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MANAGEMENT SUMMARY 
 

The South West Exeter urban extension straddles the boundary between Exeter and Teignbridge and 
comprises a large mixed use development of 2,475 homes and over 100,000m2 of non-domestic buildings. 
Both local authorities have adopted or draft core strategies or local plans which promote low carbon new 
development in support of national policies which require Zero Carbon homes by 2016 and Zero Carbon 
non-domestic buildings by 2019. 
 
Importantly, the proximity of the Marsh Barton energy from waste (EfW) facility to the SW Exeter 
development provides an opportunity to use heat generated from waste and thereby improve the 
efficiency of the recovery of energy from the input waste material. 
 
This initial feasibility assessment follows on from the recent Exeter Energy Network study by Parsons 
Brinckerhoff which found that district heating networks in Exeter are viable and established the parameters 
for the use of heat from the Marsh Barton EfW facility. The PB Study recommended that further site 
specific assessment be carried out to evaluate the SW Exeter network. 
 
An assessment of the buildings and the development programme for SW Exeter shows that development, 
when fully built out, will use some 18,100 MWh of heat. Accounting for heat losses, total heat demand is 
likely to be 20,000 MWh. Two low carbon energy schemes are modelled to meet this demand. The first 
uses heat from the Marsh Barton EfW facility, backed up by gas boilers, and the second uses gas CHP at a 
new energy centre site also backed up by gas boilers.  
 
In both schemes, a district heating network of insulated underground pipes takes hot water to the homes 
and other buildings and returns cooled water to the EfW plant or energy centre for re-heating. Small heat 
exchangers 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 gas CHP scheme also produces electricity which can 
be sold onto the national grid. It is assumed that the scheme is operated by a specialised energy services 
company (ESCO) which finances and builds the entire infrastructure and operates the scheme for a 40 year 
concession period. 
 
Evidence based cost and revenue assumptions in the economic analysis include: 
 

 The total capital for the EfW and CHP schemes of £19.8m and £21.6m respectively 

 Operational costs of up to £0.7m per year  

 DECC energy price scenarios to model input fuel and heat and electricity sales prices 

 Developer contributions comprising avoided costs of £2,000 per home and £3,500 per home to 
achieve carbon compliance 

 50% of the heat from the EfW qualifies for the Renewable Heat Incentive at £20/MWh and is 
attributable to the scheme 

 
The resulting economic analysis shows that a district heating network from either the Marsh Barton EfW 
plant or a dedicated gas CHP energy centre is a viable low carbon heating solution for the SW Exeter urban 
extension. 
 
The base case EfW scheme has a 9.4% rate of return and the base case CHP scheme a 8.2% rate of return. 
Importantly, these rates of return assume that consumer heat prices (in p/kWh) are at parity with natural 
gas thereby ensuring that residents in SW Exeter have fuel bills no higher than new homes directly heated 
by gas. 
 
Sensitivity analysis shows that increasing heat prices to end customers by 50% raises the return by 2.9% in 
the EfW scheme and 2.6% in the gas CHP scheme and that the EfW scheme is comparatively more sensitive 
than the CHP scheme to both upside and downside energy prices. This price sensitivity is due to the direct 
linkage of the EfW heat price to the price of electricity. However, there is an argument that DECC’s energy 



 

price scenarios model a more constant ratio of gas to electricity price than is likely to be the case in reality 
and therefore make the gas CHP scheme appear less sensitive than may be justified. 
 
The schemes achieve significant CO2 emission reduction. Annual CO2 savings are 3,500 t/yr for the EfW 
scheme and 2,800 t/yr for the gas CHP scheme. The EfW scheme reduces CO2 emissions from heat for the 
SW Exeter urban extension by 80%. The gas CHP scheme achieves a 64% reduction. For homes this 
represents a level of reduction between CSH4 and CSH5. Including emissions from regulated electricity use, 
the overall emissions reduction achieved in homes by the EfW scheme is 66%, which is higher than the 
upper level for onsite CO2 carbon compliance (57%).  For the CHP scheme the emissions reduction achieved 
in homes is reduced to 52% which is at the upper end of the 44% to 57% carbon compliance range. With 
the heat network in place, increasing the proportion of renewable heat in the system may be an attractive 
alternative to the allowable solutions needed to achieve Zero Carbon. 
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1. INTRODUCTION AND BACKGROUND 
The South West Exeter urban extension straddles the boundary between Exeter and Teignbridge and 
comprises a large mixed use development of 2,475 homes and over 100,000m2 of non-domestic 
buildings. Both local authorities have adopted or draft core strategies or local plans which promote 
low carbon new development in support of national policies. 
 
The SW Exeter development is one of three major new urban extensions in the Exeter and East Devon 
New Growth Point which are pioneering the adoption of site wide district heating and combined heat 
and power (CHP). Cranbrook, east of Exeter is one of the largest new-build zero carbon developments 
in the UK. A similar district heating scheme is under negotiation at Monkerton on the eastern side of 
the City. 
 
The proximity of the Marsh Barton energy from waste (EfW) facility to the SW Exeter development 
provides a potential opportunity to use heat generated from waste and thereby improve the efficiency 
of the recovery of energy from the input waste material. 
 
This initial feasibility assessment follows on from the 2013 Exeter Energy Network study1 by Parsons 
Brinckerhoff (referred to hereafter as the PB Study) which found that energy networks in Exeter are 
viable and established the parameters for the use of heat from the Marsh Barton EfW facility. The PB 
Study recommended that further site specific assessment be carried out to evaluate the SW Exeter 
network. 

1.1. CARBON REDUCTION REQUIREMENTS 
In 2007 the Government set the timetable for zero carbon new buildings2 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 3 stages; 25% in 2010, 44% in 
2013a 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 solutionsb. 
For homes, between 44% and 57% CO2 reduction from 2006 Part L must be met on site3. Allowable 
solutions enable those developments that cannot reduce on-site emissions beyond carbon 
compliance levels to achieve Zero Carbon in other ways including, if the right local policies are in 
place, a financial contribution to a community energy fund. 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 Devon4 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). 
 
 
 
 
 
 

                                                           
a The Coalition Government is currently consulting on 2013 Building Regulations and it is possible that 44% may be reduced. 
b
 Allowable solutions are not finalised but may include a range of additional measures onsite e.g. smart appliances,  near site e.g. the export 

of low carbon heat, or offsite e.g. investment on low carbon electricity generation  assets. 
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Figure 1: Element Energy’s 2008 findings on the relative costs of house by house and site wide energy 
solutions at Cranbrook 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Element Energy’s work showed that a 44% CO2 reduction from 2006 Part L can be met at less cost 
using district heating and gas combined heat and power at the energy centre. For a 100% 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 for developments starting after 2013. 
 
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 homes5. In 
Woodbrook in Northern Ireland biomass district heating is cutting residents’ fuel bills in a 358 home 
development6. In Banchory, Aberdeenshire a scheme is serving 40 homes with plans to extend to 
206 homes7.  
 
The 2,475 home build programme at SW Exeter starts in 2015 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.  

1.3. ENERGY DEMAND AND ZERO CARBON HOME FABRIC STANDARDS 
With the introduction of Zero Carbon homes the Zero Carbon Hub has recommended a minimum 
fabric energy efficiency standard for homes8. The standard will reduce the heat demand for new 
homes from 2016. The standard suggested is 39 kWh/m2/yr for terraced homes and apartments 
and 46 kWh/m2/yr for end of terrace, semi-detached and detached homes.  Assuming an average 
house size of 76 m2 cand an even mix of house types, gives a typical energy use of 3.145 MWh per 
annum, a 26% reduction on an assumed 2006 Part L energy consumption of 6 MWhd. This reduction 
in energy demand is accounted for in this study. 
 

                                                           
c Source “The Case for Space”, RIBA, 2011  
d From CEE modelling based on data from national statistics and assumptions in “Revision 2020”, CSE, Peter Capener et  al., for GOSW, 2006 

Reduction on 

 2006 Part L           -25%          -44%        -100%      -150% 
Reduction on 

 2006 Part L           -25%          -44%        -100%      -150% 

Reduction on 

 2006 Part L           -25%          -44%        -100%      -150% 
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The average home energy demand assumptions are summarised in Table 1. 

Table 1: Home annual fossil fuel energy demand assumptions 

 Space heating 
kWh/y 

Hot water 
kWh/y 

Total Heat 
kWh/y 

Electricity 
kWh/y 

2006 Part LHome  3,360 2,640 6,000 1,500 

Zero Carbon Home 1800 2640 4,440 1,500 
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2. THE SITE, THE DEVELOPMENT AND THE ASSOCIATED ENERGY DEMAND 

2.1. THE SITE 
The SW Exeter urban extension straddles Exeter City/Teignbridge border where the A379 is joined 
by the B3123 to the south of Exeter. A map of the site is shown in Figure 2. The site is identified in 
existing and emerging local plans with only the quantum of housing and non-domestic buildings 
established at this point. 

Figure 2: A map of the SW Exeter Urban Extension site 

 

2.2. THE DEVELOPMENT PROGRAMME 
The development of the SW Exeter urban extension site modelled here comprises some 2,475 
homese and a total of 104,800m2 of non-domestic buildings. The non-domestic buildings include 
46,500m2 at Matford Phase 3, three schools (two primaries and a secondary with a total floor area 
estimated here at 22,000m2) and other non-domestic building in SW Exeter totalling 36,272m2f. The 
current best estimate of development phasing together with the timetable for the reduction in CO2 
emissions from homes and non-domestic buildings is shown in Appendix 1. 

2.3. ENERGY USE 
The assumed building energy use in Section 1.3 combined with the development programme gives 
the total energy use of the urban extension shown in Table 2. 

                                                           
e House numbers provided by ECC and TDC 
f From the LDA SW Exeter Masterplan page 91 
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Table 2: Energy use in SW Exeter 

Sector Electricity MWh Heat MWh 

Homes 3,713 11,079 

C&I 3,676 7,016 

Total 7,389 18,095 

Total 25,484 

 
This energy use builds up during the development programme as shown in Figure 3.  
 

Figure 3: Energy use in SW Exeter until fully built out in 2032 

 

 
 
 

Potential energy use in existing buildings in the locality is not included in this study. Existing heat 
demands therefore provide some upside especially in the EfW case where the heat main may pass 
businesses with potential process heat uses. 
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3. THE LOW CARBON HEAT AND ELECTRICITY GENERATION SCHEMES  
 
Two low carbon energy schemes are modelled for SW Exeter. The first uses heat from the Marsh 
Barton EfW facility backed up by gas boilers and the second uses gas CHP at a new energy centre site 
also backed up by gas boilers.  
 
In both schemes, a district heating network of insulated underground pipes takes hot water to the 
homes and other buildings and returns cooled water to the EfW plant or 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 assumes 40 years. 
 
The details of the SW Exeter schemes and the assumptions used in the financial modelling are set out 
in the sections below. 

3.1. ENERGY INFRASTRUCTURE PROVISION 

3.1.1 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 £1,300g  per home ). Costs for commercial 
premises are taken to be equivalent to the cost of gas boilers in offices (data from CIBSE 
good practice guidanceh ). 
 
Home connection fees are calculated on the basis of avoided costs of a gas based solution 
plus the additional measures to achieve the equivalent level of CO2 reduction.  
 
The avoided costs of gas total £2,000 comprising: 
 
o heating and hot water systems (~£1,300i per home)  
o the gas network (~£700j per home)  
 
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 the EfW and gas CHP schemes fall between CSH 
4 and 5 (see section 4.4). It is assumed that developers will be willing to contribute £3,500 
to achieve this level of CO2 emissions reduction which, when added to the avoided cost of 
gas infrastructure gives a total developer contribution of £5,500 per home.  
 

                                                           
g Cost of £1,300 from EON experience at Cranbrook. The cost in the 2008 Element Energy Study (inflated by PPI of 13.3% to January 2012) 
was £979 per home. 
h CIBSE Good Practice energy consumption is 97kWh/m2/ywhich, assuming a load factor of 0.2 and a boiler cost of 90.93 £/kWh,  gives a 
boiler cost per m2 of  £9.25per m2 

i 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. 
j 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. 
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Given the uncertainty about the types of non-domestic buildings, commercial connection 
fees are assumed to be equivalent to the cost of a gas boiler (£9.3 per m2) plus the cost of  
providing PV to achieve a 10% CO2 emissions reduction for heat in buildings (as per 
Exeter’s policy CP14). A PV cost of £2,250 per kW for 4-10kW array is assumedk and gives 
£7.2 per m2, making the total connection fee £16.5 per m2. 
 
Total developer contributions are calculated at £15.3m of which £13.6m are from homes. 
 

3.1.2 DISTRICT HEATING NETWORK 
Plans for the SW Exeter urban extension are not yet detailed enough to show roads or 
buildings so it is not possible to assess district heating pipe layouts in any detail. The 
approach adopted for costing uses distances based on the illustrative layout in the master 
plan.  
 
The majority of the network is new build. However, in the EfW case, the pipework 
between the EfW plant and the homes in the Exeter City part of the development and 
Matford Phase 3 are assumed to be retrofit under existing roads. The cost per metre for 
retrofit district heat pipe are taken from the PB Study. For new build sections, these costs 
are reduced by 25% based on information from EON experience at Cranbrook.  
 
The total heat network cost for the EfW scheme is estimated at £10.5m and the total heat 
network cost for the gas CHP scheme is estimated at £8.8m. 

3.1.3 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 and the heat stores and circulation pumps for the district heating system. 
 

Scheme 1 :  EfW heat supply from the March Barton EfW plant 
The PB Study estimates that the cost of connecting the Marsh Barton EfW plant to a 
district heating system is £0.8m. Heat storage and gas back-up boilers are estimated to 
cost £0.7m giving a total cost of £1.5m. Engineering and architectural fees of £0.3m 
are 17.5% of total energy centre costs as per the PB Study giving total costs of £1.8m. 
Phasing is assumed to be £1.2m in 2015 with additional back up facilities phased over 
the build-out to 2032. Back up boiler replacement occurs after 25 yearsl. 
 
Scheme 2: Gas CHP energy centre 
Modelling suggests that 3.0MWe of gas CHP capacity are required once SW Exeter is 
fully developed. It is assumed that CHP units are installed in 0.5MWe increments. 
Energy centre capital costs of £2.4m and CHP plant at £624/kWe are taken from the 
PB Study as are engineering and architectural fees of £0.7m (17.5% of total energy 
centre costs). Total costs are estimated at £5.0m. The energy centre is assumed to be 
built in 2015 (£3.1m) with CHP units installed as required to 2032. CHP and back up 
boiler replacement occurs after 25 years. 

3.1.4 TOTAL CAPITAL COST 

Table 3 summarises the capital costs for both schemes. Appendix 2 contains tables of 
capital cost assumptions by year for each scheme. 

                                                           
k Solar PV cost update, Department of Energy & Climate Change, May 2012 
l Replacement costs are not included in Table 3 or Appendix 2 but are included in the economics 
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Table 3: Initial capital costs in £ million 

Category EfW heat supply Gas CHP 

Heat exchangers 4.2 4.2 

Heat network 10.5 8.8 

Energy centre & fees 1.8 5.0 

Contingency 3.3 3.6 

Total 19.8 21.6 

 

3.1.5 FUEL AND HEAT SUPPLY COSTS 
Fuel costs are calculated by multiplying the fuel consumption volumes by the appropriate 
price from DECC’s October 2012 price scenariosm. The wholesale gas price is taken as the 
price for boiler and CHP fuel. The EfW heat price is 1/5th of the wholesale electricity price 
based on the assumptions that the EfW plant has a heat to power ratio of 5:1 and that the 
plant operators will sell heat at a price equivalent to the revenue forgone in lost 
electricity. The Central fuel cost scenarios are shown in Table 4.  
 

Table 4: Fuel prices form DECC’s Central energy price scenario 

Prices in £/MWh 2013 2023 2033 

Gas wholesale 23.4 24.5 24.5 

Electricity wholesale 56.6 75.7 80.5 

EfW heat supply 11.3 15.1 16.1 

 
Sensitivities to energy prices are performed using DECC’s Low and High energy price 
scenarios.  

3.1.6 NON-FUEL OPERATIONAL COSTS 
Non-fuel operation costs typically include labour, materials, rates, insurance, customer 
billing and service etc..  
 
Operating costs are based on those incurred by Thameswey in its 6.4MWe DH scheme in 
Milton Keynesn. In 2011 operating costs totalled £0.5m pa of which £0.3m pa was spent 
serving some 1,100 customers (£251/customer/year) and £0.2m pa related to the plant 
and organisation (£35/MWe/year). These per customer and per MWe figures are used to 
generate the operating costs for Scheme 2, the gas CHP scheme which, when fully built 
out, are estimated at £0.7m pa. The per MWe figure is reduced by 75% for the EfW 
scheme  to give a fully built out operating cost of £0.6m pa. 

3.2. REVENUES 

3.2.1 ENERGY SALES 

Heat sales prices are calculated from DECC’s October 2012 price scenarios. Table 5 shows 
the Central retail prices for domestic and commercial gas. 

Table 5: DECC’s Central retail gas price scenario 

Prices in £/MWh 2013 2023 2033 

Gas retail domestic 47.9 52.6 53.9 

Gas retail commercial 34.7 37.6 38.7 

                                                           
m DECC Updated Energy & Emissions Projections - October 2012 
n Source Thameswey Central Milton Keynes Ltd. Accounts 2011 
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The economics test two consumer heat prices based on these gas prices. The base case 
heat price is parity with the gas price. This represents a discount on heat from gas as 
boiler efficiency is ~90% whereas there are negligible conversion losses with a heat 
interface unit. The upper price is based on a 50% price uplift on gas which gives a 
domestic heat price of 7.2p/kWh and a commercial heat price of 5.2p/kWh. 
 
The model assumes that the ESCO charges home owners in the urban extension an annual 
standing charge of £335 per annumo. Commercial standing changes are assumed to be £1 
per m2 per yearp. 
 
Electricity generated is assumed to be sold to the national grid at the wholesale “base 
load” electricity price (as in Table 4 above for the Central scenario). There is some 
potential upside if electricity could be sold to a single large user on site as this would 
avoid electricity grid charges. 
 
Sensitivities to energy prices are performed using DECC’s Low and High energy price 
scenarios. 

3.2.2 RENEWABLE ENERGY PAYMENTS 
The Government has recently published a consultation on the level of the RHI for large 
biomass schemes (>1MWth)q. For this study it is assumed that the RHI is available to the 
EfW scheme. It is assumed that heat used from the organic proportion of the waste input 
(assumed to be 50%) is eligible for the RHI at the £20/MWh rate in the consultation. The 
RHI is assumed to be available for 20 years. As none of the energy from a gas CHP is 
renewable neither heat nor electricity from CHP benefits from renewables incentives (RHI, 
ROC / FiT). 

 

                                                           
o Equivalent to the cost of an annual gas boiler insurance contract (£15/month) plus a boiler replacement set aside (£155/year) 
p Calculated by multiplying the domestic standing charge by the ratio of  domestic to commercial connection charges 
q “Renewable heat incentive: non-domestic scheme early tariff review” DECC, 31 May 2013 
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4. ENERGY PERFORMANCE 

4.1. SCHEME 1: EFW HEAT SUPPLY 
When fully built out in 2032, heat use reaches 18,100 MWh. Due to heat losses total heat demand 
is estimated at 20,000 MWh. The heat main from the EfW plant to the development is assumed to 
be sized for peak capacity of 20MW (as per section 12.3.1 of the PB Study). It is assumed that the 
heat main is installed when the development commences in 2015 making heat from the EfW plant 
available from the start. 
 
It is assumed that the EfW plant supplies heat for 7500 hrs per yearr. When the EfW plant is off line 
(mostly for planned maintenance periods) heat is provided by heat storage and back up gas boilers 
which are assumed to distributed around the site. Although not modelled, it is possible that 
renewable heat sources could be used for back up. A distributed strategy phased with the 
development gives the opportunity for technology development and innovation in their provision. 
 
Figure 4 graphs heat demand and the heat supplied by the EfW plant. The difference between EfW 
heat production and heat demand is provided by peaking and back up gas boilers. 
 

Figure 4: EfW heat supply energy demand and production over the build out period to 2032 

 

 
 

4.2. SCHEME 2: GAS CHP 
In the gas CHP scheme heat is initially provided with gas boilers. In 2018 sufficient heat demand is 
present to commission a 0.5MWe gas CHP unit. CHP capacity is stepped up to 1MW in 2021, 
1.5MW in 2024, 2MWe in 2027, 2.5MWe in 2029 and 3MW in 2032.  
 

                                                           
r This assumption is taken from the PB Study. However, the Sheffield EfW plant supplies heat for 8000 hrs per year. A higher load factor 
would improve the economics and reduce CO2 emissions. 
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Gas CHP burns natural gas in an engine. The engine drives a generator to produce electricity. Heat 
is taken off by circulating water through the engine cooling jacket and also by passing it through 
heat exchangers in the engine exhaust flue. This heated water is then available for district heating. 
 
The CHP system is assumed to be designed to serve the total heat load at a 50% load factor with 
the corresponding electricity produced being exported to the grid rather than delivered to a 
customer. It may be possible to supply a single customer with a proportion of the electricity 
produced thereby avoiding some electricity distribution costs and giving a possible upside in the 
economics. 
 
Table 6 shows the gas CHP energy centre assumptions. The heat to power ratio and efficiency 
assumptions are taken from DECC’s diagrams in Figure 5. 

 

Table 6: Gas CHP energy centre assumptions 

Unit electrical capacity  3 MW 

Heat: power ratio 1.54 

Load factor 50% 

Efficiency 78.3% 

Gas fuel 42.6 GWh 

 
 
 

Figure 5: Typical reciprocating gas CHP performance 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 shows the build-up of heat and electricity loads for the SW Exeter development and the 
phased deployment of the gas CHP units to meet demand.  

                                                           
s
 See http://chp.decc.gov.uk/cms/gas-engines/  

http://chp.decc.gov.uk/cms/gas-engines/
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Figure 6: Gas CHP scheme energy demand and production over the build out period to 2032 
 

 
Gas peaking and back up boilers provide the heat to make up the difference between heat demand 
and heat produced by the CHP engines. 
 

4.3. CARBON EMISSIONS REDUCTIONS 
 

The CO2 emissions reductions achieved by the schemes are calculated using the emissions factors 
provided in the PB Study (see section 7.1.1) as shown in Table 7. 

 Table 7: Carbon emissions factors 

Utility  Emissions factor 
kg CO2/kWh 

Source 

Gas 0.20 SAP 2009 

Heat from EfW 0.04 SAP 2009 

Wholesale elec. export 0.53 SAP 2009 

 
Table 8 shows the calculated emissions from heat once the development is complete. For 
comparison the top line in the table shows the level of emissions if the buildings were compliant 
with 2006 Part L.  

 Table 8: Calculated CO2 emissions from heat 

Basis Homes Non-domestic Total 

t/y Reduction t/y Reduction t/yr Reduction 

Part L 2006 with gas 2,988 - 1,403 - 4,391 - 

Heat from EfW 443 85% 449 68% 892 80% 

Heat from gas CHP 975 67% 617 56% 1,592 64% 
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The EfW scheme achieves the largest emissions reduction in homes and overall.  Annual CO2 savings 
are 3,500 t/year for the EfW scheme and 2,800 t/year for the gas CHP scheme. 
 
Overall CO2 emissions reduction calculations also need to account for the electricity consumed by fixed 
lighting, pumps and fans (the electrical equipment which falls under building regulations). In homes it 
is estimated that when compared to 2006 Part L, emissions from electricity use in SW Exeter would 
total some 1,000 t/yr. Assuming that there is no reduction in electricity use from 2006 Part L 
(conservative given the advent of LED lighting etc.) the emissions reduction achieved in homes by  the 
EfW scheme is reduced to 66%, which is higher than the upper level for onsite CO2 carbon compliance 
(57%).  For the CHP scheme the emissions reduction achieved in homes is reduced to 52% which is at 
the upper end of the 44% to 57% carbon compliance range. The complexity of electrical consumption 
in non-domestic buildings means that a comparable generic calculation for these buildings is not 
practical. With the heat network in place increase the proportion of renewable heat in the system may 
be an attractive alternative to the allowable solutions needed to achieve Zero Carbon. 
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5. FINANCIAL PERFORMANCE 
The financial analysis of the scheme is undertaken from the perspective of a potential ESCO operating 
for 40 years. This approach differs from the comparative “business as usual” versus district heating 
approach adopted in the PB Study. 

5.1. SCHEME 1: EFW HEAT SUPPLY 
Table 9 shows the results of the pre-tax economic analysis for the EfW cases using the input data 
and assumptions in Sections 2 and 3 at DECC’s Central price scenario.  

 
Case 1 is the base case which assumes no consumer price uplift. Case 2 examines a 50% consumer 
heat price uplift. 

 

Table 9: Pre-tax economic results for the EfW scheme in real terms 

Case 1 2 

Energy centre technology EfW EfW 

Consumer heat price uplift 0% 50% 

IRR % 9.4% 12.3% 

NPV @ 3.5% £,000 7,457 13,258 

NPV @ 5% £,000 4,413 8,610 

NPV @ 10% £,000 -ive 1,369 

Payback yrs 14 12 

 
The EfW base case (Case 1) gives an internal rate of return (IRR) of 9.4% and suggests that the 
scheme is viable with the customer heat price at parity with gas. Higher customer heat prices 
increase the IRR to 12.3%.  

5.2. SCHEME 2: GAS CHP 
Table 10 shows the results of the pre-tax economic analysis for the CHP scheme using the input 
data and assumptions in Sections 2 and 3 and DECC’s Central price scenario.   

 
Case 4 is the base case. This case assumes no consumer heat price uplift. 

Table10: Pre-tax economic results for the gas CHP scheme in real terms 

Case 3 4 

Energy centre technology Gas CHP Gas CHP 

Consumer heat price uplift 0% 50% 

IRR % 8.2% 10.8% 

NPV @ 3.5% £,000 7,483 13,285 

NPV @ 5% £,000 4,010 8,207 

NPV @ 10% £,000 -ive 542 

Payback yrs 16 14 

 
The CHP base case (Case 3) shows an IRR of 8.2%. As would be expected the economic indicators 
improve in the cases with higher heat sales prices (Case 4).  
 
The CHP scheme gives a less attractive rate of return than the EfW scheme although its NPV 
(@3.5%) is essentially the same. 
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5.3. SENSITIVITY TO ENERGY PRICES 
Table 11 shows the sensitivity of both schemes to DECC’s Low and High energy price scenarios. The 
Central price cases (1 and 3 above) are repeated to enable comparison. 

Table 11: Pre-tax economic results energy price sensitivities in real terms 

Case 5 1 6 7 3 8 

DECC energy price scenario Low Central High Low Central High 

Energy centre technology EfW EfW EfW Gas CHP Gas CHP Gas CHP 

Consumer heat price uplift 0% 0% 0% 0% 0% 0% 

IRR % 8.5% 9.4% 10.2% 7.9% 8.2% 8.4 

NPV @ 3.5% £,000 5,902 7,457 9,027 6,827 7,483 8,018 

NPV @ 5% £,000 3,294 4,413 5,524 3,546 4,010 4,328 

NPV @ 10% £,000 -ive -ive 133 -ive -ive -ive 

Payback yrs 14 14 13 16 16 16 

 
 
The EfW scheme provides a higher rate of return in all cases. However, the energy price sensitivity 
analysis suggests that with the DECC price scenarios the gas CHP scheme is comparatively less 
sensitive to energy price fluctuations than the EfW scheme. This reflects the relatively modest 
changes in the price differences between gas and electricity (the “spark spread”) versus the 
absolute change in the electricity price which drives the EfW heat price. 
 
In reality the gas spark spread can change significantly as fuel substitution in electricity generation 
reacts to fluctuations in gas price.  
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6. CONCLUSIONS 
  
This initial feasibility study shows that a district heating network to distribute heat from either the 
Marsh Barton EfW plant or a dedicated gas CHP energy centre is a viable low carbon heating solution 
for the SW Exeter urban extension.  
 
The base case EfW scheme has a 9.4% rate of return and the base case CHP scheme a 8.2% rate of 
return.  Importantly, these rates of return assume that consumer heat prices (in p/kWh) are at parity 
with natural gas thereby ensuring that residents in SW Exeter have fuel bills no higher than new homes 
directly heated by gas. 
 
Increasing heat prices to end customers by 50% raises the return by 2.9% in the EfW scheme and 2.6% 
in the gas CHP scheme.  
 
The EfW scheme is comparatively more sensitive to both upside and downside energy prices due to 
the linkage of the heat price to the price of electricity. However, there is an argument that DECC’s 
energy price scenarios model a more constant ratio of gas to electricity price than is likely to be the 
case in reality and therefore make the gas CHP scheme appear less sensitive than may be justified.  
 
The schemes achieve significant CO2 emission reduction. Annual CO2 savings are 3,500 t/yr for the EfW 
scheme and 2,800 t/yr for the gas CHP scheme. The EfW scheme reduces CO2 emissions from heat for 
the SW Exeter urban extension by 80%. The gas CHP scheme achieves a 64% reduction. For homes this 
represents a level of reduction between CSH4 and CSH5. Including emissions from regulated electricity 
use, the overall emissions reduction achieved in homes by the EfW scheme is 66%, which is higher 
than the upper level for onsite CO2 carbon compliance (57%).  For the CHP scheme the emissions 
reduction achieved in homes is reduced to 52% which is at the upper end of the 44% to 57% carbon 
compliance range. With the heat network in place, increasing the proportion of renewable heat in the 
system may be an attractive alternative to the allowable solutions needed to achieve Zero Carbon. 
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APPENDIX 1 – SW EXETER BUILD PROGRAMME 
 

Table A1.1: SW Exeter urban extension build programme 

Year Homes Commercial and industrial 

Number of homes CO2 reduction over 
2006 Part L 

C&I space m2 
 

CO2 reduction over 
2006 Part L 

2012  25%   

2013  44%   

2014  44%   

2015 44 44% 3,875  

2016 75 Zero carbon 3,875  

2017 62 Zero carbon 4,875  

2018 52 Zero carbon 3,875  

2019 100 Zero carbon 5,875 Zero carbon 

2020 200 Zero carbon 3,875 Zero carbon 

2021 200 Zero carbon 3,875 Zero carbon 

2022 164 Zero carbon 7,875 Zero carbon 

2023 162 Zero carbon 3,875 Zero carbon 

2024 200 Zero carbon 3,875 Zero carbon 

2025 166 Zero carbon 3,875 Zero carbon 

2026 150 Zero carbon 3,875 Zero carbon 

2027 150 Zero carbon 0 Zero carbon 

2028 150 Zero carbon 0 Zero carbon 

2029 150 Zero carbon 34,886 Zero carbon 

2030 150 Zero carbon 16,386 Zero carbon 

2031 150 Zero carbon  Zero carbon 

2032 150 Zero carbon  Zero carbon 

Total 2,475  104,772  
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APPENDIX 2 –CAPITAL COST ESTIMATES 
 

Table A2.1: Capital costs in £,000  for Scheme 1 (EfW) 

 

Year EfW con 
DH 

network HIU Total Contingency Total 
  etc       20% inc 
            contingency 
  £ ,000 £ ,000 £ ,000 £ ,000 £ ,000 £ ,000 

2015  1,186 2,621 93 3,900 780 4,680 

2016  0 448 133 581 116 697 

2017  0 222 126 348 70 417 

2018  100 201 103 405 81 486 

2019  0 267 184 451 90 542 

2020  0 745 296 1,041 208 1,249 

2021  100 504 296 900 180 1,079 

2022  0 792 286 1,078 216 1,294 

2023  0 267 246 514 103 616 

2024  100 913 296 1,309 262 1,570 

2025  0 307 252 558 112 670 

2026  0 586 231 816 163 980 

2027  100 275 195 570 114 684 

2028  0 564 195 759 152 910 

2029  0 463 518 981 196 1,177 

2030  100 692 347 1,138 228 1,366 

2031  0 349 195 544 109 653 

2032  100 312 195 607 121 729 

Total 1,786 10,528 4,187 16,500 3,300 19,800 
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Table A2.2: Capital costs in £,000  for Scheme 2 (CHP) 

 

Year CHP 
DH 

network HIU Total Contingency Total 
  etc         inc 
            contingency 
  £ ,000 £ ,000 £ ,000 £ ,000 £ ,000 £ ,000 

2015  3,106 894 93 4,093 819 4,912 

2016  0 448 133 581 116 697 

2017  0 22 126 348 70 417 

2018  312 201 103 617 123 740 

2019  0 267 184 451 90 542 

2020  0 745 296 1,041 208 1,249 

2021  312 504 296 1,112 222 1,334 

2022  0 792 286 1,078 216 1,294 

2023  0 267 246 514 103 616 

2024  312 913 296 1,521 304 1,825 

2025  0 307 252 558 112 670 

2026  0 586 231 816 163 980 

2027  312 75 195 782 156 939 

2028  0 564 195 759 152 910 

2029  312 463 518 1,293 259 1,552 

2030  0 692 347 1,038 208 1,246 

2031  0 349 195 544 109 653 

2032  312 312 195 819 164 983 

Total 4,978 8,801 4,187 17,965 3,593 21,559 
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GLOSSARY 
Calorific value (CV) The energy content of a material typically in mega Joules per kilogramme (MJ/kg) 

Combined heat and power (CHP) The simultaneous generation of electricity and useful heat 

CSH Code for sustainable homes 

Energy from waste (EfW) Energy from waste e.g thermal treatment 

ESCO Energy services company 

Discount rate The percentage uses in a discounted cash flow calculation 

DPD Development Plan Document 

Fabric A & B Basic and enhanced building fabric 

FIT Feed in tariff 

Gigawatt hour (GWh) 1,000,000,000 Watt hours. A unit of energy use 

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

Kilowatt hour (kWh) 1,000 Watt hours. A unit of energy use 

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 

Megawatt (MW) 1,000,000 Watts. A unit of energy capacity 

MWe Megawatts of electrical capacity 

MWth Megawatts of thermal capacity 

MSW Municipal solid waste or municipal waste 

Municipal waste Waste collected by local authorities 

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

NPC Net present cost of a stream of cash flows discounted at a particular discount rate  

Organic material Material composed of biological matter e.g. food waste, paper etc. 

Part L The section of Building Regulations dealing with energy use 

PPI Producer Prices Index 

PV Photovoltaic 

RHI Renewable Heat Incentive 

ROC Renewable Obligation Certificate 

Thermal treatment The use of combustion or heating to treat wastes including incineration, 
gasification and pyrolysis 

Tonnes / year (t/y) Tonnes per year 
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