 

1. Deriving weekend, weekday and monthly heat demand curve data for each typology 
(see Appendix C) 

2. Formulating graphs from all heat demand curves from this data 

4.3.2 Heat demand factor 

The heat demand factor is a term which has been assigned to the heat load values for each 
building typology in this report (please see appendix C for all data values for heat demand 
factors). The figure on the following page displays the head demand curves for each building 
typology and their corresponding heat demand factors. 
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Once typical weekday and weekend heat demand curves had been developed, monthly heat 
demand data was obtained from a number of sources (see appendix C). Figure 4.6 below 
displays the monthly heat demand curves for all building typologies. It must be noted that 
all heat demand factor data for weekend, weekday and monthly profiles has been normalised 
so that the average heat demand factor equals 1 for each typology. 
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Figure 4.5 - Daily heat demand profile relative shapes (residential, office, school, hotel) 
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Figure 4.6 - Annual heat demand profile relative shapes for typology categories 

4.3.3 Heat demand factor application 
 
The purpose of devising heat demand factors was to simulate hourly data for all anchor 
loads. This involved using both the daily and monthly heat demand factors in order to 
determine hourly heat demands for each load. As the heat demand factors for each weekday 
and weekend will vary in magnitude depending on which month they apply to, both heat 
demand factors must be sized against one another to determine the assigned fraction of 
heat load for a specific hour. This can be achieved using the following equation: 
 

yq(#,ú) = 	yqé(#) × ùyqé(ú) × �
û66v4%	/E

åd][
ä × 1000    (4.1) 

 
Where: 
 

yq(#,ú) − ℎjz{	°jAz|°	z{	çBjoãQão	ℎX@}	(s(ℎ) 
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ùyqé −AX|{ℎJ~	ℎjz{	°jAz|°	Qzo{X}	(°ãAj|çãX|Jjçç) 
¢||@zJ	yq − !X{zJ	z||@zJ	ℎjz{	°jAz|°	(X£{zã|j°	Q}XA	{ℎj	§X|°X|	qz{zç{X}j	z|°	§yù) 
 
An example output of the model utilised to simulate the hourly heat demand values can be 
viewed in appendix D. 
 
Reduction in computation time for optimisation model 
 
Due to the large amount of data and processing time for the optimisation model, the number 
of time slots for 1 full year (8760 hours) were reduced for the 1-year period to 576 hours. 
The value of 576 hours was obtained by taking a total of two typical days (one representing 
a weekday and the other a weekend) for all 12 months in the year. Therefore, there were a 
total of 576 hourly time slots per calendar year rather than 8760. 
 

!ãAj	çJX{	ozJo@Jz{ãX|:	2	°z~ç	è	24	(ℎX@}ç)	è	12	(AX|{ℎç) 	= 	576	ℎX@}J~	{ãAj	çJX{ç  (4.2) 
 
By using two typical days per month, it is possible to identify the same peak demand values 
for each cluster. In addition to this, the overall peak demand can be estimated when clusters 
are combined. 
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By using 576 hourly time slots, it must be noted that a typical year is represented by a split 
of even weekdays and weekends. Although this does not accurately represent the calendar 
year in terms of split of type of days (weekday and weekend), the objective of identifying the 
peak demand values will still be achieved. In addition to this, due to the slight differences 
between the weekday and weekend profile shapes for the typologies analysed in this report, 
the heat demand values simulated can be assumed to have an accuracy which is substantial 
to estimate overall heat demands for each cluster. This can be qualified further with the 
utilisation of the annual heat demand values obtained from the London Datastore which 
have been applied to simulate the hourly values. 
 
All techno-economic and energy calculations values were scaled in accordance with the 576-
hour profile in order to represent a typical 8760-hour year within the model. Please see 
section 5.2.1 (equation 5.1) for more details 
 

 

 
 
 
 
Figure 4.7 above displays the heat demand curves for the four typologies in the project area. 
The graphs outline the corresponding daily heat load factors for a 1-year period (576 hour). 
The heat demand curves represent the typical relative shapes that each anchor load will 
follow. 
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Figure 4.7 - Typology annual hourly heat demand profiles (A - residential, B - office, C - school, D - hotel) 
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Moving Average 
 
As outlined previously in the report, peak demands will not occur at the same moment in 
time. Therefore, a diversity factor must be considered when sizing the energy centre. This 
will account for the peak demand shift between loads as they do not occur at the same time. 
This will enable a new peak demand curve to be identified which can be used for selection 
appropriate technologies for the energy centre. A moving average will be used to estimate 
the diversity factor. This method calculates a succession of averages over a number of equal 
segments of a series of values. EXCEL has a moving average function which can be utilised 
to achieve this [56]. 
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Chapter 5                                        
Energy Centre & Heat Network Design 
 

The following section outlines the optimisation model that has been developed for the 
design and modelling of the heat network and energy centre. The chapter begins with an 
overview of the model inputs, followed by the objective functions and constraints for the 
heat network. Once the model has been developed and run under each objective function, 
the results will be utilised to form strategies which are summarised in chapter 6 (energy 
masterplanning). 
 

5.1 Optimisation model  
 

The software utilised to set up the optimisation model was EXCEL. All of the data required 
for the optimisation was acquired for each anchor load and subsequent cluster. In addition 
to this, all technological, economic and environmental data was structured and set up within 
on EXCEL model which was composed of a number of spreadsheets, each with a different 
function. The EXCEL spreadsheets and their functions within the model are as follows: 
 

5.1.1 Optimisation solving method 
 

Within EXCEL, there are a number of solving methods which can be utilised to carry out the 
optimisation with a set objective function and applied constraints. The method utilised within 
the model was the generalised reduced gradient (GRG) non-linear solving method. 
 

This solving method analyses the gradient of the objective function as the decision variables 
change. Following this, the method identifies that it has reached an optimal solution when 
the partial derivatives equal zero [62]. In order to assign a decision variable to each cluster, 
binary was used which corresponded to the selection of a cluster within the model. When 
running the model, combinations of clusters were tested to identify the optimal solutions in 
accordance with the objective function and constraints defined within the solver. 
 

5.2 Equations 
 

Model sets 
 

The following table outlines the model sets which apply to the equations presented in the 
subsequent section 
 
Table 5.1 - Summary of model sets 

Parameter Symbol Application 
Hour h Hour 
Calendar month  m Month 
Year y Year 
Scaling factor for 576-profile SFy Generation of an 8760-hour profile 
Technology t GB, CHP, HP 
Cluster c 1-51 
Binary value of cluster BVc 0 – cluster not selected, 1 – cluster selected 
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Model variables 
 
The model variables are presented in the table below with their subsequent symbols. All 
equations outlined in the subsequent section are also referred to in the table below. 
 
Table 5.2 – Summary of model variables 

Category Parameter Symbol Unit Description Application Equation 
number 

HEAT Cluster heat 
demand 

Qc kWh Heat demand for cluster  Qc 5.1 

Energy centre 
heat demand 

QEC kWh Heat demand for energy 
centre 

QEC 5.2 

FUEL Fuel 
consumption 

FC_tc kWh Fuel consumed by 
technology 

FC_GBc 

FC_HPc 
5.3 
5.4 

ELECTRICITY Electricity 
consumption 

EL_tc kWh Electricity consumption for 
heat pumps 

EL_HPc 5.5 

COSTS Energy centre 
capital cost 

EC_CCt £ Capital cost of energy 
centre technology 

EC_CCGB 

EC_CCCHP 

EC_CCHP 

5.6 

Cluster specific 
capital cost  
 
 
Cluster specific 
annualised 
capital cost 

CC_tc 

 
 
 
ACC_tc 

£ 
 
 
 
£ 

Capital cost of technology 
for specific cluster 
 
 
Annualised capital cost of 
technology for specific 
cluster in relation to 
technology lifetime 

CC_GBc 

CC_CHPc 

CC_HPc 

 

ACC_GBc 

ACC_CHPc 

ACC_HPc 

5.7 
 
 
5.8 

Operation cost O_tc £ Technology operation cost 
for specific cluster 

O_GBc 

O_CHPc 

O_HPc 

5.9 
5.10 
5.11 

Maintenance 
cost 

M_tc £ Technology maintenance 
cost for specific technology 

M_GBc 

M_CHPc 

M_HPc 

5.12 

Pipe cost Pipe_Cc £ Piping cost to specific 
cluster 

Pipec 5.13 

Pumping cost Pump_Cc £ Pumping cost to specific 
cluster 

Pumpc 2.3-2.7 

REVENUE Connection 
charge 
 
Annualised 
connection 
charge 
 

CCHc 

 
 
ACCHc 

£ 
 
 
£ 

Connection charge to a 
specific cluster 
 
Annualised connection 
charge for specific cluster 

CCHc 

 
 
CCHc 

5.14 
 
 
5.15 

Heat sales 
revenue 

HR_tc £ Heat sales for a specific 
cluster 

HR_CHPc 

HR_HPc 
5.16 

Water sales 
revenue 

WR_tc £ Water sales for a specific 
cluster 

WRc 5.17 

Electricity 
export 

EE_tc £ Electricity revenue for CHP 
technology 

EE_CHPc 5.18 

RHI RHIt £ RHI revenue for heat pumps RHIHP 5.19 
ENERGY 
CENTRE 

Capacity t_EC_QMAX MW Energy centre peak capacity GB_EC_QMAX 
CHP_EC_QMAX 
HP_EC_QMAX 

5.20 

CLUSTER Capacity CL_QMAX MW Cluster heat capacity for 
installed technology 

CL_QMAX 5.21 
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5.2.1 Heat demand 
 
The calculation of annual heat demand in MWh for each cluster must be calculated in order 
to simulate the network. As outlined previously, the heat demand profile tool calculated the 
hourly rate based on a 576-hour year. In order to determine the techno-economic 
calculations within the model, this profile had to be scaled up in order to simulate a full 8760-
hour year. The equation utilised to calculate the heat demand requirement for one full year 
based on the hourly simulated heat demand data for each cluster in the model is as follows:  
 

-*	,Ü,+," = 	∑ -*	,+," ×	¨éÜ
≠d]
"ÆZ 							∀	c, y,m, h    (5.1) 

 
The annual energy generated at peak capacity for the energy centre could be determined 
using the following equation: 
  

-Ñ.	,Ü,+," = 		∑ ¥-*	,Ü,+," × xµ*∂
≠Z
*ÆZ 					∀	c, y,m, h   (5.2) 

 
5.2.2 Fuel consumption 
 
For both Gas boiler and CHP technology applications, fuel is consumed within the energy 
centre. The equations utilised to calculate the fuel consumption for gas boilers and CHP 
technology for one full year for individual clusters are as follows: 
 

é0_∑x*,Ü,+," = 	
8;	,õ,=,∏

Hπ∫
							∀	c, y,m, h     (5.3) 

 
é0_0y2*,Ü,+," = 	

8;	,õ,=,∏

H?9ªî∏
							∀	c, y,m, h    (5.4) 

 
5.2.3 Electricity consumption 
 
The energy centre which operates with heat pump technology will require electricity to 
operate power the heat pump. The equation to determine the annual electricity 
consumption for individual clusters operated by heat pumps is: 
 

n§_y2*,Ü,+," =
8;	,õ,=,∏

.áï9ª
							∀	c, y,m, h     (5.5) 

 
5.2.4 Costs 
 
Energy centre capital costs 
 
Fixed capital cost values were assigned to each technology in £/MW to determine the capital 
cost of the installed capacity (peak capacity) in the energy centre. This enabled an overall 
cost of the energy centre to be determined for each technology and can be calculated using 
the following equation: 
 

n0_005 = 	n0_0¢25 × 05							∀	t, y,m, h     (5.6) 
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Cluster specific capital costs 
 
In order to determine the total capital costs associated with each individual cluster, the 
following equation was used: 
 

00_{*,Ü,+," = 	 Ω
8;	,õ,=,∏

8æ?	,õ,=,∏
ø 	× n0_005						∀	c, y,m, h            (5.7) 

 
The equation uses the proportion of heat demand (kWh) associated with an individual cluster 
in relation to the heat demand of the energy centre to calculate the proportion of capital 
costs associated with the cluster. In order to analyse clusters individually in more detail and 
their prospective investment schedules, the capital costs were annualised in accordance with 
the corresponding lifetime of the selected technology in the energy centre. The annualised 
equation utilised to determine the annualised capital costs of individual clusters is as follows: 
 

¢00_{* = 	
¿a

¡;	,õ,=,∏

¡æ?	,õ,=,∏
e	×Ñ._..î¬

√î
						∀	c, y,m, h       (5.8) 

 
Operation costs 
 
The following equations were used to calculate the technology specific operating costs 
associated with each individual cluster:  
 

1_∑x*,Ü,+," = é0_∑x*,Ü,+," 	× (wY_B + 00§ƒ≈)					∀	c, y,m, h    (5.9) 
 

1_0y2*,Ü,+," = é0_0y2*,Ü,+," 	× wY_B						∀	c, y,m, h    (5.10) 
 

1_y2*,Ü,+," = n§_y2*,Ü,+," × nJ_B						∀	c, y,m, h          (5.11) 
 
 
Maintenance costs 
 
Fixed maintenance rates were assigned to each technology in £/kWhth and applied to the 
total heat demand (kWh) of each individual cluster. The following equation summarises the 
equation used to determine the maintenance cost for individual clusters in relation to the 
technology installed in the energy centre: 
 

ù_{*,Ü,+," = -*	,Ü,+," 	× M«					∀	c, y,m, h    (5.12) 
 
Piping cost 
 
The cost of piping is directly related to the distance of the cluster from the energy centre. 
The following equation was utilised to calculate the piping costs to individual clusters: 
 

2ãBj_0. = J* × 2ãBj_i     (5.13) 
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Pumping cost 
 
The equations used to determine the pumping cost required for each individual cluster are 
outlined in section 2.3.6 of this report (equations 2.3-2.7) 
 
5.2.5 Revenue 
 
Connection charge 
 
All stakeholders who connect to the heat network will be liable to pay a connecting charge. 
The connection charge was calculated by applying a connection charge rate (£/kWh) to the 
annual heat output for the cluster. The equation utilised to calculate the connection charge 
for an individual cluster is as follows: 
 

00y. = -*	,Ü,+," 	× 00y_i					∀	c, y,m, h    (5.14) 
 
An annualised connection charge was also calculated to spread the costs over the investment 
schedule for the project. The annualised connection charge equation for individual clusters 
on the model was calculated using the following equation: 
 

¢00y. =
	8;	,õ,=,∏	×../__

√î
							∀	c, y,m, h    (5.15) 

 
Heat sales revenue 
 
The heat generated in the energy centre that is distributed to meet heat demand will 
generate a profit. The profit generated from heat sales revenue for delivering heat to a 
cluster can be summarised with the following equation: 
 

yi_{* = -*	,Ü,+," 	× yi_i						∀	c, y,m, h    (5.16) 
 
Water sales revenue 
 
Similarly, there will be profits generated from the water distributed within the system. This 
is calculated by applying a water sales revenue rate (£/MW) to the peak capacity of the 
energy centre and then scaling the value in accordance with the proportion of energy 
generated by an individual cluster in one year (compared to the total energy generated 
within the energy centre in one year). This can be represented in equation 5.17 below: 
 

(i_{*,Ü,+," =
8;	,õ,=,∏

8æ?	,õ,=,∏
× ({_n0_-»û…	 	× (i_i)						∀	c, y,m, h       (5.17) 

 
Electricity export, CHP 
 
The revenue generated from the generation of electricity from CHP technology can is 
outlined in equation 5.18 below: 
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nn_0y2* = 	 ê�
8;	,õ,=,∏

H?9ªî∏
ä × u./ï3%í 	× nn./ï						∀	c, y,m, h    (5.18) 

 
RHI, Heat Pump 
 
As outlined previously in the report, heat pump technology is supported by the renewable 
heat incentive from the government. The RHI is broken down into two rates; the first rate 
(TR1RHI) applying to the first 15% of heat energy generated by the heat pump, and the second 
(TR2RHI) applying to the remaining 85% of heat energy generated by the device. The equation 
utilised to calculate this is as follows: 
 

iyë_y2* = 	 ¥-*	,Ü,+," × u./ï3% × !i1_/Ç∂ + ¥-*	,Ü,+," × u./ï3% × !i2_/Ç∂						∀	c, y,m, h(5.19) 
 
5.2.6 Energy centre and cluster capacity 
 
Energy centre capacity 
 
In order to determine the energy centre capacity, the peak heat demand value had to be 
identified once all selected clusters from the optimisation had been identified and their heat 
demand aggregated. This can be represented in the equation below: 
 

{_n0_-»û… = 	ù¢ 8Ü,+,"	¥∑ À-*	,Ü,+," × xµ*Ã
≠Z
*ÆZ ∂					∀	c, y,m, h   (5.20) 

 
Cluster capacity 
 
Similarly, the peak capacity within an individual cluster can be identified by finding the 
maximum heat demand value from the clusters annual heat demand profile, as represented 
in equation 5.21 below: 
  

0§_-»û… = 	ù¢ 8Ü,+,"	À∑ -*	,+,"
≠d]
"ÆZ Ã					∀	c, y,m, h      (5.21) 

 

5.3 Optimisation model inputs 
 
There are many different energy technologies which can be considered for the design of the 
DE heat network. The following energy technologies were considered for the design and 
optimisation of the London Docklands energy centre: 
 

1. Conventional natural gas boilers - As natural gas boilers are the conventional form of 
heating technology, they were selected as a base case scenario 

2. CHP plants – This technology is commonly integrated with district heating networks 
due to the fact that it reduces primary energy consumption compared to alternative 
methods related to electricity, hot water and space heating generation. 

3. Heat Pumps – The large dock in the project area acts as a water source for the 
application of surface water source heat pumps which can generate up to 5 times the 
quantity of heat compared to the electricity required to generate it. 
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The following section outlines the data values assigned to variables summarised in the 
previous section. Multiple sources of literature were analysed to ensure reliability and 
accuracy of input data for the model. 
 
5.3.1 Energy technology input data 
 
Gas Boilers 
 
As outlined, natural gas boilers were selected as the technology for the base case scenario. 
As the boilers will serve large heat loads, non-domestic boilers were considered. The 
following table outlines the technical and energy economic inputs which were used for the 
optimisation model. 
 
Table 5.3 - Gas boiler optimisation model inputs [29, 30, 32, 34] 

GAS BOILER (Non-domestic) 
Parameter Symbol Value Unit 
Efficiency uƒ≈ 85 % 
Capital cost CGB 77,000 £/MW 
Maintenance cost MGB 0.003 £/kWh 
Climate Change Levy 
(CCL) 

CCLGB 0.00203 £/kWh 

Lifetime LGB 15 Years 
 
Combined heat and power 
 
The simultaneous production of heat and electricity makes CHP an attractive technology for 
the design of the energy centre. The associated economic and technical inputs are 
summarised in table 5.2 below. 
 
Table 5.4 - CHP optimisation model inputs [19, 32, 34] 

CHP 
Parameter Symbol Value Unit 
Thermal Efficiency u./ï5" 45 % 
Electrical Efficiency u./ï3% 35 % 
Capital cost CCHP 732,000 £/MW 
Maintenance cost MCHP 0.006 £/kWh 
Natural Gas price ng 0.02 £/kWh 
Export Price (Electricity) EECHP 0.08 £/kWh 
Lifetime LCHP 20 years 

 
Heat pumps 
 
As outlined, the large dock presents an opportunity for the integration of heat pump 
technology. In addition to this, heat pump technology is a renewable heat generation 
technology and therefore qualifies for the RHI. The technical and economic input data for 
the optimisation model is as follows: 
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Table 5.5 - Heat pump optimisation model inputs [29, 31,32, 33, 34] 

HEAT PUMP 
Parameter Symbol Value Unit 
Heat Pump COP COPHP 3-5 N/A 
Capital cost CHP 1,500,000 £/MW 
Maintenance cost MHP 0.0025 £/kWh 
Renewable Heat 
Incentive (RHI) 

RHIHP 0.09360 (Tier 1) 
0.00279 (Tier 2) 

£/kWh 
£/kWh 

Lifetime LHP 25 years 
 
 
5.3.2 Energy prices, Government incentives and taxes 
 
Energy prices 
 
The price of natural gas and electricity are fundamental to determining the economic viability 
of each technology. The current market rates were used as an input to the optimisation 
model and are as follows: 
 
Table 5.6 - UK energy prices [35] 

Parameter Symbol Value Unit 
Natural gas Ng_p 0.01876 £/kWh 
Electricity price El_p 0.12376 £/kWh 

 
Government incentives and carbon taxes 
 
There are a number of economic parameters which are fixed by the Her Majesty’s Revenue 
and Customs in the UK. As outlined previously, the HMRC is a non-ministerial department 
of the UK Government who are responsible for the payment of state support, the 
administration of regulatory regimes and the collection of taxes. Table 5.5 below outlines 
the parameters which have been included in model to account for carbon taxes and 
incentives which apply to the project. 
 
Table 5.7 - Economic parameters for technology model [13,19] 

Parameter Symbol Value Unit 
Climate change levy CCL 0.00339 £/kWh 
Renewable heat incentive TR1RHI 

TR2RHI 
0.1274 (Tier 1) 
0.0965 (Tier 2) 

£/kWh 

 
As seen in table above, the RHI has two separate tiers. It must be noted that the tier 1 rate 
is applied to the first 15% of the heat output generated, and the second tier is applied to 
the remaining 85% of heat output. 
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5.3.3 Heat network parameters 
 
In order to accurately determine the capital costs associated with the design of the heat 
network, a number of sources were analysed and compared against one another. The 
following section includes the heat network cost input data for the optimisation model.  
 
Network extensions costs 
 
Network extension costs include the cost of piping to each cluster during each phase of the 
project and the cluster connection charge rate . In order to ensure that the network is future 
proof in terms of additional future connection possibilities, the piping must be sized 
correctly. Table 5.6 below outlines the total costs of piping for differing diameters. 
 
Table 5.8 - Piping parameters, optimisation model input [39] 

Parameter Symbol Value Unit Design/Details 
Pipe length lc varies m - 
Pipe cost rate Pipe_R 2300 £/m Heat capacity 19.0MW 

Pipe diameter 200mm 
Connection 
charge rate 

CCH_R 0.353 £/kWh One-off fee calculated from 
annual heat demand for cluster 

 
The cost of piping per metre square was estimated from ARUP’s DeNet tool [57] which is 
available for local planning authorities and stakeholders to evaluate the installation or 
extension of a district heating system. A pipe diameter of 200mm diameter was selected 
which can accommodate up to 19MW of heat capacity and is suitable for this network. 
 
Pumping costs 
 
As outlined in chapter 2 of the report, the pumping costs can be determined using the 
equations summarised in section 2.3.6. The parameters and their associated values used to 
estimate costs associated with pumping water to the required heat loads in each cluster are 
outlined in table 5.7 below. 
 
Table 5.9 - Pumping cost parameters optimisation model input 

Parameter Symbol Value Unit Comment 
Maximum water velocity of 
pipeline to cluster, c 

K* 1.5 m s-1   / 

Pipe diameter size q* 400 mm / 
Density of water r 983.19 kg m-3                                At 60o 
surface roughness s 0.045 mm Welded Steel 
dynamic viscosity t 4.665 x 10 -4 kg m-1 s-1                                          At 60o 
Efficiency of pump u,v+, 85 % Assumption 
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5.3.4 Revenue Streams 
 
There are a number of revenue streams which must be considered for the energy centre 
economic analysis. The revenue streams considered may not necessarily be payed to CRT in 
full but could be split across shareholders for the project. Due to the limited scope of the 
project, the revenue streams will be analysed as a whole rather than for individual 
stakeholders. The heat sales revenue input has been estimated to compete with the natural 
gas price. The revenue stream model inputs are outlined in the table below. 
 
Table 5.10 - Revenue stream optimisation model inputs 

Parameter Symbol Value Unit 
Heat sales revenue rate HR_R 0.015 £/kWh 
Water sales revenue rate WR_R 30,000 £/MW 

 
5.3.5 Greenhouse gas emissions input 
 
There are a number of different methods which can be used to calculate the GHG emissions 
associated with each of the technologies selected for the energy centre design. The 
equations utilised within the optimisation model are as follows. 
 
Table 5.11 - Emission parameters 

Parameter Symbol Value Unit 
Natural gas carbon factor Ng_CF 0.018396 kgCO2e 
Electricity carbon factor El_CF 0.283070 kgCO2e 
Power station efficiency uïï 48 % 
Annual CO2 emissions for 
specific technology 

t_CO2y,m,h - tonnesCO2eq 

 
Gas Boilers 
 
The equation used to model the CO2 emissions associated with gas boiler technology for 
the optimisation is as follows: 
 

∑x_012Ü,+," =
ê∑ �-o	,~,A,ℎ×xµoä
51
o=1 í	×	

ÕŒ_?œ

u∑x

Z[[[
    (5.22) 

 
 
CHP 
 
As outlined in chapter 2, section 2.4, there are a number of different methods used to 
calculate the CO2 emissions associated with CHP technology. The method selected for this 
study was the power plant displacement method. The equation utilised as an input in the 
model is as follows: 
 

0y2_012Ü,+," = 	
¿é0_0y2~,A,ℎ−a

nn_0y2~,A,ℎ
u22

e¬×	–$?œ

Z[[[
         (5.22) 
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Heat Pump 
 
The equation used to model the CO2 emissions associated with heat pump technology for 
the optimisation is as follows: 
 
 

y2_012Ü,+," =
n§_y2~,A,ℎ	×	Ñ%?œ

Z[[[
       (5.22) 

 

5.4 Objective functions 
 
As outlined in the research questions, there are a number of objectives that will be 
considered for the design of the energy network. These can be summarised as objectives 
functions which are as follows: 
 

§ Maximising energy generation within energy centre 
§ Maximising revenue over full duration of the project 

 
 
The objective functions utilised in the model are as follows: 
 
 

Objective function 1 – Maximising energy generation  
 
 

1£—jo{ãKj, n|j}Y~	Yj|j}z{ãX|+4p = ∑ (z||@zJ	j|j}Y~	Yj|j}z{ãX|	Q}XA	oJ@ç{j}	 × 	xã|z}~	KzJ@j*)	
51
o=1 	 (5.23) 

 
 
 

1£—jo{ãKj, n|j}Y~	Yj|j}z{ãX|+4p = 	∑ À-*	,Ü,+,"	 × xµ*Ã	
≠Z
*ÆZ 	      (5.24) 

 
 

Objective function 2 – Maximising revenue 
 

1£—jo{ãKj, ijKj|@j+4p

= 	“ 	¥[(0zBã{zJ	oXç{ + 1Bj}z{ãX|	oXç{ + ùzã|{j|z|oj	oXç{ + 	2ãBã|Y	oXç{ + 	2@ABã|Y	oXç{)

51

o=1

− (0X||jo{ãX|	oℎz}Yj + yjz{	}jKj|@j +(z{j}	çzJjç	}jKj|@j + ¢°°ã{ãX|zJ	}jKj|@j)	] × xã|z}~	KzJ@j*	∂ 
 

(5.26) 
 
 
 

0y2	ijKj|@j+4p = 	\“ 	ê¥À¢00_{*,Ü,+," + 1_{*,Ü,+," + ù_{*,Ü,+," + 	2ãBj_0. + 	2@AB_0*Ã − (00y. + yi_{* +(i_{* + nn_0y2*)	∂ × xµ*	í

≠Z

*ÆZ

f × §./ï 

 
(5.27) 

 
 

y2	ijKj|@j+4p = 	 \“ 	ê¥À¢00_{*,Ü,+," + 1_{*,Ü,+," + ù_{*,Ü,+," + 	2ãBj_0. + 	2@AB_0*Ã − (00y. + yi_{* +(i_{* + iyë_y2*)	∂ × xµ*	í

≠Z

*ÆZ

f × §/ï 

(5.28) 
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5.5 Heat network constraints 
 
5.5.1 Energy centre capacity 
 
The heat network project aims to make full use of all energy sources. As outlined previously, 
there is a 15MW thermal capacity which can be extracted from the dock. It is on this basis 
that the energy centre capacity will be sized according to this peak capacity. The following 
constraint was inputted in the model in order to satisfy this requirement and make best use 
of available heat loads: 
 

{_n0_-»û… ≤ 15ù(      (5.29) 
 

5.5.2 Connection constraints 
 
As outlined previously, the Westferry and Barkantine development are guaranteed 
connection to the heat network. In this case, the following constraints were applied to the 
model to ensure these clusters were selected: 

 
 (Westferry)         xµG], : xµ≠[ 	= 1                (5.30) 

  
                 (Barkantine)  xµ≠Z 	= 1      (5.31) 

 
5.5.3 Connection constraints 
 
All clusters must be either selected or not selected within the model. Therefore, the 
following constraint would ensure that all clusters were considered and tested when the 
optimisation was run: 

oZ: o≠Z 	= £ã|z}~            (5.32) 
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Chapter 6                                        
Energy Masterplanning 
 
The following chapter outlines the connection strategies for the heat network which have 
been identified from the optimisation model. The section begins with a summary of the 
objective functions outlined earlier in the report followed by their strategy outputs. 
 
Heat network strategies 
 

Heat network strategies for the connection of clusters can be developed according to a 
specific objective function. The strategies and their subsequent objectives used in this model 
are as follows: 
 

§ Strategy 1 – Energy generation maximisation 
§ Strategy 2 – Revenue maximisation 

 

6.1 Energy generation maximisation 
 
The first connection strategy was formulated with the objective of optimising the energy 
generation profile for the energy centre. This would achieve a relatively flat profile which is 
ideal for the energy centre operation. The constraints applied to this model are summarised 
in section 5.5 (equations 5.29-5.32). 
 
The optimisation identified the following clusters outlined in table 6.1 below: 
 

Table 6.1 – Strategy 1 energy optimisation results 

Cluster Number of 
loads 

Annual heat 
demand 

(MWh/year) 
Diversity factor Piping Distance 

(m) Piping Cost (£) 

1 1 530.7 1 2229 5,126,700 
2 4 4,525.5 2 2008 4,618,400 
4 2 2,163.7 1 1595 3,668,500 

10 5 6,822.5 3 605 1,391,500 
25 1 127.3 1 957 2,201,100 
26 1 566.4 1 1385 £3,185,500 
32 1 555.0 1 2776 6,384,800 
35 1 191.3 1 1480 3,404,000 
41 2 930.8 1 805 1,851,500 
45 3 1,355.4 1 1712 3,937,600 
46 2 989.0 4 300 690,000 
47 2 1,163.2 2 0 0 
48 2 1,546.5 2 0 0 
49 1 924.0 1 0 0 
50 1 924.0 1 0 0 
51 1 8,032.5 1 75 172,500 
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The clusters outlined for the strategy consisted of the following building typologies: 
 
Table 6.2 - Strategy 1, building typology heat demand data 

Cluster Typology Heat Demand (MWh/Year) 

Apartments Offices School Hotels Apartments Offices School Hotels 
1 1       530.70       
2 3   1   2384.18     2141.36 
4 2       2163.73       

10 2 1 2   2816.93 2200.54   1805.00 
25       1     127.29   
26    1     566.40   
32       1     554.98   
35       1     191.29   
41 2       930.81       
45 3       1355.39       
46 1 1     924.00 65.00     
47 1 1     924.00 239.20     
48 1     1 924.00   622.50   
49 1       924.00       
50 1       924.00       
51 1       8032.50       

 
Once the clusters had been identified, the loads within each cluster were then analysed to 
determine the best phasing of clusters over the 10-year timeline of the heat network 
construction strategy. As the time periods for the connection of the Westferry and 
Barkantine clusters are fixed, the remaining clusters were phased in accordance with this. 
The final strategy is outlined in table 6.3 below: 
 
Table 6.3 - Connection strategy 1 project phasing data 

Year Calendar 
Year Cluster Aggregated 

number of loads 

Aggregated Heat 
Demand 

(MWh/year) 

Peak Heat Demand 
(MW) 

1 2019 0 0 0 0.00 
2 2020 45,46 5 2,377 1.13 
3 2021 41,47 9 4,500 2.16 
4 2022 48 11 6,068 2.96 
5 2023 49 12 7,005 3.40 
6 2024 50 13 7,942 3.84 
7 2025 51 14 16,086 7.69 
8 2026 10 19 23,003 10.71 
9 2027 1,2,4 26 30,323 13.55 
10 2028 25,32,35 30 31,783 14.38 

 
 
 
 
 



 49 

6.2 Revenue maximisation 
 
The second connection strategy was devised to maximise revenue for the heat network. The 
constraints applied to this model remain the same and are summarised in section 5.5 of the 
report (equations 5.29-5.32). The following tables summarise the output results obtained 
from the model. 
 
Table 6.4 – Strategy 2 optimisation results, revenue maximisation 

Cluster Number of 
loads 

Annual heat 
demand 

(MWh/year) 
Diversity factor Piping Distance 

(m) Piping Cost (£) 

11 1 13,381 1 567 1,304,100 
 
The cluster typologies and their associated annual heat demand data values are outlined in 
table 6.5 below. 
 
Table 6.5 - Strategy 2, building typology heat demand data 

Cluster Typology Heat Demand (MWh/Year) 

Apartments Offices School Hotels Apartments Offices School Hotels 
11   2       13,381.00     
46 1 1     924.00 65.00     
47 1 1     924.00 239.20     
48 1     1 924.00   622.50   
49 1       924.00       
50 1       924.00       
51 1       8032.50       

 
As the time periods for the connection of the Westferry and Barkantine clusters are fixed, 
cluster 11 was phased in accordance with this. The final strategy is displayed in table 6.6 
below. 
 

Table 6.6 - Connection strategy 2 project phasing data 

Year Calendar 
Year Cluster Aggregated 

number of loads 

Aggregated Heat 
Demand 

(MWh/year) 

Peak Heat Demand 
(MW) 

1 2019 / 0 0 0.00 
2 2020 46 2 1,003 0.48 
3 2021 47 4 2,182 1.07 
4 2022 48 6 3,750 1.87 
5 2023 49 7 4,687 2.31 
6 2024 50 8 5,624 2.75 
7 2025 51 9 13,768 6.59 
8 2026 / 9 13,768 6.59 
9 2027 11 11 27,149 14.66 
10 2028 / 11 27,149 14.66 
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Chapter 7                                           
Heat Network Results 
 
The following chapter outlines the results obtained from the analysis. The model outlined in 
chapter 5 has been used to simulate the design of the heat network and energy centre. 
Different technology options and combinations of technologies for the energy centre have 
been analysed in terms of their capital costs and associated CO2 emissions. A number of 
investment scenarios have been formulated to highlight the energy economics of specific 
schemes. A sensitivity analysis has been carried out for all major scheme parameters. 
 

7.1 Optimisation Results 
 
7.1.1 Maximising energy generation strategy 
 

The first optimisation strategy involved maximising the energy generation for the energy 
centre by selecting the optimal combinations of clusters. The following graph displays the 
energy demand profile for the first 10 years of the project life. The peak capacity for the 
energy centre is 14.38MW and the total energy production over the 10-year period is 
129,087 MWh. 
 

 
Figure 7.1 - Energy optimisation - energy centre heat demand profile (actual and moving average) 

7.1.2 Maximising revenue strategy 
 

 
Figure 7.2 - Revenue maximisation - energy centre heat demand profile (actual and moving average) 
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The second optimisation aimed to maximise revenue for the selected technology for the 
energy centre. Two simulations were run independently for both CHP and heat pump 
technology in order to obtain the associated energy demand profiles for both technologies. 
The simulations produced the same results in terms of their selection of clusters for 
optimising revenue. Both simulations selected cluster 11 in addition to the Barkantine and 
Westferry development clusters (46,47,48,49,50,51). As a result, the heat demand profile, as 
shown in figure 7.2, is the same for both CHP and heat pump technology. Cluster 11 consists 
of two office blocks with an associated annual heat demand of 13,381 MWh/year. 
 
From looking at the heat demand profile in figure 7.2 above, it can be seen that the peak 
capacity for the energy centre is higher than figure 7.1 (energy optimisation) with a peak 
value of 14.66 MW. Although the peak capacity for strategy 2 (revenue maximisation) is 
higher than that of strategy 1 (energy optimisation), the energy centre generates less energy 
over the 10-year period with a total generation of 99,079 MWh.  
 
The difference in energy generation between the two strategies is calculated to be 30,008 
MWh. Hence, strategy 1 generates almost 30% more energy than strategy 2. Moreover, it 
can also be seen that the heat demand curve for energy optimisation (figure 7.1) has a flatter 
profile than that of revenue maximisation overall.  
 
7.1.3 Techno-economic analysis 
 
In order to qualify the viability of the heat networks and selection of technologies in the 
energy centre, a techno-economic analysis was run within the model. This enabled all 
associated network costs, energy centre capital costs and project revenues to be determined 
and evaluated against one another. This also enabled payback periods and cash flows to be 
calculated. The following assumptions and key results can be observed from the model: 
 

§ Clusters were phased in accordance with the energy masterplanning strategies 
summarised in table 7.1 below. Due to the connection timings, it can be noted that 
cash flows therefore began from the connection calendar year. 
 

§ The energy centre reaches its peak capacity when the final clusters have been 
connected, after which the annual heat demand profile is assumed to remain the 
same over the project lifetime. 

 
From table 7.1 below, it can be seen that there are a higher number of clusters for strategy 
1 when compared to strategy 2. Moreover, the clusters which have been selected by the 
model in strategy 1 have a lower heat demand when compared to strategy 2. This is very 
interesting to observe as the model outputs can be predicted to some extent depending on 
the objective function. The number of clusters selected by the model has a direct impact on 
the capital cost as each cluster will require a piping connection. In addition to this, having a 
high number of clusters selected from the model output will have a direct impact on 
stakeholder engagement activities. This will be discussed in more detail in the following 
chapter.  
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Table 7.1 - Strategy 1 and 2 cluster connection schedule 

 
 

Year 

 
 

Calendar  
Year 

STRATEGY 1 STRATEGY 2 

Cluster 
Aggregated 

Heat Demand 
(MWh/year) 

Peak Heat 
Demand 

(MW) 
Cluster 

Aggregated 
Heat Demand 
(MWh/year) 

Peak Heat 
Demand 

(MW) 
1 2019 0 0 0.00 / 0 0.00 
2 2020 45,46 2,377 1.13 46 1,003 0.48 
3 2021 41,47 4,500 2.16 47 2,182 1.07 
4 2022 48 6,068 2.96 48 3,750 1.87 
5 2023 49 7,005 3.40 49 4,687 2.31 
6 2024 50 7,942 3.84 50 5,624 2.75 
7 2025 51 16,086 7.69 51 13,768 6.59 
8 2026 10 23,003 10.71 / 13,768 6.59 
9 2027 1,2,4 30,323 13.55 11 27,149 14.66 
10 2028 25,32,35 31,783 14.38 / 27,149 14.66 

 
STRATEGY 1 - ENERGY OPTIMISATION, TECHNO-ECONOMIC ANALYSIS 
 
The results from the techno-economic analysis for strategy 1 are outlined in the figures below 
including the investment schedule and the net cash flow and profit graphs for CHP 
technology. 
 

 
Figure 7.3 – Energy optimisation techno-economic schedule (years 1-10), CHP technology 

 

 
Figure 7.4 – Energy optimisation, CHP net cash flows and profits 
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The results from the techno-economic analysis for strategy 1 (energy generation 
maximisation) have concluded that the scheme would not be economically viable when 
installing CHP technology in the energy centre. This is illustrated in figures 7.3 and 7.4 above 
where it can clearly be seen that the overall costs outweigh the income streams for the heat 
network and energy centre design. The results indicate that the scheme would make a loss 
of £3,788,956 per year (20-year lifetime) when operating with CHP technology. 
 
Figures 7.5 and 7.6 below outline the techno-economic analysis results for strategy 2 
including the investment schedule and the net cash flow and profit graphs for the heat pump 
technology energy centre. 
 

 
Figure 7.5 – Energy optimisation techno-economic schedule (years 1-10), heat pump technology 

 

 
Figure 7.6 - Energy optimisation, heat pump net cash flows and profits 

The results presented indicate that scheme would not be economically viable when installing 
heat pump technology in the energy centre. It can clearly be seen that the overall costs 
outweigh the income streams for the heat network and energy centre design. The scheme 
would make a loss of £4,844,525 (25-year lifetime) when operating with heat pump 
technology. 
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STRATEGY 2 - REVENUE MAXIMISATION, TECHNO-ECONOMIC ANALYSIS 
 
 
Combined heat and power technology 
 
The following figure displays the revenue optimisation techno-economic analysis results over 
the first 10 years of the project for CHP technology. It can be seen that the capital costs of 
CHP technology cover the majority of costs whilst the connection charges account for a large 
proportion of revenues in early stages of the project. 
 

 
Figure 7.7 - CHP energy centre revenues and costs years 1-10 

 

It has been calculated that the payback period for this network is 7 years and the network 
would generate a profit of £14,780,057 over a 20-year lifetime. Figure 7.8 below outlines 
the associated cash flows with this scheme. It can be observed that the cash flows are 
relatively steady over the project duration. 
 

 
Figure 7.8 – Revenue maximisation, CHP net cash flows and profits 
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Heat pump technology 
 
The revenues and costs associated with the selection of heat pumps for the heat network 
and energy centre are displayed in figure 7.9 below. The payback period for the energy 
centre with heat pumps is 20 years, with a total revenue of £119,096 per year (£2,977,404 
over the 25-year lifetime). It is interesting to observe that whilst WSHPs may be an attractive 
option in terms of integration with the dock as a water source, it can be seen that there is a 
significantly higher capital cost associated with heat pump technology compared to CHP. 
Moreover, the revenue generated from the RHI is significantly lower than the revenue 
generated from exporting electricity from the CHP energy centre.  
 

 
Figure 7.9 - Heat pump technology energy centre revenues and costs years 1-10 

It can be observed from figure 7.10 below that the cash flows for this scheme are not steady. 
All techno-economic analysis model outputs can be viewed in Appendices H-K at the end of 
the report. 
 
 

 
Figure 7.10 – Revenue maximisation, heat pump net cash flows and profits 
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7.1.4 Minimising CO2 emissions 
 
The minimisation of CO2 emissions is a focal point of this project and therefore this must be 
accounted for when selecting the technologies for the energy centre. As outlined previously, 
each technology has specific CO2 emissions associated with either the fuel required for heat 
generation or for the electricity required for power requirements. The following figure 
highlights the evolution of CO2 from years 1-10 for each technology. 
 

 
Figure 7.11 - GHG emissions, year 1-10 

It can clearly be seen that gas boilers have the highest associated emissions whilst heat 
pumps have the lowest CO2 evolution. The results obtained were as expected, however the 
comparison of technologies and their associated emission evolution profiles had to be 
qualified in order to make a fair comparison with alternative heat generation methods.  
 
In order to ensure that the methods utilised to calculate CHP emissions were compared 
accurately against alternative technologies, the power station, boiler displacement and 
DUKES methods were utilised. The results from this analysis is outlined in figure 7.12 below: 
 

 
Figure 7.12 - CHP emission analysis methods 
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It can clearly be seen that there is a large difference between the outcomes of the three 
methods. The boiler displacement method produces the highest CO2 emissions whilst the 
power station displacement method produces the lowest associated emissions. The 
electricity carbon factor is a parameter which impacts the overall CO2 emission and this value 
can vary depending on which country the analysis is being carried out.  
 

7.2 Energy centre design approach 
 
7.2.1  Energy centre peak demand & diversity 
 
As discussed earlier in the report, peak loads typically do not occur at the same moment in 
time. A moving average was applied to the demand curve and the following results were 
obtained for the heat pump technology scheme (strategy 2). The peak capacity of the actual 
heat demand profile has been calculated to be 14.66MW. 
 

 
Figure 7.13 - Heat demand curve, moving average 

As seen in figure 7.13 above, the moving average identifies a new peak demand which is 
calculated to be 8.97 MW. Peak technology could therefore be selected for technology 
above 8.97MW and would serve the additional 5.69MW of heat demand during peak hours. 
 
7.2.2 Weekend & Weekday energy centre demand profiles 
 
Figure 7.14 below displays the weekday and weekend heat demand curves in the month of 
January. It can be seen that there are two distinct peaks in the profile which coincide with 
the typical morning and evening peaks attributed to most typologies. 
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Figure 7.14 - Energy centre demand profile, A - January weekday, B - January weekend 

As seen in the figure above, both graphs A and B have similar relative shapes, with peak 
loads occurring at similar times of the day. It can also be observed that the peak heat 
demand for the weekend is lower than the weekday value. As mentioned previously in the 
report, the peak demands for loads do not occur at the same time. Hence, the moving 
average results can be utilised to determine the capacity of peak and base load technology 
for the energy centre. 
 
7.2.3 Load duration curve 
 
A load duration curve was constructed using the data from the heat pump scheme, strategy 
2. This enabled the number of load hours (to deliver heat under specific capacities) to be 
identified. It is interesting to observe that the total number of load hours for heat demands 
greater than 8.97MW total to 821.This is extremely low when considering the total load 
hours of the scheme with less than 1% of load hours being required for peak demand. 
 

 
Figure 7.15 - Load duration curve, energy centre 
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7.2.4 Base and peak load technology selection 
 
As summarised in the section above, the peak demand for the energy centre was calculated 
to be 8.97MW. In order to select base and peak loads accordingly, the capacity of each 
technology had to be allocated. Hence, the following values were selected to accommodate 
for the peak and base load capacities: 
 

§ Base load – 9MW 
§ Peak load – 6MW 

 
Heat pump & gas boiler 
 
The results thus far have concluded that CHP is an economically viable solution for the 
selection of technology for the energy centre. However, the CO2 emissions associated with 
CHP technology are significantly higher when compared to heat pumps. With this in mind, 
heat pumps were determined to be an attractive option in terms of minimising CO2 
emissions. 
 
In order to compare alternative technology options to CHP, different technologies can be 
selected for peak and base load. Due to the viability of heat pumps for the heat network in 
terms of minimising CO2 emissions, a combination of heat pumps (base load) and gas boilers 
(peak load) were selected. A techno-economic analysis was then carried out to determine 
the economic viability of this energy centre. The technology capacities for this design are 
outlined below: 
 

§ 9MW heat pumps (base load) 
o 2 x 4.5MW heat pumps 

§ 6MW gas boilers (peak demand) 
o 3 x 2MW gas boilers 

 
Heat pump & gas boiler daily profile 
 
Figure 7.16 below illustrates the energy centre heat demand curve for a typically day in the 
month of January. As it can be seen, gas boilers would be required during hours 6-10 of the 
day in order to deliver the required heat demand. 

 

 
Figure 7.16 - Energy centre demand profile with peak load, A - January weekday 
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7.2.5 Heat pump & gas boiler combination associated emissions 
 
Figure 7.17 below displays the CO2 emissions associated with the heat pump and gas boiler 
energy centre. It can be seen that there are only slightly more CO2 emissions associated with 
the base and peak load combination of heat pumps and gas boilers when compared to heat 
pumps alone. 
 

 
Figure 7.17 - Heat pump and gas boiler associated emissions 

The emission evolution profiles for each technology are illustrated in figure 7.18 below. As 
you can see, the evolution of CO2 from year 1-10 is significantly higher for gas boilers when 
compared to heat pumps with gas boilers. The total emissions over a 25-year lifetime is also 
therefore significantly higher. It is evident that the combination of heat pumps with gas 
boilers has only slightly higher associated emissions compared to heat pumps alone with a 
difference of 30,016 tonnes CO2 equivalent over the project lifetime.  
 

 
Figure 7.18 - Cumulative GHG evolution (left) and total lifetime emissions (right), heat pump and gas boiler 
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7.2.6 Energy centre technology installation design approach 
 

As outlined previously in section 3.3 of the report, the investment strategy and installation 
of technologies within the energy centre can be varied depending on the heat network 
constraints and availability of heat loads. Hence, there are a number of different design 
approaches for heat networks which can account for the design of the energy centre and 
installation of technologies. The following section outlines the results obtained from a 
leading and matching approach including a techno-economic analysis for both approaches. 
 

Leading Approach 
 

The leading approach assumed that all of the technologies in the energy centre would be 
built and installed at the start of the project. This also included piping connections to each 
cluster. The optimisation results are displayed on figure 7.19 below. It can be seen that an 
initial investment of £12,528,600 would be required to install both the piping infrastructure 
and technology required for the energy centre. 
 

 
Figure 7.19 - Leading approach - Heat pump and gas boilers 

Matching Approach 
 

The matching approach aims to install the required capacity of technologies to match the 
required heat demand for each calendar year of the development. In order to determine the 
most suitable phasing of technologies, peak capacities were analysed and a load duration 
curve was produced as seen in figure 7.20 below. The duration curve allows the peak 
demands for each year of the project to be identified with their associated peak load hours.  
 

 
Figure 7.20 - Load duration curve, matching approach 
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Table 7.2 below summarises the energy generation values for each project year with the 
associated peak demand values for the heat pump and gas boiler energy centre. 
 
Table 7.2 - Peak load hours, heat pump and gas boiler energy centre 

 PROJECT YEAR 
0-1 1-2 2-3 3-4 4-5 5-6 6-7 7-8 8-9 9-10 

PEAK DEMAND (MW) 0.00 0.48 1.07 1.87 2.31 2.75 6.59 6.59 14.66 14.66 
ENERGY (MWh) 0 1,003 2,182 3,750 4,687 5,624 13,768 13,768 27,149 27,149 

 
A matching strategy was devised to meet heat demands and enable the energy centre to be 
expanded accordingly. The results from this are summarised in table 7.3 below: 
 
Table 7.3 - Technology matching strategy 

Year Technology/Network Comment 
1 § 1 x 4.5MW heat pump 

§ 1 x 2MW gas boiler 
§ Piping from energy centre to Westferry 

To provide sufficient heating for years 
1-6. 

6 § 1 x 4.5MW heat pump 
§ 1 x 2MW gas boiler 
§ Piping Westferry to Barkantine 

Technology installed to increase 
capacity required for years 6-8. 
Piping construction is completed 1 
year in advance. 

8 § 1 x 2MW gas boiler 
§ Piping from energy centre to cluster 11 

Technology installed to increase peak 
load capacity. Piping construction is 
completed 1 year in advance. 

 
 

 
Figure 7.21 - Matching approach - Heat pump and gas boilers 

As seen in figure 7.21 above, technology and capital costs are spread over the project 
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which is significantly lower compared to the initial investment required for the leading 
approach. The following comparison compares both strategies and their approach viability 
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Comparison 
 
As seen in table 7.3 below, the two approaches produce very different results. The leading 
approach heat network scheme generates £8,836,290 net profit over its lifetime which is 
£217,740 less than the matching approach. This is due to the higher operation and 
maintenance costs associated with the scheme from the start of the project. It can also be 
observed that the payback period for the project is 1 year less with the matching approach. 
Figure 7.22 illustrates the energy demand profile for the energy centre and the associated 
leading and matching approaches adopted for the installation of technologies. The results 
of this comparison will be discussed in more detail in chapter 8.  
 
Table 7.4 - Leading and matching approach comparison 

 Leading Matching 
Initial investment  £12,528,600 £5,794,000 
Total Profit £8,836,290 £9,054,030 
Payback period 11 10 

 

 
Figure 7.22 - Matching and leading energy centre design approach comparison 
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Table 7.5 - Energy economics of energy centre technologies 
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7.4 Sensitivity analysis 
 
A sensitivity analysis was carried out to determine which factors will have a direct impact on 
the output of the energy centre. The following parameters were analysed in detail: 
  

§ GHG carbon factor 
§ Renewable heat incentive, RHI 
§ Heat pump COP 

 
7.4.1 GHG carbon factor 
 
As seen in table 7.7 below, the carbon factor rate can significantly affect the calculated 
carbon emissions associated with a heat network scheme. The carbon factor value can vary 
from country to country and therefore the associated emissions can appear to have a 
significant effect when analysing and evaluating the associated emissions with technologies. 
 
Table 7.6 - GHG carbon factor sensitivity 

Electricity carbon factor 
(kgCO2 eq / kWh) 

Heat pump 
(tonnes CO2 eq) 

Heat pump & gas boiler 
emissions 

 (tonnes CO2 eq) 
0.20000 62,886 93,686 
0.28307 89,005 119,021 
0.40000 125,771 154,684 
0.50000 157,214 185,183 
1.00000 314,428 337,678 

 
7.4.2 Renewable heat incentive 
 
It is important to determine how fluctuations in the RHI may affect the economic viability of 
an energy centre with heat pumps as base load. As seen in table 7.7 below, changes in the 
RHI can potentially lead to payback periods which are not economically viable.  
 
Table 7.7 – RHI sensitivity comparison 

RHI rate Total profit 
(£) 

Payback period 
(years) Tier 1 Tier 2 

10.00 3.00 10,443,860 10 
9.36 2.79 9,054,030 10 
9.00 2.50 7,532,558 11 
8.00 2.00 4,621,257 13 
7.00 1.50 1,709,956 18 

 
7.4.3 Heat pump coefficient of performance 
 
The heat pump coefficient of performance is a vital parameter which must be analysed when 
determining the economic viability of a heat pump scheme. In order to determine the impact 
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a change in the value of COP can have, a simulation was run with a COP of 3,4 and 5. The 
results are displayed in table 7.8 below. As seen in the table, the payback period various 
between 10 and 14 years at COP values of 3 and 5. The total profit is almost 4 times larger 
with a COP of 5 compared to that of 3 which is a significant difference. 
 
Table 7.8 – COP sensitivity comparison 

 Total profit 
(£) 

Payback period 
(years) 

CO2 emissions 
(tonnes CO2 eq) 

3 3,993,338 14 186,170 
4 9,054,030 10 119,021 
5 12,090,445 10 87,941 
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7.5 Results Summary 
 
The following table summarises the key results obtained in this project. The results 
highlighted will be discussed in detail in the following chapter. 
 
Table 7.9 - Summary of results 

Result 
Category 

Parameter CHP Heat Pump Heat Pump & 
Gas Boiler 

Optimisation  

Energy 
optimisation 

 

§ The model identifies the same selection of clusters when 
optimising for the maximum energy demand of the energy 
centre under the fixed capacity of 15MW 
 

 

Revenue 
maximisation 

 

§ 20-year lifetime 
§ Profit £14,780,057 
§ 7-year payback 

period 
  

 

§ 25-year lifetime 
§ Profit £2,977,404 
§ 20-year payback 

period 

 

Leading approach: 
§ Initial investment 

£12,528,600 
§ Profit £8,836,290 
§ Payback period 

11-years 
 
Matching 
approach: 
§ Initial investment 

£5,794,000 
§ Profit £9,054,030 
§ Payback period 

10-years 
 

 

Connection 
strategy 
 

 

§ Single large clusters with high heat demands are optimal in 
terms of lowering capital costs associated with piping 

§ A lower number of clusters will result in decreased stakeholder 
engagement activities 

§ A reduced number of stakeholders for the project will decrease 
risk and enable on-going relationships to be established 

 

Design 
approach 

 

Matching 
 

§ Low initial investment 
§ Flexibility to install a range of peak and base load technologies 
§ Enables future expansion 
§ Lower operation and maintenance costs 
§ Shorter payback period 

 
 

Leading 
 

§ High initial investment 
§ Higher operation and maintenance costs 

 

Emissions  

Base case scenario 
 

§ Gas boiler total emissions: 109,602 tonnes CO2 equivalent over 
a 25-year lifetime 

 
 

Emission 
comparison 

 

§ 56,070 tonnes 
CO2 equivalent 

§ 48% less CO2 

emissions 
compared to base 
case 
(25-year lifetime) 

 

§ 8,958 tonnes CO2 
equivalent 

§ 92% less CO2 

emissions 
compared to 
base case 
(25-year lifetime) 

 

§ 12,062 tonnes 
CO2 equivalent 

§ 89% less CO2 

emissions 
compared to 
base case 
(25-year lifetime) 
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Chapter 8                                   
Discussion 
 
The results obtained highlight the viability of designing a decentralised district heating 
network, both economically and environmentally, under different technology selections. The 
strategies identified also highlight the extent to which the economic aspects of schemes can 
vary.  The following section aims to discuss the key points identified in the previous chapter. 
 

8.1 Heat demand profiles 
 
The heat demand profiles illustrated in the results represent the simulated profiles for the 
10-year development period (5760 hours). As outlined earlier in the report, the hourly time 
slots for a year were reduced to 576 hourly time slots. The simulation of the graphs enabled 
the peak demand values for the energy centre to be identified. As previously highlighted, 
the accuracy of the heat demand curves in relation to the split between weekday and 
weekend day types for the demand curves does not represent the typical split of day types 
for a year. Therefore, there will be a divergence in the final values. 
 
As the weekend and weekday profiles for the typologies in this report vary by a very small 
amount, the accuracy of the heat demand profiles can qualify for the development of 
strategies. In the case where the weekday and weekend demand profiles for a typology 
differ, this would not be the case as the results would vary significantly. Further study can be 
carried out to simulate more accurate profiles which will apply to additional building 
typologies which have not been identified in this report. This will be discussed in more detail 
in the following chapter.     
 

8.2 Optimisation 
 
Solving method 
 
The solving method utilised to run the optimisation was generalised reduced gradient non-
linear method. The solving method enabled viable simulation times whilst producing good 
results. It is important to highlight that the solution obtained with the algorithm in this model 
is directly related to the initial conditions and may not converge to the global optimal 
solution. An alternative method to this is the utilisation of an evolutionary algorithm. This is 
more robust than the GRG non-linear solving method. However, when comparing the solving 
times for each method, the GRG nonlinear solving method is much slower. The GRG non-
linear method was the most suitable solving method based on the scope and aims of the 
project. With an extended scope, further work can be carried out to compare the two solving 
methods in more detail.      
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Energy Optimisation 
 
The heat network which has been optimised in terms of maximising energy production 
(strategy 1) was discovered to produce a significant amount of additional energy when 
compared to the revenue maximisation strategy. When running the techno-economic 
analysis for the scheme however, the scheme was not economically viable. Whilst the 
demand profile of the energy centre is optimal with a flat profile, there is no real incentive 
to develop a scheme which cannot generate profit. 
 
From an energy perspective, the scheme is ideal as there is a significant amount of additional 
energy generated when comparing the scheme to the heat network which had been 
optimised in terms of revenue maximisation. It can therefore be concluded that there must 
be a trade-off between maximising energy production whilst generating income. 
 
The associated costs of piping were the main contributor to the scheme not being 
economically viable with costs totalling to £33,446,600. As the heat network being 
considered in this project is in an urban setting, the associated costs of piping are very high 
and therefore this can affect the viability of the scheme. Moreover, the distance of clusters 
to the energy centre will have a direct impact on the piping costs.  
 
Revenue Maximisation 
 
The model produced the same results in terms of the selection of clusters when maximising 
for revenue in the cases of CHP and heat pump technology. When analysing the clusters in 
more detail, the selection of cluster 11 reveals that the cluster is situated 567 meters from 
the energy centre which has an associated piping cost of £1,304,100. It interesting to note 
that the model did not select a high number of clusters when optimising in terms of revenue 
generation. This may be due to the high costs associated with piping when connecting to 
multiple clusters. As associated piping costs are significantly high, piping distances within a 
certain range must result in the cluster being economically viable for connection. Cluster 11 
must fall within this region.  
 
The economic viability largely depends on the distance of clusters from the energy centre 
and therefore there is a higher probability of clusters being selected which are in the 
immediate vicinity of the proposed energy centre. Hence, the Barkantine and Westferry 
clusters were all selected by the model. Further analysis can be carried out in order to 
determine the range of distances from clusters to a proposed energy centre. The viability of 
a cluster would typically be selected in accordance with the revenue it generates which will 
typically correlate to its heat demand profile and heat density. 
 
The heat profile of the energy centre will correlate to the revenue generated for the scheme. 
As there are incentives which support the generation of heat (RHI), the higher the energy 
demand, the higher the revenues for the scheme. As described previously in the report, a 
flatter profile would achieve this due to the higher overall heat demand. Having a high 
diversity factor with different typologies is one way in which this can be achieved. The 
Barkantine and Westferry development mainly consist of residential developments. Cluster 
11 consists of two office blocks with a high heat density which would contribute to a flatter 
profile.  
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The investment schedules for both CHP and heat pump technology highlight the economic 
viability of both schemes and associated cash flows with each energy centre design. It is 
interesting to observe that whilst WSHPs may be an attractive option in terms of integration 
with the dock, it can be seen that there is a significantly higher capital cost associated with 
heat pump technology. Moreover, the revenue generated from the RHI is significantly lower 
than the revenue generated from exporting electricity from the CHP energy centre.  
 
Combining heat pump technology with gas boilers for peak demand significantly lowers the 
capital costs associated with the scheme and reduces the payback period significantly. The 
sizing and capacity of the heat pumps selected for the energy centre is critical when 
evaluating the economics of the scheme. In addition to this, although gas boilers have a 
much lower associated capital cost as peak load technology, they have high CO2 emissions 
and a trade-off will have to be made in terms of lowering the overall capital costs of the 
scheme whilst reducing CO2 emissions. 
 
Connection strategy  
 
The results summarised in table 7.1 in the previous chapter highlight the difference in the 
number of clusters and associated heat demands for both strategies. Under strategy 1 
(energy optimisation), the model selects a higher number of clusters, each with a smaller 
heat demand when compared to strategy 2 (revenue maximisation). Having a large number 
of clusters increases the diversity between the clusters.  As a result, the energy demand 
profile will be flatter due to the fact that peak demands will not occur at the same moment 
in time. In addition to this, having a higher number of clusters will increase the capital costs 
for the project as each cluster will require a piping connection. The extent to which this 
affects the economic viability of the project is highlighted in figures 7.4 and 7.6 in the 
previous chapter. It can clearly be seen that the piping costs have a huge impact on the 
investment schedule and result in negative cash flows for the project. The results indicate 
that single clusters with a very large heat demand can be optimal for connection to the heat 
network as they will generate a profit whilst lowering capital costs for piping. 
 
Furthermore, having a high number of clusters will require an increased number of 
stakeholder engagement activities. This will involve a high number of stakeholders relying 
on the willingness of one another to commit to a long-term strategy. This can greatly increase 
the risk of managing the project as there is a likelihood of stakeholders pulling out of the 
project at various stages. Having a low number of stakeholders will result in an increased 
one-on-one exposure time with the project facilitator and enable relationships to be 
established between the two parties. This will promote collaboration and commitment to 
the scheme and greatly increase the likelihood of the heat network scheme development 
being realised. 
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Minimising GHG emissions 
 
It can clearly be seen that heat pumps are superior compared to the alternative technologies 
available for energy generation within the energy centre when comparing CO2 emissions. 
Heat pump technology can produce up to 5 times the amount of useful heat energy 
compared to the required input energy. When combined with gas boilers for peak loads, 
heat pumps become a very attractive option for decentralised heat network schemes as the 
associated CO2 emissions remain very low when compared to gas boilers alone. Although 
this is not ideal in terms of a complete low carbon solution, it is essential that the scheme 
generates a profit and is economically viable and therefore this can be seen as a low carbon 
solution to conventional forms of heating. 
 
CO2 emission calculation methods 
 
As outlined earlier in the report, there are many ways of calculating the GHG emissions 
associated with CHP technology. This is due to the fact that the additional energy that is 
generated can be compared to alternative generation methods which may have been used. 
As presented in the results, three methods were utilised to calculate the emissions 
associated with CHP technology. This enabled the selected calculation method to be 
validated. The power plant displacement method was selected for this study due to the fact 
that the electricity generated by the CHP energy centre would have alternatively been 
generated by a power plant in the UK. This was the closest technology comparison when 
evaluating associated CO2 emissions. The associated emissions for the power plant method 
were much lower when compared to the two alternative methods. As a direct comparison, 
by selecting this method, this would also ensure that the most competitive comparison of 
heat pump technology and CHP could be made in terms of associated emissions. In addition 
to this, the electricity carbon factor can vary from country to country and is therefore only 
valid for a UK technology comparison. 
 
It can clearly be seen that CHP technology is a very good technology option for 
decentralised heat schemes especially in urban areas where heat generation is close to the 
heat demand. As power plants are typically situated in rural areas, heat cannot be delivered 
to urban areas and therefore CHP is a very attractive option for the delivery of heat with 
lower associated CO2 emissions. Although CHP is not as attractive as heat pump technology 
in terms of the CO2 emission evolved, it is superior to gas boilers with much lower associated 
CO2 emissions. In the case where heat pump technology is not supported or not viable in a 
project area, CHP is an attractive technology option which can still deliver a lower carbon 
form of heating whilst being economically viable.    
 

8.2 Energy Centre Design 
 
The selection of peak capacity and application of a moving average is critical in the design 
of the energy centre. This is due to the fact that the base load and peak technology must be 
sized accordingly with the results from this method. The interval value used for the moving 
average method can be changed which directly affects the heat demand curve. Therefore, a 
number of methods must be used in parallel in order to size the energy centre accordingly. 
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The extremely high capital costs associated with heat pumps result in higher overall capital 
costs if the results from the moving average produce a higher peak demand value. As 
mentioned, the sizing must also be compared to the target CO2 reduction measures for the 
scheme. 
 
When comparing the matching and leading approach, it has been found that the matching 
approach was more economically viable due to the lower operation and maintenance costs 
over the project lifetime. It has been identified that both the energy centre and central 
infrastructure tend to be oversized in the UK [49] and therefore a matching approach would 
enable the appropriate expansion of the energy centre and avoid having to pay higher 
capital costs than necessary. Other benefits of selecting a matching approach include the 
flexibility to install a range of base load and peak technologies in accordance with required 
heat demand.  This can be very beneficial when managing stakeholders who cannot commit 
to long term strategies and enables schemes to progress without the reliance of long-term 
commitments from all stakeholders. A matching approach enables risks to be managed 
whilst accommodating future expansion of the network. 
  

8.3 Energy economics 
 
It has been seen that the most economically attractive technology for the energy centre is 
CHP with a rate of £0.006 per kilowatt-hour. This is nearly double the profit margin of the 
heat pump and gas boiler combination. The high capital costs associated with heat pumps 
make CHP a much more attractive technology selection for a scheme which aims to maximise 
profits. In addition to this, the viability of CHP technology is independent of Government 
incentives and therefore there is less risk associated with schemes which adopt this 
technology. 
 
In order to progress lower carbon solutions, it is vital that Government incentives remain in 
place, or new incentives are introduced to drive this low carbon pathway to heating. 
Furthermore, the existence of incentives not only attracts potential stakeholders for 
decentralised heat networks, but also gives stakeholders confidence when committing to 
long terms strategies which inevitably support future-proof solutions to lower carbon 
heating. 
 

8.4 Sensitivity Analysis 
 
GHG carbon factor 
 
The carbon factor analysed in the sensitivity analysis has highlighted the fact that associated 
emissions can vary significantly. As carbon factors vary from country to country, the 
associated carbon emissions are subjective and can only be reviewed independently from 
geographical considerations. 
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Renewable heat incentive 
 
The RHI was introduced to increase the uptake of renewable heat generation technologies. 
The predominant income stream for the development with heat pumps comes from the RHI. 
It can therefore be concluded that the RHI is one of the most crucial factors in determining 
the scheme viability at an early stage. The sensitivity analysis has concluded that small 
reductions in the RHI do not affect the economic viability of schemes significantly, however 
schemes are unable to generate a profit in the absence of the Government incentive. 
 
Coefficient of performance 
 
The results from the optimisation indicate that the COP of the heat pump can determine 
whether a heat network scheme will be viable or not. The net profits associated with the 
scheme vary significantly and the uncertainty of a consistent COP is the main risk when 
selecting heat pump technology. This can be mitigated with the integration of waste heat 
streams within the network. As there are a number of data centres in the project area, it can 
be assumed that the risks associated with a fluctuating COP value are significantly lowered.  
 

8.5 Stakeholder engagement  
 
It is interesting to note that when engaging with stakeholders, it is evident that there is a 
vast discrepancy in commercial awareness. This is due to the fact that district heating has 
not been widely adopted in the UK and is relatively new in terms of low carbon heating 
solutions. This presents a problem for potential stakeholders as intellectual property can be 
compromised in initial planning stages of the project. In addition to this, potential cooling 
customers who require water for cooling purposes can be unaware of the commercial value 
of their waste heat. The responsibility for managing all commercial streams within the 
network falls on the developers or facilitators of the scheme. Therefore, it is vital that an 
open and transparent approach is taken to encourage fair collaboration and drive 
connectivity. 
 
Moreover, an increase in awareness of commercial opportunities for heat network projects 
must be driven within the industry. This will increase the potential customer base for 
decentralised heat network schemes. Once, schemes become widely accepted, pricing 
structures, in particular, pricing structures associated with waste heat streams can highlight 
the commercial incentive to potential customers whilst increasing their awareness and 
confidence when committing to long term strategies.  
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8.6 Research questions 
 
What are the anchor loads in the project area and how do their heat demands vary during 
seasons? 
 
The anchor loads within the project area have been identified in chapter 4 of the report using 
the heat mapping methodology. The London Heat Map tool has enabled potential anchor 
loads to be identified which have a significant heat demand and are attractive for 
decentralised heat network projects. Following the identification of heat demands, a 
methodology and EXCEL tool was made which estimated the heat demand profiles for each 
anchor load. This enabled the development of an aggregated heat demand profile for the 
energy centre which could be optimised accordingly. The methodology and tools designed 
are suitable for application across London for heat network projects. 
 
What energy centre heat supply technologies are optimal for the minimisation of CO2 
emissions and network costs? 
 
It has been identified that the combination of heat pumps as a base load technology with 
gas boilers serving peak demand are the optimal selection of technologies to minimise CO2 
emissions whilst being economically viable. Due to the high reliance on the RHI for 
commercial viability, the tariff’s must be evaluated prior to carrying out initial project 
assessments in order to determine the viability of the scheme under consideration.  
 
Can an optimal strategy by identified for connecting loads to maximise revenue? 
 
The strategy for connecting clusters in this project has been limited to the connection 
constraints of each stakeholder. As each cluster has a predefined time for connection, the 
formulation of an optimal strategy has not been analysed in further detail. It must be noted 
that once a cluster has connected to the heat network, it will generate revenue and therefore 
the earlier a connection is established, the higher the associated profit margins will be. In 
addition to this, the economic life of the energy centre will be optimised in terms of energy 
production. In the case that there is a limited number of clusters able to connect in a 
specified time period, the clusters with higher profit margins should be selected to optimise 
revenue for the project. It is important to highlight that a reduction in the number of clusters 
connected to the network will significantly higher revenues associated with the network as 
identified in the revenue maximisation optimisation. 
 
What are the environmental benefits of designing such a heat network compared to a 
baseline case with conventional heating technologies?  
 
Over a 25-year period, the energy centre design for the heat pumps and gas boiler 
technology combination produce 12,062 tonnes CO2 equivalent. Over the same time period, 
the base case scenario of gas boilers produces 109,602 tonnes CO2 equivalent. The 
difference in emissions over the lifetime is calculated at 97,540 tonnes CO2 equivalent which 
correlates to an 89.07% reduction compared to the base case. When comparing the base 
case scenario to heat pump technology alone, the difference in associated emissions is 
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91.83%. By selecting gas boilers as the peak demand technology, costs can be minimised 
whilst achieving significant emission reductions. It can therefore be concluded that the heat 
pump and gas boiler combination is the most viable solution for the reduction of CO2 
emissions whilst maximising revenue for the scheme. 
 
How can the strategies be formulated to aid the development of a heat network which 
accommodates existing and potential project partners? 
 

It has been found that a matching design approach is ideal for the development of the 
energy centre for heat network projects. This approach accommodates potential expansion 
of the network and the addition of potential customers at a later stage, whilst accounting for 
the risks associated with potential stakeholders not connecting to the network and other 
risks associated with long term development plans. 
 
As discussed, the strategies adopted in this report are bound to the connection availability 
of each cluster and stakeholder. As outlined previously, the success of a heat network project 
relies on the willingness of stakeholders to connect in order to guarantee a steady and 
sufficient heat demand profile for the energy centre. When meeting with stakeholders, there 
are a number of barriers which have been identified that prevent opportunities from being 
realised. These include issues with Intellectual Property (IP) and difference in commercial 
awareness between customers. Stakeholders can be reserved or unwilling to provide specific 
data due to the uncertainty associated with making the data available to other stakeholders 
and potential developers. In order to progress decentralised heat networks in the UK, 
stakeholders must be open and transparent when collaborating with heat network 
developers in order to promote collaboration. 
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Chapter 9                                
Conclusions & Future work 
 
The primary aim of the project was to develop a decentralised heat network development 
methodology which makes best use of heat sources and loads and can be widely applied to 
evaluate the energy economics of the scheme. The methodology which has been adopted 
for the design of this scheme is as follows: 
 

1. Heat mapping and heat demand analysis 
2. Energy centre and heat network design 
3. Heat network and energy centre optimisation 
4. Energy masterplanning 

 
The heat mapping and heat demand analysis enabled hourly heat load profiles to be 
simulated which enabled clusters of interest to be formulated. The development of heat 
demand profiles for individual clusters enabled the optimisation model to select the most 
attractive clusters. The input of energy technology data enabled the energy centre to be 
simulated and the most attractive clusters to be selected based on the objective of either 
maximising revenue or minimising CO2 emissions. The methodology incorporated energy 
masterplanning strategies which encompassed the formulation of a development schedule 
to phase in specific clusters with the heat network. The optimisation model was a crucial 
element of the study for both the selection of clusters and ensuring that the project aims 
could be met accordingly. 
 

9.1 Key findings 
 
The methodology developed can be applied to decentralised heat network projects in 
London as a whole. The existence of the London Heat Map enables developers to identify 
potential anchor heat loads which form the starting point of the heat mapping and heat 
demand analysis. Through carrying out this methodology in accordance with specified 
objective functions, the following key findings have been identified: 
 

§ Strategy 1 which encompassed the optimisation of energy generated in the energy 
centre resulted in a heat network with an optimised energy demand profile. A 
techno-economic analysis concluded that the proposed scheme was not 
economically viable. This was mainly due to the extremely high costs associated with 
piping to each cluster. 

 
§ Strategy 2 which aimed to maximise revenue for the development was economically 

viable with both heat pump and CHP technology. When comparing both 
technologies in terms of their economic viability for installation in the energy centre, 
CHP technology could be used for commercial projects as it has a payback period of 
7 years. Heat pumps alone have very high associated capital costs resulting in a 
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payback period of 20 years. The RHI is also only guaranteed for 20 years for 
commercial projects and therefore, payback periods less than this are a necessity. 

 
§ Single clusters with a large heat demand are optimal for connection due to the fact 

that they will significantly reduce the capital costs associated with piping whilst 
generating a significant profit. In addition to this, having a low number of clusters is 
optimal in terms of stakeholder engagement as relationships can be established 
between the network developer and stakeholder. This will increase the likelihood of 
a scheme being realised whilst significantly reducing the risks associated with 
managing the project. 
 

§ The objective to minimise CO2 emissions resulted in heat pump technology being 
the most attractive option. With considerably less associated CO2 emissions, heat 
pumps are the most viable option to meet carbon budgets. 

 
 

§ The objective to minimise CO2 whilst maximising revenue resulted in the combination 
of heat pumps (base load) and gas boilers (peak demand) being a viable selection of 
technologies for the energy centre. The results obtained indicate that there are only 
slightly higher CO2 emission associated with heat pump and gas boiler technology 
when compared to heat pumps alone. 

 
The sensitivity analyses undertaken enabled a number of scenarios to be taken into account 
to see how the COP, RHI and carbon factor parameters and rates would affect the economic 
viability of the proposed scheme. The analysis concluded that the depreciation in rates would 
significantly lower the associated revenues for the project whilst increasing the payback 
periods and associated carbon emissions depending on the assigned carbon factor rate. 
 
 

9.2 Future work 
 
The methodology formulated for the decentralised heat network has identified the most 
attractive heat network scheme in terms of commercially viability and associated emission 
reduction measures compared to conventional methods of heating. There are a number of 
areas in which this heat network development methodology can be analysed further to 
expand the scope of the project. 
 
9.2.1 Anchor Heat loads 
 
As outlined previously, the connectivity of a scheme in terms of the anchor loads relies on 
the willingness of stakeholders to connect. Managing stakeholders at an earlier stage of the 
project will enable feasible clusters to be developed which guarantee heat demand loads 
and enable planning applications to be submitted at an earlier stage of the project. This will 
enable all loads to be considered individually and enable viable strategies to be formulated 
at a later stage of the project. 
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9.2.2 Heat demand profiles 
 
In order to ensure that robust strategies have been formulated, the use of real heat demand 
data would ensure that the heat demand profile of the energy centre is calculated accurately. 
Due to the lack of hourly heat demand data for various typologies, the heat demand model 
aims to simulate heat demands for all loads in a project area. Ideally, hourly data should be 
requested from the stakeholder in order to simulate the heat network within the optimisation 
model. On the other hand, by producing a typology heat demand profile tool, the heat 
network energy profile can be simulated at an early stage. In order to increase accuracy of 
heat demand profiles, a full 8760-hour profile can be simulated for each typology. This will 
enable heat demand profiles to be simulated for additional typologies which have differing 
weekday and weekend profiles beyond the scope of this report. 
 
9.2.3 Cluster formations 
 
Anchor heat loads were combined to form clusters primarily based on geographical location. 
An individual methodology and optimisation could be developed to identify anchor loads 
within the same proximity whilst factoring in other factors for generating clusters including 
diversity, heat demand density and typology. This would increase the likelihood of a flat 
generation profile being formulated when combining clusters, whilst considering the energy 
economics of individual clusters, thus increasing the overall viability of the scheme. 
 
9.2.4 Energy masterplanning strategies 
 
The energy masterplanning process involved setting a timeline for the phasing of clusters to 
the network. As cluster connectivity is reliant on stakeholders, there may be clusters which 
become available as the project progresses. Formulating a higher number of strategies, 
including potential connections and their proposed connection viability will enable network 
scenarios to be formed which can be adapted as the heat network expands. This will ensure 
that all clusters of interest are factored into the development of the scheme.   
 
9.2.5 Data centre revenue streams 
 
Due to the limited scope of the project, the waste heat sources from the data centres were 
not factored into the design of the energy centre. The integration of waste heat sources will 
require an element of commercialisation. With this in mind, a financial structure can be 
formulated to commercialise the waste heat per kilowatt-hour and provide a basis for 
potential stakeholders to make informed decisions on whether to commit to a development 
strategy. 
 
9.2.6 Heat network design 
 
Piping connections typically contribute to a large proportion of capital costs for heat network 
schemes and therefore need to be estimated accurately. In addition to this, piping 
connections which have already been established can reduce future piping connections as 
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they can act as connection points to additional clusters. In order to accommodate these 
factors, piping can be oversized in terms of thermal capacity to accommodate future 
expansion and connection of additional loads. A heat network pipework analysis can be 
carried out to evaluate the combinations of pipe sizes and connections to clusters in order 
to determine the optimal selection of piping and increase the likelihood of future connection 
possibilities. 
 
9.2.7 Energy centre location 
 
Due to the high costs associated with piping connections, the location of the energy centre 
is a crucial factor when designing the network. An analysis of the optimal location can be 
carried out to identify the best location for the energy centre. In addition to this, the energy 
centre can be located in close proximity to heat loads to reduce piping costs 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 79 

References 
 
1. United Nations. (1998). Kyoto Protocol to the United Nations framework convention on 

climate change. 
 

2. Parliament of the United Kingdom. (2008). Climate Change Act 2008. HM Government. 
 

3. Britton, Jess. (2015). The Bristol Method: How to use heat networks to lower the 
carbon footprint of a city. Version 1. 
 

4. The Future of Heating, Meeting the challenge DECC, (2013) 
 

5. Antonio Colmenar, Santos Enrique Rosales-Asensio, DavidBorge-Diez, Jorge-
JuanBlanes-Peiró. District heating and cogeneration in the EU-28: Current situation, 
potential and proposed energy strategy for its generalisation (2016) 

 
6. https://www.gov.uk/guidance/heat-networks-overview. Accessed on October 11th 

(2018). 
 
7. https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachme

nt_data/file/353979/decc_water_source_heat_map.pdf. Accessed on October 2018. 
 

8. UK Government. Energy White Paper. ISBN 9780101712422 (2007) 
 
9. HM Government. The UK low carbon transition plan: national strategy for climate and 

energy (2009) 
 
10. The Environment Agency. Environment Act (1995) 
 
11. Mayor of London. The London Plan (2016) 
 
12. Mayor of London, London Heat Map, 2013. https://maps.london.gov.uk/heatmap/. 

Accessed 9th August 2018 
 
13. Mayor of London. London Heat Network Manual. (2014) 
 
14. Tower Hamlets. Local Plan, Core strategy (2010) 
 
15. Tower Hamlets. Local Plan, Managing Development Document (2013) 
 
16. https://www.towerhamlets.gov.uk/lgnl/planning_and_building_control/planning_policy

_guidance/Local_plan/Local_Plan_2031_examination.aspx. Accessed on 12th October 
2018. 

 



 80 

17. UK Government. Energy Act (2008). 
https://www.legislation.gov.uk/ukpga/2008/32/contents. Accessed on 12th October 
2018. 

 
18. Evinox energy. Heat network design guide (unknown year) 
 
19. Arup. Decentralised Energy Masterplanning (2011). 
 
20. GSHP Association, Surface water source heat pumps: Code of Practice for the UK 

(2016) 
 
21. CIBSE. Surface water source heat pumps: code of practice (2015). 

 
22. Centre for Sustainable Energy, Identifying and assessing a potential district heating 

area using the National Heat Map, July 2012, 
https://www.cse.org.uk/thesource/download/identifying-and-assessing-a-potential-
district-heating-area-using-the-national-heat-map-179 
 

23. UK Government. Environmental taxes, reliefs and schemes for businesses. 
https://www.gov.uk/green-taxes-and-reliefs/climate-change-levy. Accessed on 12th 
October 2018. 
 

24. https://www.gov.uk/government/publications/rates-and-allowances-climate-change-
levy/climate-change-levy-rates. Accessed on 1st October 2018. 
 

25. Gareth Davies, Akos Revesz, and Graeme Maidment, London South Bank University. 
Waste heat from cooling in cities (2017) 
 

26. https://www.theade.co.uk/assets/docs/case-studies/BarkentineDHScheme2013.pdf. 
Accessed on 26th September 2018 

 
27. https://www.edfenergy.com/large-business/energy-solutions/district-heating-cooling. 

Accessed on 26th September 2018 
 
28. The London Datastore. https://data.london.gov.uk/dataset/london-heat-map. Accessed 

on 14th October 2018 
 
29. O. Gudmundsson, J. E. Thorsen & L. Zhang (2013) Cost analysis of district heating 

compared to its competing technologies. 
 
30. https://www.gov.uk/government/publications/rates-and-allowances-climate-change-

levy/climate-change-levy-rates. Accessed on 6th October (2018) 
 

31. DECC. Heat pumps in district heating (2016). 
 



 81 

32. http://2050-calculator-tool-wiki.decc.gov.uk/cost_sources/61. Accessed on October 
20th 2018. 

 
33. BEIS. Evidence gathering – Low carbon heating technologies. (Nov 2016). Prepared by 

DECC 
 
34. DECC, Heat Networks Investment Project – Capital funding for building heat networks 

(June 2016) 
 
35. https://www.ofgem.gov.uk/data-portal/gas-prices-day-ahead-contracts-monthly-

average-gb. Accessed on 3rd October 2018.  
 
36. https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-

factors-2018. Accessed on 20th October 2018. 
 
37. BEIS. Government GHG Conversion factors for company reporting (2017). 

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachme
nt_data/file/650244/2017_methodology_paper_FINAL_MASTER.pdf. Accessed on 20th 
October 2018. 

 
38. https://www.vitalenergi.co.uk/what-is-district-heating-and-cooling/. Accessed on 20th 

October 2018. 
 

39. https://www.arup.com/projects/denet. Accessed on 20th October 2018. 
 

40. CIBSE. Heat networks, Code of Practice (2015) 
 

41. https://www.gov.uk/government/organisations/hm-revenue-customs/about. Accessed 
on 20th October 2018. 

 
42. Carl Haikarainen, Frank Pettersson, Henrik Saxén. An MILP Model for Distributed 

Energy System Optimization. Vol. 35, 2013. 
 

43. Mayor of London. Opportunities for decentralised energy in London mao. December 
2011. Arup 

 
44. Atkins. Glengall Bridge Dock Water Cooling Study (2013) 

 
45. Pöyry. The potential and costs of district heating networks (2009) 

 
46. Michael King (CHPA), Marina Solari (HCA), Emyr Poole (HCA), Marion Delaney 

(AECOM), Steve Carr (HCA). District Heating Good Practice. (2011) 
 

47. UK Committee on Climate Change (2010) Fourth Carbon Budget www.theccc.org.uk 
 

48. BEIS. Heat Networks Investment Project Consultation Government Response (2016) 



 82 

 
49. AECOM. Assessment of the Costs, Performance and Characteristic of UK Heat 

Networks (2015) 
 

50. Emden J, Aldridge J and Orme B. Piping hot: The opportunity for heat networks in a 
new industrial strategy, IPPR (2017) 

 
51. https://www.nkjskj.com/difference-between-heat-enginerefrigerator-heat-pump/. 

Accessed on 20th May 2018. 
 

52. Resources for entrepreneurs. http://www.gaebler.com/Capacity-Planning-
Strategies.htm. Accessed on 20th May 2018. 

 
53. The association for decentralised energy. https://www.theade.co.uk/resources/what-is-

district-heating. Accessed on 17th June 2018. 
 

54. OFGEM. https://www.ofgem.gov.uk/environmental-programmes/ro. Accessed on 20th 
April 2018. 

 
55. https://searchbusinessanalytics.techtarget.com/definition/heat-map. Accessed on 23rd 

April 2018. 
 

56. https://www.excel-easy.com/examples/moving-average.html. Accessed on 30th 
October 2018. 

 
57. Arup, DeNet tool. https://www.arup.com/projects/denet. Accessed on 1st September 

2018. 
 

58. https://www.ofwat.gov.uk/regulated-companies/ofwat-industry-overview/. Accessed on 
23rd May 2018. 

 
59. https://www.gov.uk/government/organisations/department-for-environment-food-

rural-affairs/about. Accessed on 23rd May 2018. 
 

60. https://www.cibse.org/knowledge/knowledge-items/detail?id=a0q20000008JgZH. 
Accessed on 23rd May 2018. 

 
61. https://www.ofwat.gov.uk/about-us/our-duties/. Accessed on 23rd May 2018. 

 
62. https://www.engineerexcel.com. Accessed on 19th December 2018. 

 
63. https://canalrivertrust.org.uk/about-us . Accessed on 30th April 2018. 

 
64. https://www.energetik.london/faqs/what-is-an-energy-centre/. Accessed on 20th 

December 2018. 



 83 

Appendix 
 
Appendix A: Water Source Heat Map (DECC, 2014) 
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Appendix B: London Datastore – London Docklands anchor load data 
 

Cluster Node Name Typology New 
Development 

Annual Heat Demand 
(MWh/yr) 

Gross Internal 
Floor Area (m2) 

1 1 Dundee Wharf Apartments No 530.7 0.0 
2 2 Belgrave Court Apartments No 808.3 0.0 
2 3 Eaton House Apartments No 996.1 0.0 
2 4 Four seasons Hotels   2141.4 0.0 
2 5 Berkeley Tower Apartments No 579.7 0.0 
3 6 1&7 Westferry Circus Offices No 3173.3 34891.0 
3 7 11 Westferry Circus Offices No 1201.4 13210.0 
3 8 15 Westferry Circus Offices Yes 1470.2 16165.0 
3 9 20 Columbus Courtyard Offices No 2281.3 25083.0 
3 10 17 Columbus Courtyard Offices No 1689.9 18580.0 
3 11 1 Cabot Square Offices No 4562.6 50166.0 
3 12 25 Cabot Square Offices No 3789.5 41666.0 
4 14 Unknown/New build Apartments No 873.7 0.0 
4 15  Unknown/New build Apartments No 1290.1 0.0 
5 21 Site At North Dock Isle Of Dogs Crossrail Station Offices Yes 785.0 11600.0 
6 16 10 Cabot Square Offices No 5372.9 59075.0 
6 17 20 Cabot Square Offices No 4718.1 51876.0 
6 18 30 South Colonade Offices No 2488.3 27359.0 
6 19 1 Canada Square Offices No 11835.3 130130.0 
6 20 25 North Colonade Offices No 3040.1 33426.0 
7 22 5 Canada Square Offices Yes 4224.6 46450.0 
7 23 1 Canada Square London Apartments No 628.7 0.0 
7 24 33 Canada Square Offices Yes 4755.2 52284.0 
7 25 25 Canada Square Offices Yes 10172.9 111852.0 
7 26 8 Canada Square Offices Yes 9294.3 102191.0 
8 27 Billingsgate Market Local government estate No 529.0 0.0 
8 28 15 Canada Square Offices Yes 3393.2 49900.0 
8 29 20 Canada Square Offices Yes 4605.0 50632.0 
8 30 25 Churchill Place Offices Yes 1463.0 71000.0 
8 31 20 Churchill Place Offices Yes 3421.4 50314.0 
8 32 Canary Wharf Idea Store Community Centre No 250.3 1192.0 
8 33 5 Churchill Place Offices Yes 1263.4 18580.0 
8 34 1 Churchill Place Offices Yes 8449.4 92902.0 
9 35 10 Upper Bank Street Offices Yes 8390.2 92251.0 
9 36 40 Bank Street Offices Yes 5069.6 55740.0 
9 37 50 Bank Street Offices Yes 1749.0 19230.0 

10 65 Discovery Dock Apartment West Apartments No 1249.2 0.0 
10 66 South Quay Square Hotels Yes 96.0 14303.0 
10 67 Discovery Dock Apartment East Apartments No 1567.7 0.0 
10 68 Wyndham House Offices No 2200.5 24195.0 
10 69 Mooring In Millwall Cutting And South Dock Hotels Yes 1709.0 0.0 
11 38 25 Bank Street Offices Yes 8871.8 97546.0 
11 39 20 Bank Street Offices Yes 4326.0 47565.0 
12 63 Pan Peninsula West Tower Apartments Yes 3511.0 0.0 
12 64 Pan Peninsula Tower Apartments Yes 2906.7 0.0 
13 45 International Hotel Hotels No 6665.4 0.0 
13 48 40 Marsh Wall Hotels Yes 620.0 9800.0 
14 13 Riverside South (North Tower) Offices Yes 6120.0 90000.0 
14 40 The City Pride Public House Apartments Yes 3511.0 0.0 
14 41 Cascades Tower Apartments No 1339.1 0.0 
14 42 Anchorage Point Apartments No 620.5 0.0 
14 43 Landmark West Apartments Yes 2253.5 0.0 
14 44 Landmark East Apartments Yes 4571.0 3320.0 
15 46 Pierpoint Building Apartments No 563.4 0.0 
15 47 Unknown/New build Apartments No 816.5 0.0 
15 49 Vanguard Building Apartments No 710.4 0.0 
15 50 Unknown/New build Apartments No 473.6 0.0 
15 51 Seacon Tower Apartments No 808.3 0.0 
15 52 Exoress Wharf Apartments No 547.1 0.0 
15 53 Naxos Building Apartments No 849.2 0.0 
16 54 Ocean Wharf Apartments No 424.6 0.0 
16 55 Ocean Wharf Apartments No 440.9 0.0 
17 56 Unknown/New build Apartments No 669.5 0.0 
17 58 St. Hubert's House Apartments No 465.4 0.0 
18 59 Constable House Apartments No 2163.7 0.0 
18 60 Gainsborough House Apartments No 1151.3 0.0 
18 61 Stanliff House Apartments No 457.2 0.0 
19 62 Unknown/New build Apartments No 2874.1 0.0 
20 57 New Atlas Wharf Apartments No 1232.9 0.0 
20 79 Arnhem Wharf Apartments No 506.2 0.0 
20 80 Arnhem Wharf Primary School School No 393.2 7544.0 
21 81 Montcalm House Apartments No 449.1 0.0 
21 82 Montrose House Apartments No 449.1 0.0 
21 83 Nova Building Apartments No 440.9 0.0 
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21 84 Windmill House Apartments No 481.7 0.0 
21 85 7 Apollo Building Apartments No 718.5 0.0 
21 86 Galaxy Building Apartments No 718.5 0.0 
21 87 51 Orion Point Apartments No 824.7 0.0 
21 88 Unknown/New build Apartments No 1232.9 0.0 
22 78 Unknown/New build Apartments No 685.9 0.0 
23 77 8 Selsdon Way Apartments No 702.2 0.0 
24 90 1 Telegraph Place Apartments No 465.4 0.0 
24 91 Unknown/New build Apartments No 440.9 0.0 
25 89 St. Edmunds RC Primary School School No 127.3 1393.0 
26 92 Harbinger CP School School No 566.4 1722.0 
27 93 Phoenix Court Apartments No 849.2 0.0 
28 94 Plate House Apartments No 449.1 0.0 
28 95 Wheel House Apartments No 636.9 0.0 
28 96 Chart House Apartments No 653.2 0.0 
29 97 Unknown/New build  Apartments No 481.7 0.0 
29 98 Unknown/New build Apartments No 563.4 0.0 
29 99 Unknown/New build Apartments No 653.2 0.0 
29 100 96 St. Davids Square Apartments No 571.6 0.0 
30 101 Unknown/New build Apartments No 685.9 0.0 
31 102 George Greens Secondary School School No 1799.9 10165.0 
31 103 Galleon House Apartments No 653.2 0.0 
32 104 St Luke's CE Primary School School   555.0 1693.0 
33 105 Betty May Gray House Apartments No 449.1 0.0 
34 107 Unknown/New build Apartments No 547.1 0.0 
35 106 Cunitt towns Infants School School No 191.3 2459.0 
36 108 Cubitt Town Library Library No 122.9 566.0 
37 76 Peninsula Court Apartments No 432.7 0.0 
38 109 Dagmar Court Apartments No 759.3 0.0 
38 110 Keslon House Apartments No 1183.9 0.0 
38 111 Hedley House Apartments No 440.9 0.0 
38 112 Ballin Court Apartments No 473.6 0.0 
39 74 Unknown/New build Apartments No 1347.2 0.0 
39 75 Ability Central Offices Yes 1894.3 0.0 
40 72 Three Harbour Exchange Offices No 1297.0 14261.0 
40 73 Exchange Tower Offices No 4229.2 46500.0 
41 70 Unknown/New build Apartments No 408.3 0.0 
41 71 Unknown/New build Apartments No 522.6 0.0 
42 115 Jack Dash House Local government estate No 478.2 4843.0 
43 113 Alice Shepherd House Apartments No 587.9 0.0 
43 114 Galleons View Apartments No 547.1 0.0 
43 116 416 Manchester Road Apartments No 743.0 0.0 
44 117 Wood wharf Offices Yes 23151.0 0.0 
45 118 Unknown/New build Apartments No 538.9 0.0 
45 119 Unknown/New build Apartments No 408.3 0.0 
45 120 332 Boardwalk Place Apartments No 408.3 0.0 
46 121 Westferry Year 1 - Apartments Apartments Yes 924.0 0.0 
46 122 Westferry Year 1 - Offices Offices Yes 65.0 0.0 
47 123 Westferry Year 2 - Apartments Apartments Yes 924.0 0.0 
47 124 Westferry Year 2 - Offices Offices Yes 239.2 0.0 
48 125 Westferry Year 3 - Apartments Apartments Yes 924.0 0.0 
48 126 Westferry Year 3 - Secondary School School Yes 622.5 0.0 
49 127 Westferry Year 4 - Apartments Apartments Yes 924.0 0.0 
50 128 Westferry Year 5 - Apartments Apartments Yes 924.0 0.0 
51 129 Barkantine District Heating Apartments No 8032.5 0.0 
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Appendix C: Typology hourly heat demand simulation tool (EXCEL) 
 
Building typology – heat demand weekday and weekend curve data 
 

 
 
Building typology – monthly heat demand curve data 
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Appendix D: Typical daily and monthly heat demand curves [19] 
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Appendix E: Hourly heat demand simulation (EXCEL) 
 

 
Cx = cluster HDF – heat demand factor MHDF – Monthly heat demand factor 
 
Cx = cluster HDF – heat demand factor MHDF – Monthly heat demand factor 
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Appendix F: Optimisation model inputs 
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Appendix G: Optimisation example output 
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Appendix H: Strategy 1 - Maximum energy generation techno-economic model output, CHP technology 
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Appendix I: Strategy 1 - Maximum energy generation techno-economic model output, Heat pump technology 
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Appendix J: Strategy 2 – Revenue maximisation, CHP techno-economic model output 
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Appendix K: Strategy 2 – Revenue maximisation, Heat Pump techno-economic model output 
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Appendix L: Model GHG emission output 
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Appendix M: Optimisation model EXCEL spreadsheet overview 
 

No. Spreadsheet 
no. 
abbreviation 

Spreadsheet Description Appendix 
number: 

1 INPUTS 1 Techno-economic inputs Includes all model inputs for: 
§ Technologies (Gas boiler, CHP, HP) 
§ Economic parameters 
§ Emission parameters 
§ Piping distances 
§ Pumping costs 

F 

2 INPUTS 2 Heat demand profile tool Includes heat demand profile simulation tool including the following: 
§ Daily heat demand profiles and factors for building typologies 
§ Monthly heat demand profiles and factors for building typologies 
§ Simulated energy demand profiles for one year (576 hours) for all clusters 

(1-51) 

C,D,E 

3 OM – MAX 
ENERGY 

Optimisation – maximising energy 
generation 

Energy generation maximisation spreadsheet for running solver   - 

4 MAX – 
ENERGY 
PROFILE 

Energy profile simulation Simulated energy demand profile for clusters identified from optimisation 
results in spreadsheet no. 3 

- 

5 OM - GB Optimisation – Gas boiler Revenue maximisation optimisation spreadsheet for running solver for a gas 
boiler energy centre 

G 

6 OM - CHP Optimisation – CHP Revenue maximisation optimisation spreadsheet for running solver for a 
CHP energy centre 

J, G 

7 OM - HP Optimisation – Heat pump Revenue maximisation optimisation spreadsheet for running solver for a 
heat pump technology energy centre 

K, G 

8 REV MAX - 
PROFILE 

Optimisation – Maximising revenue Simulated energy demand profile for clusters identified from optimisation 
results in spreadsheets 5, 6 and 7 

- 

9 GHG PROFILE CO2 emission profiles CO2 emission outputs for gas boilers, CHP, heat pumps and gas boiler heat 
pump combination 

L 
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Appendix N: Map of opportunities for decentralised 
energy in London 
 

 
 
Appendix M: Map of opportunities for decentralised 
energy in London 
 

 


