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Executive summary
The Peterborough Integrated Renewables Infrastructure (PIRI) programme was commissioned in
2020 by Peterborough City Council as a means to enable deeper decarbonisation of Peterborough
whilst reducing energy costs for consumers. The main driver for the scheme was to understand the
commercial viability in taking heat from the Peterborough Energy Recovery Facility (PERF), an energyfrom-waste plant in the Fengate area of Peterborough. The aims of PIRI are to establish low-carbon
and renewable energy networks and systems across the city, considering building heating, electricity
and cooling demands, electric vehicle charging and an array of green energy sources. The integration
of these energy vectors is expected to provide a more compelling business case, with the aim of
securing commercial outcomes that are more attractive.
A detailed techno-economic feasibility study was completed in January 2021 and it demonstrated the
technical and commercial potential for a district heating scheme. This report provides a summary of
the study that developed the findings of the techno-economic feasibility study through a detailed
project development (DPD) study which seeks to establish an outline business case for PIRI. The DPD
recommends a preferred scheme design that has two phases with the following parameter:
Parameter
Number of connections
Annual heat consumption
Peak heat demand
Primary low carbon heat source

Phase 1
7
15,555 MWh
8.9 MWth
PERF EfW plant
5.0 MWth capacity
95.4% annual heat supply

Secondary low carbon heat
source
Peaking heat source

Thermal storage
Network Length

Natural gas boilers (central)
6.0 MWth
4.6% annual heat supply
250 m3
5.5 km
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Phase 2
17
24,231 MWh
12.8 MWth
PERF EfW plant
5.0 MWth capacity
76.6% annual heat supply
River source heat pumps
2.6 MWth capacity
18.9% annual heat supply
Natural gas boilers (central)
10.0 MWth
4.5% annual heat supply
250 m3
8.7 km

The outcome of the analysis demonstrates that there is an attractive investment opportunity in the
PIRI scheme but also that there is a need to bring the PIRI heat and electricity vectors forward together
for the business case. Once an integrated approach to the PIRI heat and electricity vectors is taken,
a much more positive commercial outcome can be attained, as additional revenues from electricity
sales via a private wire network boosts the scheme’s commercial viability. An overview of the
integrated PIRI scheme is provided in the figure below, showing energy flows and interactions between
the heat, electricity and mobility vectors. With an integrated approach, a simple payback of 12 years
can be achieved. Moreover, carbon emission savings of approximately 35% can be achieved over the
scheme’s lifetime when compared with a (“combined”) counterfactual. The preferred commercial
structure for the PIRI scheme is fully publicly-led heat and electricity networks, with several constraints
that are outlined in this document.
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List of abbreviations
ASHP
BEIS
CMAP
CSF
DH
GHNF
HNDU
IRR
NPV
OBC
PCC
PERF
PIRI
RIBA
TEF

Air Source Heat Pumps
Department for Business, Energy and Industrial Strategy
Carbon Management Action Plan
Critical Success Factors
District Heating
Green Heat Network Fund
Heat Networks Delivery Unit
Internal rate of return
Net present value
Outline business case
Peterborough City Council
Peterborough Energy Recovery Facility
Peterborough Integrated Renewables Infrastructure
Royal Institute of British Architects
Techno-economic feasibility
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1. Introduction
The Peterborough Integrated Renewables Infrastructure (PIRI) programme was commissioned in
2020 by Peterborough City Council (PCC) as a means to enable deeper decarbonisation of
Peterborough whilst reducing energy costs for consumers. This followed an “energy mapping and
masterplanning” study which was commissioned by the Heat Networks Delivery Unit (HNDU) in
2018/19 (which is a part of the Department for Business, Energy and Industrial Strategy, BEIS).
The main driver for the scheme was to understand the commercial viability in taking heat from the
Peterborough Energy Recovery Facility (PERF), an energy-from-waste plant in the Fengate area of
Peterborough owned by PCC and operated by Viridor. The aims of PIRI are to establish low-carbon
and renewable energy networks and systems across the city, considering building heating, electricity
and cooling demands, electric vehicle charging and an array of green energy sources. The integration
of these energy vectors is expected to provide a more compelling business case, with the aim of
securing commercial outcomes that are more attractive.
A detailed “techno-economic feasibility” (TEF) study completed in January 2021 demonstrated the
technical and commercial potential for a DH scheme. This “detailed project development” (DPD) study,
follows the TEF and seeks to establish an outline business case (OBC) for the preferred scheme.
This summary of the DPD stage report for the PIRI scheme contains the following (see Figure 1 for
overview):
• An overview of the longlist of scheme options, represented by the two scheme options carried
forward from the detailed TEF stage of works,
• The methodology for shortlisting scheme options based Critical Success Factors (CSF)
• Details of the technical design for the preferred scheme
• Analysis of integration of the DH with other vectors
• Summaries of the cost analysis, carbon emission performance and the preferred option for the
commercial structure and delivery model

TEF - two schemes taken forward to DPD

DPD Longlist of options - evaluated using Critical Success
Factors

Shortlist of five options

Preferred scheme option selected - cost and carbon
emission analysis
Figure 1 DPD methodology overview
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2. Summary of TEF analysis
The detailed TEF analysis was completed in January 2021. Four scheme options were tested, with
two of them identified to be carried forward into the DPD stage. The TEF analysis included a RIBA
Stage 2 equivalent assessment of DH scheme options, including dynamic energy modelling, energy
centre design, energy distribution network routing considering constraints, and detailed equipment
costings beyond those undertaken at the previous design stage. The TEF also included a cash flow
model that included details of all revenues and expenditures, including discounted cash flows and key
metrics such as net present value (NPV), internal rate of return (IRR) and payback periods. The TEF
concluded with recommendations for the preferred commercial structure of the scheme to be
developed further as part of the OBC.
As part of the TEF feasibility assessment, the DH schemes were compared financially and
environmentally (in terms of carbon emissions) against “counterfactual” cases, i.e. the heat supply
systems employed at each proposed connection were the DH network not to be constructed (what
would happen otherwise). Three counterfactual cases were compared:
• “Gas heating” counterfactual,
• “Low-carbon” counterfactual,
• “Combined” counterfactual.
The employment of the gas heating and low-carbon counterfactual cases provides the extremes of
commercial and environmental performance outcomes for the proposed Peterborough DH scheme,
whilst the combined case provide more of a “real-world” approach to heat pricing.
The outcome from the detailed TEF stage was a potentially commercially viable DH scheme. This
potential was represented by a marginal IRR (pre- funding, and likely only attractive to public
investment where grant funding was applied). The following two scheme options were carried forward
into the DPD stage:
• Scheme option 1a – PERF steam/water heat exchanger:
o 90°C heat off-take directly from the PERF’s energy-from-waste (EfW) plant steam cycle,
o 5 MWth heat off-take capacity limit from the PERF’s steam cycle,
o Distributed through DH network at 80°C,
• Scheme option 2 – River source heat pump from the River Nene:
o Low-grade heat from the River Nene boosted to 80°C by water source heat pumps (WSHPs),
o Distributed through DH network at 80°C.
The scheme also relied upon a low-carbon counterfactual for all connected customers, which whilst
possible could lead to challenging negotiations on heads of terms with certain customers, in particular
the large industrial stakeholders proposed for connection to the scheme.

3. Shortlisting scheme options
Workshops were undertaken with PCC to define Critical Success Factors (CSF). These CSFs were
applied to the longlist to produce a shortlist of scheme options for more detailed analysis. The following
CSFs were used when making decisions on the preferred scheme option to be taken forward to
detailed technical design (Table 1).
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Table 1 Summary of Critical Success Factors

There are challenges in achieving all CSFs together under one scheme, for example the most
commercially attractive scheme option that meets the minimum 5% IRR requirements may not
contribute toward the Carbon Management Action Plan (CMAP) net zero-carbon 2030 ambitions of
the Council, or vice versa. The five shortlisted scheme options provided a range of solutions, with the
intention that at least one would be able to achieve all CSFs.
The five shortlisted scheme options were as follows:
• Scheme option 1 – Fengate only:
o Connects industrial/commercial/Council buildings/facilities in the Fengate area,
o Only engaged/Council buildings/facilities connected, which is all those identified in Fengate
as suitable connections,
o PERF as primary heat supply source,
• Scheme option 2 – City centre only (realistic):
o Connects public buildings in the city centre area,
o Only engaged/Council buildings connected (i.e. “realistic”),
o River WSHPs as primary heat supply source,
• Scheme option 3 – City centre (optimistic):
o As per scheme option 2 with further public buildings in the city centre area,
o Stakeholders not fully engaged considered within the scheme (i.e. “optimistic”),
o River WSHPs as primary heat supply source,
• Scheme option 4 – Fengate + city centre (realistic):
o Scheme options 1 and 2 combined,
o PERF as primary heat supply source,
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• Scheme option 5 – Fengate + city centre (optimistic):
o Scheme options 1 and 3 combined,
o PERF as primary heat supply source,
o River WSHPs as secondary heat supply source.

4. Preferred scheme option
The following analyses were undertaken for each shortlisted scheme option:
• Techno-economic appraisal and sensitivity analysis
• Cost-benefit analysis
• Net present social value (NPSV) and social internal rate of return (IRR) analysis.
After the analysis of shortlisted options, scheme option 4 is selected as the preferred solution for
a DH network (see Figure 2 for a simple illustration of the DH network). Through consultation with the
PIRI consortium partners, the following amendments were made to Option 4:
• Non-PCC public buildings considered in phase 2 of scheme options 3 and 5 should be
connected to the scheme, given their proximity to the network route (note previously these
were discounted from scheme option 4 as there had been limited engagement during the TEF
and DPD stages, however it was agreed that by phase 2 further stakeholder engagement will
likely have been conducted to get buy-in to the DH scheme from these public buildings),
• Where necessary (due to the additional heat load and limited capacity of the PERF’s heat
off-take), consider avoiding high volumes of natural gas heating by phase 2 via deployment of
low-carbon technologies, such as WSHPs,
• Ensure design of the DH scheme considers future expansion, including (but not limited to)
the additional heat loads in Peterborough city centre (phases 2 and 3 connections from
shortlisted scheme options 3 and 5, respectively).

Figure 2 Simple illustration of the preferred scheme option

4.1 Technical design of preferred scheme option
An overview of technical parameters for the preferred scheme option are provided in the Table 2. The
DH scheme proposed network route is provided in Figure 3 showing the two-phase build-out of the
scheme.
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Table 2 Technical design summary for the preferred scheme option

Figure 3 Proposed DH network route for preferred scheme option
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4.2 Integration with other energy vectors
The electricity vector scheme to be integrated with the DH scheme is a private wire (PW) network,
with electricity being supplied to the PW network by both the PERF and a dedicated solar PV array in
Flag Fen. High-level details of the PW scheme are provided in Table 3.

Table 3 PIRI Private Wite scheme design to be integrated with the DH scheme

4.3 Economic assessment
The DH scheme as a standalone network does not achieve the Council’s minimum hurdle rate of 5%
under any of the counterfactual heat tariff scenarios. Under the low-carbon and combined
counterfactual cases the scheme returns a positive IRR within the 40-year lifetime. The NPV remains
negative at year 40, and there is a 30- or 33-year timeframe for payback on investment. Heat sales
alone are too small to overcome the initial capital outlay of the scheme in anything other than a long
timeframe.
To push the standalone DH scheme toward the Council’s hurdle rate of 5% IRR, the following
assumptions have been applied, that are viewed as at the more extreme end, but still reasonably
achievable for the PIRI standalone DH scheme:
• Heat tariffs set against the low-carbon counterfactual for all customers,
• The investment required to convert a gas distribution system to a wet system is funded entirely
by the business in question, or wholly/partly funded via the Industrial Energy Transformation
Fund (IETF) or similar
• Maximum grant funding from central government’s Green Heat Network Fund (GHNF) of 37%
of capex (this equates to 4.47p of funding per kWh of heat over the initial 15 years of the
scheme, which is below the 4.5p/kWh cap stipulated by BEIS within the GHNF)
The outcomes from the techno-economic analysis highlight the need to bring the PIRI heat and
electricity vectors forward together for the business case, as the DH scheme as a standalone network
may be considered challenging commercially. Once an integrated approach to the PIRI heat and
electricity vectors is taken, a much more positive commercial outcome can be attained, as the
additional revenues from electricity sales via the PIRI PW network provides a significant boost to
commercial viability for the scheme. The scheme achieves attractive IRRs across all counterfactual
cases, over 9% under the low-carbon counterfactual case. Under the combined case, which may be
considered a more “realistic” approach to heat pricing, an IRR at year 40 of 8.72% is achieved, even
before any grant funding is applied.
The Net Present Social Values (NPSV) and social IRR for the preferred scheme option was calculated
using BEIS methodology and assumed a monetary value to air quality improvements and greenhouse
6

gas reductions versus the counterfactual case. In all cases the values are higher than for the IRR and
NPV for the integrated PIRI scheme, which is reflective of the benefits afforded by the PIRI scheme in
terms of reduced greenhouse gas emissions and improved air quality. The largest difference is with
the gas heating counterfactual, since using PERF generated heat and electricity gives the most carbon
reductions and air quality benefit compared with industrial and commercial users continuing to use
gas heating. Under the other counterfactual cases connected customers are assumed to switch to airsource heat pumps either immediately or from 2030, and so some benefits would be realised even in
the absence of PIRI, leading to relatively smaller differences with NPV and IRR.

4.4 Carbon emissions performance
Table 4 provides a summary of the analysis of the carbon emissions performance of the preferred
scheme option. The DH scheme is tested against the three counterfactual cases as per the technoeconomic analysis. Not included in the analysis is the emissions impact of an integrated PIRI system,
i.e. both heat and electricity. This requires a more in-depth assessment of the interactions between
the PW and DH networks, which is not being addressed as part of this report.
As shown in Table 4, total emissions over the 40-year lifetime are ~16,900 tCO2, with an annual
average of ~420 tCO2. The initial years of the scheme see significantly higher emissions than in the
latter years, which is a function of projected grid electricity decarbonisation out to 2050 and beyond.
As taking heat out of the PERF reduces the plant’s electrical output (and therefore its ability to offset
grid electricity), the impact of this heat off-take on emissions in the scheme’s early years is highest,
i.e., when grid electricity emission factors are highest. As the emission factor of the grid reduces, this
effect is less pronounced. The relatively small volume of gas use in the DH scheme means that grid
electricity emissions dominate in the early years but are then overtaken by gas emissions as the grid
decarbonises.

Table 4 Overview of carbon emissions for the three counterfactual comparisons

The emission factor of the gas grid, which is composed mostly of natural gas (0.184 kg CO 2/kWh) is
not projected to reduce over time (Figure 4), thus emissions from gas are expected to remain constant
out to 2050 and beyond. The gas heating counterfactual therefore has a significant associated volume
of emissions of ~205,000 tCO2 over the scheme lifetime, with an annual average of ~5,100 tCO2. Total
DH emissions savings amount to ~188,000 tCO2, or an annual average of ~4,700 tCO2.
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Figure 4 DH emissions versus the gas heating counterfactual
When employing grid electricity for counterfactual heat supply via Air Source Heat Pumps (ASHPs),
the associated emissions are inherently low due to the decarbonisation of the grid over time and the
relatively high efficiency of the heat pump units. As shown in Figure 5, the DH emissions are lower in
the early stages of the scheme’s lifetime, but beyond 2030 the counterfactual emissions begin to drop
below the DH. The reduced electrical output at PERF due to the heat off-take, the small use of natural
gas in the system, heat losses from pipes, and the parasitic load of the energy centre and plant room
lead to negative savings (i.e. an increase) of carbon emissions from the DH versus the low-carbon
counterfactual case over its lifetime. This increase in emissions is a total of ~1,000 tCO2 over 40 years,
or an annual average of ~25 tCO2.

Figure 5 DH emissions versus the low-carbon counterfactual
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Under the combined counterfactual case (Figure 6), the industrial customers retain gas heating
systems up until 2030, at which point they switch to ASHPs (i.e. low-carbon counterfactual), with all
other customers on a low-carbon counterfactual from the first year of scheme operation. This leads to
a high overall emissions savings of ~8,800 tCO2, or an annual average of ~220 tCO2. DH emissions
exceed counterfactual emissions from around 2035, due to the same reasons noted above for the lowcarbon counterfactual case, however there is still an overall reduction in emissions from the DH.

Figure 6 DH emissions versus the combined counterfactual

5. Commercial structures and delivery models
The project team has considered the full range of options from wholly public sector led models through
concession and joint venture models to wholly private sector models and potential variants. For PCC,
it is essential to consider the heat project in the context of the wider PIRI project.

5.1 Delivery options
Initial discussions with the project team retained the three basic delivery options for consideration.
With each option a separate delivery vehicle (or SPV) needs to be considered.
•

•

•

Option 1 – Private sector concession model:
• PCC identifies the potential energy project and procures a private sector partner to
deliver the entire project: energy generation, distribution and supply to customers. PCC
and other public sector bodies may participate in the project by committing their heat
and power loads to the project and facilitating agreements required by the private
sector e.g. wayleaves for pipes/cables.
Option 2 – Joint venture model
• PCC procures a private sector partner to deliver the entire project (generation,
distribution and supply) through a joint venture delivery vehicle in which both PCC and
the private sector partner invest.
Option 3 – Council delivery model
• PCC is responsible for delivering the entire project including generation, distribution
and supply to customers. PCC will be responsible for procuring the necessary
contracts to deliver the project.
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5.2 Review of options
The commercial models were presented and discussed with PCC stakeholders and representatives
of the PIRI team both informally and at commercial workshops. These discussions involved a range
of Council officers from departments including finance, legal and energy. Discussions took place in
light of the project objectives, key constraints and wider low carbon energy strategy within PCC. A
note of the relative benefits and advantages of each option was provided in advance of commercial
workshops with accompanying questions for participants to consider. Attendees' ideas and views were
presented and discussed at each meeting and workshop. Some clear themes emerged from these
discussions.
PCC was keen to deliver a commercially viable scheme and wouldn't be willing to subsidise a lossmaking scheme. Protection of the PERF revenues is an essential part of the project i.e. the heat offtake
to the heat network must fully compensate the PERF for lost electricity revenue. The project needs to
support investment more widely in Peterborough so should be tied to regeneration and re-development
plans and support growth in the area. In particular, PCC's local plan includes the promotion of city
centre development opportunities. The project needs to demonstrate how it will support or enhance
that plan. The project also needs to support PCC's own net zero targets.
It was clear that there was no particularly strong desire for this to be a publicly owned project and PCC
was happy to explore a private led scheme. However, PCC did not rule out having control of the project
provided an investment case for any additional PCC resources required could be met. PCC was also
happy to explore a joint venture/partnership model.

5.3 Constraints
The economic viability of the heat project is dependent on the integration of the heat project with the
PW electricity element of PIRI. Firstly, the PW electricity sales revenue needs to be used to support
the heat project revenues to deliver a reasonable IRR. Secondly, the PW cable infrastructure needs
to be delivered alongside the heat project pipe infrastructure to secure capital expenditure savings on
the network through shared trenching. This integration presents a critical constraint to the delivery
structure due to the regulatory framework applicable to PW electricity supply.
The need to co-ordinate the timing of delivery of pipe and cable infrastructure is considered a
manageable integration item and not a driver for the ownership structure. While it may be more efficient
for the projects to be delivered as a single project by one person, the two projects could be delivered
by two separate entities with an interface and cost sharing contractual arrangement for the trenching
works.
The need to integrate PW electricity sales revenue is more challenging due to the regulatory
framework applicable to PW electricity. In order to achieve the revenue and cost benefits associated
with PW electricity supply, the supply needs to be exempt from the requirement to obtain a supply
licence under the Electricity Act 1989. The supply licence exemptions are contained in the 2001 class
exemption regulations. The primary exemption applied to PW supply is contained in Class C. Put very
simply, a person can supply electricity that it has generated itself to another person located on the
same site or located on a different site provided the supply is made using PWs. PCC as the owner of
the PERF is the person that has generated the electricity therefore PCC is the only person who can
benefit from a Class C exemption. PCC must therefore be the supplier of the electricity generated by
the PERF.
In addition, the PWs must be owned by one or more of: (i) the supplier of the electricity; (ii) the
consumer of the electricity; (iii) the owner or tenant of the property on which the generating station is
10

located or on which the consumer premises are located. This makes an unbundled model difficult to
achieve for the PW electricity sales.
A Class B exemption is also available to permit the resale of electricity, however, a person who has
been supplied electricity under a Class C exemption cannot re-sell more than 10% of that electricity.
Therefore, if PCC sells the electricity from the PERF to a third party operator (which could be an
SPV/ESCO or the private sector) that operator cannot re-sell more than 10% of the electricity. As the
project envisages the sale of all of the PW electricity to a range of customers, this restriction means a
Class B exemption would not be available in this structure. Further consideration was given to options
at the boundaries of the exemptions. However, the conclusion of the analysis and the recommendation
is that PCC should be the electricity supplier for the PW electricity sales.

5.4 Delivery structure for the preferred option
It was then considered whether separate entities could or should own and operate the PW electricity
project and the heat project. As stated above, integration of the PW electricity and heat project
revenues are necessary to achieve sufficient returns to make the heat project economically viable.
Further specific and detailed discussions were held with PCC at this stage to explore options and test
conclusions. A number of structuring options were considered to enable cashflows from the PW
electricity project to be used to support the heat project including discounted bulk heat pricing and
leasing arrangements. It was not clear that any of these options would achieve the required level of
support between the projects on a standalone basis and so a potential complex combination of options
may be required. In addition, it was recognised that any potential cross subsidy between the projects
would need to comply with subsidy control and public sector accounting rules. Further detailed analysis
could be carried out as part of the commercialisation process if there was a clear financially viable
option for integration using cross subsidy options.
The simplest option from an integration perspective is for PCC to directly own and deliver both the
heat and the PW electricity project i.e. a Council Delivery Model (Option 3 above). This is the
recommendation for the project delivery structure and it is this option that will form the basis for the
Commercial Case of the OBC.
The key benefits and opportunities for Option 3 generally can be summarised as follows:
• PCC retains control over the project and delivery of the strategic objectives including ensuring
that the project is fully aligned with other projects being delivered in Peterborough including
PIRI and city regeneration plans.
• PCC resources can be used to keep project costs down (assuming those resources are
available).
• If the project is successful, returns generated by the project can be redeployed to support other
PCC initiatives and thus retain maximum project value within Peterborough and surrounding
areas.
• The project can be more easily aligned with socio economic objectives at the expense of
overall project returns if this is necessary.
• A PCC led model may provide additional credibility and trust in the project and therefore give
comfort to end users, local residents affected by the scheme and future customers.
• PCC can develop skills and expertise by taking the lead in the project which can then be
retained within Peterborough and perhaps deployed to support other projects across the
region.
• A PCC led scheme may be able to access a wider pool of grant or low-cost funding (subject
to subsidy control) such as public works loan board borrowing.
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The key risks and barriers identified are:
• PCC will be responsible for fully funding the project – both upfront capital and any support
required during operations. PCC's budget is very constrained. The funding requirements can
be mitigated by using grant support or other low cost funding options but some funding will
need to come from PCC. PCC has applied for GHNF grant funding for commercialisation and
will be applying for construction funding.
• PCC may need to recruit or procure additional resource to be able to deliver the project. A
significant level of resource will be required to deliver a major infrastructure project such as
this, particularly in the early stages of specification and options appraisal and through
procurement. This can be mitigated through outsourcing, however, that may add project cost.
PCC already has experience of procuring major infrastructure projects and so officers are
aware of the resource requirements.
• Project delivery risk will ultimately rest with PCC. The majority of the physical design, works
and services elements are likely to be outsourced to the private sector, but ultimately delivery
will be the responsibility of PCC. Demand risk will remain with PCC as well as balancing risk,
quantity and price, over the network between generation and supply. These risks will be
outsourced as far as possible but PCC as ultimate project owners will retain commercial
responsibility. Generation risk can be mitigated to an extent through sufficient redundancy built
into the assets and appropriate performance warranties from suppliers. Delivery risk can be
mitigated through procurement of robust delivery contracts. Demand risk can be mitigated
through signing long term energy supply agreements with anchor load customers.
• PCC will ultimately be exposed to the reputational risk of project failure. As above, this is
capable of management and mitigation by good governance, a robust procurement process
and contractual structure.
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