
Research Paper

Building Serv. Eng. Res. Technol.
2022, Vol. 0(0) 1–13
© The Author(s) 2022

Article reuse guidelines:
sagepub.com/journals-permissions
DOI: 10.1177/01436244221085921
journals.sagepub.com/home/bse

Ambient loop district heating and
cooling networks with integrated
mobility, power and interseasonal
storage

Akos Revesz1, Phil Jones2, Chris Dunham3, Anthony Riddle4,
Norman Gatensby4 and Graeme Maidment1

Abstract
This paper describes a heat pump investigation for GreenSCIES (GS), a fifth Generation district heating and
cooling (5DHC) network in Islington, London. The paper describes the GreenSCIES concept integrating
Mobility, Power and Heat into a Smart Local Energy System (SLES). At the heart of the system is an ultra-low
temperature ambient loop network, which permits bi-directional flow within the pipes to allow energy ex-
change between heating and cooling customers at different times and in different locations, depending on where
demand is at any given time. An existing data centre provides the primary source of waste heat for the scheme.
Heat pumps in distributed energy centres are utilised to amplify the temperature of the ambient loop to deliver
heat in connected buildings. The energy centres integrate heat pumps with building-mounted solar photovoltaic
(PV) systems and electric vehicle (EV) charging points. The paper provides an overview of the integrated SLES
concept, focussing on the heat pump selection and the short and long-term thermal storage options designed for
the scheme. The results show that even the smaller constructible ‘New River’ scheme will save 5,000 tons of
CO2e annually. This will tend to 100% as the grid decarbonise further. Therefore, the GS SLES concept applied
to urban areas could deliver significant carbon emission savings in the UK and elsewhere.
Practical application: Project GreenSCIES, is a detailed design study to develop a Smart, Local Energy
System (SLES) for a large community in the London Borough of Islington. Our consortium have developed an
innovative SLES concept, centred around a fifth generation district heating and cooling network. The GS
ambient loop systems have negligible losses and much greater efficiencies than traditional district heat
networks. As recognised by the UK Government’s Heat and Buildings Strategy, ambient loop systems should
be considered where large-scale neighbourhood regeneration occurs. The proposed SLES concept applied to
wider urban areas could deliver significant carbon emission savings in the UK.
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Introduction

The role of district heating and cooling in
meeting net-zero

In 2019, the UKGovernment committed to reduce its
carbon emission to Net-Zero by 2050.1 Meeting this
legal commitment will require virtually all heat in
buildings to be decarbonised, and heat in industry to
be reduced to close to zero carbon emissions. Heating
of buildings is one of the major contributors to
greenhouse gas emissions, and therefore, de-
carbonisation of the sector is a critical in order to
meet climate targets. The combination of heat pumps
and heat networks offers a major pathway to de-
carbonise heat in buildings. The UK’s Committee for
Climate Change estimates that around 18% of UK
heat will need to come from heat networks by 2050 if
the UK is to meet its carbon targets cost-effectively.2

Therefore, the UK Government has provided tech-
nical and project management support through its
Heat Networks Delivery Unit (HNDU) for a number
of years. This has supported heat mapping, detailed
feasibility and detailed project development for over
100 projects. BEIS is currently investing up to
£320 mn through the existing Heat Networks In-
vestment Project (HNIP), using grants and loans to
accelerate the growth of the market. This scheme will
come to an end in 2022 but will be followed by a
further £270 mn in further funding from 2022
through the new Green Heat Network Fund.3 As part
of its Net-Zero Strategy,4 BEIS expects the annual
energy supply from heat networks to grow from 14
TWh in 2019 to 70 TWh in 2050, which would
represent around 20% of the UK’s domestic heating
demand in that year.

The generation of energy networks

There is also an apparent move to reduce tempera-
tures in heat networks. Traditional, early generation
networks can be expensive and can suffer from
significant distribution losses. The proposed SLES
concept presented in this paper formed around a fifth
generation district heating and cooling (5DHC)
network concept where customers can be producers
and/or consumers (prosumers) of thermal energy

flows within the network. 5DHC is a non-traditional
topology with decentralised plant, usually electric
heat pumps, supplying heat or coolth to the con-
nected prosumers through an ambient loop. 5DHC
networks are characterised by distribution tempera-
tures in the ambient range of 15–25°C, which not
only reduces heat loss but also allows for integrating
various kinds of low temperature waste heat sources
such as heat from urban data centres.

The economic benefits of lower distribution
temperatures have been estimated by Averfalk and
Werner,4 and shown to be significant in comparison
to the traditional higher temperature systems. Further
benefits of 5DHC networks were investigated and
discussed by a number of authors which all showed
to be significant compared to the operation of pre-
vious generation networks. Jones5 and Revesz et al.6

both highlighted opportunities associated with pro-
suming of energy between applications, with the
greater prosuming leading to greater carbon savings.
Boesten et al.7 concluded that 5DHC systems pro-
vide a high level of flexibility as a result of their
integration of heating, cooling and electricity infra-
structures and the availability of storage facilities at
different temperatures and time scales. The work of
Buffa et al.8 assessed the drawbacks and benefits of
5DHC systems by the means of a SWOT and a
statistical analysis of 40 existing systems. The study
concluded that ultra-low temperature nature of the
5DHC concept allows recovering many kind of
excess heat which is locally available. Moreover, it
was highlighted that 5DHC systems are resilient to
changes in boundary conditions like variations in
building efficiency levels and user needs. This par-
ticular benefit is related to the decentralised nature.

As recognised by the UK Government’s Heat and
Buildings Strategy,9 low carbon heat networks sys-
tems such as the 5DHC concept should be considered
where large-scale neighbourhood regeneration oc-
curs. The Strategy acknowledges that such networks
represent a fundamental technology, particularly in
densely populated urban areas, as they enable the
coupling between heating and other energy vectors
and can benefit from economies of scale. It also
expected that most large heat networks will be in
energy dense city centres and these have increasing
amounts of cooling. Cooling demands are rising,
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whereas heating demand is generally reducing due to
improved building efficiency. In these circumstances
with large heating and cooling in the same locality,
then both should be addressed. 5DHC ambient loop
networks offers a way to utilise waste heat from
cooling loads and share this into heating demands.
For example, in the GreenSCIES project in London a
large data centre supplying waste heat to heat other
local buildings.10

Project GreenSCIES

Project GreenSCIES (GS) is a detailed design study
to develop a Smart, Local Energy System (SLES)
for a large community in the London Borough of
Islington (LBI). The project is funded by Innovate
UK, part of UK Research and Innovation (UKRI)
through the Government’s Industrial Strategy
Challenge Fund on Prospering from the Energy
Revolution.11 The GS consortium has developed an
innovative SLES concept centred around a 5DHC
network in the London Borough of Islington. The
GS design has focused on investigating SLES op-
portunities across the area of approximately 1/3 of
the Council and supplying low carbon heat to over
10,000 residents living in 3,500 homes and up to 70
local businesses. A feasibility study showed that
even the construction-ready design of GS (New
River scheme) would result in more than 5,000 tons
of CO2e savings annually. This is equivalent to
reduce carbon emissions by 80% (over conventional
systems) and therefore a significant decarbonisation
solution in large cities. The fundamental aim of the
project is to develop a construction-ready design for
a scheme, which tackles fuel poverty by providing
significant reduction on consumer bills, deliver
large reductions in air pollution, and improve local
skills, jobs and economies. The GS project aims to
not only achieve a significant reduction of carbon
emissions but also to develop a commercial busi-
ness model that generates revenue streams through
maximising integration of distributed energy re-
sources and unlocking valuable sources of
flexibility.

The GS Future Plan covers a large proportion of
Islington; however, the focus of this paper is on a
smaller sub-scheme called New River. The New

River scheme will include three council-owned
residential blocks, two university campuses, a the-
atre, primary school, library and, crucially, a data
centre. The layout options for the network under
consideration, including the pipework route, con-
nected buildings and energy centres, are shown in
Figure 1.

The GreenSCIES concept

System integration

The GreenSCIES concept integrates Mobility Heat
and Power (MPH) energy vectors. The fully inte-
grated GS concept is illustrated in Figure 2. It can be
seen in the figure that each of the decentralised
energy centres incorporates the hydraulic and elec-
trical connection of heat pumps with thermal storage,
solar photovoltaic (PV) and electric vehicle (EV)
charge infrastructure. Smart integration of MPH
energy vectors opens up flexibility and sharing op-
portunities within an energy system, resulting in
carbon emission reductions and significant cost, with
service and comfort benefits to end-users.

The integration is achieved at each decentralised
energy centres – using a ‘behind the meter’ approach,
that is, all the assets like EV chargers, PV systems
and heat pumps are sub metered behind the main
meter. The concept for energy system integration is
shown in Figure 3.

This approach allows the monitoring, control of
assets from the perspective of metering power flow
and enables generation of revenue from their flexible
operations and energy service provision. It can also
be seen in Figure 3 that the integration involves the
physical sharing of infrastructure between the vec-
tors, that is, using the same trench for the ambient
loop and borehole pipes, EV charge post cables and
power cables. The techno-economic benefits of en-
ergy system integration are detailed in Revesz et al.11

The authors’ paper discusses that the behind the
meter integration of the assets enables flexibility,
which is a key potential value, stream for SLES
concepts. Whilst SLES are frequently driven by
values rather than profits, it is difficult to build a
scheme that does not stack up financially. This paper
focusses on the heating and cooling aspects of the
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scheme, in particular the heat pump selection and
short/long-term thermal energy storage design.

The operation of the ambient loop

From a heating and cooling perspective, the scheme
can essentially be summarised as using data centre
heat recovery to supply heat demands in all the re-
maining buildings. Or to describe this in another way,
sharing (prosuming) between the data centre cooling
and the heat demands. Figure 3 illustrates this
concept. It can be seen that the waste heat recovered
from the data centre is distributed in the warm
ambient loop header at approximately 13°C. Each of
the decentralised heat pumps at the individual cus-
tomer’s energy centres then supply low carbon heat
to the end-users at either 65 or 75°C. The cooling
(which is the by-product of heating) from the heat
pumps is transported back to the data centre through
the cold header of the network. It can be seen that the
data centre chilled water system circuits operate
between temperatures of 9 and 14°C.

The hydraulic concept is based on a two-pipe
ambient loop radial network connecting to customers
and energy sources through dedicated energy centres
containing heat pumps or heat exchangers. The
network will be configured as a radial bi-directional
flow system, with a warm pipe and a cold pipe,
consisting of a spine with branch connections linking
individual customers and energy sources to the main
spine. The warm and cold pipes are intended to
operate as low loss headers, with modest flow ve-
locities and pressure drops at the design condition.
Design velocities are envisaged to be between 1.5 to
2 m/s in order to provide an optimal balance between
investment and operating costs over the life of the
project. The hydraulic design is subject to ongoing
optimisation.

Temperatures within the warm and cold pipes will
vary according to the energy balance across the
system. However, it is important to maintain a bal-
anced heat and coolth flow across the network to
maximise economic and carbon benefits. The in-
troduction of interseasonal storage can then make use

Figure 1. GreenSCIES New River Scheme layout.
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of the local aquifer achieving Aquifer Thermal En-
ergy Storage (ATES) providing a novel way of
balancing. It can be seen in Figure 2 that the ATES
system in GreenSCIES is being achieved through the
formation of warm and cold borehole wells pro-
viding long-term thermal energy storage capacity.
During periods when customer demand for high
temperature heat is less than the data centre demand
for cooling, heat recovered from the data centre will
be injected into the aquifer hot store. Thermal stores
provides more information around the approach
implemented to investigate the applicability of an
ATES system in Islington.

The provision of cooling to the data centre is the
central part of the economic considerations. There-
fore, the data centre heat exchanger will be config-
ured as the primary cooling customer and will
normally be given preferential access to coolth over
the borehole and other cooling customers connected
to the network. Daily imbalances between high
temperature heat demand and data centre cooling
demand require careful balancing. Reversing flow
through borehole wells to meet these short-term
variations is not an option, since the thermal iner-
tia of system is too high to make this effective. In
order to ensure un-interrupted cooling supply, the
GreenSCIES design proposes to configure the largest

heat pump on the network to have the facility to
operate as a water-cooled chiller (referred to as
A-loop) at times when there is no or insufficient
customer demand for high grade heat. During these
times, the heat pump will condition the ambient loop
cold side through the evaporator circuit and reject
condenser heat into the aquifer. The switchover ar-
rangement between the heat pump and A-loop chiller
operation is described in Figure 4. Results of techno-
economic investigations showed that this configu-
ration significantly improves financial returns.

Thermal demands and
component selection

Heating and cooling demands of the New
River Scheme

Figure 5 shows the combined heating and cooling
demand data for the New River Scheme. The data
centre has approximately 3 MW of constant cooling
demand across the year (topped up with some of the
buildings cooling demand in the summer period).
Where possible data was gathered from actual half-
hourly gas and electricity data. Where this was not
available annual consumption was used and profiled
according to a combination of weather data and a

Figure 2. GreenSCIES: Mobility, Power and Het integration behind the meter, and the shared trenching concept.
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typical profile shape for that building type developed
from previous work. The breakdown of the annual
heat and coolth demand for each of the Energy
Centres (EC) together with the selected heat pump
capacities for each of them are shown in Table 1.

Initial heat pump selection

Heat pump and thermal store sizing was originally
based on a strategy of the minimum size required to
avoid the use of gas boilers – given the particular
half-hourly profile of data used. Note this is not the
same as the peak demand for each site because
thermal stores allow the peak to be met at a much
lower heat pump size than the peak seen in the half
hour of highest heat demand. This strategy does not
guarantee that gas boilers will not be used in practice.
This is because a sustained future cold snap, which is
worse than any experienced in the temperature year
being used for the modelling, could produce a higher
peak and/or any heat pump downtime, longer than
the thermal store could provide for, would necessitate
an alternative source of heat.

As part of the heat pump selection, a number of
units have been compared and evaluated. Table 2
shows the different options appraised based upon a
1 MW heat output capacity from five different
manufacturers.

For each of the options compared in Table 2, the
normal supply/return temperature used from/to the
heat pump was 75/55°C. We also investigated a
scenario where the heat pump can operate in weather
compensated mode (or a scenario where radiators are
replaced for larger ones) in the scheme down to 65/
45°C.

It can be seen in Table 2 that the natural refrigerant
options ammonia (R717) and hydrocarbons (R290)
perform well on COP but are capital intensive at
more than 2 times the capital cost of the cheapest
units. The lowest capital cost models have low COP.
The mid-range option 3 has relatively good COP and
medium capital cost. This is achieved through the use
of an economiser and low approach temperatures on
both condensers and evaporators. It also uses
R515b – a non-flammable, nontoxic (A1) refrigerant
which minimises plant room costs associated with

Figure 3. GreenSCIES: Mobility, Power and Het integration behind the meter, and the shared trenching concept.
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the options using mildly flammable (A2L)
(R1234ze), high toxicity/low flammability (B2L)
(Ammonia) and high flammability (A3) (hydrocar-
bon) refrigerants. In the cases of R1234ze, ammonia
and hydrocarbons the additional CAPEX require-
ments, that is, leak detection, ammonia de-risking,
emergency ventilation, etc. could be significant and

have been included in the analysis later on. All re-
frigerants selected are have ultra-low GWP, which is
important bearing in mind revisions to the FGas
Regulations and longevity of the system.

In addition to the initial appraisal, a further in-
vestigation was carried out to explore performance
improvements of the heat pumps. This investigation

Figure 4. The ambient loop with interseasonal ATES storage, heat pumps and the A-loop chiller.

Figure 5. Combined heating and cooling demand of the New River scheme.
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considered the performance of multiple heat pumps
operating with condensers in series. The main thrust
of this study was to exploit the opportunity that heat
pump COP increases when temperature lift is re-
duced. A number of series connected combinations
were investigated and these were assembled based
on the capacity ranges available from the pre-
selected manufacturer (option three in Table 1).
This investigation showed that arranging multiple
heat pumps with condensers and evaporators in
series, COP could be improved significantly, by
nearly 30% compared to the single heat pump
option. Apart from the COP, the major advantage
with arranging multiple units in series are resiliency
and flexibility in maintenance. It is possible to take
one machine out for maintenance and run the other
one for a lot of the year. There is an additional
capital cost and space requirements associated with
multiple heat pumps and further work will value the
life cycle cost including the equipment and plant
room costs.

Thermal stores

Short-term storage

In GreenSCIES, the decentralised energy centres and
heat pumps generally allow for large thermal stores,
which can buffer both, space heating and domestic
hot water (DHW). This allows for a more optimised
operation against half-hourly electricity prices and
this means that heat pumps can more easily follow
wind and solar production – the contribution of
which are reflected in half-hourly electricity prices.
In relation to the thermal storage sizing, an NPV
analysis over 40 years was carried out to determine
the optimal store volume. For this analysis, a linear
capital cost of the store was used of £1,000 per m3.
The optimal store capacities (with the highest NPVs)
for each of the decentralised energy centres are
shown in Table 3. Of course, there are spatial con-
straints and limits how much heat pump and thermal
store capacity can be fitted within or near existing

Table 2. Initial heat pump appraisal.

Option 1 Option 2 Option 3 Option 4 Option 5

Manufacturer A B C D E
System type Single stage Two stage Single stage

economised
Two stage Two stage

Refrigerant R1234ze R1234ze R515b R717 R290
GWP 7 7 293 0 3
Refrigerant type A2L A2L A1 B2L A3
COP @ 75/55 2.36 2.71 2.9 3.0 3.17
COP @ 65/35 3.0 3.0 3.44 3.98 3.91
CAPEX (1 MW HP
only)

£174,000 £160,000 £228,000 £480,000 at 75°C
£408,000 at 65°C

£580,976 at 75°C
£393,000 at 65°C

Table 1. Energy centres, annual heat demands.

Energy centre Annual heat demand [MWh]

Theatre 2,182
Estate 1 2,718
University A 1,946
Estate 2 (incl. Library) 4,534
Estate 3 3,338
University (incl. nearby DH connection) 8,665

8 Building Services Engineering Research & Technology 0(0)



plant rooms, especially in dense urban areas like
Islington.

Long-term interseasonal storage – ATES

As mentioned previously in the paper, the local
aquifer could be used to provide a balancing
mechanism for the network and long-term thermal
storage through an innovative concept called Aquifer
Thermal Energy Storage (ATES). Establishing op-
portunities for deploying an ATES system in
Islington started with preliminary investigations
aimed to assess the potential for abstraction and
injection of groundwater in the project area. Revesz
et al.12 discussed the methodology used to investi-
gate the ATES potential in Islington and the pre-
liminary outcomes of the study in detail. The
investigation started with identifying the hydro-
stratigraphy. It was established that the area is typ-
ical for the London Basin. Following the preliminary
assessment a numerical model was built to investi-
gate the effects of groundwater flow on the long-term
performance of the ATES system. Preliminary results
from coupled groundwater flow and heat transport
modelling of the ATES system showed that the
proposed system is viable and practical with varying
degrees of efficiency. Key findings are that: (i) the
warm/cold bubble approach to ATES provides
substantial interseasonal storage; (ii) the level of on-
site thermal interference was considered acceptable
for the successful operation of the proposed GSHP
system. From a financial point of view the initial
investigation concluded that the proposed ATES
system would increase the annual revenue of the

New River scheme by approximately £94,000 an-
nually. From a carbon prospective operating the
boreholes in an ATES manner would save an addi-
tional 260 tonnes of CO2e per year A.

The next steps of the study will include the
drilling and testing of a borehole, to be used in the
final operation of the system. Conducting an ex-
tensive aquifer test program will also be subject to
further works. Results from the upcoming field test
will be used to verify an update the numerical
model.

Spatial integration considerations
and challenges

Special requirements for energy centres containing
high temperature heat pumps include the need to
accommodate heat pumps, thermal storage, expan-
sion, balance of plant (pumps inverters control panels
water treatment) and electrical connection.

Physically integrating the equipment within
available plant room spaces is typically not possible,
since these plantrooms were originally designed to
accommodate equipment with far more compact
requirements. Similarly, existing electrical supplies
are typically inadequate to new transformer substa-
tions or upgraded electrical connections will be re-
quired to support heat pumps electrical load
requirements.

Constructing new energy centres presents chal-
lenges in terms of cost, planning approval and access
(for construction and maintenance). The largest items
are typically the thermal store the heat pump on the
transformer substation.

Table 3. Final heat pump and thermal store selection for New River.

Buildings
Annual heat
demand [MWh]

Selected HP capacity [kW] (single or series
arrangement, A-loop chiller)

Selected thermal store
capacity [m3]

Theatre 2,182 900 110
Estate 1 2,718 600 100
University A 1,946 900 95
Estate 2 (incl. Library) 4,534 900 140
Estate 3 3,338 900 130
University (incl. nearby
DH connection)

8,665 2,600 210

Revesz et al. 9



Options to accommodate the requirements within
available spaces include the following:

(i) Constructing energy centres across two or
more storeys in order to reduce footprint;

(ii) Constructing energy centres with a base-
ment in order to minimise visual impact;

(iii) Integrating phase change material thermal
storage to increase the energy density of the
stored energy.

Additional complexity and cost is introduced due
to the need to safeguard energy centres to
accommodate:

(i) Extension of the scheme through hot net-
works in the local vicinity at a future time;

(ii) A range of technology solutions offered by
the market and organisations tendering to
construct the scheme;

(iii) Future changes in technology, such as, for
example, lower GWP refrigerants that are
expected to significantly increase market
share of over the project lifecycle.

An indicative arrangement for a new energy
centre in Islington housing 1,000 kWth high tem-
perature lift heat pump with a thermal store and
ancillary equipment is shown in Figure 6.

Final component selection for the New
River Scheme

Techno-economic performance of
the scheme

The final component selection was imported into an
energyPRO8 techno-economic model to investigate
the long-term performance including the financial
payback and carbon saving associated with operating
the GreenSCIES New River scheme. The details of
the model development and key technical and fi-
nancial assumptions are described in details in the
authors’ previous work.

The results presented in Table 4 show that the
scheme has very significant carbon savings of around
5,000 tonnes per year – around 80% reduction over

Figure 6. Indicative arrangement for a new energy centre near the Brunswick Estate in Islington.
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the base case. However, this will tend to 100% as the
electricity grid decarbonises further. The CAPEX for
the project is around £16 m. The 20 year IRR with
HNIP, Carbon Offset, PV and EV is 9.5%.

Barriers for schemes like New River

Key barriers to implementing New River include the
following:

· UK has one of the highest spark gaps (i.e., the
difference between the price of gas and the
price of electricity) in the industrialised world.
Whilst the heat pump/heat network combi-
nation is one of the leading carbon solutions, it
is still challenging to make it economic.

· The lack of incentives: The Renewable Heat
Incentive (RHI) has provided the support to
rebalance this low gas price and to help grow the
heat pump sector to more scalable and economic
levels of supply/installation. However, the Non-
domestic RHI is due to end later this year, with
no equivalent replacement proposed.

· The cost of replacing individual dwelling level
boilers in existing residential blocks is cur-
rently hard to justify on cost grounds and this is
missing major opportunities to decarbonise
many local authorities’ housing blocks/estates.

· The pipework infrastructure costs can be very
high. Lower cost, environmentally friendly
solutions will needed to be developed as well
as the need for innovate business models with
long-term investment view.

Next steps

As recognised by the UK Government’s Heat and
Buildings Strategy,9 that low carbon heat networks

such as GS represent a fundamental technology,
particularly in densely populated urban areas, as they
enable the coupling between heating and other en-
ergy vectors and can benefit from economies of scale.
As part of its Net-Zero Strategy,13 BEIS expects the
annual energy supply from heat networks to grow
from 14 TWh in 2019 to 70 TWh in 2050, which
would represent around 20% of the UK’s domestic
heating demand in that year. Most large heat net-
works will be in energy dense city centres and these
have increasing amounts of cooling. In these cir-
cumstances with large heating and cooling in the
same locality, then both should be addressed. The
concept described in this paper offers a way to utilise
waste heat from cooling loads and share this into
heating demands.

The replication potential of the GS concept is
significant. Approximately three quarters of UK local
authorities have declared climate emergency and
more than half of them have set a goal of reaching
net-zero carbon emissions locally by 2030 or sooner;
however, few of those local authorities are clear on
how they will make the transition to net-zero happen.
A holistic SLES design approach recently introduced
by our consortium11 is replicable, and therefore, it
can be used as a guide for SLES developers, local
authorities and stakeholders within an energy system.
However, it is important to highlight that the inte-
grated SLES solution developed for the New River
Scheme have been designed for the given local
context and cannot simply be copied and pasted into
other localities with different local characteristics. A
rich understanding of a local context and identifi-
cation of the value that SLES could bring to that
particular location should always be the first step
when assessing opportunities.

The GS consortium propose further developing
and standardising a novel design approach to eval-
uate the feasibility of GS-like schemes in different

Table 4. New River scheme economics and carbon savings.

Simple payback
[years]

IRR
[20 years]

NPV
[£ x 1,000]

Operating surplus 2023
(£ x 1,000)

CO2e saving (ton/yr)
IAG 20 year Avg.

INITIAL CAPEX
(£ x 1,000)

10 9.5% 3,670 591 5,443 5,968

Revesz et al. 11



localities. The proposed feasibility design tool will
allow the evaluation of the most suitable technical,
commercial approach for any localities and guide its
users on estimating environmental and social benefits
a SLES could bring in a particular location. Our
proposed tool will help answer critical questions
during the planning of SLES, such as where the value
lies and how it can be accessed. This will help local
authorities and developers to accelerate deployment
of SLES where they are most appropriate and deliver
their contribution to the UK’s net zero commitments.
In addition, our tool will support local-level energy
planning and help areas better prepare for the tran-
sition to net zero, reduce overall costs, mitigate risks
and seize local opportunities. This will enable the
effective and efficient roll-out of SLES at scaled up
capacity, broadening replicability to sizeable inner-
city regions.

In addition, members of the GS Consortium have
established a new Centre of Excellence (CoE) in
Smart Local Energy Systems. The CoE aims to
support local authorities across the UK in strategic
decision making on the route to net-zero and at the
same time help accelerate the development and roll-
out of integrated SLES. Apart from strategic con-
sultancy, the CoE will also provide additional service
strands including training, and high impact research.
Next steps will also explore the applicability of the
proposed SLES concept across the entire area of
Islington, supporting full decarbonisation within the
Borough by 2030.

Conclusions
· The electricity grid is decarbonising and the

heating sector is changing rapidly. The com-
bination of heat pumps and heat networks
offers a major pathway to decarbonise heat in
buildings.

· Innovate UK have provided funding for the
GreenSCIES project to lead the way and
provide detailed design on an innovative SLES
that can provide huge carbon savings.

· Initial results showed that the GreenSCIES
concept with large decentralised heat pumps
and thermal stores in a fifth generation heat
network can be viable with significant opex

cost savings and carbon savings, whilst pro-
viding affordable warmth to residents.

· The GreenSCIES consortium are at the forefront
of new applications where heat/coolth can be
shared across ultra-low temperature networks
and these new approaches present even greater
opportunities to move closer to net-zero carbon.

· Large heat pump technology is readily available
and offers very large carbon emissions reductions.
It is important to select one with a low GWP
refrigerant to ensure longevity of the system.

· A number of heat pump options from five
different manufacturers have been investigated
and compared. One option using R515b a low
GWP ‘A1’ class refrigerant produces a good
COP at relatively low capital cost and delivers
the lowest life cycle cost over time.

· The warm/cold bubble approach to ATES
provides substantial interseasonal storage. The
level of on-site thermal interference was con-
sidered acceptable for the successful operation
of the proposed scheme.

· Spatial integration of large decentralised heat
pumps and thermal stores into existing plant
rooms can be challenging but with clever and
innovative design is doable.

· There are number of obstacles to roll-out
schemes like New River. One of the biggest
barrier is that the UK has the highest spark
gap (i.e., the difference between the price of gas
and the price of electricity making heat pump
based solutions difficult to compete with fossil
fuel based systems. Rebalancing of gas and
electricity prices is crucial to meet net-zero
targets.

· The replication potential of the GS concept is
significant. Approximately three quarters of
UK local authorities have declared climate
emergency and more than half of them have set
a goal of reaching net-zero carbon emissions
locally by 2030 or sooner. The GS consortium
is currently developing a novel design ap-
proach to evaluate the feasibility of GS-like
schemes in different localities. This will help
local authorities and developers to accelerate
deployment of SLES where they are most
appropriate.
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