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Abstract 
 
Significant progress has been made in the industry with specification of heat generation 
equipment to meet the updated Building Regulations and GLA requirements and carbon 
reduction targets. However, the Future Homes Standard currently requires gas to be phased out 
of all developments from 2025 onwards, meaning that consideration is required as to the 
optimal strategy to supply heat to heat networks using only electricity.  
 
This paper details the findings of a lifecycle assessment investigating the impact of various heat 
pump led energy strategies on system capital and operating costs. Six different energy strategies 
were compared for a typical 500 dwelling scheme during this research, which are: ASHP & gas 
boiler top up, GSHP & gas boiler top up, ASHP & electric boiler top up, GSHP & electric boiler 
top up, ASHP only, GSHP only. 
 
The key conclusions of this research are from a lifecycle perspective, the optimal heat fraction 
is c.80% for gas boiler hybrid systems. However, all high heat fraction gas hybrid systems are 
comparable, so there is a minimal lifecycle impact to maximising the heat fraction whilst 
retaining the hybrid strategy to maximise carbon reduction. The lifecycle cost of electric 
boiler systems decreases for all hybrid systems up to a c.98% heat fraction. There is not a case 
for 100% heat pump solutions when considering both upfront and lifecycle costs.  
 
Furthermore, the research showed that the increase in CAPEX due to an increase in heat 
fraction is compensated by a reduction in carbon offset payments (at £95/ tonne CO2 for 30-
years) up to a 98% heat fraction for an ASHP gas hybrid system, and is cost beneficial or 
neutral up to a 95% heat fraction for an ASHP electric hybrid system. For GSHP hybrid 
system, the increase in CAPEX is offset up to heat fractions of c.80% with gas boilers and 
c.60% with electric boilers. The offset payment is therefore a powerful regulatory tool that 
should be used by local authorities to accelerate decarbonisation.  
 
Keywords heat pumps, district heating, decarbonisation 
 
1.0 Introduction  
 
The UK faces a major challenge to decarbonise the heat demand of its buildings to have any 
hope of meeting the ambitious, but necessary, carbon reduction targets. This presents a major 
technical challenge for the building services and energy sectors to solve; how to quickly 
transition to more sustainable and lower carbon heating solutions? Setting legislation and 
regulatory targets for carbon emissions is one thing, but designing and installing technologies 
to meet these targets whilst simultaneously delivering reliable and affordable heat to building 
owners and tenants is another. The regulatory trajectory is clear – heat must be electrified, but 
to what degree, and how?  
 
Heat networks will need to play a major role in the decarbonisation of heat. It is estimated by 
that around 18% of UK heat will need to come from heat networks by 2050 if the UK is to 
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meet its carbon targets cost effectively (1), which requires c.500,000 new customers on heat 
networks a year. For these heat networks, gas combined heat and power technology (CHP) 
has been dominant as the low-carbon generating asset for the past decade. Electrification 
means the introduction of heat pumps to largely replace and displace CHP in the most part, 
especially as the recent government-funded Electrification of Heat project has shown that all 
housing types are suitable for heat pumps (2). Within the Greater London Authority (GLA) 
boroughs, the early adoption of SAP 10 carbon values (even before is formal implementation 
to Building Regulations) to achieve the 35% betterment of Part L carbon emissions has seen 
most new-build development’s Energy Strategies incorporate a high proportion of heat pumps 
for the past 12-18 months.  
 
The adoption of heat pumps to heat networks presents several challenges for key industry 
stakeholders to mitigate, manage and in some instances, accept and adjust to. Three of the 
most pertinent of these challenges are: 
 

1. Heat pump technology is fundamentally more expensive £/kW than gas boilers and 
CHP. This is raising the capital cost of heat network solutions compared to the gas 
CHP equivalents that have become the norm. This problem is exacerbated for heat 
networks, as due to the short and intermittent nature of the system’s peak demand (the 
maximum load the system is designed to cope with, usually on the coldest day of the 
year whilst a high-water load is also expected). Most of the time, demands from the 
heat network occur at levels significantly lower than this design load, meaning sizing 
heat pumps to cope with these intermittent conditions results in high capital 
expenditure on generation plant that operates very rarely and for short durations.  

2. For the residential sector, heat pumps have not been deployed at the scales being 
required by the UK’s new policies. There are very few, and in some instances no, 
equivalent networks to those currently being passed through planning in the GLA area 
e.g. residential developments of >1,000 units using air- and ground-source heat pumps 
(ASHP and GSHP) to supply 80-100% of their annual heating and hot water demands. 
As such, whilst many regard heat pumps as proven technology, in many applications 
they should be considered novel and unproven.  

3. Due to its reliance on the UK electricity grid, the cost of heat generated for heat pump 
systems has the potential to be significantly higher than gas-based systems. There is a 
certain inevitable cost to decarbonising heat that accompanies this, but there are also 
design decisions that can impact how expensive the heat becomes, with many of these 
decisions becoming a trade-off against other metrics such as carbon intensity.  

 
The research in this paper has set out to investigate how potential heat pump led energy 
strategies for heat networks can address and mitigate the above three challenges. More 
specifically, it looks at how to determine the optimal electrification of heat to deliver, or even 
beat, the required carbon savings whilst mitigating the impact of increased costs for 
developers and residents. As will be explained throughout the paper, the use of peaking plant 
such as gas or electric boilers to cover the intermittent peak loads on a heat network can offer 
major reductions to capital and running costs, with marginal impacts to carbon reductions and 
air quality. Heat pump only energy strategies (with no peaking plant) have also been modelled 
for both ASHP and GSHP to provide a benchmark to quantify these benefits against.  
 
Six different energy strategies were compared for a typical 500-dwelling residential heat 
network scheme, which were:  
 

• ASHP & gas boiler  
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• GSHP & gas boiler  
• ASHP & electric boiler  
• GSHP & electric boiler 
• ASHP only 
• GSHP only 

 
An indicative schematic of a heat network with these energy strategies is shown in Figure 1.  
 
All hybrid systems were investigated with heat pump heat fractions ranging from 50-95%. As 
part of this, an hourly load model has been developed to ensure that heat pumps are sized 
appropriately to match the required annual heat fraction.  
 

 
Figure 1: Indicative heat network schematic for energy strategies considered 
during this research. 
 
2.0 Hourly load modelling 
 
As part of our involvement with supporting Energy Strategy submissions, FairHeat have 
developed an in-house hourly demand model to optimise heat pump and thermal store sizes to 
achieve variable target heat fractions.  
 
The hourly load profile has the following inputs: 
 

• Annual domestic hot water and space heating loads 
• Domestic hot water hourly profile 
• Space heating hourly profile 
• Network heat loss 
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The annual domestic hot water and space heating loads together with the heat use profiles 
have been used to calculate the required network demand for every hour throughout the year. 
The methodology used by FairHeat has been outlined below. 

2.1 Annual domestic hot water and space heating loads 
 
For the 500-unit case study used in this paper, Table 1 shows the space heating (SH) and 
domestic hot water (DHW) loads used, which were derived from a review of design data from 
recent new build developments. It should be noted that demand levels are expected to reduce 
with the introduction of new Part L 2021 and then further with the Future Homes Standard 
(FHS) 2025.  
 
The dwellings were split into three types, 1 bedroom, 2 bedroom and 3+ bedroom dwelling.  
The average annual space heating and domestic hot water demand for each dwelling type is 
shown below in Table 1.  
 

Dwelling 
type 

Area (m2) 
Space heating load 

(kWh/annum) 
DHW load 

(kWh/annum) 

1 Bed 50 c.2,000 c.2,000 

2 Bed 73 c.2,400 c.2,200 

3 Bed + 87-100 c.3,300 c.2,400 

Table 1: Dwelling types summarised based on the SAP calculations 
A review of the ratio of the three flat types at three UK new build developments of a similar 
size was undertaken to calculate an average split between the different dwelling types.  
 
Table 2 below shows the ratios of different flat types at the different schemes and the assumed 
ratio used within the model.  
 

Development 1 Bed 2 Bed 3 Bed+ 

Development 1 54% 38% 8% 

Development 2 39% 42% 19% 

Development 3 52% 43% 5% 

Assumed ratio for model  50% 40% 10% 

2.2 Domestic hot water hourly profile 
 
The DHW hourly demand profile has been based on the:     
 

• SAP 2012 DHW monthly demand factor 
• Hot Water Association design guide DHW diversity curves (3). 

The SAP 2012 DHW monthly demand factor ensures the model accounts for seasonal 
variation in the required heat consumption for DHW, and the Hot Water Association design 
guide DHW use diversity curves provide an hourly breakdown throughout the week of DHW 
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use. The combination of which, have been used to determine a year-round hourly demand 
curve. 

2.3 Space heating hourly profile 
 
The space heating hourly demand profile has been based on:  
 

• Weather data taken from CIBSE Test Reference Year (TRY) (4) 
• Assumption that residents will turn the heating on at ambient temperatures less than 

12 ˚C, meaning there will be space heating demand on the network.  
• Assumption that residents will not leave programmers on throughout the year 

The hourly profile assumes a portion of the dwellings have their heating on below 12 ˚C, with 
the magnitude of heat use being proportional to the difference between actual ambient 
temperature and 12 ˚C.  
 
A factor has been included within the model to account for dwellings that will not have their 
space heating on throughout the year, e.g. it has been assumed only 10% of people will 
require heat when the ambient temperature falls below 12 ˚C at midnight in July, whereas it is 
assumed that all residents will have their heating on in winter. 
 
These assumptions were required due to the lack of referenceable space heating diversity data 
published. However, as shown in Figure 1, the predicted and actual heat use profiles match 
closely with those seen in operating systems, which helps to validate the assumptions used. 

2.4 Network losses 
 
The total network losses have been assumed to be 100 W/dwelling throughout the year, which 
would be expected for systems designed in accordance with the CIBSE Heat Network Code 
of Practice (CP1 2020) (5). This has been determined as suitable from data from operational 
new build schemes, where a similar specification with respect to pipework sizes, operating 
temperatures and best practice insulation thickness has been used.  
 
In practice, with the adoption of the optimised network layout as set out within CP1 2020 (5), 
this figure is expected to reduce significantly for the latest generation of heat networks due to 
the reduction in network length. 

2.5 Total hourly demand profile 
 
To verify and provide confidence in the modelling assumptions outlined above, the calculated 
hourly demand profiles have been compared to data taken from operational networks, as 
shown in Figure 1. 
 
It should be noted that the “Real Data Profile” has been scaled to match the number of 
dwellings and to match the total calculated annual heat use. 
 
The tightness of fit between the hourly load profiles suggests that the above assumptions are 
suitable and closely matches profiles from operational networks.  
 
As more modern buildings are constructed, FairHeat recommends that the building services 
industry collectively gathers and assesses the heating and hot water demands to enable design 
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standards and modelling tools to be updated to reflect lower demands and changing resident 
usage patterns. The recent COVD pandemic is likely to have had a major impact on demand 
profiles, with both short- and long-term changes expected.  
 

 
Figure 2: Hourly load profile comparison of theoretical vs real data (theoretical 
model scaled for comparison) for 500-dwelling scheme  

2.6 Heat pump sizing 
 
From the hourly demand profiles, the estimated required size of heat pump and thermal store 
to achieve each heat contribution has been calculated.  
 
The heat pump model uses the following operational strategy: 
 

• Heat pump to always run and modulate to site demand if thermal store is full; 
• Thermal store to charge when not full and heat pump output exceeds site demand; 

and 
• Boiler to run to meet peak site demand when required (i.e. site demand is above 

combined heat pump and thermal store output). 

The heat pump model enables the heat pump to “charge” the thermal store during periods of 
low load and “discharge” during periods of high load. The maximum amount of heat stored 
within the thermal store is set by the design flow temperature and expected return 
temperature. The heat pump modulates output to ensure the thermal store capacity is not 
“exceeded”. 
 
It should be noted that the above is a simplification of the actual control strategy that will 
likely be implemented in operation. 
 
The heat pump has been modelled to account for the reduced outputs at lower air 
temperatures, and the ‘worst case’ scenario has been calculated for each of the heat pump 
sizes to predict the heating output based on the air temperature being -5 °C.  
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For the hybrid energy strategies, the boilers are then sized to meet the difference between the 
heat pump size and the network peak demand to ensure heat can be supplied to end users 
under all load conditions. For a 500-dwelling scheme with a dwelling size breakdown as 
detailed in Section 2.1, the peak load is expected to be 1410 kW when using CP1 2020 (5) 
calculation methodology. 
 
For a heat pump only system, the heat pumps must be sized to meet a peak demand rather 
than a heat fraction to ensure security of heat supply.  
 
A summary of the required ASHP and thermal store size for each heat fraction for a 500-
dwelling scheme is shown in Table 3 below.  
 

Heat fraction (%) 50 60 70 80 85 90 95 98 100 

ASHP output (kW) 110 135 175 225 260 300 350 400 1,410 

Boiler output (kW) 1,300 1,275 1,235 1,185 1,150 1,110 1,060 1,010 0 

Thermal Store (m3) 15 15 15 20 25 30 30 35 40-50 

Table 3: Summary ASHP and thermal store sizing 
 
3.0 Hybrid and 100% Heat Pump Strategy Assessment  

3.1 Inputs and KPIs 
 
All inputs used in the assessment are detailed in Appendix 1.  
 
The following financial and performance impacts of each strategy were investigated during 
this research:  
 

• Capital expenditure (CAPEX) 
• Carbon offset costs 
• Levelised cost of energy (LCOE) 
• Heat tariff 
• Carbon intensity  

3.2 CAPEX Assessment 
 
The CAPEX costs for each energy strategy are presented in Figure 2 showing the contribution 
of heat pump and boiler costs. These are also shown with the contribution of carbon offset 
payments in Figure 3, as this is the overall cost that developers would have to cover. Carbon 
offset payments are based on £95/tonne CO2/year for a 30-year period, in line with the GLA 
carbon offset costs (6). As such, the figures presented in this paper are specific to the GLA 
boroughs and would need adjusting for different applications of a carbon offset fee/tax. 
FairHeat recommend that this assessment is undertaken by developers of heat networks when 
selecting the optimal strategy.  
 
The following key observations should be noted regarding CAPEX: 
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• GSHP energy strategies are a higher CAPEX option across all energy strategies, as 
shown in Figure 3. Between 80-98% heat fraction (lowest LCOE, see Section 3.3), 
GSHP options are 60-100% more expensive than ASHP options. This is expected, as 
GSHP is >2.5x more expensive than ASHP per kW. Further analysis of GSHP 
CAPEX trends is detailed in Section 3.2.1. 

• The greatest difference between ASHP and GSHP is at 100% heat fraction, where 
GSHP is 127% more expensive. This is because the heat pumps are sized to meet peak 
demand rather than a heat fraction, so c.3 kW of heat pumps are required per dwelling 
compared to 0.5-0.8 kW per dwelling at 80-98% heat fractions. 

• Further investigation of thermal store size optimisation and measures to reduce peak 
demand could reduce the increase in CAPEX when compared to hybrid systems, but 
this will always present the highest cost option.  

• For all ASHP energy strategies investigated, the overall CAPEX decreases as heat 
fraction increases. This is because the reduction in carbon offset costs is greater than 
the increase in CAPEX. This is explored further in Section 3.2.2.  

• The cost of gas and electric boilers is comparable, so the main reason for the 
difference in overall CAPEX when comparing gas and electric boiler hybrid strategies 
is the difference in carbon intensity and resulting offset payments.  

 

 
Figure 3: CAPEX of heat generation equipment for each energy strategy 
investigated. Data points at 100% heat pump fraction show the CAPEX of the 
heat pump only strategies. 
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Figure 4: CAPEX of heat generation equipment and carbon offset costs for 
each energy strategy investigated. Data points at 100% heat pump fraction 
show the CAPEX of the heat pump only strategies. 
 
3.2.1 GSHP CAPEX factors 
 
The CAPEX difference between GSHP and ASHP increases as the heat pump size decreases, 
and the difference and rate of change is more prominent at sized less than 1200 kW, as shown 
in Figure 4. This is due to high fixed GSHP costs, and the fact that the linear metres of 
borehole (number of boreholes x depth of each borehole) are not proportional to heat pump 
size. As such, these infrastructure costs make up a higher portion of the total costs for smaller 
GSHP units.  
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Figure 5: GSHP and ASHP CAPEX per kW 
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Figure 6: Costs of increased heat generation CAPEX divided by the reduction 
in carbon emissions when increasing the heat pump heat fraction for each 
energy strategy investigated, compared against the GLA carbon offset 
payment of £95/tonne CO2. Data points at 98-100% heat pump fraction show the 
cost to remove all remaining peaking plant from the system. 
 

3.3 LCOE 
 
The levelised cost of energy for each energy strategy has been calculated using equation 1.  
 

 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 =
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𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑑𝑑𝑑𝑑𝑠𝑠 𝑑𝑑𝑜𝑜 𝑑𝑑𝑑𝑑𝑑𝑑𝑎𝑎𝑠𝑠𝑞𝑞 𝑝𝑝𝑎𝑎𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑  (1) 

 
This formula is typically used to compare different methods of electricity generation but is 
also applicable to heat generation in heat networks. The aim of this calculation is to determine 
the average revenue per unit of energy that is required to recover all heat generation capital 
and operating costs. 
  
All analysis has been performed assuming a 30-year system lifespan.  
 
It should also be noted that the air quality activity costs do not currently incorporate any 
future reduction in grid carbon intensity (8). As such, the electricity air quality costs in this 
analysis present the ‘worst case’ air quality scenario and the actual costs will likely be lower. 
 
For gas hybrid systems, the LCOE is comparable at all heat fractions (excluding 100%) as 
shown in Figure 6, as the reduction in gas carbon costs is balanced by the increased cost of 
energy.  
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For electric hybrid systems, the lowest LCOE is at 98%, as the increased system efficiency 
offsets the increased CAPEX.  
 
Between 80-98% heat fraction, the LCOE of GSHP energy strategies is 8-14% higher than 
ASHP options. This is a far lower difference than comparing CAPEX only, but the increased 
GSHP system efficiency is not sufficient to fully offset the higher CAPEX. However, there 
are several operational benefits to GSHP systems that mean some developers/operators may 
prefer this technology, which are discussed in Section 3.4.  
 
The LCOE for all energy strategies with 100% heat generated by heat pumps is significantly 
higher than the optimised cost, as all factors impacting LCOE for hybrid systems are 
completely dwarfed by the 3.5x increase in heat pump capacity from a 98% hybrid system to 
a heat pump only system (see Section 3.2). It is therefore not beneficial from a lifecycle 
perspective to specify these systems, even though they offer the lowest carbon solution.  
 
 

 
Figure 7: Levelised cost of energy for each energy strategy investigated. Data 
points at 100% heat pump fraction show the LCOE of the heat pump only 
strategies. 
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When comparing gas to electricity, electricity has a 5-50% higher heat tariff but enables a 15-
60% reduction in carbon intensity, with the difference increasing as the boiler heat fraction 
increases. Given the higher heat tariff of the electric hybrid systems due to the higher input 
utility cost, increased consideration and analysis is required when specifying these systems to 
ensure they are affordable to end users. However, these results are closely linked to the raw 
utility costs, which since drafting this paper have seen significant and rising volatility.  
 
One clear outcome regardless of utility cost is that electric boiler only energy strategies are 
not viable solutions when compared to hybrid or heat pump only strategies, as this would 
cause an unacceptable increase in cost of heat to end users.   
 
 

 
Figure 8: Heat tariff (excluding O&M costs) for each energy strategy 
investigated. Data points at 100% heat pump fraction show the heat tariff of the 
heat pump only strategies. 
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Figure 9: System carbon intensity (calculated using BEIS projected carbon 
emissions) for each energy strategy investigated. Data points at 100% heat 
pump fraction show the carbon intensity of the heat pump only strategies. 
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gas hybrid systems are comparable (<8% from the minimum), so there is a minimal lifecycle 
impact to maximising the heat fraction whilst retaining the hybrid strategy to maximise 
carbon reduction. 
 
The lifecycle cost of electric boiler systems decreases up to a c.98% heat fraction. Electric 
boiler hybrid systems are better suited for higher heat fractions due to the increased cost of 
electric boiler heat generation.  
 
Within these optimal fractions, GSHP is a higher overall cost option than ASHP, with a 60-
100% greater CAPEX and 8-14% greater 30-year LCOE. The difference between the options 
decreases as the scheme size increases due to the non-linear nature of GSHP costs, however 
initial analysis of a 1,000 dwelling scheme shows that ASHP is still favourable. GSHP is 
likely to compare poorly economically to ASHP in many scenarios with the withdrawal of the 
Non-Domestic Renewable Heat Incentive (RHI) tariffs available to recover their high initial 
capital cost. They can continue to offer attractive systems though, particularly when a 
significant cooling demand can be coupled to the ground loop to significantly boost overall 
SCOPs and therefore reduce the cost and carbon intensity of heat beyond the figures 
presented in this paper.  
 
The two major unknowns in the industry which impact CAPEX (and therefore also the overall 
costs) are the cost of increased grid connection size and the cost of rooftop space. Grid 
upgrade costs are currently predominantly covered by developers and are highly variable 
between sites based on local infrastructure. This already impacts overall costs with gas hybrid 
systems, and the impact of this will increase as gas boilers are replaced with electric boilers. 
However, the approach to grid upgrade costs is changing. Decarbonisation of heat and 
transport require significant upgrades to the electricity distribution network, and there is an 
understanding in the industry that upfront contributions to grid reinforcement will likely 
impact the rate at which this happens. It is therefore likely that these charges will be removed 
and reinforcement costs instead recouped via customer electricity bills, removing a key 
barrier to electric heat generation (9).  
 
Defining costs associated with rooftop space is challenging as this has wide reaching impacts 
on planning conditions, biodiversity commitments and provision of communal areas, and is 
therefore currently mainly undertaken on a qualitative basis depending on the development 
size and planning/end customer requirements. 
 
5.0 Recommendations  
 
This research has two clear recommendations for stakeholders when considering the question 
of how heat should be electrified and to what degree.  
 
From a policy and regulatory perspective, all local authorities should adopt carbon offset fees 
into planning conditions for future developments, and should set ambitious prices for this, in 
order to incentivise low carbon heat generation and accelerate decarbonisation.  
 
On a scheme specific level, hybrid energy strategies are the correct solution for transitioning 
to heat pumps whilst protecting residents and minimising operational risks. 
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Appendix 1 – energy strategy assessment inputs 
 

Item Value Reference 

GSHP 

CAPEX £10,293*(heat pump kW)0.73 GSHP specialist feasibility report analysis 

O&M costs £11/kW GSHP specialist feasibility report analysis 

COP 3.4-3.8 (3.6 used in analysis for all heat 
fractions) GSHP specialist input 

Lifespan 22.6 years 

GSHP specialist feasibility report analysis 
 

66% of CAPEX applied to sinking fund as boreholes do not require 
replacement (conservative estimate of borehole contribution to CAPEX based 

on GSHP specialist input) 

ASHP 

CAPEX £500/kw Large ASHP manufacturer costs 

O&M costs £1170/year/(4 units) Large ASHP manufacturer servicing requirements 

COP - Output of hourly load model 

Lifespan 20 years CIBSE Guide M (10) 

Gas boilers 

CAPEX £40-43/kw (£42/kw used in analysis) Sample gas boiler manufacturer quotes 

O&M costs £80/module (years 1-3) 
£640/module (year 4) Gas boiler manufacturer recommended servicing requirements 

Efficiency 90% Typical industry value for condensing boilers 

Lifespan 20 years CIBSE guide M (10) 

Electric boilers CAPEX £57-77/kW (£65/kw used in analysis) Electric boiler manufacturer input 
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O&M costs £320/site (years 1-4) 
£640/site (year 5) Electric boiler manufacturer recommended servicing requirements 

Efficiency 99.5% Electric boiler manufacturer recommendation 

Lifespan 20 years CIBSE guide M (10) 

Heat consumption 
and losses 

DHW 
consumption 1470 kWh/dwelling/year BESA UK HIU test regime (11) 

Space heating 
consumption 1450 kWh/dwelling/year BESA UK HIU test regime (11) 

Network heat 
losses 70 W/dwelling Typical value for a CIBSE CP1 heat network (5) 

HIU heat losses 35 W/dwelling BESA UK HIU test regime (11) 
Total network 

losses 920 kWh/dwelling/year - 

Industry values 

Gas carbon 
factor 0.210 kg CO2/kWh SAP 10.1 (7) 

Electricity 
carbon factor 0.136 kg CO2/kWh SAP 10.1 (7) 

Cost of carbon £95/tonne for 30 years GLA New London Plan (6) 

Discount rate 4.4% Regulated energy discount rate (12) 

Inflation rate 2% The Green Book (13) 

Cost of energy - BEIS projections (14) 

Carbon intensity - The Green Book projections (13) 
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Gas and 
electricity 

projections 

Air quality 
activity costs  - 

DEFRA air quality activity costs (8) 
 

Assumes 2% increase per year due to increased willingness to pay for 
measures to improve health 

 
Table 4: Values and references of inputs used in analysis 
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