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MANAGEMENT SUMMARY  

The Wolborough urban extension lies to the south east of Newton Abbot.  The master plan for the 
area anticipates up to 1,500 homes, 10 hectares of employment land, a primary and secondary 
school, some small shops and community facilities.  Development is likely to commence in 2019 and 
extend until 2031.  The site is adjacent to an existing large scale commercial laundry business. 
Teignbridge District Council has a number of local plan polices which support low carbon 
development at Wolborough.  

District heating and combined heat and power (CHP) can enable the developers of larger sites, such 
as Wolborough, to meet the energy and carbon requirements of building regulations at a lower cost 
than solutions aimed at individual homes or buildings.  To do this a district heating scheme needs to 
be competitively priced for site developers as well as for the building occupants.  If these criteria can 
be met, the long term costs and income for the scheme need to be assessed to establish whether the 
returns are sufficient to attract investment from an energy service company (ESCO) to install and 
operate the heat network. 

A typical district heating scheme comprises a network of insulated underground pipes which take hot 
water to the homes and other buildings and return cooled water to an energy centre for re-heating.  
Small heat exchange units in each building extract heat from the district heating network and allow 
the heating and hot water to be controlled individually in each building.  The units are quiet and 
comparable in size to a gas combi boiler.  At the energy centre a CHP engine, supplemented and 
backed-up by gas boilers, provides the heat and also produces electricity which is sold locally and/or 
onto the national grid.  Typically schemes are operated by an ESCO which finances and builds the 
entire infrastructure and operates the scheme for a 40 year concession period. 

Assessing the feasibility of CHP and district heating at such an early stage of the development 
requires a number of assumptions to be made.  This study makes a series of conservative, evidence-
based assumptions to assess the potential energy demand, infrastructure requirements and economic 
returns from an ESCO perspective.  This study is intended to provide potential ESCO investors with 
an early perspective of the scheme from which a more detailed model could be developed, 
incorporating specific costs and assumptions to better evaluate the commercial attractiveness of the 
opportunity.  The assumptions made for Wolborough are summarised as follows: 

 Heat load calculations are based on compliance with building regulations and so do not 
account for differences between design energy use and actual performance (widely referred to 
as the ‘performance gap’) or for consumer behaviour. 

 Capital costs assume 2014 prices for heat pipe, although there are suggestions that heat pipe 
prices have reduced recently. 

 The energy centre building and main heat distribution pipework are installed in Year 1 
leaving scope for a phased installation using temporary plant which will reduce upfront costs. 

 Small scale ECSO operating costs are assumed.  Costs are likely to be lower if the scheme is 
part of a larger customer service and plant maintenance operation. 

 Consumer heat prices are set at parity with natural gas.  Using a basket of energy prices will 
result in a higher price. 

 A wholesale electricity sales price is assumed. The value of co-produced electricity is likely to 
be higher as part of a larger energy portfolio. 

Assessment of the annual demand for heat suggests that when fully built out the Wolborough 
development will use 13 GWh.  When heat losses are accounted for the total heat load is estimated 
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at 14 GWh per annum.  The total capital cost of the scheme is estimated at £18.2m including design 
fees and a 20% contingency.  Operational costs (excluding fuel) are estimated at £0.44m/year.  
Energy price scenarios are based on the latest DECC projections (2014) for energy input and sales 
prices in 2020 and developer connection fees are assumed to be £4000/home and £18.5/m2 for 
non-domestic buildings.  The commercial laundry, which lies at the eastern edge of the site and could 
potentially become a heat and electricity customer, is estimated to have an annual heat load of 
9 GWh and 1GWh of electrical consumption.  Including the electrical and thermal loads from the 
laundry in the modelling has a significant positive effect on the economic analysis of the 
development. 

The energy centre which houses the CHP plant, and distributes heat to the network, requires good 
connections to the gas and electricity grid and early enquiries have been made about the suitability of 
locations near to the site.  Responses from respective utility companies suggest that an energy centre 
located on the publicly owned land adjacent to the Decoy Industrial Estate (to the east of the site) 
will have adequate capacity for the all gas and electricity connections. 

The economic analysis shows that the project can be viable.  An 8.9% pre-tax, real internal rate of 
return (IRR) is achieved by using the central price scenario from DECC with the heat load from the 
laundry included and a 50% uplift to heat revenue.  The uplift is modelled using an increase in the 
heat price but in practice the same result could be achieved through increased heat sales (due to the 
performance gap, customer behaviour etc.), rises in heat prices or a combination of both.  Using the 
higher price scenario from DECC sees the IRR increase to 10.6%. 

These rates of return are considered sufficiently positive to be of interest to a private sector ESCO 
and as a result it is recommended that the Wolborough scheme is brought to the attention of 
investors in the ESCO market to enable further development of the case for district heating and 
CHP as part of the low carbon solution for the development. 
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1. INTRODUCTION AND BACKGROUND 

1.1 CARBON REDUCTION REQUIREMENTS 

In 2007 the Government set the timetable for zero carbon new buildings1 which will be achieved 
through the sequential tightening of the building regulations relating to energy (Part L).  Homes are 
required to reduce regulated energy use from the 2006 standard in three stages; by 25% in 2010, 
29% in 2013 and 100% (Zero Carbon) in 2016.  Zero carbon homes are required to deliver 100% of 
the energy consumed by regulated uses (space heating, hot water, fixed lighting, and pumps and fans) 
from low carbon or renewable energy on-site (carbon compliance) or through allowable solutions.  
For homes between 44% and 57% CO2 reduction from 2006 Part L must be met on site2.  Allowable 
solutions enable those developments that cannot reduce on-site emissions beyond carbon compliance 
levels to achieve Zero Carbon.  The final details of allowable solutions have yet to be announced. 

New non-domestic buildings will be required to be Zero Carbon by 2019 although the detailed 
trajectory and standards for non-domestic buildings has yet to be established. 

1.2 SITE WIDE ENERGY SOLUTIONS 

Work in Exeter and East Devon3 identified that in larger developments such as Cranbrook (the 
2,900 home, new community to the east of Exeter), site wide energy solutions using district heating 
and a combined heat and power unit at an energy centre, can be a lower cost solution than house by 
house alternatives when carbon reduction in excess of 44% is required (as shown in Figure 1). 

 

Reduction on 
2006 Part L 

25% 44% 100% 150% 

 
Figure 1: Relative costs of house by house and site wide energy solutions at Cranbrook (Element Energy, 2008) 

Element Energy’s work showed that a 44% CO2 reduction from 2006 Part L could be met at less cost 
using district heating and gas combined heat and power from an energy centre. For a 100% 

                                                      
1 DCLG, Building a Greener Future, Policy Statement, July 2007 
2 Zero Carbon Hub, Carbon compliance, February 2011 
3 Element Energy, East of Exeter energy strategy, July 2008 
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reduction of regulated emissions an even more dramatic cost reduction can be achieved with the use 
of a renewable, biomass fuel at the energy centre. 

The construction of the Cranbrook district heating and biomass combined heat and power scheme 
commenced in 2010.  The scheme at Cranbrook was assisted by a £4.1m low carbon infrastructure 
grant from the Homes and Communities Agency (HCA).  The grant recognised that the first phase 
of homes did not need to be built to low emissions standards in terms of government policy at the 
time.  With the tightening of building regulations requiring homes to reduce carbon emissions, this 
kind of grant would not be required even if such grants were currently available. 

There is evidence that district heating can be viable on much smaller sites; according to the Carbon 
Trust district heating can be viable for developers on sites with as few as 200 homes4.  In Woodbrook 
in Northern Ireland biomass district heating is cutting residents’ fuel bills in a 358 home 
development5.  In Banchory, Aberdeenshire a scheme is serving 40 homes with plans to extend to 
206 homes6. 

While commercial viability can be easier to achieve on a larger scale, a range of factors can conspire 
to complicate a district heating scheme.  Pipe losses are an important consideration and schemes that 
are more energy dense i.e. have a higher heat load per square metre will tend to experience losses as a 
lower percentage of the overall quantity of heat generated.  Site layout and geography is also 
important, a long thin footprint for example may require a longer, larger diameter heat main to 
connect buildings which are further from the energy centre.  As well as additional capital costs, such 
a system is likely to experience higher pipe losses than a comparable scheme on a compact site where 
heat users are equidistant from the energy centre.  Sloping terrain can also inflate costs through 
additional pumping requirements and higher capital costs, particularly if parts of the scheme are 
required to be hydraulically separated to maintain correct working pressures.  Ultimately all schemes 
need to be considered on a case by case basis. 

At the smaller scale combined heat and power solutions are most likely to rely on gas CHP which 
burns natural gas in a spark ignition, internal combustion engine.  The engine shaft drives a 
generator which is used to produce electricity.  Heat is drawn from the circulating water which passes 
through the engine cooling jacket, and also by passing water through heat exchangers in the engine 
exhaust and oil cooling system.  Unlike a steam turbine the heated water is a by-product of the gas 
engine cooling operation and is available for use in the district heating network without affecting the 
efficiency of electricity generation.  The heat-to-power ratio for gas engine CHP is typically between 
1:1 and 2:1 (i.e. generating up to twice as much heat as electricity).  In plants based on steam turbines 
this ratio may be as much as 5:1 and it can be difficult to find customers capable of taking all of the 
heat.  

A schematic of a typical gas engine CHP system can be seen in Figure 2 which shows how multiple 
gas engines can be added to provide additional capacity as the energy requirement at the site 
develops.  There is a buffer tank or thermal store to smooth out peaks in demand by providing 
storage when heat requirements are low and a peak boiler to meet short periods of high demand.  
Where loads are expected to fluctuate the use of gas boilers is generally preferred to sizing the CHP 
for peak demand which could be more expensive and result in significant heat dumping.  A Sankey 

                                                      
4 Carbon Trust, Biomass in the social housing sector, 2011 
5 www.theade.co.uk/medialibrary/2011/04/07/a0276d42/woodbrook%20biomass%20DH%20belfast%20-%20Vital.pdf 
6 www.vitalenergi.co.uk/casestudies/hill-banchory 
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diagram of the energy flows in and out of the gas engine CHP plant (Figure 3) demonstrates how fuel 
efficiency is improved over a power only generator7. 
 

 

Figure 2: Typical configuration for a gas engine CHP system with district heating (General Electric) 

 

Figure 3: Sankey diagram showing energy flows in a CHP system based on a gas engine 

The build programme at Wolborough starts in 2019 and therefore the majority of homes are 
required to be Zero Carbon.  Experience at Cranbrook and elsewhere suggests that district heating 
may therefore be viable without grant assistance.  Teignbridge District Council has a number of local 
plan polices which support low carbon development at Wolborough8 including a requirement to 
“maximise opportunities for the generation of on-site renewable energy at a domestic scale and 
investigate opportunities for community scale renewable energy generation”. 

                                                      
7 Figures from DECC.  See CHP Technology – a detailed guide for CHP developers, (2008) 
8 www.teignbridge.gov.uk/planteignbridge 
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2. THE SITE, THE DEVELOPMENT AND THE ASSOCIATED ENERGY DEMAND 

2.1 THE SITE  

The new development site at Wolborough, to the south of Newton Abbot, adjoins the existing Decoy 
Industrial Estate at its eastern edge and runs approximately north-west along a new link road that will 
join the A380 to the east with the A381 Totnes Road.  Abbotskerswell lies to the south of the site 
while to the north is Decoy Country Park, a former clay quarry which now acts as a recreation site 
and wildlife reserve part of which has been recognised as a Site of Special Scientific Interest (SSSI). 

2.2 THE DEVELOPMENT PROGRAMME 

The number of buildings available to take heat at each phase of the build can affect the economic 
viability of the heat network project, so a build out programme is established to include the annual 
number and location of homes and non-domestic buildings completed.  The development at 
Wolborough is at an early stage so an estimated build out profile has been developed based on 
information contained in the in the Adopted Teignbridge Local Plan9 (ATLP), 6th May 2014.  There 
are many assumptions at this early stage relating to the domestic build out rate and the non-domestic 
buildings that are expected to be delivered across the site, for example the concentration of 
employment areas and the number and size of retail units.  The proposed plan provides an indicative 
layout as to how these requirements could be accommodated but further refinements are expected in 
a Development Framework Plan currently being prepared by the Council.  The ATLP does include 
notional plot diagrams (see Figure 4) and an anticipated building trajectory which gives the number 
of homes likely to be completed each year.  This diagram has been imported as a layer into Google 
Earth to allow the approximate plot sizes and number of homes in each area to be determined.  The 
ATLP also gives notice of the requirement for schools, facilities and employment areas.  At 1500 
homes, the site is considered large enough to support three developers, each with the capacity to 
deliver 50 homes per year, giving an annual peak rate of 150 homes per year. 

 

Figure 4: Wolborough development, extract from the Adopted Teignbridge Local Plan, May 2014 

                                                      
9 www.teignbridge.gov.uk/planteignbridge 
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From conversations with the planning department at Teignbridge District Council various facilities 
are expected to appear as the development progresses.  Work on a 420 place primary school (shown 
in red in Figure 4) is assumed to begin once a 200 home milestone has been reached, while a 
secondary school on the same site is expected later in the development.  For the purposes of the 
model it is assumed that this will eventually take around 1,000 pupils.  Retail units will require a 
customer base and are expected to become viable once approximately half of the homes are complete.  
In the absence of further information 6 shops are assumed at the site, four of these are assumed to be 
‘small’ (80m2 each10), with two convenience stores at 280m2 (small enough to be exempted from 
restrictions on Sunday trading hours).  Development of other employment space can be hard to 
predict and could come in steps as key elements of the development are completed, however as 
evidence of how this will actually occur is limited it has been assumed that work on employment 
space starts near the beginning of the build programme and is distributed evenly over the majority of 
the development period.  For the purposes of the study, which will focus on energy, it is assumed 
that 30% of the total employment area envisaged is occupied by buildings; this is in keeping with 
business parks elsewhere in Devon11.  Buildings in the employment area are assumed to be one-third 
offices (with two storeys), and a third each storage/distribution and industry (all single storey), this 
results in an overall ratio of floor area to total plot area of 40%.  This figure is the same as that 
adopted in the Teignbridge Employment Land Review in 201012.  Community facilities and a Youth 
Centre are expected to be completed nearer the end of the project and buildings estimated at 
approximately 200m2 each in line with similar developments in Exeter13. 

Development plots have been divided into four ‘zones’ representing areas where development activity 
might be expected to be able to proceed independent of other zones, either because of the 
involvement of a separate developer or a larger developer operating in separate phases.  In each of the 
zones a maximum of 50 homes per year are assumed to be completed and, in general only three of 
the zones are under development at any one time to reflect the number of developers likely to be 
operating.  At the plot level of the number homes has been estimated from the relative plot sizes and 
from existing developments in the area where more detailed plans are available14.  The order of the 
plot build out is assumed based on likely starting points (e.g. on sites where there is good frontage) or 
on the development of key infrastructure such as roads.  It is assumed that once started all plots with 
fewer than 50 homes are completed no later than the following financial year, while plots over 50 
homes are allowed to run into the subsequent year and plots over 70 homes may complete in the 
year after that.  Given the early stage of the development this is largely speculative but provides a 
basis from which to examine the technical and economic potential for a heat network. 

The ATLP assumed a 2016/17 start with a housing trajectory due to peak at 140 homes per year by 
the fourth year, for a development of 1,500 homes.  It is now thought that the earliest development 
is not likely to commence before 2019 so trajectory has been shifted but maintains the same annual 
profile.  The trajectory proposed for modelling reaches 140 homes a year by 2026/27 (see Table 1). 

                                                      
10 A working definition of ‘small’ is adopted in several reports (e.g. GLA London Small Shops Study, 2010) 
11 For example Skypark, Mid Devon Business Park. 
12 Teignbridge District Council, Teignbridge Employment Land Review, Final Report February 2010 
13 Tithebarn Green 
14 For example Hele Park. 
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Table 1: Estimated number of homes completed per year at Wolborough 

Year 2019/20 2020/21 2021/22 2022/23 2023/24 2024/25 2025/26 2026/27 2027/28 2028/29 2029/30 2030/31 2031/32 Total 

Homes 25 75 125 125 125 125 125 140 140 140 140 140 75 1500 

 
The Wolborough development is expected to start at its western edge followed shortly afterwards by 
the plots towards the eastern edge.  From here the sites are expected to grow towards each other 
along the proposed new link road (shown in dotted lines in Figure 4).  This pattern of development 
is made possible by the fact that good access exists at both ends although it is hoped that the new 
route through the development might be completed in the earlier stages.  More detail on the phasing 
of access to the development can be found in the report ‘Access to Wolborough’15 commissioned by 
Devon County Council in 2013.  An annotated map of the plot structure can be seen in Figure 5 
while a full breakdown of the modelled build programme is included in Appendix A. 

The numbers of homes have been allocated by their relative plot areas to fulfil the 1,500 homes 
quota while leaving sufficient space to accommodate the 10 hectares required for employment which 
occupies land adjoining the existing Decoy Industrial Estate to the east and a smaller area on the 
western outskirts.  Both of these are identified in the Heart of Teignbridge Policies Map16.  This gives 
an average density of 38 dwellings per hectare in the residential areas which is comparable to the 
national average of 43 dwellings per hectare for new developments17. 

 

Figure 5: Development map for Wolborough showing relative plot sizes 

 

2.3 ENERGY USE 

A key element of the viability of the network is the extent to which the heat loads within the 
development are matched to the output of the CHP.  In the first instance it is assumed that all excess 

                                                      
15 Devon County Council, Access to Wolborough, Final Report , March 2013 
16 www.teignbridge.gov.uk/article/16789/Heart-of-Teignbridge-Policies-Map---Proposed-Submission-
Teignbridge-Local-Plan-2013-2033 
17 DCLG, Land Use Change Statistics in England: 2011, Land Use Statistical Release, 19 December 2013. 
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electricity can be sold onto the grid.  If there is excess heat however it must be dumped and will have 
a negative impact on the investment potential of the project.  Heat loads for the domestic and 
non-domestic building types have been estimated using a combination of benchmarks, existing data 
and similar studies.  The impact of changes to the building regulations from stricter carbon emissions 
targets has also been considered. 

2.3.1 DOMESTIC HEAT LOAD 

Energy consumption in domestic homes for heating space and water is a function of size, occupancy 
and the quality of the building fabric.  Without detailed plans average house sizes have been derived 
from a study of new developments to the east of Exeter which is at a more advanced stage.  A 
breakdown of the assumed building types and their relative proportions is given in Table 2 and in 
Figure 6. 

Table 2: Breakdown of dwelling sizes for new development to the east of Exeter 

Dwelling type Number 
Average floor 

area (m2) 

Dwellings 
percentage by 

area 

Dwellings 
percentage by 

number 

Detached 100 125.04 40% 28% 

Semi-detached 159 78.93 40% 45% 

Mid-terrace 58 69.04 13% 16% 

Apartment 37 58.28 7% 10% 

Average 
 

88.18   

 
For the purposes of this study the average floor area for homes is therefore taken to be 88.2 m2. 

 

Figure 6: Floor areas by dwelling types in new developments to the east of Exeter 

To get energy consumption from space heating for the new homes the average floor area (in m2) was 
combined with a target fabric energy efficiency figure (in kWh/m2) per annum.  In line with 2016 
zero carbon targets for new homes, Zero Carbon Hub have a proposed maximum space heating and 
cooling energy demand known as the Fabric Energy Efficiency Standard (FEES)18.  The standard 

                                                      
18 Zero Carbon Hub, Defining A Fabric Energy Efficiency Standard For Zero Carbon Homes, Task Group 
Recommendations, November 2009 
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provides energy targets per square metre for different dwelling types for 2016 based on a flexible 
approach, as well as an interim standard for 2013.  A weighted average based on the dwelling mix in 
Table 2 was used to derive average FEES for the Wolborough development of 50 kWh/m2 for 2013 
and 44 kWh/m2 for 2016 (see Figure 7). 

 

Figure 7: Zero Carbon Hub target fabric energy efficiency standards for 2013 and 2016 

Which version of Part L of the Building Regulations is applied depends on a number of factors 
including when a new development is registered and when construction starts.  There will therefore 
be a period of transition where both standards may apply to homes in neighbouring developments.  
Phase-in assumptions from DCLG19 see the process taking until 2020 before all new homes are built 
to the 2016 standard (Table 3). 

Table 3: Phase in assumption for Part L 2013 and 2016 new domestic buildings 

 
2014 2015 2016 2017 2018 2019 2020 2021 2022 

Part L1A 2013 100% 100% 100% 60% 40% 10% 0 0 0 

Part L1A 2016 0 0 0 40% 60% 90% 100% 100% 100% 

 
Applying the assumptions in Table 3 to the average dwelling size and number of homes to be built 
gives a phased energy profile for space heating for individual plots and for the development as a 
whole. 

Domestic hot water provides a significant and (relatively) consistent load throughout the year and is 
typically characterised according to occupancy.  Occupancy is derived from the 2012 edition of the 
Standard Assessment Procedure, SAP 2012, which gives an empirical formula to estimate occupancy 
based on floor area:   

Occupancy = 1 + 1.76(1 − 𝑒−0.000349(𝑎−13.9)
2
) + 0.0013(𝑎 − 13.9) 

where a is the total floor area in m2.  For floor areas less than 13.9 m2, occupancy is assumed to be 1. 

For the anticipated development average floor area of 88.2 m2, this formula gives an occupancy level 
of 2.6 persons. 

                                                      
19 DCLG, Changes to Part L of the Building Regulations 2013, Impact Assessment, August 2013 
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The amount of hot water, in litres, predicted under SAP is 25 litres per person plus an additional 36 
litres, which is reduced by 5% for water efficient homes (those designed to use less than 125 litres per 
person per day).  The energy required to raise this amount of hot water is calculated using the 
specific heat capacity of water (4.19 kJ/kg °C) and the difference in temperature between the 
incoming water and that delivered at the tap.  Under SAP 2012 the difference is set at 37 °C for a 
simple annual calculation and an assumption of 15% distribution losses is made.  This leads to an 
annual requirement of 1,734 kWh per annum for each home.  The demand for hot water in this 
study is considered invariant over the development and accounts for approximately 30% of the total 
heat load. 

Combining the phasing in effect of higher quality fabric on space heating and the domestic hot water 
requirement gives an annual energy profile which reaches 8.4 GWh by 2031/32 for the domestic 
element of the development.  Results are tabulated in Table 4 and illustrated in Figure 8. 

Table 4: Annual domestic energy profile at Wolborough including space heating and hot water 

 
2019/20 2020/21 2021/22 2022/23 2023/24 2024/25 2025/26 2026/27 2027/28 2028/29 2029/30 2030/31 2031/32 

Space heating 
(MWh) 

98.5 390.3 876.6 1,362.9 1,849.2 2,335.6 2,821.9 3,366.6 3,911.3 4,456.0 5,000.6 5,545.3 5,837.1 

Domestic hot water 
(MWh) 

43.4 173.4 390.2 607.0 823.8 1,040.6 1,257.4 1,500.2 1,743.1 1,985.9 2,228.7 2,471.5 2,601.6 

Total domestic 
(MWh) 

141.8 563.7 1,266.8 1,970.0 2,673.1 3,376.2 4,079.3 4,866.8 5,654.3 6,441.8 7,229.3 8,016.8 8,438.7 

 

 

Figure 8: Annual domestic energy profile at Wolborough including space heating and hot water 
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2.3.2 NON-DOMESTIC HEAT LOAD 

At the current stage of development the only details from which non-domestic heat loads can be 
derived are those in the ATLP, these include the expectations for 10 hectares of employment (office, 
general industrial, storage and distribution), some retail units, a 420 place primary school, a 
secondary school, a youth centre and community facilities. In the absence of more detailed plans a 
number of assumptions have had to be made to put together a suitable non-domestic heat profile. 

Employment areas are assumed to be concentrated to the east of the site adjacent to the existing 
Decoy Industrial Estate, with a smaller employment area to the west alongside the A381 Old Totnes 
Road.  This is in keeping with the Heart of Teignbridge Policies Map20 and the local planning 
department have suggested that modelling the build out as even throughout the duration of the 
development is reasonable.  In practice the development of employment space is likely to be rather 
more uneven, with building work occurring in clusters or following the arrival of key employers.  Of 
the 10 hectare area only a fraction will contain buildings and from plans for existing business parks21 
we estimate a figure of 30% for the total buildings footprint, and have assumed an equal split 
between the three categories of employment expected on the site.  For the purpose of the model 
office spaces are assumed to have two storeys while industrial and storage units are assumed to have 
one.  This gives 20,000 m2 of office space and 10,000 m2 each of industrial and storage space so that 
the overall floor area for employment represents 40% of the total plot area.  CIBSE benchmark 
figures22 are available for a range of different building types, and give annual fossil fuel consumption 
of in kWh/m2 for ‘typical’ and ‘good practice’ buildings.  These benchmarks are based on an earlier 
publication from 200823 and some improvement in fabric standards might be expected, particularly 
for new buildings.  Comparisons with similar building types on Carbon Buzz24, a platform to 
benchmark and track actual project energy use, shows a 20% improvement on average compared to 
‘Best Practice’ in Guide F and taking into account this improvement leads to a figure of 78 kWh/m2 
per annum for employment space.  This 20% adjustment has been applied to all subsequent 
benchmarks derived from Guide F. 

Retail space is assumed to consist of four ‘small’ shops (floor area of 80m2) and two convenience 
stores (floor area 280 m2) with a benchmark energy figure of 61 kWh/m2 per annum derived from an 
average of different retail units in Guide F including high street agencies, small food shops, 
supermarkets and banks.  Retail benchmarks tend to be based on m2 of sales floor area rather than 
gross floor area and were adjusted accordingly in line with CIBSE guidance which suggests 
approximate percentages for sales areas for different retail units ranging from 70% for small food 
shops to 43% for supermarkets. 

The size of the proposed primary school for 420 pupils is estimated from Building Bulletin 10325.  A 

formula gives minimum and maximum gross areas for primary schools as between 350 + 4.1n and 
400 + 4.5n, where n is the number of pupils.  The calculations give an average size of 2181 m2 for the 
primary school which given the early stage of development is assumed to be delivered in two phases.  
The gross area has been used in conjunction with energy benchmarks for schools in Guide F and 
previous assumption of 20% fabric improvements to give a figure of 90 kWh/m2 per annum for the 

                                                      
20 www.teignbridge.gov.uk/article/16789/Heart-of-Teignbridge-Policies-Map---Proposed-Submission-Teignbridge-Local-Plan-2013-2033 
21 SkyPark, Mid Devon Business Park. 
22 CIBSE, Energy efficiency in buildings: CIBSE Guide F, 2012 
23 CIBSE, Energy benchmarks: TM46, 2008 
24 www.carbonbuzz.org 
25 DFE/EFA, Area guidelines for mainstream schools, Building Bulletin 103, June 2014 
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primary school.  The size of the secondary school is not yet known so the median value for Devon of 
1,016 pupils has been assumed along with the area calculation from Building Bulletin 103.  This gives 

a range of between 1050 + 6.3n and 1270 + 7.1n, where n is the number of pupils, and equates to an 
average area of 7,967 m2.  There are no plans for the delivery schedule but it is assumed that the 
secondary school will not appear until nearer the end of the development and will be built in two 
phases.  An adjusted figure from Guide F suggests an energy benchmark figure 86 kWh/m2 per 
annum for the secondary school. 

Finally the size of the community facilities are assumed to be 200 m2 each in common with 
developments to the east of Exeter and amended energy benchmarks suggest a figure of 112 kWh/m2 
per annum.  A summary of the energy benchmarks applied can be seen in Table 5 while the 
anticipated build out of the non-domestic areas in m2 is given in Appendix A 

Table 5: Non-domestic energy benchmarks as applied to the Wolborough development 

Non-domestic building types Benchmark energy consumption (kWh/m2) 

Employment areas 77.6 

Retail 61.1 

Primary school 90.4 

Secondary school 86.4 

Community facilities 112.0 

 

Unlike the domestic case no additional allowance was made for subsequent improvements in 
building fabric over the course of the development as non-domestic buildings move towards zero 
carbon.  In non-domestic buildings, studies26 have anticipated that zero-carbon will be achieved 
through a range of low carbon technologies (lighting, PV, heat pumps and gas CHP) as modelling for 
a range of building types has suggested that these are likely to be the a more cost effective route than 
thermal upgrades in fabric. 

Combining Table 5 with the non-domestic build out gives an annual non-domestic energy profile for 
the Wolborough development which reaches 4.1 GWh by 2029/30 and is summarised in Table 6 
and in Figure 9. 

Table 6: Summary of non-domestic energy for the development 

 
2019/20 2020/21 2021/22 2022/23 2023/24 2024/25 2025/26 2026/27 2027/28 2028/29 2029/30 2030/31 2031/32 

Area (m2) 4.0 8.0 13.5 17.5 22.2 26.5 30.8 35.1 44.8 48.8 51.4 51.4 51.4 

Employment (MWh) 310.6 621.2 931.8 1,242.3 1,552.9 1,863.5 2,174.1 2,484.7 2,795.3 3,105.9 3,105.9 3,105.9 3,105.9 

Retail 0.0 0.0 0.0 0.0 0.0 17.1 36.7 53.8 53.8 53.8 53.8 53.8 53.8 

Primary School (MWh) 0.0 0.0 138.0 138.0 197.2 197.2 197.2 197.2 197.2 197.2 197.2 197.2 197.2 

Secondary School (MWh) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 481.9 481.9 688.4 688.4 688.4 

Community facilities (MWh) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 22.4 22.4 44.8 44.8 44.8 

Total non-domestic (MWh) 314.6 629.2 1,083.3 1,397.9 1,772.3 2,104.3 2,438.7 2,770.7 3,595.3 3,909.9 4,141.4 4,141.4 4,141.4 

 

                                                      
26 DCLG, Zero carbon non-domestic buildings Phase 3 final report, July 2011 
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Figure 9: Non-domestic energy profile for Wolborough 

2.3.3 TOTAL HEAT LOAD 

The total heat load for the Wolborough development is given by the combination of domestic and 
non-domestic loads from Table 4 and Table 6 and reaches 12.6 GWh by 2031/32.  The development 
of the overall heat load over time is summarised below in Table 7 and in Figure 10. 

Table 7: The development of domestic and non-domestic heat loads at Wolborough 

 
2019/20 2020/21 2021/22 2022/23 2023/24 2024/25 2025/26 2026/27 2027/28 2028/29 2029/30 2030/31 2031/32 

Domestic (MWh) 141.8 563.7 1,266.8 1,970.0 2,673.1 3,376.2 4,079.3 4,866.8 5,654.3 6,441.8 7,229.3 8,016.8 8,438.7 

Non-domestic (MWh) 314.6 629.2 1,083.3 1,397.9 1,772.3 2,104.3 2,438.7 2,770.7 3,595.3 3,909.9 4,141.4 4,141.4 4,141.4 

Total (MWh) 456.4 1,192.9 2,350.1 3,367.8 4,445.4 5,480.5 6,518.0 7,637.5 9,249.6 10,351.7 11,370.7 12,158.2 12,580.1 

 

 

Figure 10: A summary of the development of domestic and non-domestic heat loads at Wolborough 
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3. EXISTING LOCAL ENERGY USERS 

The viability of district heating schemes can often be improved where there are existing large heat 
users.  Early heat sales and the potential for private wire electricity supply (which avoids National 
Grid charges) both provide benefits to the scheme.  The large customers can benefit too from 
potentially lower electricity prices and low carbon heat that is delivered within a framework where 
prices can be less volatile.  Operation and maintenance savings are also possible where the role of 
existing boilers is diminished or replaced by the heat network.  The impact on businesses and on the 
district heating scheme depends on the scale of energy demands and on the local geography. 

Berendsen UK Ltd (previously CLS) operate an industrial laundry to the east of the Wolborough 
site.  The laundry has been contacted to assess its interest in the scheme and its willingness to share 
energy data related to its operations.  No response has been received to date and it is not known if 
Berendsen would be interested in participating in the scheme either as a host or as a client. 

In order to assess the potential benefit to the Wolborough scheme of an industrial user, data from a 
similarly sized laundry has been used.  Estimates for annual heat and electricity demand for such a 
laundry are estimated at 8,700 MWhth and 1,000 MWhe. 

Additional loads that might be associated with a commercial laundry customer have been run as part 
of the sensitivity analysis of the economic potential of the Wolborough development. 

4. THE LOW CARBON HEAT AND ELECTRICITY GENERATION SCHEME 

The scheme as modelled comprises a district heating network supplied from an energy centre with a 
gas CHP and backed up by gas boilers.  The energy centre will have provision for conversion to a zero 
carbon energy source e.g. biomass. 

The district heating network is a system of insulated underground pipes which takes hot water to the 
homes and other buildings and returns cooled water to the energy centre for re-heating.  Small heat 
exchangers (Heat Interface Units or HIUs) in each building extract heat from the district heating 
network and control the heating and hot water in each building.  Modern heat networks have low 
heat losses (~1°C/km) leading to low system heat losses.  It is assumed that when fully built out the 
scheme has 10% heat losses although initial heat losses are modelled at 30%. 

Schemes are usually operated by a specialised energy services company (ESCO) which typically 
finances and builds the entire infrastructure and operates the scheme for a long contract period (25 
to 50 years).  The economic model in this study considers income and expenditure over 40 years.  
The details of the Wolborough scheme and the assumptions used in the financial modelling are set 
out in the sections below. 

4.1 ENERGY INFRASTRUCTURE PROVISION 

4.1.1 HEAT EXCHANGERS AND DEVELOPER CONTRIBUTION 

It is assumed that the individual heat exchangers are provided by the ESCO and paid for as part of 
the connection fee paid by the developers for each building on the network.  The assumed domestic 
heat exchanger cost is £1,452 per home27.  Costs for heat exchangers in commercial premises are 

                                                      
27 Figure based on a 2014 market enquiry carried out by Parsons Brinckerhoff for the study South West Exeter 
DH Network and Energy Centre Design, Parsons Brinckerhoff, 2015. 
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taken to be equivalent to the cost of gas boilers in offices based on a rate of £9.25/m2 (figure derived 
from CIBSE28). 

Home connection fees are taken from recent market data in Exeter where connection fees in the 
region of £4,000 are being offered to developers.  Calculations provide support for this level of fee 
based on the avoided costs of a gas based solution along with the costs of additional measures to 
achieve the equivalent level of CO2 reduction.  The avoided costs of gas in total are estimated at 
£2,000 (~£1,30029 per home for heating and hot water systems and ~£70030 per home for the gas 
network).  Additional measures are required to meet the 100% reduction of regulated emissions for 
zero carbon homes in 2016 and non-domestic buildings in 2019.  The CO2 emissions reduction 
achieved by gas CHP schemes fall between CSH 4 and CSH 5.  It is assumed that developers will be 
willing to contribute £2,000 to achieve this level of CO2 emissions reduction which, when added to 
the avoided cost of gas infrastructure, gives a total developer contribution of £4,000 per home. 

Market data suggests a connection fee of £250/kWp.  Applying this capacity price to a typical new 
build mix31 gives an average connection fee of £18.50/m2.  Total developer contributions are 
calculated at £6.9m of which £5.9m is from homes. 

4.1.2 DISTRICT HEATING NETWORK 

Due to the undulating terrain and the phased build out programme the network is assumed to be 
hydraulically separated into a higher pressure distribution network and lower pressure plot networks.  
Each plot will have a small heat transfer station the size of a domestic garage which will contain heat 
exchangers and pumps to transfer heat from the distribution network to the plot networks.  These 
heat stations will also serve as locations for temporary boiler plant which will provide heat prior to 
connection into the wider distribution network. 

Plans for the Wolborough urban extension are not yet detailed enough to show roads or buildings so 
it is not possible to assess district heating pipe layouts in detail.  The approach adopted for costing 
the distribution network uses distances based on the illustrative layout in the ATLP which was 
imported as a layer into Google Earth and from which approximate pipe lengths could be ascertained 
(see Figure 11). 

 

                                                      
28 CIBSE Guide F gives annual boiler energy consumption in a Type 3 ‘standard’ office ss 97 kWh/m2.  
Assuming a load factor of 0.2 and a boiler cost of 90.93 £/kWh gives a boiler cost of £9.25per m2 
29 Element Energy’s work on Cranbrook indicated £2,578 per home but developers have disputed this figure so 
an estimate of £1,300 is used. 
30 Element Energy’s work at Cranbrook indicated a gas network cost of £463 however subsequent energy 
company studies suggested gas network cost of ~£2m or £700/home. 
31 Ratio of commercial heat consumption to peak demand taken from the PB Study 
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Figure 11: Estimated distribution network at Wolborough 

At this stage detailed network design is not possible so pipe layout for the distribution network has 
been based on a simplified two tier system of larger and smaller pipes shown in red and orange 
respectively in Figure 11 above.  An energy centre is assumed to be located to the east of the 
development, close to the existing Decoy Industrial Estate where there are good connections for both 
electricity and gas (see Section 4.1.3).  This location is 200 m or so from the industrial laundry run by 
Berendsen UK Ltd, where the possibility of an additional heat load exists (see Section 3 and 
Section 5.2).  Costs for pipework are taken from the recent study by Parsons Brinckerhoff (PB) into 
district heating in South West Exeter32.  Under the current model per-metre pipe costs are derived 
from weighted averages of smaller pipes (between 25-65 mm in diameter) and larger pipes (between 
80-250 mm in diameter) in the proposed South West Exeter network.  This gives an estimated 
average large pipe cost of £573/m and a small pipe cost of £364/m. 

Due to the lack of definition at the plot level the cost of pipework for the individual plot networks 
are calculated on a per home basis.  This cost is derived from the PB study and from information 
obtained directly from E.ON which gives a plot pipework cost of £4,240 per home.  For 
non-domestic plot pipework an estimate of £4.57/m2 has been derived from the Matford area of the 
South West Exeter Development in the PB study.  The costs of HIUs for domestic homes is based on 
a cost of £1,452 per home as in the PB study, while non-domestic HIUs are based on the equivalent 
costs of a gas boiler, estimated at £9.25/m2 for the given areas. 

The total cost of the heat network is estimated at almost £8.6m while the cost of HIUs is close to 
£2.7m (see Table 8 ). 

                                                      
32 Parsons Brinckerhoff, South West Exeter DH Network and Energy Centre Design, 2015 
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Table 8: Estimated costs for pipe networks and HIUs at Wolborough 

Network elements Domestic (£) 
Non-domestic 

(£) 
Large pipe (£) Total (£) 

Plot level 6,364,725 235,146 
 

6,599,871 

Distribution (small pipe) 692,349 151,065 
 

843,414 

Distribution (large pipe) 
  

1,117,760 1,117,760 

Total pipework 7,057,074 386,211 1,117,760 8,561,045 

HIU 2,177,659 475,711 
 

2,653,370 

 

The total annual costs of pipework and HIUs over the development period are summarised in  
Figure 12.  Early network costs are very much dominated by the larger heat main which is 
approximately 2.0 km long, while other costs are distributed more evenly across the build. 

  

Figure 12: Network and HIU costs over the period of development at Wolborough 

4.1.3 ENERGY CENTRE 

The cost of the energy centre comprises the land, the buildings and the equipment required to 
generate heat and electricity at the energy centre, together with the backup boilers, heat stores and 
circulation pumps for the district heating system.  

Modelling suggests that 1.7 MWe of gas CHP capacity are required once Wolborough is fully 
developed. It is assumed that CHP units are installed in three increments of 0.7MWe, 0.3MWe and 
1MWe.  Energy centre capital costs of £2.2m and CHP plant at £600/kWe are taken from the PB 
2012 Exeter Energy Network study.  Total costs are estimated at £3.2m. The energy centre is assumed 
to be built in 2019 with CHP units installed as required.  CHP and back up boiler replacement 
occurs after 20 years. 

An initial assessment of local gas and electricity grid connections suggests that an energy centre 
located on publicly owned land adjacent to the Decoy Industrial Estate to the East of the site will 
have adequate capacity for the necessary gas and electricity connections. Correspondence with 
Western Power distribution established that if the connection is made to the network at Decoy 
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Industrial Estate then WPD could accept the full 2.0 MVA without needing upgrade work (just the 
new cabling and switchgear with an estimated cost in the region of £40-60k). The response to an 
initial gas connection enquiry to Wales and West Utilities is also positive and is shown in  
Appendix B. 

4.1.4 TOTAL CAPITAL COST 

Table 9 summarises the capital costs for the heat interface units and the heat network for the 
Wolborough scheme while Appendix C contains more details of the capital cost assumptions by year. 

Table 9: Initial capital costs in £ million 

Category Initial capital cost in £m 

Heat interface units £2.7m 

Heat network £8.6m 

Energy centre £3.2m 

Fees £0.9m 

Contingency £2.9m 

Total £18.2m 

 

4.1.5 FUEL AND HEAT SUPPLY COSTS 

Fuel costs are calculated by multiplying the fuel consumption volumes by the appropriate price from 
the DECC December 2014 price scenarios33. The wholesale gas price is taken as the price for boiler 
and CHP fuel.  The central fuel cost scenarios are shown in Table 10. 

Table 10: Fuel prices from the DECC central energy price scenario 

Prices in £/MWh 2019 2029 2039 

Gas wholesale 20.0 25.6 26.1 

Electricity wholesale 50.5 71.1 56.0 

 
A sensitivity analysis with respect to energy prices was carried out using the DECC ‘Low’ and ‘High’ 
energy price scenarios. 

4.1.6 NON-FUEL OPERATIONAL COSTS 

Non-fuel operation costs typically include labour, materials, rates, insurance, customer billing and 
service. 

Operating costs are based on those incurred by Thameswey in its 6.4 MWe DH scheme in Milton 
Keynes34.  In 2011 operating costs totalled £0.5m per annum of which £0.3m pa was spent serving 
some 1,100 customers (£251/customer/year) and £0.2m per annum related to the plant and 
organisation (£35/MWe/year).  These per customer and per MWe figures are used to generate the 
operating costs for the gas CHP which, when fully built out, are estimated at £0.44m per annum. 

Costs for the replacement of gas boilers and CHP units are included after 20 years. 

                                                      
33 DECC Updated Energy & Emissions Projections - December 2014 see: 
www.gov.uk/government/uploads/system/uploads/attachment_data/file/399175/Annex_M__corrected_23-Dec-2014_.xls 
34 Source Thameswey Central Milton Keynes Ltd. Accounts 2011 
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4.2 REVENUES 

Heat sales prices are calculated from the DECC Energy & Emissions Projections from December 
2014 which includes a range of price scenarios.  Table 11 shows the central scenario for retail prices 
for domestic and commercial gas. 

Table 11: DECC central retail gas price scenario 

Prices in £/MWh 2019 2029 2039 

Gas retail domestic 50.1 53.6 54.5 

Gas retail commercial 30.5 37.3 37.7 

 
The economic modelling tests two consumer heat prices based on these gas prices.  The base case 
heat price is at parity with gas (assuming boiler efficiency of 90%) which gives a 2019 domestic price 
of 5.6p/kWh and a commercial price of 3.4p/kWh.  The upper price is based on a 50% price uplift 
on gas which gives a 2019 domestic heat price of 8.3p/kWh and a commercial heat price of 
5.1p/kWh. 

The model assumes that the ESCO charges home owners an annual standing charge of £335 per 
annum35.  Commercial standing changes are assumed to be £1.6 per m2 per year36. 

Electricity generated is assumed to be sold to the national grid at the wholesale ‘baseload’ electricity 
price (as shown in Table 10 above for the central scenario).  It is worth noting that there is potential 
to increase revenues from electricity sales if a large energy user on site can be supplied directly as 
private wire arrangements avoid electricity grid charges. 

The sensitivity analysis with respect to energy prices is again conducted using the DECC low and 
high energy price scenarios. 

5. ENERGY PERFORMANCE  

5.1 NEW DEVELOPMENT 

When fully built out in 2032, annual heat use on the Wolborough development reaches 
12,600 MWh.  With heat losses included this total is estimated at 13,800 MWh per annum. 

Heat is initially provided with gas boilers as heat demand is too low for the CHP to be operated 
efficiently.  In 2023 sufficient heat demand is present to commission a 0.7 MWe gas CHP unit and 
CHP capacity is stepped up to 1 MWe in 2025 and 1.7 MWe in 2029. 

The CHP system is assumed to be designed to operate with a 50% load factor with electricity being 
exported to the grid rather than delivered to a customer.  The DH system design includes heat 
storage which enables the CHP to serve around 85% of the heat load, with the remaining ‘peak’ 
demand being met with back up gas boilers. 

                                                      
35 Equivalent to the cost of an annual gas boiler insurance contract (£15/month) plus a boiler replacement set 
aside (£155/year) 
36 Calculated by multiplying the domestic standing charge by the ratio of domestic to commercial connection 
charges 
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Table 12 shows the gas CHP energy centre assumptions.  The heat to power ratio and efficiency 
assumptions are taken from DECC guidance on CHP37.    The figure for energy efficiency is based on 
the Sankey diagram shown earlier in Figure 3. 

 

Table 12: Gas CHP energy centre assumptions 

CHP properties Assumed values 

Unit electrical capacity  1.7 MW 

Heat-to-power ratio 1.54 

Load factor 50% 

Efficiency 78.3% 

Gas fuel 24.2 GWh 

 
Figure 13 shows the build-up of heat and electricity loads for the Wolborough development and 
shows how the deployment of the gas CHP units is phased to meet demand.  Gas peaking back up 
boilers and thermal storage are sized to provide enough heat to make up the difference between heat 
demand (black line) and heat produced by the CHP engines (red line). 

 

Figure 13: Gas CHP scheme energy demand and production over the build out period to 2032 

  

                                                      
37 DECC, CHP Technology – a detailed guide for CHP developers, (2008) 
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5.3 ADDITIONAL LOADS FROM THE LAUNDRY 
The inclusion of annual heat and electrical loads from the laundry adds 8,700 MWhth of heat and 
1,000 MWhe electrical offtake from 2019.  It is assumed that the laundry does not pay a connection 
charge but funds its own on site heat and electricity connections.  The heat price and standing charge 
is the same as for other non-domestic customers.  Electricity prices are assumed to be 90% of the 
DECC service (commercial) prices.  With the laundry loads included annual heat requirements reach 
21,100 MWh once the development is fully built out in 2033.  The proximity of the laundry heat 
load to the energy centre is assumed to reduce initial heat losses from 30% to 25% and longer term 
heat losses from 10% to 5% giving an estimated a total annual heat demand with losses of 
22,100 MWh. 

The addition of the laundry brings forward the commissioning of a larger 1.5MWe gas CHP unit to 
2019.  CHP capacity is stepped up again to 2.8MWe in 2027 (see Figure 14). 

 

Figure 14: Gas CHP scheme energy demand and production over the build out period to 2032 with the laundry loads 
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6. FINANCIAL PERFORMANCE 

The financial analysis of the scheme is undertaken from the perspective of a potential ESCO 
operating for 40 years using the data described in earlier sections as inputs to a discounted cash flow 
analysis.  Case 1 assumes no consumer price uplift, while Case 2 examines a 50% consumer heat 
price uplift. The results are shown in Table 13. 

Table 13: Pre-tax economic results for the CHP scheme at Central prices in real terms 

Case 1 2 

DECC energy price scenario  Central Central 

Consumer heat price uplift 0% 50% 

IRR (real) % 2.0% 5.7% 

NPV @ 3.5% real £,000 — ve 3,021 

NPV @ 5% real £,000 — ve 760 

NPV @ 10% real £,000 — ve — ve 

Undiscounted payback yrs 28 18 

 

At 2.0% real IRR Case 1 is clearly uneconomic, while Case 2 has a 5.7% real IRR and an NPV of 
£3.0m at 3.5% real. While this return might be acceptable in the public sector it is less likely to be 
attractive to a private sector organisation which will tend to look for a real IRR above 7.5% 

6.1 SENSITIVITY TO ENERGY PRICES 

Table 14 shows the sensitivity of Case 2 to energy prices using the DECC energy and emissions 
projections The central price from Case 2 is included along with high and low energy price scenarios. 

Table 14: Pre-tax economic results for energy price sensitivities in real terms 

Case 3 2 4 

DECC energy price scenario Low Central High 

Consumer heat price uplift 50% 50% 50% 

IRR 4.7% 5.7% 6.6% 

NPV @ 3.5% real (£,000) 1,530 3,021 4,425 

NPV @ 5% real (£,000) — ve 760 1,775 

NPV @ 10% real (£,000) — ve — ve — ve 

Payback (years) 20 18 17 

 
As might be expected the high energy price scenario improves the economic performance of the 
scheme while low prices make it less attractive.  With the high price scenario real IRR rises to 6.6% 
with an NPV at 3.5% real of £4.4m. 

  



FINAL 

22 
 

6.3 THE INCLUSION OF THE LAUNDRY 

Table 15 shows the inclusion of the laundry heat load and electricity offtake with the central price 
scenario and no price uplift (Case 5), a 50% price uplift (Case 6) and the high energy price scenario 
with a 50% price uplift (Case 7). 

 

Table 15: Pre-tax economic results with the inclusion of the laundry in real terms 

Case 5 6 7 

DECC energy price scenario  Central Central High 

Consumer heat price uplift 0% 50% 50% 

IRR real % 3.6% 8.9% 10.6% 

NPV @ 3.5% real (£,000) 130 7,616 10,079 

NPV @ 5% real (£,000) — ve 4,245 6,095 

NPV @ 10% real (£,000) — ve — ve 293 

Undiscounted payback (years) 23 13 13 

 
The addition of the laundry improves the real IRR for the scheme by between 1.6% and 4%, and 
NPVs at 3.5% real by up to £5.7m. The High price scenario and 50% price uplift case gives an IRR 
of 10.6% real. 

 

7. CONCLUSIONS AND RECOMMENDATIONS 

District heating and combined heat and power (CHP) can enable the developers of sites, such as 
Wolborough, to meet the energy and carbon requirements of building regulations at a lower cost 
than providing individual heating solutions for home and buildings.  To do this a district heating 
scheme needs to be competitively priced for the site developers as well as offering good value to the 
building occupiers.  At the same time margins need to be large enough to provide returns to the 
energy service company (ESCO) which installs and operates the heat network. 

Making assessments about scheme feasibility at such an early stage of development requires a number 
of assumptions to be made.  This study makes a series of conservative, evidence-based assumptions to 
assess the economics from an ESCO perspective.  The assumptions for Wolborough are summarised 
as follows: 

 Heat load calculations are based on anticipated building regulations and so do not account 
for differences between design and actual performance (widely referred to as the 
‘performance gap’) or for consumer behaviour.  Both of these would be expected to increase 
the heat load. 

 Capital costs assume 2014 prices for heat pipe. There are suggestions that heat pipe prices 
have reduced recently. 

 The energy centre building and main heat distribution pipework are installed in Year 1.  
This leaves scope for a more gradual, phased installation using temporary plant which would 
reduce upfront costs. 

 Small scale ECSO operating costs are assumed. Costs are likely to be lower if the scheme is 
part of a larger customer service and plant maintenance operation. 
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 Consumer heat prices are set at parity with natural gas.  Using a basket of energy prices will 
result in a higher price. 

 A wholesale electricity sales price is assumed. The value of co-produced electricity is likely to 
be higher as part of a larger energy portfolio. 

The heat load assessment for Wolborough suggests that, when fully built out, the development will 
use 13 GWh of heat per annum.  Accounting for heat losses, total heat demand is assessed at 14 
GWh per annum.  The total capital cost of the scheme is estimated at £18.2m including design fees 
and 20% contingency.  Operational costs (excluding fuel) are estimated at £0.44m/year.  Future 
energy price scenarios from DECC are used for energy input and sales prices and developer 
connection fees are assumed to be £4000/home and £18.5/m2 for non-domestic buildings. The 
commercial laundry, which is adjacent to the site and could be a potential heat and electricity 
customer, is estimated to have a heat load of 9 GWh and 1 GWh of electrical consumption.  The 
inclusion of the laundry in the scheme has a significant positive impact on the heat load and 
electricity sales revenue. 

Importantly, an initial assessment of local gas and electricity grid connections suggests that an energy 
centre located on publicly owned land adjacent to the Decoy Industrial Estate to the east of the site 
will have adequate capacity for the necessary gas and electricity connections. 

The resulting economic analysis shows that the project can be viable.  An 8.9% pre-tax, real, internal 
rate of return (IRR) is achieved by using the central price scenarios from DECC, including the 
anticipated load from the laundry and a 50% uplift to heat revenue.  The uplift is modelled using an 
increase to the heat price but in practice this could be achieved through increased heat volumes, heat 
price rises or a combination of both.  Under the higher price scenario the IRR increases to 10.6%. 

These rates of return are considered sufficiently positive to be of interest to a private sector ESCO 
and as a result it is recommended that the Wolborough scheme is brought to the attention of 
investors in the ESCO market to enable further development of the case for district heating and 
CHP as part of the low carbon solution for the development. 
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APPENDIX A ANTICIPATED BUILD OUT AT WOLBOROUGH 
 

  
Domestic Buildings     Non-domestic buildings 

  
A 

440 
homes 

B 
330 
homes 

C 
210 
homes  

D 
300 
homes 

    

 
Plot 1 2 3 4 5 6 1 2 3 4 5 6 7 1 2 3 4 1 2  

Total 
homes 

Cumulative 
homes 

Employment Retail 
Primary 
School 

Secondary 
school 

Community 
facilities 

non-domestic 
total 

Cumulative 
non-domestic 

Year Homes 50 80 120 40 70 80 70 50 40 130 20 30 50 50 80 120 50 180 190  
  

m2 m2 m2 m2 m2 m2 m2 

2019/20 25 25 
                  

 25 25 4,000 
    

4,000 4,000 

2020/21 75 25 25 
           

25 
     

 75 100 4,000 
    

4,000 8,000 

2021/22 125 
 

40 
    

35 
      

25 25 
    

 125 225 4,000 
 

1,527 
  

5,527 13,527 

2022/23 125 
 

15 25 
   

35 15 
      

35 
    

 125 350 4,000 
    

4,000 17,527 

2023/24 125 
  

40 
    

35 10 
     

20 20 
   

 125 475 4,000 
 

654 
  

4,654 22,181 

2024/25 125 
  

45 
     

30 
      

50 
   

 125 600 4,000 280 
   

4,280 26,461 

2025/26 125 
  

10 40 
           

25 
 

50 
 

 125 725 4,000 320 
   

4,320 30,781 

2026/27 140 
    

25 
    

40 
     

25 
 

50 
 

 140 865 4,000 280 
   

4,280 35,061 

2027/28 140 
    

45 
    

30 
      

15 50 
 

 140 1,005 4,000 
  

5,577 200 9,777 44,838 

2028/29 140 
         

30 
      

35 30 45  140 1,145 4,000 
   

 4,000 48,838 

2029/30 140 
     

40 
   

30 20 
       

50  140 1,285 
   

2,390 200 2,590 51,428 

2030/31 140 
     

40 
     

30 20 
     

50  140 1,425 
     

 51,428 

2031/32 75 
            

30 
     

45  75 1,500 
     

 51,428 

  1,500 50 80 120 40 70 80 70 50 40 130 20 30 50 50 80 120 50 180 190  1,500   40,000 880 2,181 
 

7,967 51,428 8,367 
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APPENDIX B GAS CONNECTION ENQUIRY RESPONSE FOR WOLBOROUGH 
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APPENDIX C CAPITAL COSTS BY YEAR FOR THE HEAT NETWORK AND HEAT INTERFACE UNITS AT WOLBOROUGH 
 

Total Network Costs (£) 
         

Financial Domestic       Non-domestic       Total 

Year Plot level Small pipe HIU Total Plot level Small pipe HIU Total Large pipe   

2019/20 106,079 112,843 36,294 255,217 18,289 15,106 37,000 70,396 1,117,760 73,294 

2020/21 318,236 189,286 108,883 616,405 18,289 15,106 37,000 70,396 0 145,883 

2021/22 530,394 91,367 181,472 803,232 25,270 15,106 51,122 91,498 0 232,594 

2022/23 530,394 57,150 181,472 769,015 18,289 15,106 37,000 70,396 0 218,472 

2023/24 530,394 12,012 181,472 723,878 21,281 15,106 43,052 79,440 0 224,524 

2024/25 530,394 0 181,472 711,865 19,570 15,106 39,590 74,266 0 221,062 

2025/26 530,394 63,702 181,472 775,567 19,752 15,106 39,960 74,819 0 221,432 

2026/27 594,041 14,560 203,248 811,850 19,570 15,106 39,590 74,266 0 242,838 

2027/28 594,041 45,865 203,248 843,155 44,704 15,106 90,438 150,248 0 293,686 

2028/29 594,041 61,882 203,248 859,171 18,289 15,106 37,000 70,396 0 240,248 

2029/30 594,041 21,841 203,248 819,130 11,843 0 23,959 35,802 0 227,207 

2030/31 594,041 21,841 203,248 819,130 0 0 0 0 0 203,248 

2031/32 318,236 0 108,883 427,119 0 0 0 0 0 108,883 

Totals 6,364,725 692,349 2,177,659 9,234,733 235,146 151,065 475,711 861,922 1,117,760 11,214,415 
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GLOSSARY 

 

Calorific value (CV) 
The energy content of a material, often given in megajoules per kilogramme 
(MJ/kg). 

Combined heat and power 
(CHP) 

The simultaneous generation of electricity and useful heat, typically from a 
steam turbine or internal combustion engine. 

CSH Code for Sustainable Homes. 

CIBSE 
Chartered Institute of Building Services Engineers.  Professional body which 
publishes guidance and sets standards on construction, engineering and 
sustainability in buildings. 

ESCO Energy Services Company. 

DECC 
Department of Energy and Climate Change.  Ministerial department with 
responsibility for energy and action on climate change. 

DCF 
Discounted Cash Flow. An economic evaluation technique which accounts 
for the time value of money using a discount rate. 

Discount rate The percentage used in a discounted cash flow calculation 

Gigawatt hour (GWh) 1,000,000,000 Watt hours. 

HIU 
Heat Interface Unit.  A heat exchanger which allows individual control of 
heating and hot water at the property level in a district heating system. 

IRR Internal rate of return – the discount rate at which NPV is zero. 

Joule SI unit of energy. 

Kilowatt (kW) 1,000 Watts. 

Kilowatt hour (kWh) 1,000 Watt hours. 

Kilowatt peak (kWp) Peak (maximum) power expressed in kilowatts. 

Load factor (LF) 
A factor or percentage which expresses the proportion of the 8760 hours in a 
year that a piece of equipment operates. Used to convert between units of 
energy capacity and energy use. 

Megavolt-Ampere (MVA) 1,000,000 Volt-Amperes. 

Megawatt (MW) 1,000,000 Watts. 

MWe Megawatts of electrical capacity. 

MWth Megawatts of thermal capacity. 

NPV 
Net present value of a stream of cash flows discounted at a particular 
discount rate. 

Part L The section of Building Regulations dealing with energy use. 

PV 
Photovoltaics.  A method for converting energy from the sun into electrical 
energy using semiconductor materials. 

Real A DCF analysis undertaken without adjusting for inflation. 

Volt-Ampere (VA) 
Electrical unit to describe apparent power.  Apparent power is the vector 
sum of real (or ‘useful’) power and reactive (or ‘unproductive’) power. 

Watt (W) SI unit of power.  Equivalent to 1 Joule of energy per second. 

Watt hour (Wh) Unit of energy.  Equivalent to consumption at the rate of 1 Watt for 1 hour. 

 


