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Abstract 

Within the context of the UK government’s commitment 

to achieve net zero carbon emissions by 2050, £2 billion 

Green Homes Grant scheme was announced in July 

2020. As millions of existing homes across the UK need 

energy improvements, both homeowners and energy 

suppliers (under existing obligation) need the support to 

quickly identify the most appropriate and cost-effective 

retrofit measures for single and multiple dwellings. 

To address this challenge, this paper describes the 

application of a data-driven geographical information 

system-based approach to spatially identify suitable 

dwellings quickly and accurately by mapping and 

modelling baseline energy use and potential for energy 

retrofit measures in select neighbourhoods in the towns 

of Didcot and Abingdon in Oxfordshire. All 669 

dwellings modelled were built between 1950-1965. 

Since single measures tend to ‘lock-in’ dwellings for low 

energy performance, measures were aggregated into two 

different packages to encourage bulk installations and 

drive down installation costs. House-level energy 

assessment in the selected areas showed that a whole 

house retrofit package, comprising an extensive fabric 

upgrade, heat pumps, heating system upgrade, and solar 

PV resulted in energy reductions up to 92% and energy 

bill savings up to 76% at an average capital cost of £23k 

per retrofit. Identifying suitable dwellings for energy 

retrofits rapidly and spatially can support the take-up of 

the national Green Homes Grant Scheme. 

Introduction 

Large-scale retrofitting in the domestic sector is a UK 

infrastructure priority (CCC, 2019). Upgrading the UK 

housing stock is projected to avoid £35 billion p.a. in 

costs and is expected to contribute to a low carbon 

economy (Energy Systems Catapult, 2019). Within the 

context of the UK government’s commitment to achieve 

net zero carbon emissions by 2050 and a green-focused 

economic recovery from the impact of the Covid-19 

pandemic, a £2 billion Green Homes Grant scheme was 

announced in July 2020. The scheme is expected to 

deliver improvements for over 600,000 households, 

while creating an estimated 100,000 jobs in green 

construction. The scheme was designed to provide two 

thirds of the cost of energy efficiency-related home 

improvements with grants capped at £5,000 per 

household; higher for low income households with 

grants up to £10,000. Measures covered include solid 

wall, under-floor, cavity wall or roof insulation; double 

or triple glazing/secondary glazing, when replacing 

single glazing; energy efficient doors; heat pumps; and 

solar thermal systems. Measures currently not covered 

include glazing upgrades that are not replacing single 

glazing, hot water cylinders, and heating controls 

(Murray, 2020; Woodfield, 2020). 

To meet carbon targets, reduce fuel poverty, and create 

healthy living environments, the 29 million existing 

homes across the UK must be retrofitted with multiple 

measures. Given the significant expectation for reduction 

from the net zero policy in the UK, whole house (also 

referred to as deep) retrofit, an approach that targets all 

or nearly all building services and end-uses (Less and 

Walker, 2014), would be required at scale. This is 

because a piecemeal approach would likely take too 

long, cost more (Currie & Brown and AECOM, 2019) 

and result in the lock-in effect (Ürge-Vorsatz and 

Herrero, 2012) as past retrofit customers may be more 

difficult to convince for a further set of more ambitious 

retrofit measures.  

As millions of existing homes across the UK need 

energy improvements and now that there are grants to 

implement these improvements, homeowners, 

community groups, local authorities and energy 

suppliers (under existing obligation) need the support to 

quickly identify the best and cost-effective retrofit 

options for a particular home or set of homes based on 

what is needed. To address this challenge, this study 

demonstrates how urban energy models can help to 

visually estimate retrofit potential in local areas. To 

achieve this, this paper describes the application of a 

data-driven geographical information system-based 

approach to spatially identify suitable dwellings quickly 

and accurately by mapping and modelling baseline 

energy use and potential for energy retrofit measures in 

two neighbourhoods in the towns of Didcot and 

Abingdon in Oxfordshire, UK. 

Literature review 

Bottom-up steady-state building stock models have long 

been used to identify existing energy consumption and 

retrofit potential in many locations internationally. In 

their international review of urban building energy 

models, Reinhart and Davila (2016) classify models by 

their segmentation parameters: shape, age, use, system, 

and climate. In these models archetyping buildings is 
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important for reducing data collection. As they find the 

approach beneficial, they propose stronger engagement 

between those who create the models and planners, 

policymakers, utility representatives in order to stimulate 

greater impact. In Sweden, authors did just that by using 

stock modelling to provide building portfolio owners 

with greater insight (building specific results - beyond 

averages) into existing conditions of their building stock 

and the financial implications of retrofit (Nägeli et al., 

2019). Another study used building-specific data from 

Energy Performance Certificates (EPCs) and envelope 

areas from the GIS model to augment an age-type 

classification as age groups of buildings were considered 

an important differentiation for energy efficiency 

measure recommendations (Österbring et al., 2016). In 

Portugal this method helped identify priority areas for 

retrofit intervention and prioritisation of specific 

measures to be taken in order to support decision-makers 

in urban redevelopment strategies (Pedro, Silva, & 

Pinheiro, 2018). 

Several studies (Chapman et al., 2009; Tovar, 2012; 

Webber, Gouldson, & Kerr, 2015) have shown 

significant impact on domestic energy use from single or 

double measure retrofit schemes and that the direct 

economic benefits from reduced energy bills 

significantly outweigh the direct economic costs of the 

schemes. However, as retrofit efforts often generally 

only focus on one house at a time, often one - two 

measures at a time, at this pace, policy that does not take 

a mass – whole house approach will not be able to 

deliver the required rate of retrofit to meet carbon targets 

(Energy Systems Catapult, 2019; IET, 2018). The single 

measure approach can be a hinderance to a future 

attempt at retrofit and the lock-in effect (Ürge-Vorsatz 

and Herrero, 2012), as past retrofit consumers may be 

more difficult to convince to be burdened with the 

disruption of revisiting construction on the home again.  

Considering this, the following study presents the 

application of house-by-house energy model to test two 

retrofit packages, one with a mass-whole house 

approach, across multiple dwellings in a local area. 

Research methodology 

The study uses a bottom-up static energy model called 

DECoRuM (Domestic Energy, Carbon counting and 

carbon Reduction Model) combined with a GIS-based 

approach to communication of results. The overall 

results are demonstrated through energy and cost savings 

at neighbourhood and dwelling level in two 

neighbourhoods in Oxfordshire, UK.  

The method follows three main steps: 

1. Identify areas of interest in the districts of South 

Oxfordshire and Vale of White Horse.  

2. Collect dwellings specific data from both top-down 

and bottom up sources with which to build the 

model – run baseline model. 

3. Apply retrofit packages to each dwelling 

Identification of focal neighborhoods 

From the beginning, the project focus was to identify an 

area to map in the districts of South Oxfordshire  and 

Vale of White Horse. Local district councils 

immediately indicated preference for focus on the towns 

of Didcot and Abingdon respectively due to their higher 

growth and retrofit potential. Within these towns a few 

neighbourhoods were identified in each. The process 

involved assessing publicly available datasets including 

the UK Government’s sub-national energy (BEIS, 

2017b) and fuel poverty (BEIS, 2017a) data at lower 

layer super output area (LSOA) (areas of approximately 

400-800 dwellings).  

Creation of the baseline model 

A full description of the development, assumptions and 

limitations of the model (DECoRuM) are detailed in 

(Gupta, 2009; Gupta and Gregg, 2020). Data for 

calculations include actual house characteristics gathered 

from historic (Digimap) and current maps (OS 

Mastermap and Google street view), EPCs (MHCLG, 

2017), and literature describing home characteristics 

based on age and typology (e.g. Tabula/Episcope (BRE, 

2014)).  

Modelling retrofit measures 

The following measures are tested in the model to 

evaluate impact of retrofit potential. The retrofit 

potential is divided into two package types listed in table 

1. These are (a) GH pack based on the Green Homes 

Grant Scheme and (b) WH pack: this package takes a 

whole house retrofit approach to attempt to achieve the 

net-zero target at a dwelling and or neighbourhood level.  
 

Table 1: Retrofit packages (Currie & Brown and 

AECOM, 2019; Greater London Authority, 2018; 

Woodfield, 2020) 
 

Measures GH pack* WH pack 

Wall insulation  

(U-value 0.13 W/m²K) 

Primary ✓ 

(fabric) 

Roof/loft insulation  

(U-value 0.11 W/m²K) 

Primary ✓ 

(fabric) 

Floor insulation 

 (U-value 0.13 W/m²K) 

Primary ✓ 

(fabric) 

Air source heat pump 

(ASHP) (coefficient of 

performance (COP) = 2.6) 

Primary ✓ 

(systems) 

Triple glazing  

(U-value 0.8 W/m²K) 

Secondary** ✓ 

(fabric) 

EE doors  

(U-value 1.0 W/m²K) 

Secondary ✓ 

(fabric) 

Draughtproofing Secondary See below 

Airtightness 

(1.0 m3/h.m2@50pa) 

N/A ✓ 

(fabric) 

Smart heating controls Secondary See below 

Smart home controls 

(heating, lighting, outlets) 

N/A ✓ 

(systems) 

Photovoltaic N/A ✓ 

(systems) 
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* There is a limit to the proportion of the voucher that 

can be used to cover secondary measures. To qualify for 

the secondary measures, at least one primary measure 

must be installed and the cost of the secondary measures 

must not exceed that of the primary measure(s).  

** triple glazing can only be installed to replace single 

glazing in to apply in the GH pack. 
 

The cost of retrofit measures and sources of the costs per 

unit or dwelling are shown in Table 2. Priority of 

measures follows the Green Homes Grant scheme 

recommendations which also aligns with the  CCC 

(2019) recommendation to increase the uptake of wall 

and loft insulation and low-carbon heating sources such 

as heat pumps. Note that all costs are per item / per 

dwelling when applied to the entire model; therefore, 

mass-supply discounts or economy of scale are not 

provided in the results. 

For the GH pack, the model was set up to meet the 

installation cost maximum and stop applying additional 

measures. As an example, following the order of 

prioritisation (order listed in table 1), if a dwelling needs 

wall insulation (£400), loft insulation (£700), floor 

insulation (£900) and a heat pump (£8,000) the total cost 

would be £10,000. The typical householder would get a 

£5k voucher covering two-thirds of the cost (in this 

example, 50% of the total); a low-income household 

would get a £10k covering 100%. 
 

Table 2: Costs of measures 
 

Measures Cost Source 

Wall insulation External: £107/m2 

cavity: £6/m2 

Currie & Brown 

and AECOM 

(2019); (Palmer, 

Livingstone, & 

Adams, 2017) 

Roof/loft 

insulation 

£15/m2 

Floor insulation £900 total (Energy Saving 

Trust, 2020) 

Heat pump ASHP: £8,000 Currie & Brown 

and AECOM 

(2019); (Palmer, 

Livingstone, & 

Adams, 2017) 

Triple glazing £436/m2 of 

glazing 

EE doors £1200 total 

Draughtproofing 

/ Airtightness 

£150 / £500 total 

Smart heating 

controls 

£300 total Author experience 

Smart home 

controls 

£600 total Author experience 

Photovoltaic £1250/kW Palmer, 

Livingstone, &  

Adams (2017) / 

author experience 
 

In Didcot, there were 116 EPCs. According to these 

data, not one dwelling currently has a heat pump. Due to 

the remote data gathering nature of this work and lack of 

heat pumps in EPCs, no dwelling is assumed to have a 

heat pump; therefore the GH package in all cases 

includes a heat pump if the cost of cavity+solid wall, loft 

and floor insulation, where needed, does not exceed 

£7,500. No other measures were applied as the minimum 

cost of the primary measures was £11,700, resulting in a 

£5k voucher covering a maximum of 43% of the cost of 

renovation. In Abingdon, in 124 EPCs, one dwelling had 

an ASHP. 

Results 

Case study selection 

The final selected areas for study, Didcot Park and 

Abingdon Dunmoore, will be referred to as simply 

Didcot and Abingdon throughout the paper. The prime 

reasons for selection are listed below: 

Didcot: 

 According to EPCs available for S. Ox. the area is 

the top non-rural location with the greatest potential 

to improve their EPC score (MHCLG, 2017). 

 The area also has a high level of vulnerable 

residents according to census data (UCL, 2015). 

Abingdon: 

 The mapped area centres on the postcode in 

Abingdon with the highest reduction potential based 

on EPC energy data (MHCLG, 2017). 

 The area is on the higher end of fuel poverty in 

Abingdon (8.1%) (6.9% mean/median for 

Abingdon) (BEIS, 2017a). 

As can be seen aside from potential to retrofit there is a 

focus on fuel poverty and vulnerability as this is 

currently a heavily weighted consideration for the 

government and current policy, e.g. the Energy 

Company Obligation (ECO) programme. 

Table 3 lists the selected LSOAs and their energy 

statistics. The two neighbourhoods are similar in their 

range of dwelling age distribution. In both areas, the 

most common dwelling type is semi-detached built from 

1950-1965. Ownership and householder employment 

status is similar; however, Didcot represents higher 

vulnerability, fuel poverty and social / council renters.  
 

Table 3. Characteristics of dwellings (BEIS, 2017b; 

ONS, 2016).  
 

 Didcot Abingdon 

No. of dwellings  320 349 

Age distribution 1950 - 1965 1950 - 1965 

Form distribution 
D: 3%, SD: 

94%, Ter: 3% 

D: 3%, SD: 

58%, Ter: 

35%, Flat: 4% 

Most common Type 
1950-65 semi-

detached 

1950-65 semi-

detached 

Dwelling owned* 74% 77% 

Social / council rent* 20% 12% 

Employed** 110 of 130 83 of 130 

Retired** 90 of 130 91 of 130 

Sick / disabled** 49 of 130 107 of 130 

Fuel poverty rank*** 
9.1% 

37 of 89 

8.1% 

41 of 76 

* Middle Layer Super Output Area (MSOA), minimum 

population of 5,000; mean population of 7,200 
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** MSOA level rank among Oxfordshire 

*** LSOA level rank among respective districts 

Baseline results 

The mean total energy consumption for both 

neighbourhoods falls directly between the medium to 

high range for the UK typical domestic consumption 

values (Ofgem, 2019). Though they only represent 3% 

of all dwellings, the detached dwellings consume about 

15-25% more energy than the mean. Figure 1 shows the 

baseline results for Didcot. Figure 2 shows a snapshot of 

the PV potential for an area in Didcot. Maps like this can 

be used to pinpoint smaller areas of focus for a specific 

measure. Table 4 displays the baseline data along with 

the retrofit results.  
 

 

Figure 1: Didcot baseline map Map© Crown Copyright 

and Database Right 2020. Ordnance Survey (Digimap 

Licence). 
 

 

Figure 2: Didcot PV potential Map© Crown Copyright 

and Database Right 2020. Ordnance Survey (Digimap 

Licence).  
 

Overall retrofit results 

Across the two neighbourhoods: 

 531 dwellings (79%) can take up cavity+solid wall 

insulation; all dwellings would need solid wall 

insulation to meet the modelled U-value. 

 503 dwellings (75%) can take up the primary 

measures of the GH pack without exceeding £10k of 

their own investment. If low income, no homes 

would receive heat pumps if insulation is prioritised 

and the owners are unable to pay for additional 

work. 

 662 dwellings (99%) are technically suitable for the 

Whole House retrofit package at an average cost of 

£22,300 in Didcot and £23,200 in Abingdon. 
 

Table 4: Baseline and retrofit energy results 
 

 

Energy kWh/year 

(kWh/m2/yr) 
Energy bills 

£/year 

 

Didcot 

Baseline mean 18,442 (324) 1,026 

GH pack mean 

[reduction] 

3,829 (68) 

[79%] 

584 

[40%] 

WH pack mean 

[reduction] 

1,444 (27) 

[92%] 

224 

[76%] 

 

Abingdon 

Baseline mean 18,030 (231) 1,080 

GH pack mean 

[reduction] 

4,866 (67) 

[72%] 

634 

[37%] 

WH pack mean 

[reduction] 

1,509 (22) 

[91%] 

235 

[76%] 
 

The cost to retrofit 

Overall, the mean cost to retrofit to GH pack is £14,100 

while the mean for the WH pack is £22,800. The average 

cost to upgrade the building fabric in a whole-house 

approach (table 1) is £11,200, about half the total. If this 

strong fabric first approach were taken through the 

Green Homes Grant the voucher would cover about half 

the cost or almost the whole cost for low income 

households. The average cost to install PV is about 

£3,000 (average size 2.4 kWp) and a maximum of 

£9,000 (maximum size 7.3 kWp). 

Table 5 shows the energy and cost results for the WH 

retrofit package by dwelling type. The mean energy 

savings is highest in detached dwellings, but it is also the 

costliest to retrofit. Table 5 shows; however, that though 

it can be more costly to retrofit the large detached 

dwellings, it is least costly per unit of energy or fuel 

payments saved. Overall, where an assumed utility cost 

for electricity is £0.13 per kWh, the mean simple return 

on investment for the three dwellings types ranges from 

27 - 36 years. The £5k voucher would cut this down to 

21 - 32 years).  

Though with similar total cost to retrofit and energy 

savings between terraced and semi-detached dwellings, 

there is a stronger correlation between total cost to 

retrofit and energy/fuel costs savings in the terraced 

dwellings (r = 0.66 as opposed to r = 0.52). This 

suggests that savings are more predictable in terraced 

dwellings as opposed to other dwelling types.  
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Table 5: Whole house retrofit results by dwelling type 
 

 1950s 

Detached 

1950s Semi-

detached 

1950s 

Terraced 

Total 21 503 145 

Energy 

(kWh/year) 

1,432 1,471 1,507 

Total cost to 

retrofit (£) 

£24,617 £22,812 £22,454 

Energy saved 

(kWh/year) 

21,625 16,745 16,253 

£/kWh saved £1.29 £1.43 £1.47 

Fuel bill 

reduction 

(£/year) 

£1,005 £795 £783 

 

Pinpointing retrofit potential in Abingdon 

In Abingdon as an example, the retrofit potential and 

identification of applicability of measures can be 

mapped to communicate need and effectiveness. 

Figure 3 through 5 show in Abingdon the GH pack 

retrofit pack final energy consumption, identification of 

which dwellings can install heat pumps without 

exceeding £10k of personal investment, and the 

reduction potential from the baseline. 

As can be seen in figure 4, about 69% of dwellings can 

install ASHP without exceeding £10k of personal 

investment (in able-to-pay households). The dwellings 

that cannot install the ASHP in this package scenario 

simply require more upfront cost to insulate the fabric. 

This map can help identify dwellings for heat pump 

installation. 
 

 
Figure 3: Abingdon GH retrofit pack energy use Map© 

Crown Copyright and Database Right 2020. Ordnance 

Survey (Digimap Licence). 
 

 
Figure 4: Abingdon GH retrofit pack includes ASHP 

Map© Crown Copyright and Database Right 2020. 

Ordnance Survey (Digimap Licence). 
 

 
Figure 5: Abingdon GH retrofit pack reduction potential 

Map© Crown Copyright and Database Right 2020. 

Ordnance Survey (Digimap Licence). 
 

Discussion 

The modelling and mapping approach presented can 

support local authorities, low carbon community groups, 

and retrofit providers in meeting local and national 

targets. This is important as the UK Government 

recognizes the need for local support to catalyse 

domestic energy reduction (Wade et al., 2013). The 

model could also be used to maintain records and track 

local retrofit installations so that retrofit planning and 

delivery can be systematised. 

Most savings are made in the GH pack as this covers 

significant fabric improvement through increased 

insulation levels and in most dwellings the installation of 

a heat pump. Overall, the cost to take on the WH pack 
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may be too costly for the limited savings left to be 

gained. In Abingdon for example, to gain on average an 

extra 18% reduction in energy consumption, the cost per 

percentage point of reduction increases from £213 to 

£255. Thanks to the Green Homes Grant voucher, based 

on the extent of retrofit modelled in this study, the cost 

per percentage of reduction for able to pay consumers is 

reduced to £142. The Green Homes Grant is helpful but 

for the existing housing stock to contribute meaningfully 

to the net zero target, more incentives are likely needed. 

Though the WH pack would cost more per percentage of 

reduction overall, it is shown that piecemeal retrofit is 

more costly in the long-term (Currie & Brown and 

AECOM, 2019). In addition, the above does not consider 

the benefit of mass-production and economies of scale 

when considering the neighbourhood approach to whole 

house retrofitting. The UK Government will need to 

define a clear and consistent policy regarding whole 

house retrofit (IET, 2018) to sustain supply chains, and 

financially support the effort in the beginning (CCC, 

2019). 

As shown above, multi-layered analytics can not only 

estimate the retrofit need on a house-by-house basis but 

can also be used to estimate the potential for retrofit up-

take in a local area depending on local physical-socio-

economic characteristics. As figure 6 shows, 

identification of postcodes with the lowest annual 

income can provide prioritisation for a local campaign to 

find homes which may benefit from the Green Homes 

Grant ‘low-income’ voucher which covers £10,000 of 

work. In the images below the orange coloured areas 

would be the place to start. Coupling this with retrofit 

potential (figure 7) would inform local planners where 

the greatest retrofit potential could be gained on a house-

by-house level in lower income postcodes. 
 

 
Figure 6: Abingdon average annual income (CACI, 

2020); Map© Crown Copyright and Database Right 

2018. Ordnance Survey (Digimap Licence). 
 

 
Figure 7: Abingdon average annual income (CACI, 

2020) and retrofit potential layered; Map© Crown 

Copyright and Database Right 2018. Ordnance Survey 

(Digimap Licence). 
 

Conclusion 

Considering the net zero target and new government 

incentives to retrofit, there is clearly a need to rapidly 

identify large areas of suitable dwellings and extent of 

potential for energy efficiency improvements. The study 

has demonstrated the application of a bottom-up static 

energy model called DECoRuM which uses a GIS-based 

approach to communicate results. The study combined 

publicly available top-down spatial datasets on energy, 

housing, socioeconomics and fuel poverty with bottom-

up dwelling details gathered through various sources. 

DECoRuM can be used to identify the energy 

consumption reduction potential and suitability of 

particular areas for specific retrofit measures. 

This approach was used to estimate the impact of two 

retrofit packages grounded in current and future policy 

showing the energy and cost implications in two 

neighbourhoods consisting of a total of 669 dwellings in 

Oxfordshire. Three common dwelling typologies were 

identified in the case study area and these were assessed 

in more detail in terms of baseline and retrofit potential. 

The study demonstrated a potential 70-80% reduction in 

total energy across the dwelling types through the 

application of solid, cavity, roof, and floor insulation and 

in most cases ASHP. Achieving these reductions through 

the just proposed Green Homes Grant Scheme would 

reduce the mean total cost of retrofit by about 35% 

assuming no household qualifies for the ‘low-income’ 

grant. Implementing a whole house package which adds 

smart home energy controls, triple glazing and 

photovoltaics resulted in energy reduction of over 90%.  

It is vital that such approaches are used to increase the 

take-up of Green Homes Grant Scheme to accelerate the 

transition to a low-carbon economy. 
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