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1 Executive summary 
To reach net zero by 2050 in the UK, major infrastructure decisions must be made in the near-term to 
support the uptake of low carbon technologies. The distribution network has a role in facilitating the 
transition to a net zero economy, given the uptake of low carbon technologies connected at the grid 
edge, such as electric vehicles and heat pumps. Decarbonisation of heat is a challenging area in which 
the direction of future policy is still under development, particularly with regards to the existing building 
stock.  

This study was undertaken to strengthen UKPN’s understanding the role of DNOs in facilitating the 
decarbonisation of the heat sector, and to inform UKPN’s heat strategy. It will help deepen the 
knowledge and evidence base that underpins UKPN’s investment plan over the next 5-year regulatory 
price control period, commencing in 2023 (ED2), to facilitate the uptake of electric heat. To achieve 
these aims, in this study we have modelled the uptake and corresponding network impact of a range of 
low carbon heating technologies and energy efficiency measures in the building stock in UKPN’s licence 
areas. This modelling was carried out under a range of scenarios describing future policy and 
technological developments, allowing us to: 

• Explore potential local heat decarbonisation pathways 

• Assess the implications of energy efficiency uptake 

• Identify high-electrification zones and consumers likely to take up electric heating, across the 
different scenarios. 

There are 7.9 million domestic buildings and close to 770,000 commercial buildings in the UKPN licence 
areas. Of these, 85% of domestic and 47% of commercial buildings are heated by natural gas or oil 
boilers1, directly emitting carbon dioxide on-site. Our modelling finds that heating in buildings in the 
UKPN licence areas causes 26 Mt CO2 emissions per year, 6% of the UK’s 2019 greenhouse gas 
emissions2. Additionally, approximately 60% of buildings in the UKPN licence areas have an Energy 
Performance Certificate of D or below. The total thermal energy demand for space heat and hot water 
in UKPN areas of 119 TWh is equivalent to 37% of the UK’s total 2019 electricity generation3. 

1.1 Methodology 
We draw on a wide range of sources to perform the analysis in this study. LSOA-level, spatial building 
stock models are developed using the Energy performance Certificate database, which contains 
records for around 3 million households in the UKPN licence areas. While extensive, the EPC database 
does not cover the whole stock and so has been combined with data from other sources to ensure a 
representative stock model. For the domestic stock, we use the English Housing Condition Survey, 
which contains data on the regional house type mix, to calibrate our stock model. On the non-domestic 
side, we fill in the gaps in the EPC database using the national mix of fuel use and building type from 
the UK Energy Consumption statistics (ECUK). 

Alongside this stock model, we compile a dataset with cost and performance data on energy efficiency 
measures and low-carbon heating technologies. Together, these comprise the major inputs to a techno-
economic model which forecasts the deployment of energy efficiency measures and low carbon heating 
across the different building archetypes under three net zero compatible scenarios. These scenarios 
are broadly aligned with and named for the National Grid’s Future Energy Scenarios 2020. For each 
building archetype, we assess the most cost-effective decarbonisation packages, which depend on the 

                                                      
1 Including communal and district heating systems 
2 BEIS, Final UK greenhouse gas emissions national statistics, 2019 UK Greenhouse Gas Emissions, Final Figures, 2 February 
2021 
3 BEIS, UK Energy Statistics, 2019 & Q4 2019. Total UK 2019 Electricity generation was 323.7 TWh.  
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scenario context. In combination with projections for new builds and district heating uptake, this 
determines the overall uptake of low carbon heating technologies and energy efficiency measures. The 
spatial impacts of this uptake are then inferred based on the prevalence of the different archetypes 
within each LSOA to allow a zonal assessment of the network load and carbon impacts.  

The outputs of three stakeholder engagement workshops are also integrated into this study. These 
workshops covered the potential role of DNOs in promoting energy efficiency and the drivers of low 
carbon heat uptake. Stakeholder feedback was also gathered on the study approach and the 
preliminary results of the modelling process.   

Table 1 Summary of the modelled scenarios 

Scenario Levers Impacts 

Steady 
Progression 
(BAU) 

• No clear policy on heating 
and clean heat incentive 
schemes not extended 

• Energy efficiency focused on 
fuel poverty 

• Gas prices remain low 
• DNO provides energy 

efficiency information only 

• Gas boilers remain 
dominant 

• Heat networks not 
decarbonized 

• Historical (low) uptake of 
energy efficiency 

Consumer 
Transformation 
(High 
electrification) 

• Ban on new gas boilers by 
2035 

• National insulation 
programmes and minimum 
energy efficiency and/or 
carbon standards 

• Fuel price mechanisms such 
as higher carbon tax 

• High consumer engagement 

• High electrification via 
deployment of heat pumps 

• Hydrogen in hard-to-reach 
buildings 

• High energy efficiency 
• Earlier decarbonisation of 

off-gas grid properties 

System 
Transformation 
(High hydrogen) 

• Hydrogen compatibility 
requirement for new boilers 

• Reduced national insulation 
programme 

• Low gas prices for hydrogen 
production via SMR 

• Lower consumer 
engagement 

• Hydrogen dominates on-
gas areas 

• electrification of new builds 
• Medium energy efficiency 
• Earlier decarbonisation of 

off-gas grid properties 

Leading the way 
(Early Net Zero) 

• Ban on new gas boilers by 
2030 

• Ambitious local government 
targets for energy efficiency 
and low carbon heating 

• Financial incentives for low 
carbon heating e.g. Green 
Homes Grants 

• Fuel price mechanisms such 
as higher carbon tax 

• Electrolysis for hydrogen in 
late 2030s 

• Regional mix of 
electrification and 
hydrogen 

• Fastest roll-out of measures 
• High energy efficiency  
• Earlier decarbonisation of 

off-gas grid properties 
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1.2 Deployment of low carbon heating 
All our scenarios see over 100,000 domestic buildings in the UKPN areas (1% of the stock) taking up 
low carbon heating per year by 2025, rising to above 400,000 (5%) per year by 2030. However, there 
are significant differences between scenarios in the choice of technology. The high electrification 
(Consumer Transformation) scenario sees demand met in 2050 by electrified heating in the form of 
heat pumps, in combination with some use of bioenergy and direct electric heating. A similar technology 
mix is found in Leading the Way, which does allow hydrogen for heating, but finds only limited 
deployment. In contrast, we model uptake of hydrogen boilers in 46% of domestic buildings in the high 
hydrogen (System Transformation) scenario. This is a result of a lower hydrogen price, less generous 
grants for low carbon heating, and an assumption that consumers are more wary of upfront investment.  

Figure Figure 1 and Figure 2 contrast the uptake of low carbon heating technology in the domestic 
sector between our high electrification (Consumer Transformation) scenario and our high hydrogen 
(System Transformation) scenario.  

 

Figure 1 Uptake of low carbon heating in domestic buildings, Consumer Transformation 
scenario 
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Figure 2 Uptake of low carbon heating in domestic buildings, System Transformation scenario 
While the scale and speed of heat electrification varies by scenario, there are some consistent trends. 
Geographic areas and consumer types highly likely to electrify in all scenarios include: 

• Off-gas grid areas  
• New builds  
• Urban areas. 

The dominance of electrified and hybrid electric with bioenergy heating systems in off-gas grid areas is 
demonstrated in Figure 3, below.  

 

Figure 3 Fraction of domestic buildings not connected to the gas network, and final heating 
system under the System Transformation (high hydrogen) scenario, by LSOA 
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1.3 Deployment of energy efficiency improvements 
Across the domestic stock, the average heat demand reduction per building due to modelled energy 
efficiency deployment is 10%, 8% and 10% under the Consumer Transformation, System 
Transformation and Leading the Way scenarios, respectively. Slightly less reduction in demand is seen 
in the non-domestic stock, where the corresponding figures are 8%, 3% and 10%. Individual buildings 
can see larger energy demand reductions (20-45%), but many buildings are unsuitable for certain 
measures so that the modelled average heat demand reduction across the whole stock is more modest. 
Despite this, in our high electrification (Consumer Transformation) scenario, we model the installation 
of over 15 million individual measures across 8 million homes by 2030. This means many more buildings 
receive energy efficiency measures over the coming decade than low carbon heating systems, of which 
under 2 million are deployed in this scenario by 2030.   

The domestic deployment of energy efficiency has a capital cost of between £10 and £14 billion, in our 
different scenarios. These amount to a per household cost of £1300-1700, but individual households 
can have significantly higher costs (>£10,000). On the non-domestic side, deployment of energy 
efficiency has a capital cost of approximately £12 billion in Consumer Transformation and Leading the 
Way, and £0.25 billion in System Transformation. These amount to a per building cost of £2,500-3,000 
for Consumer Transformation and Leading the Way, and only £325 for System Transformation due to 
the limited deployment of energy efficiency in the non-domestic sector in this scenario. 

Energy efficiency deployment is found to be higher in areas where heating is predominantly electrified. 
This is because higher levels of energy efficiency improve the operating efficiency that can be achieved 
with low temperature heat pumps, and significantly decrease the costs of all types of electric heating.  

 

Figure 4 Percentage reduction in heat demand due to energy efficiency measures, 2030 

1.4 Impacts of heat decarbonisation on CO2 emissions 
Our three net zero compliant scenarios achieve close to zero emissions from heating in the UKPN areas 
by 2050 due to the complete roll-out of low carbon heating, alongside energy efficiency measures. Such 
emissions reductions are premised on the near complete decarbonisation of the electricity grid, along 
with the provision of low carbon hydrogen. 

In 2030, the differences in level of emissions mitigation between net zero scenarios are significant. The 
high hydrogen scenario (System Transformation) sees slower reductions since the decarbonised gas 
network is only assumed to reach most buildings by the early 2040s. The off-gas segment of the building 
stock decarbonises ahead of the on-gas segment in all scenarios. This is due to an assumed earlier 



 UKPN Heat Street 

 

  
  9 
 

low carbon heating mandate for this segment of the stock, reflecting the generally greater cost-
effectiveness of low carbon heating solutions in these buildings.  

 

Figure 5 Annual CO2 emissions under the three net zero scenarios and the Steady Progression 
baseline (Mt CO2 per year). The bubbles indicate reduction by 2030. 

1.5 Impacts of heat decarbonisation on the consumer 
10% of households in the UKPN licence areas are in fuel poverty. These are disproportionately 
households: 

• with electric heating. 
• with uninsulated solid walls. 
• in the rental sector. 

The uptake of a low carbon heating system has the potential either to increase or decrease fuel bills 
depending on any efficiency improvements, the performance of the technologies, and relative fuel 
prices.  

In all our Net Zero scenarios, the share of households paying >£1500 for heating falls from 13% to 
under 5%, mostly due to the deployment of more efficient heat pumps in buildings with existing electric 
heating systems which are costly to run, and energy efficiency improvements. Changes to the average 
fuel bill vary by scenario, with reductions between 2 - 23%. In the System Transformation scenario, with 
high hydrogen roll-out, the average reduction in fuel bill is 2%. However, there are qualitatively different 
impacts on bills amongst different types of households. Those initially using gas boilers see average 
fuel bill rises of 7%, due to an assumed Hydrogen price in 2050 that is 25% higher than the natural gas 
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price today, but the average bill across the whole stock is still reduced due to large reductions in cost 
for those initially paying the highest bills i.e., those on direct and storage electric heating.   

1.6 Summary of heat decarbonisation scenario impacts 
Given different scenarios of policy ambition, consumer behaviour, fuel prices and hydrogen availability 
for heat, a range of decarbonisation pathways can arise for the heat sector. Under our modelled 
scenarios, the proportion of heat demand met by electricity rises from 15% in 2020 to between 22% 
and 31% by 2030. The high end of this distribution could arise where electric heating is taken up widely 
and embraced by consumers, and/or the viability and cost of widespread hydrogen for heating is not 
proven over the required timescales. All our scenarios are consistent with the UK’s net zero target by 
2050. However, as shown in Table 2 below, the associated speed of decarbonisation, mix of 
technologies, and impact on the electricity network vary significantly.  

Table 2 Snapshot of scenario impacts in 2030 and 2050 

Scenario 
Average heating 

demand 
reduction (%) 

Total fuel use4 
for heating 

(TWh) 

Increase in 
electricity use 

for heat (%) 

Carbon 
emissions 

from heating 
(MtCO2) 

2030 

Consumer 
Transformation 8% 118 8% 21 

System 
Transformation 4% 133 14% 23 

Leading the Way 10% 108 14% 19 

2050 

Consumer 
Transformation 11% 49 125% 1 

System 
Transformation 9% 105 60% 1 

Leading the Way 12% 53 117% 1 

  

                                                      
4 Units here are fuel use, not thermal energy requirement. In the case of electricity this refers to the number of kWh of grid 
supplied electricity used. With heat pump operation, fuel use can be several times smaller than thermal energy requirement.   
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Acronyms 
ASHP Air source heat pump 
BAU Business as Usual 
BEIS UK Department for Business, Energy, and Industrial Strategy 
CO2 Carbon Dioxide 
EHS English Housing Survey 
EPC  Energy Performance Certificate 
DFES Distribution Future Energy Scenarios  
FES Future Energy Scenarios 
GVA Gross Value Added 
GHG Greenhouse Gas 
GSHP Ground source heat pump 
GW      Gigawatt 
H2 Hydrogen 
kt Kilotonne 
kW Kilowatt 
LA Local Authority 
LSOA Lower Super Output Area 
Mt Megatonne 
MW Megawatt 
ONS Office for National Statistics 
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2 Introduction 

2.1 Background 
To reach net zero by 2050, major infrastructure decisions need to be made in the near future and quickly 
implemented to support the uptake of low carbon technologies. UK Power Networks (UKPN) believes 
that the distribution network is at the core of facilitating the transition to a zero-carbon economy, as the 
uptake of low carbon technologies connected at the grid edge such as heat pumps and electric vehicles 
increases. The decarbonisation of heat represents a major challenge as heat is still the single biggest 
source of greenhouse gas emissions.  

Due to the size and complexity of the challenge of decarbonising heating, future direction and policy 
are still under development, particularly when it comes to the existing building stock. National policy 
has focused on developing a range of potential pathways to achieve net zero including considering low 
carbon gases such as Hydrogen, electrification, or a regional mix.  

As the Association for Decentralised Energy (ADE) points out in their framework for achieving net zero 
in new and existing buildings, local areas will have different opportunities, limitations and priorities. As 
such, the least cost, lowest carbon opportunity will be different for different areas and a zoning approach 
must be taken for heat and energy efficiency5. Solutions will also need to incorporate whole systems 
thinking to consider the wider synergies and impacts such as on consumers and the electricity networks. 
As such, determining the best pathway to decarbonising heat and achieving net zero needs to be 
tackled at a local level.  

UKPN is now increasingly focusing efforts on understanding how Distribution Network Operators 
(DNOs) can support the achievement of Net Zero by facilitating the decarbonisation of the heat sector. 
When UKPN’s stakeholders were asked which low carbon heating pathway UKPN should explore, one 
coordinated with local authorities was chosen by 75% of respondents. Without a single direction from 
national policy, many local authorities and consumers face increasing uncertainty on where to begin. 
The majority of stakeholders consulted in this study see it as a role for the DNO to work together with 
local authorities to ensure the delivery of low carbon heating is paired with energy efficiency, and they 
also view both domestic customers (38%) and local authorities (29%) to be key stakeholders for further 
engagement. 

In March 2020, UKPN was the first distribution network operator (DNO) to release a standalone Heat 
Strategy6. The strategy has 3 objectives: Inform heat policy through data and evidence; deliver service 
to customers connecting low carbon heating; undertake least regret actions to ensure network 
readiness. UKPN is now seeking to develop its understanding of the potential impact of electric heating 
to inform all three objectives. 

In order to progress the Heat Strategy, Element Energy has been commissioned by UKPN to undertake 
a study considering the impact of low carbon heating and energy efficiency on the UKPN network. This 
study brings together the work to date on the heat sector and provides an update on the current options 
and expected future level of uptake of low carbon heating technologies. It will help deepen the 
knowledge and evidence base that underpins UKPN’s investment plan over the next 5-year regulatory 
price control period, commencing in 2023 (ED2), to facilitate the uptake of electric heat. It will also help 
develop granular forecasts of heating deployment to support UKPN to facilitate local authorities taking 
a least regret approach.  

                                                      
5 ADE 2020, Heat and Energy Efficiency Zoning: A framework for net zero for new and existing buildings 
6 https://innovation.ukpowernetworks.co.uk/wp-content/uploads/2020/03/UK-Power-Networks-Heat-Strategy-11-March-2020.pdf 

https://www.theade.co.uk/assets/docs/resources/Heat_and_Energy_Efficiency_Zoning_A_framework_for_netzero_for_new_and_exisiting_buildings-min.pdf
https://innovation.ukpowernetworks.co.uk/wp-content/uploads/2020/03/UK-Power-Networks-Heat-Strategy-11-March-2020.pdf
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2.2 Study aims and approach 

Aims 
The overarching aim of this study is to inform UKPN on the granular options for decarbonisation of heat 
and the likely impact on the consumers, local authorities, policy makers and the electricity network. This 
will help UKPN understand where they can best support on the transition to a decarbonised heat sector, 
particularly in determining how to support different customer segments to transition to low carbon heat 
in the near term. Developing granular forecasts will also strengthen the evidence base to support Local 
Authority plans, national policy and UKPN’s investment plan over the next 5-year regulatory price 
control period. To achieve this, the study aims to: 

- Explore a range of localised pathways to a decarbonised heat sector in the UKPN licence areas 
while policy continues to develop 

- Identify which regions and consumer types are most likely to see significant and early 
electrification of heat, as priority areas for UKPN to target for support 

- Assess the impact on fuel bills and energy use for customers, especially those in vulnerable 
circumstances 

Approach 
We first define a modelled building stock for both the domestic and non-domestic sectors through a set 
of archetypes capturing key features such as size, construction type, existing energy efficiency and 
heating system, tenure type, gas grid connection status and fuel poverty status. The spatial distribution 
of these archetypes is modelled at LSOA level. The methodology for this stock model is described in 
Section 3. Alongside this stock model, we compile a dataset with cost and performance data on energy 
efficiency measures and low-carbon heating technologies. Together, these comprise the major inputs 
to a techno-economic model which forecasts the deployment of energy efficiency measures and low 
carbon heating across the different building archetypes under a range of scenarios.  

We define three net zero compatible scenarios alongside a baseline projection, broadly aligned with 
(and named to align with) the National Grid’s Future Energy Scenarios 2020. These scenarios are 
characterised by different policy and behavioural levers, as well as different assumptions on consumer 
behaviour, fuel prices and the availability of hydrogen for heating. For each building archetype, we 
assess the most cost-effective decarbonisation packages, considering whole life costs or payback 
periods depending on the scenario context. This, in combination with projections for new builds and 
district heating uptake, determines the overall uptake of low carbon heating technologies and energy 
efficiency measures. The spatial impacts of this uptake are then inferred based on the prevalence of 
the different archetypes within each region to allow a zonal assessment of the network load impacts 
and other key outputs.  

Alongside this modelling, the outputs of three stakeholder engagement workshops are also integrated 
into this study. The aim of these stakeholder engagement workshops was to inform the development of 
the low carbon heating and energy efficiency pathways and the likely drivers in each scenario. 
Stakeholder feedback was also gathered on the study approach and the preliminary results of the 
modelling process.  These workshops covered the potential role of DNOs in promoting energy efficiency 
and the drivers of low carbon heat uptake. The stakeholders represented covered local authorities, gas 
network providers, technology manufacturers, suppliers and installers.  

2.3 Scope 
The geographical scope of the analysis is defined by the three UKPN licence areas which cover London, 
the South East and East of England. The results of this work are developed at the spatial resolution of 
LSOAs, of which there are 10,654 in this geographic area. There are 7.9 million domestic buildings in 
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scope – around one third of the homes in the UK. We also include heating in non-domestic buildings, 
of which there is a total floor area of approx. 300 million m2, an area one fifth the size of Greater London. 
‘Heat’ is here defined to include all energy used for space and water heating in all property types, but 
not the heat required for industrial processes.  
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3 Customer segmentation and building stock models 
In this study we establish a heat demand model for domestic and non-domestic stock across the UKPN 
licence areas. The stock models comprise an archetype-based description of the building stock, which 
allows spatially resolved modelling of heat demand and facilitates the mapping of building archetypes 
to customer connection data for UKPN’s substations. These stock models provide the basis for 
modelling the impact of energy efficiency measures and for the deployment of low carbon heating 
technologies. The stock models include each of the customer segments identified by UKPN (residential 
on/off gas grid, new build, I&C), but also provide a much more granular segmentation of the stock within 
each of these broad categories.  
 

2020 2030 2050 

Number of domestic buildings (million) 7.9 8.6 9.5 

Number of non-domestic buildings (million) 0.77 0.83 0.92 

Total domestic floor area (million m2) 720 783 865 

Total non-domestic floor area (million m2) 323 312 312 

Table 3 Comparison domestic and non-domestic building stock sizes 
The below discussion considers the domestic and non-domestic stock separately, given differences in 
data sources and approach taken in the two cases. There are approximately ten times the number of 
domestic buildings versus non-domestic, but the floor area and heat demand per building is significantly 
larger for non-domestic buildings. As a result, the difference in heating demand is less stark; domestic 
and non-domestic buildings represent 74% and 26% of the total annual space heat and hot water 
demand in the UKPN licence areas, respectively. The total thermal energy demand in UKPN areas of 
119 TWh, shown in Figure 6, is 37% of the UK’s total 2019 electricity generation7. 

 

Figure 6 Energy demand for heating in 2020 (TWh thermal) 

3.1 Domestic buildings 
The stock model has been developed using the Energy Performance Certificate (EPC) database, which 
is available publicly and contains EPC records for around 3m households in the UKPN licence areas. 
This dataset contains address level information on the type, size, physical condition (fabric and glazing 
type), existing heating system and fuel cost, as well as the EPC rating, for each individual record.  While 

                                                      
7 BEIS, UK Energy Statistics, 2019 & Q4 2019. Total UK 2019 Electricity generation was 323.7 TWh.  
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extensive, the EPC database does not cover the whole stock and so has been combined with data from 
the English Housing Condition Survey, which contains data on the regional house type mix, to build a 
closely representative model of the stock across the UKPN licence areas. 

3.1.1 Spatial resolution 
The domestic building stock model is a spatial model with resolution at Lower Layer Super Output Area 
(LSOA) level. Information on the spatial variation of the number of buildings within each primary 
archetype (see below) is taken from the EPC records, for which each record has an associated 
postcode. Additional spatial data is also integrated from government statistics to assign status with 
regards to fuel poverty, share of tenure type by LSOA, and connection to the gas grid (see Table 4 Data 
sources and methodology used to develop the domestic building stock model). 

3.1.2 Building archetypes 
The domestic building stock model uses a detailed set of 1920 ‘primary’ archetypes describing the 
diversity of building types and sizes; wall, floor and roof types; and existing heating systems of dwellings 
in the UKPN licence areas. Each building archetype has an associated heat and hot water demand, 
calculated using up-to-date data from the Government’s National Energy Efficiency Database (NEED). 
Further steps are taken to differentiate heat demand between archetype attributes where this is not 
available from NEED. Calibration to national statistics is then performed through the Energy 
Consumption in the UK dataset, to ensure the correct total demand across the UKPN licence areas. 

Data from the Energy Performance Certificate (EPC) database is used to assign buildings to archetypes 
within each LSOA. The EPC database does not have full coverage (~40% of the domestic stock in the 
UKPN licence areas), so is then calibrated by data from the English Housing Survey such that the 
overall share of archetypes in the UKPN licence areas matches the regional housing mix. This 
assignment is carried out separately for the on- and off-gas grid segments of the stock, such that within 
each LSOA, the total stock which is connected to the gas grid is set by BEIS statistics (see Table 4).  

In addition to these parameters, archetypes are then further subdivided based on ‘secondary’ 
characteristics such as tenure type and heritage status (see Table 5). These secondary characteristics 
are assigned spatially8. This means that the proportion of each primary building archetype within these 
secondary feature classes is assigned for each individual LSOA, so that, for example, all buildings of a 
particular primary archetype could be assigned to the ‘Owner Occupied’ tenure type within one LSOA, 
and none within another LSOA. Heritage status is assigned using the correlation to wall type, based on 
English Heritage Data. The smallest 20% of the stock (by floor area per habitable room) is assumed to 
be space constrained, limiting the suitability of certain heating technologies.  

Figure 7 shows the breakdown of the domestic stock in 2020. 

                                                      
8 Except for heritage status and space constraints, for which no spatial modelling was performed.  
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Figure 7 Domestic buildings, stock breakdown in 2030 
 

Table 4 Data sources and methodology used to develop the domestic building stock model 

 Attribute Values Source (s) Methodology 

Pr
im

ar
y 

Building 
type 

Terraced, Semi-
detached, 
Detached, Flat 

EPC database and 
English Housing 
Survey data 

We count the number of EPC 
certificates located within each 
LSOA which correspond to each 
combination of primary 
archetype features. These 
counts form an initial model of 
the building stock present in 
each LSOA.  

The English Housing Survey 
data is then used to calibrate this 
initial model, to correct for any 
biases in the stock present in the 
EPC database.  

The calibration process assigns 
buildings for which there is no 
EPC certificate in each LSOA to 
archetypes using the difference 
between EPC database across 
UKPN areas, and the English 
Housing Survey in the UKPN 
region. This process fixes the 
representation of different 
archetypes across the entire 
UKPN areas to match the 
expected representation in the 
English Housing Survey.  

For example, if large, detached 
properties are underrepresented 
in the available sample of EPC 
certificates, relative to the 
English Housing Survey, then 
more of the stock which is 

Building size Small, Medium, 
Large 

Wall type 

Cavity insulated, 
Cavity uninsulated, 
Solid insulated, 
Solid uninsulated 

Floor type 

5 types with various 
construction types 
and insulation 
levels 

Roof type 

No roof, Less than 
100mm, 100 -
199mm, 200mm or 
more 

Existing 
heating 
system 

Gas, Electric 
resistive, Electric 
storage, oil boiler, 
Community 
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unassigned based on EPCs will 
be assigned to this property 
type, to correct for this bias in the 
EPC records.  

Se
co

nd
ar

y 

District 
Heating 
connection 

On/off district 
heating by year DFES modelling 

The proportion of each LSOA on 
district heating is assigned in 
each year. All archetypes are 
assumed to take up District 
Heating uniformly.  

Gas grid 
status 

Connected/not 
connected to the 
gas grid 

BEIS statistics - 
LSOA estimates of 
distances between 
non-gas 
households and 
nearest grid 
connection, 2015 

 

Proportion of stock connected to 
the gas grid is mapped at LSOA 
level following the BEIS 
statistics 

Fuel poverty Fuel poor/not fuel 
poor 

BEIS statistics - 
Sub-regional fuel 
poverty 2020 (data 
for 2018) 

Mapped to archetypes at LSOA 
level and correlated with wall 
type, tenure, and heating fuel 

English Housing 
Survey 

Consumer 
type (tenure) 

Owner-occupied, 
private rented, 
social rented 

Demographic 
statistics - Distance 
of properties from 
gas network by 
LSOA, 2013 data 

Mapped to archetypes at LSOA 
level 

Space 
constraints 

Constrained, 
Partially 
constrained, Not 
constrained 

EPC database 

Dwelling floor area per number 
of habitable rooms used as 
proxy to assign which buildings 
are space constrained 

Heritage 
status 

None, Grade 1, 
Grade 2 - 
constrained, Grade 
2 - unconstrained, 
Conservation - 
constrained, 
Conservation -
unconstrained 

English Heritage 
data 

Proportion of dwellings 
constrained is correlated with 
wall types and mapped at LSOA 
level based on prevalence of 
each wall type 
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Figure 8 The domestic stock model assigns existing buildings in each LSOA to one of 1920 
building archetypes, a gas grid connection status, a fuel poverty status, and a tenure type. 
 

  

1. A set of "master 
archetypes" is defined as 
every combination of the 

primary parameters

2. Both the EPC records 
and EHS data are mapped 

to these "master 
archetpes" and the number 
of buildings matching each 

archetype is counted in 
each case

3. The underrepresentation 
of individual archetypes in 
the EPC records relative to 
the EHS data is calculated 
- this infomation is needed 
to assign buildings in step 

7

4. The "expected" fraction 
of each tenure type within 

each archetype is 
calculated from EHS data

5. The total number of 
homes - the "stock" - per 
LSOA is assigned based 

on the number of domestic 
electricity meters (BEIS 
Sub-national Electricity 

Consumption)

6. The "stock" is split into 
on- and off- gas grid 

segments for each LSOA. 
The subsequent steps act 

on each segment 
seperately so that this split 

is unchanged

7. All homes for which 
there are EPC records in 

each LSOA (often approx. 
50%) are assigned to 

archetypes as indicated by 
those records

8. The remaining number 
of homes in each LSOA is 
assigned to archetypes in 
the proportions needed to 
make the full stock (across 
all LSOAs) match the EHS 

data

9. The tenure split within 
each archetype is varied  
from the "expected" split 

(see step 4) in every LSOA 
such that number of 

homes in each tenure type 
matches demographic data

10. The proportion of Fuel 
Poor within each archetype 

is assigned using 
correlations to primary 

features (EHS data), then 
calibrated to government 
statistics in each LSOA

11. The homes on District 
Heating in each LSOA (an 
output of DFES modelling) 

are assigned equally 
between all archetypes

Non-
spatial  

Spatial  
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The 10 most common archetypes in the resulting stock model are shown below, for illustrative purposes. 
Collectively, 1.7 million homes are assigned to these 10 archetypes in the model, meaning they account 
for 22% of the total stock.  

Table 5 Top 10 most common domestic archetypes 

Property 
type 

Property 
size 

Wall type Floor type Roof 
type 

Stock Space 
heating 
demand 
(kWh/y) 

Hot 
water 
demand 
(kWh/y) 

Heating 
system 

Detached Large Cavity 
insulated 

Solid 
uninsulated 

100 -
199mm 

                      
229,276  

                                                                
13,336  

                                                          
2,498  

 Gas 
boiler  

Terrace Medium Cavity 
insulated 

Solid 
uninsulated 

200mm 
or 
more 

                      
220,193  

                                                                  
6,802  

                                                          
1,888  

 Gas 
boiler  

Terrace Medium Cavity 
insulated 

Solid 
uninsulated 

100 -
199mm 

                      
203,507  

                                                                  
6,516  

                                                          
1,698  

 Gas 
boiler  

Terrace Medium Solid 
uninsulated 

Suspended 
uninsulated 

100 -
199mm 

                      
199,209  

                                                                  
7,317  

                                                          
1,412  

 Gas 
boiler  

Detached Large Cavity 
insulated 

Solid 
uninsulated 

200mm 
or 
more 

                      
184,395  

                                                                
13,798  

                                                          
2,417  

 Gas 
boiler  

Semi-
Detached 

Medium Cavity 
insulated 

Solid 
uninsulated 

200mm 
or 
more 

                      
177,245  

                                                                  
8,694  

                                                          
2,213  

 Gas 
boiler  

Flat Small Cavity 
insulated 

Solid 
uninsulated 

No roof                       
145,908  

                                                                  
3,915  

                                                          
1,207  

 Gas 
boiler  

Flat Small Solid 
uninsulated 

None No roof                       
134,340  

                                                                  
4,589  

                                                          
1,249  

 Gas 
boiler  

Terrace Medium Cavity 
uninsulated 

Solid 
uninsulated 

100 -
199mm 

                      
120,733  

                                                                  
6,788  

                                                          
1,527  

 Gas 
boiler  

Detached Large Cavity 
uninsulated 

Solid 
uninsulated 

100 -
199mm 

                      
118,547  

                                                                
16,041  

                                                          
2,320  

 Gas 
boiler  
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3.1.3 Current level of building energy efficiency 
The regional variation in current energy efficiency level of the domestic stock is shown in Figure 9 below, 
using the proportion achieving EPC C or higher as a metric.  

Across the UKPN licence areas, the majority (67%) of domestic building records are either EPC rating 
C or D. 58% of domestic EPC certificates are rated D or below, with 42% C or higher. 13% of records 
are B or higher.  

                                                      
9 Sub-regional fuel poverty data (2018 data) (2020) BEIS) – this follows the Low Income High Costs (LIHC) indicator. A 
household is Fuel Poor if: 

1. they have required fuel costs that are above average (the national median level); And 
2. were they to spend that amount, they would be left with a residual income below the poverty line. 

 
10 Clean Growth Strategy, October 2017. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/700496/clean-growth-
strategy-correction-april-2018.pdf 

Insight 1 – Fuel poverty 
 

The number of fuel poor homes is mapped at LSOA level using government fuel poverty statistics9 to 
capture the spatial distribution of these homes. The correlation between fuel poverty and tenure type, 
wall construction, and heating type is then used (taken from the English Housing Survey) to allocate 
these fuel poor households between archetypes. The total number of fuel poor homes in the UKPN 
licence areas is approx. 760,000 (9.6%).  

There is an increased prevalence of fuel poor homes among those with electric heating, solid walls 
and in the rental sector. The chart to the right shows that 14.2% of households with electric resistive 
heating are in fuel poverty, as opposed to 9.6% of all households. An alternative measure is the 
percentage of the fuel poor stock with each heating type; 20% of fuel poor households have electric 
heating, as opposed to 15% of the total stock. 

Fuel poor households are modelled to receive energy 
efficiency measures earlier because we assume 
additional policy levers targeting this sector. This 
assumption reflects historical trends in policy; since 
April 2017 the Energy Company Obligation scheme 
has been focused on low income, vulnerable and fuel 
poor households, and the Green Homes Grant 
scheme has more generous grants in place for low-
income households. The government has a target to 
move all fuel poor households to EPC C or higher by 
203010.  
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Figure 9 Percentage of EPC’s C or higher, by Local Authority region 
The initial space heating and hot water demand varies substantially by building archetype. Across the 
stock within the UKPN licence areas, the mean annual space heating and hot water demands are, 
respectively, 9245 kWh and 1935 kWh. Figure 10 shows the breakdown of domestic stock by annual 
heating demand (combined space and hot water).  
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Figure 10 Domestic building stock by combined space and hot water demand band 

3.1.4 Current heating technologies 
The domestic building stock model assigns archetypes at an LSOA level which include the heating 
system of the building. The large majority (71%) of homes in the UKPN licence areas are heated using 
a gas boiler. This is below the national average; there are significant areas of the East which are not in 
proximity to the gas grid, and electric heating is overrepresented in London relative to the national 
average.  

The dominant heating technology varies at a local level, primarily based on the availability of the gas 
grid. Figure 11 shows the percentage of buildings not currently connected to the gas grid by LSOA. It 
should be noted that LSOAs are defined by population such that rural LSOAs (which are more often off 
the gas grid) are in general larger in area.   

 

 

                                                      
11 ‘Community here refers to both ‘district heating’ and communal heating systems. The distinction between the two is not made 
in the English Housing Survey and EPC data, but the latter typically refers to systems heating multiple dwellings within a single 
building or several buildings, in close proximity.  

Heating system Percentage of domestic stock 

Gas boiler 71% 

Electric storage 11% 

Oil boiler 8% 

Community11 6% 

Electric resistive 5% 

Table 6 Domestic stock breakdown by current heating system 
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Figure 11 Percentage of domestic buildings not connected to the gas grid (LSOA) 

 

3.2 Non-domestic buildings 
A stock model has been developed for the non-domestic building stock. There are approximately 
767,000 non-domestic buildings, making up a total of 323 million square meters of floor area, an area 
one fifth the size of Greater London. The non-domestic stock has a total heat demand of 31 TWh/a, 
equivalent to twice the annual output of Drax power station. 

The stock model is spatially resolved at LSOA level based on a range of data sets (see 3.2.1). The 
stock model breaks the non-domestic premises into a set of 81 building archetypes (3.2.2). These are 
further broken down into different counterfactual (existing) heating technologies (3.2.3) and consumer 
archetypes (3.2.4) to provide an overall picture of the existing building stock and energy efficiency levels 
(3.2.5).  

3.2.1 Spatial resolution methodology 
A non-domestic stock model has been developed using a range of data sets (see Figure 12 below).  

The stock model is constructed using the Energy Performance Certificate (EPC) database, which 
contains EPC records for a proportion of the non-domestic buildings in the UKPN licence areas. This 
dataset contains address level information on the building use, size, heating fuel use and type, as well 
as the EPC rating, for each individual record. About 40% of the total non-domestic floor area is 
incorporated in the EPC database.  

In order to form a full picture of the stock, we complete the gaps in the EPC database using the national 
mix of fuel use and building type from the UK Energy Consumption statistics (ECUK). This is used 
to determine the fraction of the remaining fuel consumption to be attributed to each sector.  

We use BEIS’s Building Energy Efficiency Survey (BEES) of non-domestic building to determine an 
energy intensity per square meter of building floor area for each sector (kWh/m2). This is converted to 
heating and non-heating fuel use. For heating fuel use, this is based on an assumed efficiency of the 
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existing heating systems: for electricity, the efficiency is assumed to be 100% based on counterfactual 
direct electric technologies; for gas and other fuels, the heating efficiency is assumed to be 79.4%. The 
non-heating electrical demand is assumed to have a 100% efficiency. It has been scaled to account for 
increased energy efficiency since the survey was completed in 2014/2015 based on the proportion of 
non-heating electricity use for each sector in the current ECUK data.  

The gap in consumption from the EPC records is assigned to an LSOA based on a combination of two 
spatially resolved consumption statistics. BEIS Subnational consumption statistics provides an initial 
MSOA-level non-domestic fuel consumption data. This has been scaled to exclude heating for industrial 
processes and evenly spread across the LSOAs within each MSOA. We also used UKPN’s income 
management data for total non-domestic electricity consumption data at the LV level. 

The floor area from the EPC records is scaled up using the fuel intensity values from BEES until the 
fuel consumption matches the LSOA-level consumption data. For significantly under-represented 
sectors, we assumed an even spread of floor area across the LSOAs. 

The stock was also scaled to match UKPN’s income management data. The stock data is provided at 
network level. In order to distribute the stock, we assumed that the distribution of premise size pre floor 
area would match the distribution in the BEES statistics.  The size of individual premises within the 
LSOA are not known. Instead, an average building size is assumed based on the total floor area in the 
sector divided by the stock. Thus, the stock in each LSOA was scaled so that the distribution of premises 
sizes in the UKPN area matched the BEES distribution, and the total number of stock was consistent 
with UKPN’s total non-domestic stock values.   
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Figure 12 Methodology for spatially resolved non-domestic stock model 

3.2.2 Building Archetypes 
The non-domestic building stock model uses a set of 81 ‘archetypes’ (for a complete list of non-domestic 
building archetypes see Appendix 9.4). These archetypes are based on: 

• The building use or sector. There are 9 sectors based on those used in BEIS’s Building 
Energy Efficiency Survey (BEES) and the Energy Consumption UK (ECUK) statistics (see 
Figure 13 below);  

• The dominant space heating fuel (natural gas, electricity, other);  
• The relative size of the building in the sector (small, medium and large). The relative size is 

based on BEES’s distribution of premise sizes within each sector: the ‘Small’ category relates 
to the smallest 10% of the stock (by floor area) in the sector; the ‘Large’ category the largest 
10% of the stock in each sector and the ‘Medium’ category the remaining 80% of the stock.   

The building archetypes are assigned an associated heat demand based on the BEES energy intensity 
(kWhth/m2) for each sector and end use. The breakdown of the total heating demand for each archetype 

The difference between 
EPC records 

consumption and ECUK 
consumption is used to 

find a fraction of 
consumption to be 
attributed to each 
commercial sector

Consumption is calibrated 
for MSOA-level data 

using the ECUK fraction 
fuel consumption for heat 

only end use

The MSOA-level 
consumption and meters 

unassigned in EPC
records is split between 
the different commercial 

sectors

“Other fuel” stock is 
calibrated using the ratio 

of domestic other fuel 
stock in the housing 
surveys and the EPC

records

The commercial 
consumption is calibrated 
to ECUK data by fuel and 

sector

Map EPC records to 
archetypes in the Building 
Energy Efficiency surveys 

and define the ratio of 
missing buildings from the 

EPC data

Generate permutation 
between all LSOAs and 
all archetypes in BEES

Map EPC records to 
individual LSOAs

Number of stock and 
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is assigned to sectors at 
LSOA-level for both EPC 
and missing EPC stock

Calibrate total stock and 
consumption values to 

UKPN data at LSOA level
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sector in the UKPN area can be seen in Figure 13. The heat use is dominated by the Hospitality sector, 
followed by Offices and Education buildings.  

 

Figure 13 UKPN Total Heating demand by building archetype sector 
A breakdown of the fuel use in broken down in Figure 14 below. The fuel use in the sector is dominated 
by natural gas heating. Over 60% of the heating demand is met by gas heating. Electricity is still 
commonly used for heating across the building stock, making up over 40% of the stock but 
predominantly in smaller buildings or those with lower heat demand.   

 

 

 

A breakdown of the heating demand and building stock by size is shown below in Figure 15. The heating 
demand is dominated by the ‘Medium’ size buildings, with the ‘Large’ size buildings making up the 
majority of the rest of the demand. The ‘Large’ size band makes up 40% of the heating demand due to 
the size of the buildings, with only 11% of the total building stock.  

62%19%

19%

Breakdown of heating demand 
by fuel type

Gas

Electricity

Other

41%

47%

12%

Breakdown of building 
stock by fuel type

Figure 14 Breakdown of non-domestic heating demand and building stock by fuel type 
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3.2.3 Current heating technologies 
The building archetypes are assigned a counterfactual heating technology based on the dominant 
space heating fuel use. The ‘other’ fuel type represents a range of fuels. For simplicity, we have 
assumed the ‘other’ fuel type is split between the dominant fuel types of oil and biomass. The split has 
been taken based on the mix of oil and biomass fuel use in the ECUK national statistics for each sector 
(see Figure 16).  

 

Figure 16 Mix of heating technology for 'other' fuel category across sectors (Source: ECUK) 
 

The building archetypes heated by natural gas all are assumed to be heated by gas boilers. Those with 
electric heating are all assumed to be direct electric heating systems. We assume that in non-domestic 
buildings, these will be dominated by a form of electric resistive heating. For the oil heated buildings, 
we assume an oil boiler is used while for biomass heated buildings, a biomass boiler is used.  

To determine the fuel use, the energy intensity has been converted to a fuel use (kWh/m2). The heat 
demand is scaled to determine the relevant fuel intensity (kWh/m2) for space heating and hot water 
based on the dominant heating fuel type. For electricity, the efficiency is assumed to be 100% based 
on counterfactual direct electric technologies. For gas and other fuels, the heating efficiency is assumed 
to be 79% efficient.  

1%

40%

59%

Breakdown of heating 
demand by building size 

Small

Medium

Large

12%

77%

11%

Breakdown of building 
stock by size 

Small

Medium

Large

74% 85%
100%

49% 40%

100%

55% 46%
77%

26% 15%

51% 60%
45% 54%

23%

Oil (% of other) Bioenergy (% of other)

Figure 15 Breakdown of non-domestic heating demand and building stock by size category of 
building 
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The stock model shows the proportion of non-domestic floor area that is electrically heating in an LSOA 
is typically around 20-40%. The UKPN wide average is 23%. The locations with higher electric heating 
tend to have less gas grid connections, smaller buildings or a higher proportion of retail and office 
buildings.  

3.2.4 Consumer break-down 
The building archetypes at each LSOA level are further refined based on a number of key consumer 
characteristics. These characteristics do not have additional spatial resolution, and are based on fixed 
proportion for each building archetype. The three consumer characteristics for the non-domestic sector 
are new builds, gas connection and tenure type (see Figure 17 below).   

 

Figure 17 Breakdown of the commercial sector stock by consumer type in 2050 
The new builds represent 17% of the overall stock in 2050. However, the non-domestic sector 
demolition rate is higher than the build rate. As a result, the total floor area of the non-domestic sector 
is decreasing over time. By 2050, the total heating demand will be broadly similar; however it will be 
slightly lower due to the decreasing floor space in the non-domestic buildings. 

The tenure type for non-domestic buildings is split between Owner-occupier and Private Rented. The 
percentage split for each archetype is based off the tenure mix for the sector from BEES. Overall, there 
is a relatively even split across the stock; however for Education, Community, Art over 80% of the 
buildings are Owner-Occupier.  Meanwhile, Offices, retail and hospitality have slightly over half of the 
buildings as private rented.  

Approximately 80% of the existing building stock is connected to the gas grid. The remaining 20% off 
the gas grid is split evenly between their distance to the grid. It is assumed that no buildings that are 
currently off the gas grid will be connected in the future. The LSOAs in urban areas have a higher 
proportion of non-domestic floor area connected to the gas grid (as can be seen in Figure 18 below). 
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Figure 18 Proportion of Non-domestic floor area on the gas grid 

 

3.2.5 Current level of energy efficiency 
The majority (54%) of the non-domestic building stock with an EPC rating achieves an EPC rating of 
either C or D. At an LSOA level, typically 30-40% of the buildings achieve an EPC of C or higher. The 
highest proportion of an LSOA achieving a C or higher is found in Chichester with 58%. The lowest 
proportion is in South Holland with 18%.  
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Figure 19 Percentage of non-domestic buildings achieving an EPC of C or higher in the Local 
Authority 
 

3.3 New development 

3.3.1 Domestic new build stock model and archetyping 
The number of new domestic buildings per LSOA in each year to 2050 is assigned as follows: 

• Household stock growth projections for each local authority from the Office for National 
Statistics (ONS), latest release May 2019, are combined with forecasts for growth centres from 
Regional Development Plans to define the total number of domestic buildings.  

• A demolition rate is used to define the proportion of this total number of domestic buildings 
which are new by year. The demolition rate of 0.035% is calculated from MHCLG net supply of 
housing statistics for 2018-2019.  
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We project 688,000 new build homes by 2030. This means that 8% of the stock in 2030 are built after 
2020 – this represents a 9% increase on today’s number of buildings). By 2050, we project 1,590,000 
new builds. 

 

Figure 20 Stock breakdown in 2030 and 2050 
A simplified archetyping scheme is applied for new builds relative to the methodology for existing 
buildings. 12 archetypes are used spanning 3 sizes for each of 4 property types. Space heating and hot 
water demands for new builds up to 2025 are assigned based on requirements to meet current building 
regulations, and subsequently are assigned according to the proposed Future Homes Standard12. Table 
7 shows the heat demands assumed. 

Table 7 Assumed heat demands (space and hot water) for new domestic buildings 

 Property type Heat demand for pre-2025 
new builds (kWh/m2) 

Heat demand for post-2025 
new builds (kWh/m2) 

Detached 55.6 44.4 

Semi-detached 61.5 42.6 

Terrace 45.0 38.8 

Flat 39.1 33.7 

                                                      
12 Consultation on changes to Part L and Part F of the Building Regulations https://www.gov.uk/government/consultations/the-
future-homes-standard-changes-to-part-l-and-part-f-of-the-building-regulations-for-new-dwellings 
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Figure 21 Cumulative number of new builds per LSOA by 2030 

3.3.2 Non-domestic new build floor area projections 
The non-domestic floor area projections are based on a combination of sources and aligned with the 
work done in by Element Energy in DFES 2019. Future growth and demolition of the non-domestic 
sectors has been defined for each local authority.  

The non-domestic floor area projections are assigned as follows: 

• First, Gross Value Added (GVA) trends calculated by correlating GDP growth from the Office 
for Budgetary Responsibility (OBR) and local authority-specific historic data on GVA/person.  

• The GVA has been related to floor area using Historic trends in GVA and changes in floor space 
in each local authority using data from the Office for National Statistics (GVA) and Valuation 
Office Agency (VOA) (floor space).  

• The projected growth is limited to the maximum historic growth rate in floor space within UKPN. 

The floorspace projections are further broken down into sector-specific projections. This accounts for 
different historic trends, e.g. increases in retail and office floor area and decreases in industrial floor 
area. Regional specific trends for 4 sector types have been derived from the DFES work: Retail, Office, 
Industrial and Other (see Figure 22). For the sectors not included in the data sets, the average growth 
for the ‘other’ sectors was applied. The projections used are based on 2019 DFES projections.  
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Figure 22 Historical floorspace trends by sector (source: DFES 2019) 
The total floor space has been relatively stagnant in recent years, with all sectors contracting except for 
retail for an overall contraction by 3% by 2050 (see Appendix section 9.7). This means that the rate of 
demolition is higher than the rate of new build. In addition, new building standards for the non-domestic 
sector have not been announced yet by the UK government. Thus, we have assumed that all the floor 
space has the same heating demand as the existing building demand for each sector.  
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4 Heat decarbonisation options   
A range of options have been considered for decarbonising space and hot water heating in the UKPN 
area including both low carbon heating and energy efficiency measures. The measures have been 
applied in packages to assess the cost and benefits of combining energy efficiency and low carbon 
heating.  

Energy efficiency measures reduce the amount of fuel required for space and hot water heating, 
reducing the annual fuel cost and carbon emissions. However, the benefit of energy efficiency measures 
also varies based on the heating technology they are paired with. The associated carbon emission 
reduction is in proportion with the energy demand reduction, but the absolute saving depends on the 
heating system supplying the heat demand. As such, the impact of energy efficiency measures on 
reducing carbon emissions is greatest for high carbon technologies and falls to zero for zero emission 
technologies. Some energy efficiency measures provide a further benefit when paired with certain 
heating technologies. Beyond reducing carbon emissions, building fabric energy efficiency measures 
also perform a second function which is likely to be more important when pursuing a rapid transition to 
absolute zero emissions; they facilitate the use of low temperature heating systems, which allow certain 
low carbon heating systems, such as heat pumps, to operate more efficiently. Buildings with lower 
energy efficiency will require increasingly larger radiators to meet the thermal comfort requirements of 
heat pumps, eventually becoming unviable beyond a certain heating demand density. In addition, 
increased cost benefits are seen for technologies which use costly fuels or have lower efficiency fuel 
use as greater fuel cost savings can be achieved by lowering the heating requirement.  

Different measures have been applied for domestic and non-domestic buildings. This is based on the 
granularity of the building archetype, the availability of adequate data sets, and the differentiation in 
cost and performance metrics for the domestic and non-domestic sectors.  

4.1 Energy efficiency measures 
Building fabric energy efficiency measures reduce the energy required to maintain the same internal 
temperature profile for a building and hence reduce the space heating demand whilst having little or no 
impact on the energy demand for hot water. Building fabric energy efficiency measures typically reduce 
thermal energy loss by improving the insulation of the walls, roof, floor and / or windows or be improving 
the airtightness. Heat recovery can be used to further reduce the heat loss and hence lower the space 
heating energy demand. In addition to building fabric measures, efficiency improvements can be 
realised in the delivery of heat, namely the avoidance of excessive space conditioning, unnecessary 
circulation / distribution of heat (and associated systems losses) and process wastage. Control 
technologies and mechanical system design philosophies are subject to continual evolution, often 
revealing relatively short investment return opportunities.   

It is noted that retrofit energy efficiency improvements will be vital in order to mitigate the impacts of 
any additional loads placed on local and national energy infrastructure. In particular, an increased 
reliance on electricity to power heat pump-based technologies must be assessed against the 
infrastructure limitations and in renewable electricity production and availability. In other words, such 
significant increase in electricity demand and consumption will result in an equally significant increase 
in generation, which could potentially result in higher levels of fossil-fuelled/non-renewable electricity 
production. Energy efficiency measures could partially alleviate the need for additional electricity 
production, as well as reinforcement of local infrastructure.    

4.1.1 Domestic energy efficiency measures considered 
The following energy efficiency measures are included in our analysis for domestic buildings: 

• Cavity wall insulation (easy-to-treat and hard-to-treat) 
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• Solid wall insulation (internal and external) 

• Roof insulation (easy-to-treat and hard-to-treat) 

• Behavioural measures, including heating system controls and smart feedback. 

• Floor insulation  

• Other measures; 

o Draught proofing and reduced infiltration 

o Efficient glazing  

o Insulated doors  

o Hot water tank insulation  

o High efficiency boiler 

o Reduced flow showers  

o High efficiency lighting 

The costs of domestic energy efficiency measures have been compiled mainly from two recent studies 
produced for BEIS by Cambridge Architectural Research13 and the Energy Saving Trust14, 
supplemented by several other sources. These have been combined with the information in our stock 
model on each building archetype, such as the construction type, type of insulation required and the 
area of fabric requiring treatment, to determine the cost of each measure for each archetype, consistent 
with the energy savings estimates. 

The costs and performances of the measures averaged across the archetypes present in the UKPN 
areas are shown in Table 8.  

Measure Average cost Annual space 
heating demand 
saving (%) 

Annual hot water 
demand saving 
(%) 

Behavioural £170 3% 5% 

Cavity wall £902 9% 0% 

Floor £1,417 5% 0% 

Other £351 3% 0% 

Roof £314 5% 0% 

Solid wall £5,674 14% 0% 

Table 8 Cost and heat savings of energy efficiency measure categories modelled, averaged 
across the range of archetypes 
The above measures are applied in “packages” of varying depth which include a combination of the 
suitable measures for a given archetype. The costs of such packages of suitable energy efficiency 
measures vary widely between archetypes from £100s to £10,000s. Two illustrative examples of 
packages applied to particular archetypes are shown in Figure 23. Our deepest modelled package 
(“High”) has an average heat demand reduction of 32% for those buildings which are suitable for all 
measures. 

                                                      
13 CAR, 2017. What Does It Cost to Retrofit Homes? Report for Department for Business, Energy & Industrial Strategy. 
14 EST, 2019. Determining the costs of insulating non-standard cavity walls and lofts. Report for Department for Business, 
Energy & Industrial Strategy. 
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Figure 23 Example energy efficiency packages for two archetypes 

4.1.2 Non-domestic energy efficiency measures  
The non-domestic energy efficiency measures come from the BEES data set. It provides the cost and 
fuel savings for each measure across the entire commercial sector. Figure 24 below shows the total 
abatement potential across all sectors in the UK as of 2014/2015. The measures include the most cost-
effective measures and account for suitability for different buildings within the sector.  
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Figure 24 Total energy efficiency abatement potential across all sectors in the UK (GWh/a) 
(Source: BEES, 2014/2015) 
The modelling considers the costs and impact of energy efficiency measures on heating demand (both 
space and hot water). However, there is limited data available for non-domestic energy efficiency cost 
and performance. The data provided in BEES includes all fuel savings for the archetype sectors and 
does not specify the end use. As a result, several of the measures which impact other energy end uses 
had to be excluded. Space heating was also excluded as it will be modelled through the low carbon 
heating technology rather than as an energy efficiency measure.  

The measures which only impacted space heating and hot water have been included. They are applied 
both individually to buildings and as a combined measure package. The final set of energy efficiency 
packages included were: 

• Building fabric measures; 

• Hot water demand reduction measure; 

• Both building fabric and hot water demand reduction measures.  

Decarbonisation potential & cost 
There is significant potential for abatement across the non-domestic stock through building fabric, space 
heating and energy management measures. The technical potential of applying both building fabric and 
hot water measures to suitable buildings in each sector achieves an average of 14% total savings in 
heat demand. However, the technical potential is higher than that seen when factoring in consumers’ 
optimising for the most cost-effective or least payback measures.  

The cost and performance for non-domestic energy efficiency measures are provided in Table 9. The  
costs shown represent the upfront capital cost of the measure divided by the average annual savings 
in heating demand. Reducing space heating in non-domestic buildings varies between £2.7-13.5/kWh/a 
to achieve cost-optimal levels, while reductions to hot water cost between £0.4-1.8/kWh (see table 
below). On average, the CAPEX of the building fabric measures are between 40-270% of the baseline 
annual fuel costs.  
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Energy efficiency 
Measures 

Building Fabric Hot water 

Sector Reduction in heating 
demand 

CAPEX (£/kWh 
heating 
demand saved 
per annum) 

Reduction in heating 
demand 

CAPEX (£/kWh 
saved) 

Community, arts 
& leisure 

12%            0.6  1%            0.4  

Education 10%            0.5  4%            0.2  
Emergency 
Services 

11%            0.5  3%            0.1  

Health 10%            0.6  5%            0.1  
Hospitality 13%            0.8  2%            0.3  
Industrial 13%            0.8  1%            1.1  
Offices 13%            0.8  2%            0.5  
Retail 10%            1.3  1%            1.5  
Storage 10%            0.9  1%            0.9  

 

Table 9 – Energy Efficiency Measure heating reduction (% of original total heating demand) and 
average cost per sector 
 

4.2 Low-carbon heating  
There is currently a very low level of deployment of low carbon heating. However, in order to achieve 
net zero by 2050, low carbon heating options will have to be deployed across the majority of the suitable 
building stock. These low carbon options include low carbon gas and electrically heated technologies 
with varying levels of heating efficiency and costs. National policy remains largely technology agnostic 
and there is still no consensus on which forms of low carbon heating will be deployed. As such, a 
comprehensive range of low carbon heating technologies were considered that are widely available 
today or are expected to be available in the near future.  

4.2.1 Options considered 
Our detailed dataset of cost and performance data covers a comprehensive range of low carbon heating 
technologies. The technologies included were selected based on the following criteria: 

• Zero-carbon compatibility (for all but the business-as-usual scenario) – This includes those 
technologies operated by either bioenergy, electricity or a combination of the two; 

• Sufficient commercial availability (currently or expected in the near term) – this includes 
technologies such as Hydrogen boilers which are being tested for widespread use. This 
excludes those technologies which are expected for more niche applications in the next two 
decades such as fuel cell CHP and thermally driven heat pumps; 

• Sufficient data on cost and performance.  
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Table 10 Heating technologies considered in the analysis 

Domestic heating technologies Non-domestic heating technologies 

Air source heat pump (at varying flow 
temperatures) 

Air source heat pump 

Ground source heat pump (at varying flow 
temperatures) 

High temperature air source heat pump 

Hybrid heat pump (heat pump + boiler/solar 
thermal/direct electric) 

Ground source heat pump 

Electric storage High temperature ground source heat pump 

Electric resistive Hybrid heat pump (heat pump + boiler) 

Solar thermal Biomass boiler 

Bioenergy boiler Electric resistive 

Low carbon gases (biomethane/ bioSNG / 
hydrogen) 

Hydrogen boiler 

District heating connection District heating connection 

 

Heat pumps 

Heat pumps are a form of electric heating where energy is extracted from the environment in order to 
provide space or water heating at a high efficiency. They operate via a cycle of vaporization and 
subsequent condensation of a refrigerant and typically deliver an amount of heat energy 3-4 times larger 
than the electrical energy used. Heat pump operation emits no greenhouse gases on site (other than 
any leakage of refrigerants), and their high efficiency means they can achieve very low levels of CO2 
emissions from power generation when combined with overall decarbonisation of the electricity grid. 
Heat pump efficiency decreases with the size of the difference between the temperature of the 
environment and the delivered output temperature – highest efficiency occurs when the environment is 
warm and the output temperature is relatively low. Heat pump systems normally involve some form of 
heat storage such as a hot water cylinder, and often use an additional heat source to provide hot water.  

Heat pumps are the most common renewable heating technology domestically in the UK15; however, 
the rate of installation is low. Across Great Britain, 36,000 heat pumps were installed under the domestic 
Renewable Heat Incentive in over 5 years between April 2014 and November 2019, and less than 2000 
heat pumps were installed under the non-domestic Renewable Heat Incentive between Nov. 2011 and 
Nov. 201916. It is however noted that heat pumps for cooling and cooling/heating purposes (i.e. chillers) 
are very common. 

There are two kinds of heat pump commonly in use in the UK – air source and ground source. Air source 
heat pumps extract heat from the outside air, while ground source heat pumps use heat from the soil 
or ground water. Of around 17,000 heat pumps installed in the UK in 2017, 80% were air source17. 
Ground source heat pumps can often operate at higher efficiency than air source heat pumps and 
deliver more heat per unit electricity than air source heat pumps when measured over a full year18. 

                                                      
15 Department for Business, Energy & Industrial strategy, 2019. Energy Innovation Needs Assessment, Sub-theme report: 
Heating & cooling 
16 Department for Business, Energy & Industrial strategy. RHI monthly deployment data: November 2019. Available at: 
https://www.gov.uk/government/statistics/rhi-monthly-deployment-data-november-2019 
17 European Copper Institute (2018), Heat pumps: integrating technologies to decarbonise heating and cooling. Available at: 
http://www.buildup.eu/sites/default/files/content/ehpa-white-paper-111018.pdf 
18 Analysis of heat pump data from the renewable heat premium payment scheme, UCL, 2017 
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However, they have minimum space requirements for installation and are generally more expensive 
due the requirement for groundworks during installation.  

As noted above, heat pumps are most efficient when they are operated at a low output temperature 
(typically 45-55°C) rather than the typical 80°C output for a gas boiler. The majority of heat pumps in 
operation today are therefore low temperature heat pumps. However, low temperature heating is only 
suitable for buildings where the existing heat distribution system (radiators, pumps and pipes) is able 
to provide sufficient thermal output to maintain thermal comfort, typically in well insulated buildings. 
Alternatively, high temperature heat pumps (operating at up to 80°C) are available and are suitable for 
a greater number of properties given their ability to supply the existing heat distribution system at the 
same temperature as the counterfactual technology that the system was designed for. The main 
drawbacks of high temperature heat pumps are the additional capital cost and the reduced efficiency 
relative to low temperature heat pumps. High temperature heat pumps are a relatively immature 
technology so cost reductions and improved performance is expected in the future but is currently highly 
uncertain.  

Hybrid heat pumps combine a heat pump with a boiler utilising natural gas, hydrogen, biomethane or 
bioenergy.  The share of the heat pump component of the system can range from 30-95%19. At the 
higher end of this spectrum, the heat pump is operating in a ‘switch hybrid mode’ where the heat pump 
meets the baseload demand at a high efficiency, and the alternative heating system meets the peak 
demand where the heat pump cannot. Other hybrid heat pump systems operate both components in 
parallel, seeing lower efficiency and carbon savings. Hybrid heat pumps may be beneficial to reduce 
the high costs of electrification at an energy system level (e.g. by reducing the reinforcement costs to 
the distribution networks). They also may be a potential solution as a transitional technology because 
they maintain the option for both low carbon gases or a full heat pump system, and can be used in 
buildings which have not yet been retrofitted with sufficient energy efficiency measures to enable a full 
switch to heat pump heating, while still significantly reducing the building’s carbon emissions from 
heating. However, they achieve lower efficiencies and may eventually require replacement if utilising 
fossil fuels.  

Direct electric heating 

Direct electric heating works by passing an electric current through a resistive element to generate heat. 
There are various systems for distributing this heat (convection heaters, infrared, electric boiler), but in 
each case the efficiency cannot rise above 100%. This causes the key disadvantage of direct electric 
heating compared to heat pumps; both the running costs to the consumer and the CO2 emissions of 
direct electric heating are significantly higher. Electric storage heaters, which make use of cheaper, off-
peak electricity mitigate this first disadvantage to some extent but do not change the associated CO2 
emissions.  

However, there are advantages of direct electric heating which make it attractive in some 
circumstances. It typically has a considerably lower capital cost, with a cost (including installation) of 
around £1,200 for a domestic property, as compared to around £7,000 for an air source heat pump. In 
addition, it can be installed in the majority of the building stock without the need for a low temperature 
heating system or deep energy efficiency improvements. It is however noted that the technical feasibility 
of direct electric heating as a retrofit may often be severely restricted by the lack of grid capacity, given 
the significant loads it would create.   

Biomass boilers  

Biomass boilers operate similarly to a conventional gas boiler, providing both hot water and space 
heating by the combustion of fuel to heat water. However, rather than using natural gas as fuel they 
use (in the context of buildings) wood pellets, chips or logs while in the industrial use it can be items 
such as miscanthus and energy crops. On combustion, carbon present in the biomass combines with 
oxygen in the air to form the same amount of carbon dioxide which was absorbed from the atmosphere 

                                                      
19 Element Energy for BEIS, 2017. Hybrid heat Pump Report. 
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while the source of the biomass was growing. As a result, the combustion of biomass can be considered 
carbon neutral, although only when sustainable replenishment of the tree or plant is assumed, when 
any required transportation is net zero, and when net emissions are considered over a long enough 
time period.  There is also the argument that using land for growth of fuels rather than alternative options 
may be unsustainable. Because of the lower energy density of wood fuel, biomass boilers are physically 
larger than gas boilers, and storage space is also required for the fuel. A biomass boiler also needs 
additional maintenance as compared to a traditional gas boiler – ash must be removed frequently, and 
the fuel store replenished.  

Biomass for heating is generally unsuitable in urban areas because of adverse air quality impacts. In 
addition, due to difficulties with transportation of fuels biomass is usually most sustainable when used 
locally. In the long term it is likely that demand for biomass will surpass the available sustainably sourced 
supply, in which case only certain uses at a national level ought to be pursued20. These may be in 
homes with few alternatives or in industrial cases where the carbon emissions can be captured for 
negative emissions. This would likely exclude biomass boilers, except in some limited circumstances, 
such as in hard-to-insulate buildings away from urban areas. While biomass boilers represent 85% of 
the renewable heating systems installed under the non-domestic Renewable Heat incentive21, the 
Committee on Climate Change has recommended that BEIS ends support for their installation where 
other low-carbon options are available22.   

Hydrogen boilers 

An alternative pathway for the decarbonisation of heating to the electric and biomass based options 
described above is the provision of low-carbon hydrogen, likely via a repurposed gas distribution 
network, which would be burned in boilers similar to those currently in use for natural gas. The potential 
benefits of such an option include low building scale costs (similar to current costs for gas boilers once 
produced at scale) and no additional space or building energy efficiency requirements compared to gas 
boilers. Additionally, hydrogen boilers would imply minimal change in user experience as compared to 
gas boilers.  

However, the deployment of hydrogen boilers will only be possible with large scale rollout of the required 
infrastructure at a national/regional scale such that hydrogen supply is made available. There are 
significant barriers and challenges associated with the widespread use of hydrogen for heating. 
Hydrogen boilers are not yet a proven technology and there are concerns around safety of use and 
distribution, and the associated consumer acceptability. In addition, there is uncertainty over the 
commercial viability and optimal method of producing large quantities of low carbon hydrogen23.  The 
government has not yet taken a policy position on the future of the gas grid; the Clean Growth Strategy24 
states the government’s ambition for a decision to be made over decarbonising heat, including the 
future of the gas grid, in the first half of the 2020s.  

District heating 

District heating systems, or ‘heat networks’, use centralised energy sources to supply heat to multiple 
users.  Water is heated centrally, and then hot water or steam is distributed via a network of insulated 
pipes. Networks vary in size; they can span across large areas of a city but can also cover a small 
cluster of several buildings. A key advantage of district heating over building-scale heating systems is 
that they benefit from economies of scale and the diversity of heat demand profiles across users. They 
can also utilise multiple heat sources, including waste heat sources, such as from industry or power 
generation. District heating is cost-effective in areas of high heat demand density, since the costs of 

                                                      
20 Committee on Climate Change, 2018. Biomass in a low carbon economy 
21 Department for Business, Energy & Industrial strategy. RHI monthly deployment data: November 2019. Available at: 
https://www.gov.uk/government/statistics/rhi-monthly-deployment-data-november-2019 
22 Committee on Climate Change, 2018. Biomass in a low carbon economy 
23 For example, see Options for producing low-carbon hydrogen at scale, Royal Society 
24 The Clean Growth Strategy: Leading the way to a low carbon future, HM Government (2017). 
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distribution pipework and energy generation facilities are then shared between a larger number of users 
and can fulfil the heating needs of space constrained buildings. 

There are around 5500 district heat networks in the UK25. Currently, there are an estimated 105,000 
domestic (1.3%) and 8,000 non-domestic (1.1%) customers connected to District heating in the UKPN 
areas.  

There are various options for the central heat supply facilities. These include natural gas fired boilers 
or combined heat and power (CHP), waste heat sources (industry, power generation, environmental), 
heat pumps, and biomass fired boilers/CHP. While the majority of currently operating heat networks are 
supplied by natural gas, the proportion of networks powered by low carbon sources, such as waste heat 
and heat pumps, is growing25. They are most efficient when combined with low temperature heating 
systems as this reduces thermal losses along pipes. If supplied using heat pumps, a low operating 
temperature also increases the efficiency of heat generation. Most district heating systems provide the 
desired temperature directly, but schemes exist in which distribution occurs at a lower temperature and 
then increased within individual buildings using small heat pumps. This has the advantage of reducing 
thermal losses along the network26. 

4.2.2 Performance and cost of low carbon heating technologies 
The data on cost and performance of domestic low carbon heating systems is sourced predominantly 
from  the Committee on Climate Change’s ‘hard to decarbonise homes’ report, by Element Energy and 
UCL27, and the UK 2nd Cost optimal report28. 27 different heating systems are modelled for domestic 
buildings, including various hybrid systems involving a heat pump and additional heating source, as 
well as combinations of heat pump with thermal storage.   

                                                      
25 The Association for Decentralised Energy, January 2018. Market Report: Heat Networks in the UK 
26 Department for Energy and Climate Change, 2016. Heat pumps in district heating, a report by Element Energy and Carbon 
Alternatives  
27Analysis on abating direct emissions from ‘hard-to-decarbonise’ homes (Element Energy & UCL) 
https://www.theccc.org.uk/publication/analysis-on-abating-direct-emissions-from-hard-to-decarbonise-homes-element-energy-
ucl/ 
28 Ministry of Housing, Communities & Local Government, 2019. Energy Performance of Buildings Directive. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/770783/2nd_UK_Cost_Opti
mal_Report.pdf  

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/770783/2nd_UK_Cost_Optimal_Report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/770783/2nd_UK_Cost_Optimal_Report.pdf
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Table 11 shows selected performance and cost data, for some key heating technologies. The seasonal 
efficiency of heat pumps is quoted as a range, corresponding to the performance at the maximum and 
minimum flow temperatures of 35 and 60°C. In the case of boilers (hydrogen, gas or oil), CAPEX is 
assigned based on input data at each size (kW) rather than a fixed and marginal component, so a 
representative cost for a 17kWth system is shown below. This system size is the average required 
across the baseline stock in our modelling. 
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Table 11 Domestic low carbon heating example cost and performance data in 2030 

Heating 
Technology 

Seasonal 
Efficiency (kWh 

th/kWh) 

Illustrative 
CAPEX (£) 
(17kWth 
boiler) 

Fixed 
CAPEX (£) 

Marginal 
CAPEX 

(£/kW th) 

Fixed Opex  
(£/yr) 

Gas boiler  87% 2,205 - - 100 

Direct Electric 
(electric resistive) 100% - 227 113 100 

Air Source Heat 
Pump 260-370% - 3,843 231 100 

Ground Source 
Heat Pump29 295-394% - 7,843 231 100 

Hydrogen Boiler 87% 2,355 - - 150 

Hybrid Heat pump - 
H2 168% - 5,093 231 188 

Hybrid Heat pump - 
bottled bioLPG 217% - 5,380 231 215 

 

The efficiency and cost of non-domestic low carbon heating varies slightly from the domestic heating 
system due to the economies of scale that can be achieved with larger systems. Where non-domestic 
specific data is available, it has been used to account for these differences. Where no non-domestic 
data is available, domestic data has been used and scaled based on industry quotes or previous 
studies. This is true for all technologies except for direct electric systems which are not centrally located.  

The majority of the costs come from the Ministry of Housing, Community and Governments’ Report on 
the Energy Performance of Buildings Directive (UK 2nd Cost optimal report)30 which provides cost and 
performance for gas boilers and low temperature heat pumps.  These costs have been updated based 
on the CCC assumptions. Industry quotes have been used as a starting point for the high temperature 
heat pumps and updated based on CCC assumptions as well. The direct electric heating is assumed 
to have similar cost and performance as the domestic case and thus are taken from the CCC report. 
Hybrid heat pump values are based on the BEIS hybrid HP study. Hydrogen boilers assume an uplift 
on gas boiler costs taken from the CCC report assumptions.  

Cost and performance varies by the installed capacity, year and cost scenario. This means less mature 
technologies see higher efficiencies and lower costs over time, and larger capacity technologies tend 
to see lower costs and higher efficiencies. Example cost and performance for the heating technology 
and installation in the central case for 2030 is shown in Table 12 below. Note, costs shown are not 
inclusive of conversion costs such as pipework, wiring or radiators. These conversion costs have also 
been included in the modelling and are summarised in Appendix 9.7. 

  

                                                      
29 Assuming a shared ground loop 
30 Ministry of Housing, Communities & Local Government, 2019. Energy Performance of Buildings Directive. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/770783/2nd_UK_Cost_Opti
mal_Report.pdf  

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/770783/2nd_UK_Cost_Optimal_Report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/770783/2nd_UK_Cost_Optimal_Report.pdf
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Table 12 - Non-domestic low carbon heating example cost and performance data in 2030 

Heating Technology 
Seasonal 

Efficiency (kWh 
th/kWh) in 2030 

Fixed 
CAPEX 

Range (£) in 
2030 

Marginal 
CAPEX 

Range (£/kW 
th) in 2030 

Marginal Opex 
range (£/kW 
th/yr) in 2030 

Gas boiler  72- 84% - 30-220 1.6-16.4 

Direct Electric (electric 
resistive) 100% 235 120 1.6-16.4 

Biomass boiler 74% - 290-1,520 7.5-10.3 

Air Source Heat Pump 295-460% 3,100 110-260 0.3-12.7 

High Temperature Air 
Source Heat Pump 210-260% 3,410 120-290 1.0- 4.7 

Ground Source Heat 
Pump 360-520% 10,000 1,050-2,380 0.5-5.4 

High Temperature 
Ground Source Heat 
Pump 

245-300% 11,0000 1,500-2,320 1.3-3.4 

Hydrogen Boiler 87% - 30-220 1.6-16.4 

Hybrid Heat pump - 
bottled bioLPG or H2 160% - 125-700 1-20 

 

The technology suitability also varies based on the building archetype. Hydrogen boilers are only 
considered suitable in buildings with gas connections, and Hybrid heat pumps with bottled Bio LPG are 
only considered suitable in buildings with no gas connection. Biomass boilers are unsuitable in many 
urban locations, however the scenarios had limited deployment of new biomass boilers (<2%) in 
buildings without biomass already installed. Heat pumps are assumed to be constrained by the space 
of the building as they require more roof or ground space than counterfactual heating systems. They 
are not suitable for all ‘small’ building sizes and are assumed partially suitable for Medium building sizes 
(10% deemed to be unsuitable). Heat pumps are also only suitable in buildings with a minimum 
threshold of heat loss, which also determines the minimum flow temperature.  
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Insight 2 – Stakeholder views on the uptake of energy efficiency 
and low carbon heating measures 
 

Two stakeholder workshops conducted as part of this study gathered views on (i) the uptake of 
energy efficiency measures and the role of DNOs, and (ii) the deployment of low carbon heating 
technologies. Stakeholders attending included representatives of BEIS, Greater South East Energy 
Hub, LETI and Passivhaus Trust, UK100, GLA. 
 
Key messages on the deployment of low carbon heating included: 

• Both electrification and low carbon gases may play a role. There is a need for zone specific 
plans. 

• Electrification is likely to play larger role by 2030, with ASHPs most common. 
• There is also potential for district heating, biomethane, and hybrid heat pumps to make 

important contributions. 
• The highest uptake of low carbon heating is expected in new builds, off-gas buildings and 

social housing, but energy efficiency and tenure type are also important factors. 
• Cost and disruption are key barriers to deployment. For heat pumps, additional barriers also 

include supply chain maturity, noise and space constraints and energy efficiency. 
 

On the role of DNOs in energy efficiency deployment, stakeholders suggested that: 
• A localised approach is key. 
• The most effective roles for UKPN are likely to be in co-ordination and collaboration, and in 

directly leading energy efficiency roll out. The ideas of taking on a more passive role or of 
enforcing uptake via a compliance role were not favoured 
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5 Scenarios 

5.1 Introduction to the scenarios 
This study considers four scenarios influencing the deployment of low carbon technologies and energy 
efficiency at an archetype level. The scenarios are broadly aligned to those used in the National Grid 
Future Energy Scenario (FES) Framework as well as UKPN’s most recent Distribution Future Energy 
Scenarios (DFES). The four scenarios are applied in the modelling to achieve different pictures of how 
heat will decarbonize through electrification or low carbon gases paired with differing levels of energy 
efficiency. Three of the scenarios achieve net zero by 2050 or earlier, while one considers the end-state 
in 2050 with little or no policy intervention.  

Each scenarios utilizes different policy and regulatory levers to impact the rate and type of deployment 
of low carbon heating technologies and energy efficiency. These levers include regulatory or policy 
measures; financial incentives and different behavioral and market factors. These levers change the 
options available to consumers and the associated costs, increasing the deployment of different 
combinations of measures. A description of the policy levers and the impact on deployment measures 
for the four scenarios is below in Table 13.  

Table 13 – Scenario levers 

Scenario Levers Expected Impacts 

Steady 
Progression 
(BAU) 

• No clear policy on heating 
and clean heat incentive 
schemes not extended 

• Energy efficiency focused on 
fuel poverty 

• Gas prices remain low 
• DNO provides energy 

efficiency information only 

• Gas boilers remain 
dominant 

• Heat networks not 
decarbonized 

• Historical (low) uptake of 
energy efficiency 

Consumer 
Transformation 
(High 
electrification) 

• Ban on new gas boilers by 
2035 

• National insulation 
programmes and minimum 
energy efficiency and/or 
carbon standards 

• Fuel price mechanisms such 
as higher carbon tax 

• High consumer engagement 

• High electrification via 
deployment of heat pumps 

• Hydrogen in hard to reach 
buildings 

• High energy efficiency 
• Earlier decarbonisation of 

off-gas grid properties 

System 
Transformation 
(High hydrogen) 

• Hydrogen compatibility 
requirement for new boilers 

• Reduced national insulation 
programme 

• Low gas prices for hydrogen 
production via SMR 

• Lower consumer 
engagement 

• Hydrogen dominates on-
gas areas 

• electrification of new builds 
• Medium energy efficiency 
• Earlier decarbonisation of 

off-gas grid properties 
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Leading the way 
(Early Net Zero) 

• Ban on new gas boilers by 
2030 

• Ambitious local government 
targets for energy efficiency 
and low carbon heating 

• Financial incentives for low 
carbon heating e.g. Green 
Homes Grants 

• Fuel price mechanisms such 
as higher carbon tax 

• Electrolysis for hydrogen in 
late 2030s 

• Regional mix of 
electrification and 
hydrogen 

• Fastest roll-out of measures 
• High energy efficiency  
• Earlier decarbonisation of 

off-gas grid properties 

 

5.2 Enablers 
Deployment of low carbon heating and energy efficiency can be enabled in a variety of ways. The 
scenarios include a range of levers which could all be a possible enabler in the real world.  

POLICY 

Policy is commonly referenced as the most critical lever for enabling uptake of new technologies. Policy 
levers could include: 

• Carbon standards or taxes 
• Financial incentives such as grants or loans for low carbon heating technologies or energy 

efficiency measures 
• Policies targeting fuel-poor homes or social housing 

One such example of policy is the Green Homes Grant31, which is assumed to apply in all scenarios. 
Green Homes Grants apply to energy efficiency measures, heat pumps and solar thermal heating. It 
results in increased uptake during the period 2020/2021. The scenarios are then differentiated based 
on the level of continuation of incentives after this period; under the Consumer Transformation and 
Leading the Way scenarios, we model a policy situation with a similar level of ambition to the Green 
Homes Grants scheme, continued out to 2030 and beyond. This is done via a grant mechanism in the 
model, which makes the first £5000 of energy efficiency measures free to the domestic consumer. A 
less ambitious energy efficiency policy scenario is imagined in System Transformation – we model 
smaller £1750 domestic grants in this case.    

Alongside the Ten Point Plan for a green Industrial Revolution, the recently published Energy White 
Paper32 also includes policy to influence the uptake of low carbon technologies and energy efficiency. 
In terms of energy efficiency, the Energy White Paper includes commitments for £9.2 billion for retrofit 
schemes. This is less than the CCC has predicted will be needed to achieve Net Zero. It also presents 
a policy aim to achieve EPC ratings of B or C in all residential rental properties by 2028 and EPC of B 
in commercial properties by 2030 where “practical, cost-effective and affordable”. This is consistent with 
the study scenarios which all include some levels of financial support for energy efficiency, and the 
2028 backstop date for energy efficiency is in between the time-frames proposed for the different 
scenarios.  

                                                      
31 See The Ten point Plan for a green industrial Revolution, https://www.gov.uk/government/publications/the-ten-point-plan-for-
a-green-industrial-revolution/title 
32 Energy white paper: Powering our net zero future, https://www.gov.uk/government/publications/energy-white-paper-
powering-our-net-zero-future 
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The Energy White Paper does not make a large amount of commitments around low carbon heating. 
However, it does commit £400 million for heat networks, which is consistent with the scenario 
projections of medium-high deployment of Heat networks. It also proposes a target of 600,000 heat 
pump installations per year by 2028, over 20x the current market size. 

REGULATION 

Similar to policy measures, regulation could be put in place to enforce policy aims. Such regulatory 
measures could include: 

• Minimum energy efficiency standards 
• Banning new gas boilers 
• Mandating all boilers be hydrogen ready 

The government has announced in their Energy White Paper several consultations that would influence 
future regulation. They will consult on the potential for banning gas boilers in new homes by 2025, but 
there is no reference to any date for ending replacement fossil fuel heating systems in existing buildings 
(on or off the gas grid). Banning gas boiler is new builds from 2025 is consistent with the Consumer 
transformation and Leading the way Scenarios, but these scenarios also assume that additional 
mandates will be brought in for low carbon heating in the existing building stock. The white paper also 
proposes a consultation in 2021 about mandating Hydrogen-ready appliances. If put into regulation, 
this would be consistent with the System Transformation scenario timing. 

MARKET 

Enablers could also come from the market. These changes may be because of policies or may be led 
by the commercial sector or consumer behaviour. These could include:  

• Fuel costs 
• Supply chain maturity 
• Technology cost reduction 
• Behavioural change 
• New commercial offers, such as Heat as a Service and energy performance contracts 

As an example, the cost of Hydrogen in the future is highly uncertain and predictions of Hydrogen prices 
vary significantly. For example, Imperial college present a range from 4.9 p/kWh – as high as 18.5 
p/kWh for Hydrogen. Element Energy Analysis in the Hy-Impact series33 assumes a price of Hydrogen 
of 4.4 p/kWh. The white paper proposes the development of a commercial framework for Hydrogen 
production by 2022, but the outcome is still unknown. A range of Hydrogen price assumptions have 
been used across the scenarios. 

DNO 

The DNOs could also be enablers for the deployment of energy efficiency measures. Such roles for the 
DNO could include: 

• Passive role: raising awareness of energy efficiency measures and providing information and 
guidance to domestic and non-domestic customers 

• Compliance role: requiring minimum energy efficiency standards for new connections 
• Coordination and collaboration role: working with local stakeholders (particularly local 

authorities and gas networks) to identify the best approach 
• Leading role: either direct funding of energy efficiency measures or incentivisation of energy 

efficiency through Use of System (UoS) or connection charges 

                                                      
33 Element Energy, for Equinor. Four studies assessing the role of hydrogen in the UK net-zero transition http://www.element-
energy.co.uk/wordpress/wp-content/uploads/2019/11/Element-Energy-Hy-Impact-Series-Summary-Document.pdf 
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Stakeholder engagement during the study revealed that key stakeholders believe the most effective 
roles for UKPN will be co-ordination and collaboration, and leading energy efficiency roll out. A passive 
role and enforcing uptake via a compliance role were also considered, but largely not favoured as 
options.  

5.3 Modelled scenario levers 
The scenarios apply the different policy levers and mandate dates at different times. The dates at which 
policy levers are assumed to be implemented are shown below in Table 14. Note the years are shown 
for domestic buildings, with non-domestic dates following 2 years behind the domestic ones. The timing 
of the implementation of these policies greatly impacts the speed at which deployment of different 
measures can be seen in the results of each scenario. 

Table 14 Mandate and backstop dates for low carbon heating and energy efficiency for each 
scenario 

  Steady 
Progression 

Consumer 
Transformation 

System 
Transformation 

Leading the 
way 

Low carbon heating 
mandate (on gas)  - 2030 2035 (regionally 

from 2030) 2030 

Low carbon heating 
mandate (off gas) - 2026 2028 2026 

Backstop date by which 
sufficient energy 
efficiency required 

- 2027 2030 2027 

 

5.4 Comparison and links to other future scenarios 
Alongside the energy efficiency and heat decarbonisation scenarios developed in this study, Element 
Energy has recently produced UK Power Networks’ Distribution Future Energy Scenarios (DFES), 
which also include projections for the deployment of low carbon heating technologies across the licence 
areas, together with projections for the deployment of a wide range of other low carbon technologies 
and distributed generation.  

Both this study and the DFES have adopted the National Grid’s Future Energy Scenarios (FES) to 
provide an overall scenario framework.  This framework provides four scenarios – three net zero 
compliant and one lower ambition scenario – with differing scenario narratives, in terms of the approach 
to decarbonisation and degree of societal change.  Within this framework, both this study and the DFES 
have generated a set of scenarios that are customised for UK Power Networks’ licence areas, by 
considering the key regional characteristics that will drive uptake of technologies.  We introduce the 
DFES further below and then provide a comparison of the common features and key differences 
between the DFES and the work undertaken in this study. 

UK Power Networks’ DFES 

The DFES is a key scenario planning tool used by UK Power Networks to inform their business plans 
and to develop a longer-term vision for how the evolving energy landscape will impact their networks.  
While the National Grid FES provides a GB-wide picture, with some regional disaggregation, UK Power 
Networks and most other GB DNOs, have developed their own scenarios that build on the NG FES, but 
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that take a more granular view of their licence areas and the specific local characteristics.  These DFES 
are often informed by extensive consultation with regional stakeholders and industry. 

UK Power Networks’ DFES include a comprehensive set of forecasts for the key drivers of demand and 
generation on the networks, including factors such as population and economic growth, energy 
efficiency improvement, low carbon technology uptake, deployment of distributed generation, storage 
and the availability of demand side response.  The DFES are a key input into modelling of power flow 
on UKPN’s networks over time, feeding into identification of future constraints, the need for investment 
in the networks and potential for flexibility to manage constraints in a cost-effective manner.  This is a 
key input into business planning, network planning, asset management and a range of other business 
functions and regulatory reporting requirements. 

Heat Street and the DFES 

Heat decarbonisation is one of the most important factors that will determine demand growth on the 
electricity networks over time and forecasts for the rate and extent of heat electrification are therefore 
key inputs for network planners.  As such, the DFES includes forecasts for the uptake of electric heating 
appliances, energy efficiency and district heating, and considers how these will differ in the four different 
scenarios set out by NG FES and also adopted in this study.  The key difference between Heat Street 
and DFES is that while the DFES considers heat decarbonisation alongside a comprehensive range of 
other factors that will influence demand on the networks, Heat Street is purely focussed on the heating 
sector and provides more granular modelling of how factors such as the characteristics of the building 
stock and the impact of policy will drive the deployment of low carbon heating technologies with UKPN’s 
licence areas.  The intention is for the detailed modelling undertaken in Heat Street and presented in 
this report to inform future updates of the UKPN DFES, such that the key findings of this work will feed 
into UKPN’s strategic forecasting and network planning. 

A comparison of some of the key features of Heat Street and DFES is provided in the Appendix 9.5. 

6 Deployment modelling  
In order to explore the impacts of the differing scenario levers described in Section 5, we use a bottom-
up heat technology uptake model, which is built on the geospatial archetype model of the stock. Figure 
25 shows an overview of the modelling process; in this section we describe the central “Decision 
module”.  

 

Figure 25 – Techno-economic model flowchart 
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6.1 End state assignment 
Using the cost and performance datasets for technology and efficiency measures and the building 
characteristics for each of the building archetypes, the total lifetime costs and emissions savings are 
calculated for each combination of low carbon heating technology, energy efficiency package, and 
building archetype. Lifetime costs include operating costs and fuel costs in addition to capital costs. The 
capital cost elements included in the assessment of low carbon technologies include the capital cost of 
the technology, as well as other costs that are required in certain building types to facilitate the efficient 
operation of particular technologies, such as the cost of installing wet heating systems, hot-water 
storage and heat emitter upgrades. 

By assessing the performance of a combination of heating system with energy efficiency improvements, 
the modelling is able to capture the dependencies between the two. In some cases, in particular with 
heat pumps, a technology is found to be unsuitable in the absence of energy efficiency improvements, 
and in general, the cost-effectiveness of technologies is influenced by the accompanying efficiency 
measures.  

Suitability constraints are applied, which limit the available options for some archetypes. These are as 
follows: 

1. Heritage constraints (for domestic buildings only) – 
o Grade 1 listed buildings are assumed unsuitable for any energy efficiency measures 

(except behavioural).  
o Grade 2 and "Conservation" listed buildings are assumed unsuitable for certain energy 

efficiency measures.  
o Heat pumps and certain other heating technologies are deemed unsuitable in listed 

buildings. 
2. Gas grid status – 

o Hybrid heat pumps and H2 boilers are not deployed where a building is off the gas grid, 
i.e. we assume that buildings do not connect to the gas grid over time. 

o Bottled fuel systems are not deployed in buildings on the gas grid. 
3. Space constraints –  

o An assumption is made that 20% of the building stock is ‘space constrained’. The 
specific archetypes which are considered space constrained are then derived by 
assigning this 20% to the buildings with lowest area per habitable room. This metric is 
designed to reflect the type of buildings where space constraints are most likely to be 
relevant, such as old Victorian terraces. 

Taking into account these suitability constraints, the model forecasts technology and energy efficiency 
uptake in the end-state (that is the final state achieved in a 2050 net zero world) by assigning each 
archetype to the most cost-effective suitable package. In all scenarios except Steady Progression, only 
low carbon technologies are allowed within this comparison, such that no archetype remains on gas or 
oil heating in the end-state.    
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6.2 District heating 
Our modelling distributes District Heating (DH) spatially at LSOA level. This distribution is conducted as 
follows: 

- The heat demand density of each LSOA is projected until 2050. DH is assumed to be suitable 
if the density is above a certain threshold (which varies by scenario and location).  

- The deployment rates of DH in suitable LSOAs are estimated based on the historical rate of 
connections in the greater London area. 

- The percentage of heat demand met by DH in each LSOA is spread evenly across all the 
archetypes present. 

The heat provision within a district heating scheme can come from a range of technologies and is not 
necessarily low carbon. We assume that all existing DH is gas Combined Heat and Power (CHP). A 
low carbon switchover date is then defined in each of our scenarios, after which all new district heating 
is assumed low carbon. This low carbon switchover data is set to 2025 in all scenarios except Leading 
the Way, where it is 2023. Low carbon DH is assumed to be a combination of large heat pumps and 
Energy from Waste (EfW), and in our System Transformation scenario, Hydrogen boilers for peaking. 
These assumptions, along with an energy centre lifetime of 15 years, and the spatial roll-out of 
hydrogen, mean that natural gas powered DH is entirely phased out at different times by scenario; by 
2037 in Leading the Way, by 2039 in Consumer Transformation, and by 2048 in System Transformation. 

To capture the network load impacts of electrified district heating, we assign a peak electricity demand 
as follows: 

                                                      
34 Annex M, https://www.gov.uk/government/publications/updated-energy-and-emissions-projections-2019 
35 Element Energy and E4Tech report for the National Infrastructure Commission, Cost Analysis of Future Heat Infrastructure, 
and Element Energy analysis for the Committee on Climate Change’s 6th Carbon Budget 

Insight 3 – Fuel prices 
 

In order to calculate the running costs of heating technologies we assume a trajectory for fuel prices 
out to 2050. For oil, electricity and natural gas, we follow the BEIS Energy and Emissions Projections, 
updated May 201934. In the case of Hydrogen, prices are derived from Element Energy analysis 
based on several sources35. Our modelled prices vary by fuel type, year, consumer type 
(domestic/I&C) and, for electricity, time of day (peak/off-peak). The table below shows the assumed 
fuel prices in 2030 and 2050, for domestic and commercial customers.  
 
Table 15 Fuel price for domestic customers by type and year, in pence/kWh 

Fuel 2030 2050 

Gas 5.8 5.9 

Hydrogen 
(low/high) - 5.6 /8.4 

Electricity (peak/off-peak) 22.2 /18.5 21.2 /18.3 

BioLPG 4.8 4.8 

Oil 6.1 6.1 

Biomass 4.4 4.4 
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• We assume that all district heating networks have a flat profile within each day, such that 
variation in demand occurs only between days. This is only valid where heat networks are 
sufficiently large and have sufficient heat storage.  

• The peak heating supplied by the district heating energy centre per household connected is 
then calculated by comparing the peak day heating demand to the annual demand for a typical 
domestic household.   

  

Figure 26 Proportion of LSOA heat met by district heating in 2050 under the ‘medium’ projection 
scenario 

In the medium deployment scenario for domestic consumers 19% of the LSOAs will have some level of 
DH. The suitable areas for district heating will be predominantly located in the greater London area. By 
2030, the LSOAs that are suitable for district heating will have ~ 17% of domestic heating demand met 
by DH, and by 2050, the same LSOAS will have expanded the DH to 50% 70% of the domestic heat. 
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6.3 New builds 
We assume that new builds have sufficient energy efficiency for low carbon heating. Retrofits of energy 
efficiency improvement measures are not applied to new builds. New buildings are assumed to connect 
to District Heating in the same proportion as existing buildings, within each LSOA.  

No new domestic buildings from 2025 are connected to the gas grid, in line with the proposed Future 
Homes Standard and stated government intention36. All new buildings prior to this date are assumed to 
be heated by gas boiler initially, with replacements being low carbon in line with the mandate assumed 
across all buildings for each scenario. The selection of low carbon heating technologies occurs using 
the same methodology as for existing buildings, except that no conversion costs are applied where a 
new building starts with the low carbon heating system. Bioenergy was excluded as a low carbon heat 
source for new buildings. 

6.4 Uptake trajectories 
We define trajectories for the uptake of the assigned low carbon heating technology and energy 
efficiency package by each archetype based on three factors; 

1. Scenario dependent policy mandate and backstop dates (see Table 14) 
2. Supply side constraints 
3. Decision frequency  

These trajectories begin in 2020 and are all complete by 2050. Supply side constraints, derived from 
Element Energy analysis and previous stakeholder engagement, are applied for individual heating 
technologies and efficiency measure types in terms of total deployment by year. These form a maximum 
cap on the rate of uptake. See Appendix 9.8 for the assumed supply-side limits on deployment. The 
decision frequency reflects the time-period between potential ‘trigger points’ for consumer decisions, 
such as the replacement of a heating system. In the case of domestic heating systems, this frequency 
is assumed to be once per 15 years.   

6.5 Hydrogen availability 
Hydrogen is assumed to be made available for domestic and non-domestic heating via a decarbonised 
gas grid in the System Transformation and Leading the Way scenarios, but not in the Consumer 
Transformation scenario. In the scenarios with hydrogen availability for heating, this is modelled 
spatially based on the predicted expansion of 7 major industrial clusters. Assumptions on the location 
and growth of these clusters are made following Element Energy’s work on industry for the Committee 
on Climate Change which has fed into the 6th Carbon Budget. Clusters are included where a planned 
project is known, or (in the case of Southampton) based on the density of industrial emissions. All 
clusters except the Isle of Grain cluster have been referenced by the Government37. 

The three clusters from which eventual growth of the hydrogen network into UKPN areas is assumed 
to occur are in Southampton, the Isle of Grain and Humberside. The relevant projects for the Isle of 
Grain and Humberside projects are Project Cavendish (HyNTS)38, and Zero Carbon Humber39 and 
Gigastack40, respectively.  
 

                                                      
36 The Chancellor’s Spring Statement, 2019 
37 See, for example, 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/803086/industrial-clusters-
mission-infographic-2019.pdf 
38 https://www.nationalgrid.com/uk/stories/journey-to-net-zero/high-hopes-hydrogen 
39 https://www.zerocarbonhumber.co.uk/ 
40 https://gigastack.co.uk/ 
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Figure 27 shows the assumed growth of access to Hydrogen over time for buildings in the UKPN areas 
in our System Transformation and Leading the Way scenarios. Under our assumed hydrogen roll-out, 
the Isle of Grain cluster located in the south east is the first to provide Hydrogen to Kent, Essex, 
Southend-by-the Sea and Medway by 2036 (4% of UKPN stock). By 2040, growth of the network from 
two more clusters expands into the UKPN area, providing 42% of the buildings connected to the gas 
grid with access to Hydrogen. By 2048, all buildings with gas connections have access to Hydrogen in 
System Transformation and Leading the Way. Figure 28 shows how this expansion of hydrogen 
availability occurs spatially in our assumed hydrogen roll-out. The three clusters discussed above are 
shown in orange, around which hydrogen availability is assumed to expand radially outwards by 
10km/year from the mid-2030s.  

Carbon intensity of hydrogen 
We assume that the hydrogen made available via conversion of the gas grid is blue hydrogen i.e., 
hydrogen produced with natural via Steam Methane or Auto Thermal Reformation, with Carbon Capture 
and Storage. Such capture is not assumed to be 100% effective, such that indirect residual emissions 
of 0.012 kgCO2/kWh associated with hydrogen use remain in 2050. 

 

Figure 27 Share of buildings in the UKPN areas with access to H2 by year in the System 
Transformation and Leading the Way scenarios 
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Figure 28 Year in which H2 is first available by Local Authority region 
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7 Results 

7.1 Low carbon heating deployment trajectories 
The following sections show the uptake of low carbon heating systems across the domestic and non-
domestic building stock over time under our three net zero scenarios. In order to meet the net zero by 
2050 target, all scenarios see over 100,000 domestic buildings (1% of the stock) taking up low carbon 
heating per year by 2025, rising to above 400,000 (5%) per year by 2030. The largest differences 
between scenarios are in the choice of technology. Consumer Transformation sees largely electrified 
heating in the form of heat pumps, with a limited deployment of bioenergy and direct electric heating. 
This pattern is similar in Leading the Way, which does allow hydrogen for heating, but finds limited 
uptake due to assumptions which favour it less on fuel price, policy incentives and consumer behaviour. 
In contrast, we see widespread uptake of hydrogen boilers in System Transformation, due to a lower 
hydrogen price, less generous incentives and an assumption that consumers are more wary of upfront 
investment cause.  

In most cases, we find that deployment rates are demand side limited. There is one significant exception 
to this in heat pumps, for which we find that deployment is supply side limited for much of the 2020s in 
our highly electrified scenarios. By 2030 heat pump deployment is reduced by 38% to meet supply 
constraints in Consumer transformation and 12% in Leading the Way.  

Under the Government’s November 2020 policy paper, The 10 Point Plan for a Green Industrial 
Revolution41, an intention is announced to reach 600,000 heat pump installations a year by 2028. In 
our highly electrified scenarios Consumer Transformation and Leading the Way we find a deployment 
which broadly aligns with this ambition. Scaling our uptake to the number of households across the UK 
we find that the 600,000 heat pumps per year deployment threshold is crossed in 2027 in both the 
Consumer Transformation and Leading the Way scenarios. In these two scenarios in 2028, we find a 
deployment of 213,000 and 210,000 domestic units respectively, corresponding to 770,000 – 790,000 
units when scaled to the UK. In our high hydrogen scenario, System Transformation, we see a reduced 
heat pump deployment, albeit still of the same order of magnitude, with the UK-scaled equivalent of 
approx. 500,000 domestic heat pump units deployed annually by 2028.  

7.1.1 Consumer Transformation 
Figure 29 shows the uptake of low carbon technologies over time across the UKPN areas for the 
domestic stock. The corresponding uptake in the non-domestic stock is shown in Figure 30. Air source, 
ground source and hybrid heat pumps meet most heating demand by 2050 in this high electrification 
scenario.  

By 2030 under this scenario, we find that: 

• 23% of the domestic stock deploy new low-carbon heating (or district heating). 
• 8% of the non-domestic heating demand deploys new low-carbon heating (or district heating). 

Given existing electric and bioenergy systems, this means that a total of 38% of the non-
domestic heating demand is met by LCH. 

• Air source heat pumps are taken up in 8% of the domestic stock, and 6% of the non-domestic 
total heat demand. 

• 4% of homes and 3% of non-domestic heat demand, are connected to district heating. 

In the domestic stock, 55% of households are modelled to select an air source heat pump as their 
ultimate low carbon heating technology, and 14% select a ground source heat pump. Hybrid systems 
using a combination of heat pump with bottled bio-LPG boiler dominate in the off-gas grid section of the 

                                                      
41 November 2020, https://www.gov.uk/government/publications/the-ten-point-plan-for-a-green-industrial-revolution/title 
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stock, which decarbonises faster. These systems represent 34% of all LCH deployed by 2030, but 18% 
of the final deployment by 2050.  

In the non-domestic building stock, air source heat pumps provide 41% of installed low carbon heating 
by 2050. Slightly more ground source heat pump systems are deployed relative to the domestic case 
(30% of heat demand by 2050). It should be noted when viewing Figure 30 that in the non-domestic 
case, the uptake graphs include heat demand met by replacing existing low carbon heating systems 
(direct electric and biomass boilers) with like-for-like technology. E.g. Biomass boilers provide 10% of 
heating in 2050, but this is almost exclusively (99%) in buildings which are currently heated in this way. 
The proportion of total heating met by these technologies is dropping over time.  

Several key assumptions drive the uptake under this scenario. Firstly, we assume that all replacement 
heating systems are low carbon by 2032 (2028 in off-gas grid buildings). This results in a faster uptake 
off the gas grid. It also means that deployment is complete by the mid-2040s, since with approximately 
a 15-year life-cycle for heating systems, all buildings have required a replacement heating system since 
low carbon heating technologies became mandatory by this time. Additionally, we assume that there is 
no availability of hydrogen for heating, meaning no hydrogen boilers are taken up by the stock, leaving 
electric or biofuel-based systems as the only alternatives. Finally, financial incentives are available to 
cover a percentage of the upfront cost of LCH, which increases the uptake of more capital-intensive 
systems such as ground source heat pumps.  
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Figure 29 Uptake of low carbon heating in domestic buildings, Consumer Transformation 
scenario 

 

Figure 30 Uptake of low carbon heating technology in non-domestic buildings measured in 
heating demand met (TWhth), Consumer Transformation scenario 
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7.1.2 System Transformation 
Figure 31 shows the uptake of low carbon technologies over time across the UKPN areas for the 
domestic stock under our System Transformation scenario. The corresponding uptake in the non-
domestic stock is shown in Figure 31. Hydrogen boilers supply the largest share of heating demand 
under this scenario. Over 3 million heat pumps and hybrid heat pumps are still deployed by 2050 in this 
scenario. These are most common in off-gas areas, and in larger non-domestic buildings which achieve 
economies of scale.  

By 2030, we find that: 

• New low-carbon heating and district heating has been deployed in 15% of the domestic stock. 
A further 11% of the domestic stock have hydrogen-ready boilers. 

• 13% of the non-domestic heating demand deploys new low-carbon heating (or district heating). 
Given existing electric and bioenergy systems, this means that a total of 44% of the non-
domestic heating demand is met by LCH.  

• 6% of homes and 10% of non-domestic heat demand, are connected to district heating. 

In the domestic stock, 42% of households take up a hydrogen boiler by 2050 as their low carbon heating 
technology, with 12% taking up each of ground source and air source heat pumps. As in the Consumer 
Transformation scenario, hybrid systems using a combination of heat pump with bottled bio-LPG boiler 
dominate in the off-gas grid section of the stock. Such systems are found to be less capital intensive in 
many cases since, while the heating system itself is more expensive than an ASHP, significant 
additional costs, such as low temperature emitters, can often be avoided. However, the limited supply 
of biofuels means that it is not realistic to assume widespread deployment of such technologies and we 
assume they are only suitable in off-gas grid properties. 1.5 million such systems are deployed by 2050, 
representing 18% of the stock.  In the non-domestic building stock, hydrogen boilers provide 51% of 
installed low carbon heating by 2050. We also find a small proportion of the non-domestic stock taking 
up hybrid hydrogen boiler and heat pump systems (2%) but high capital cost of these systems is found 
prohibitive in the domestic case, where they are not selected by any archetype.   

Several key assumptions drive the uptake under this scenario. Most importantly, we assume that 
hydrogen will become available for heating across the UKPN areas by 2050, such that in this scenario 
hydrogen-ready boilers are allowed as low carbon heating technologies wherever a building is currently 
connected to the gas grid. This hydrogen is assumed to be available at the price of 5.6 p/kWh in 2050. 
At this hydrogen price, we find hydrogen boilers to be most cost effective across a wide range of 
archetypes. Another factor which drives this uptake of hydrogen is that in this scenario we assume that 
consumers select heating technologies to optimize for the lowest payback period, rather than lowest 
lifetime cost, as in the other scenarios; this represent the case in which consumers are less willing to 
make significant upfront investments, which reduces the selection of more capital-intensive heat pump 
systems.   

Additionally, we assume that all replacement domestic heating systems are low carbon by 2035 (2028 
in off-gas grid buildings), and by 2030 (2028) for non-domestic buildings on (and off) the gas grid. It 
also assumed that hydrogen-ready gas boilers are mandated from 2026 (2028 for non-domestic 
buildings), ahead of the conversion of the gas grid to supply hydrogen. In combination these 
assumptions result in a significant uptake of hydrogen-ready boilers by 2030, but a slower uptake of 
other low carbon technologies relative to Consumer Transformation.  
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Figure 31 Uptake of low carbon heating in domestic buildings, System Transformation scenario 

 

Figure 32 Uptake of low carbon heating in non-domestic buildings measured in heating demand 
met (TWhth), System Transformation scenario 
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7.1.3 Leading the Way 
Figure 33 shows the uptake of low carbon technologies over time across the UKPN areas for the 
domestic stock. The corresponding uptake in the non-domestic stock is shown in Error! Reference 
source not found.. Under this mixed scenario with the fastest deployment, we see a small amount of 
hydrogen for heating alongside a mostly electrified building stock.  

By 2030, we find additional deployment relative to the Consumer Transformation scenario: 

• New low-carbon heating (or district heating) is deployed in 26% of the domestic stock. 
• 14% of the non-domestic heating demand deploys new low-carbon heating (or district heating). 

Given existing electric and bioenergy systems, this means that a total of 42% of the non-
domestic heating demand is met by LCH.  

• Air source heat pumps are taken up in 10% of the domestic stock, and 30% of the non-domestic 
heating demand 

• 6% of homes and 10% of non-domestic heat demands, are connected to district heating. 
• In the non-domestic sector, 80% more heating demand is met by low carbon heating by 2030 

than under the Consumer Transformation scenario. 

In the domestic stock, 54% of households are modelled to select an air source heat pump as their low 
carbon heating technology, and 7% select a hydrogen boiler. As with the two scenarios above, hybrid 
systems using a combination of heat pump with bottled bio-LPG boiler dominate in the off-gas grid 
section of the domestic stock. In the non-domestic building stock, air source heat pumps provide 41% 
of installed low carbon heating by 2050. Ground source heat pumps provide 28%.  

Several key assumptions drive the uptake under this scenario, and the differences relative to the 
previous two scenarios. Firstly, hydrogen is assumed available for heating, but at a higher price than in 
System Transformation (8.4 p/kWh). This higher price, along with assumed financial incentives for other 
low carbon heating systems and energy efficiency measures, results in relatively little hydrogen boiler 
uptake. Second, the earlier uptake resulting in greater deployment by 2030 is driven by the assumption 
of more ambitious low carbon heating mandates which are assumed to come into force in 2030 in the 
on-gas domestic segment and 2026 in off-gas domestic properties (in the non-domestic case, both 
these dates are delayed by two years).  
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Figure 33 Uptake of low carbon heating in domestic buildings, Leading the Way scenario 

 

Figure 34 Uptake of low carbon heating in non-domestic buildings measured in heating demand 
met (TWhth), Leading the Way scenario 
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7.1.4 Spatial assessment of Heating technology deployment 
The deployment of the different types of low carbon heating within each scenario varies spatially, owing 
to variation in the proportion of buildings connected to the gas grid, and in the prevalence of different 
building types, initial heating systems and energy efficiency levels. By 2030, almost all LSOAs, remain 
predominantly fossil fuel heated.  

Of the three net zero scenarios, Leading the Way sees the largest number of LSOAs with a non-fossil 
fuel heating system as the largest share, with 68 out of 10,654 LSOAs. 63% of these LSOAs have heat 
pumps as the dominant technology in 2030. These handful of non-fossil fuel predominant LSOAs are 
disproportionately off the gas grid (31 out of 68 have more than 50% of properties not connected to the 
gas grid). The number of LSOAs which have each heating technology as the largest share of heat 
demand under each scenario is given in Table 16 and Table 17. 

Table 16 Number of LSOAs by heating technology with largest demand share, in 2030 

Technology Consumer 
Transformation 

System 
Transformation Leading the Way 

Fossil fuel 10591 10598 10580 

Heat pump 35 28 50 

Hybrid heat pump 0 0 0 

Hydrogen 0 0 0 

Direct electric 28 27 22 

Biomass 0 1 2 

 

Table 17 Number of LSOAs by heating technology with largest demand share, in 2050 

Technology Consumer 
Transformation 

System 
Transformation Leading the Way 

Fossil fuel 0 41 32 

Heat pump 8958 1319 9163 

Hybrid heat pump 1689 2864 1453 

Hydrogen 0 6422 0 

Direct electric 6 6 1 

Biomass 1 2 5 

 

We see more significant differences between scenarios in 2050 (Figure 36), by which time System 
Transformation has significantly diverged from the other scenarios, with hydrogen boilers providing the 
largest share of heating in most urban, on-gas grid LSOAs. Hybrid heat pumps (with bioenergy boilers) 
are found to be the largest share in many off-grid LSOAs. These rural LSOAs are in general 
geographically larger due to their lower population density, meaning they dominate the appearance of 
the maps shown in the figures below, despite the relatively smaller number of properties and LSOAs. 
For example, in the Leading the Way scenario, 9143 LSOAs have heat pumps as the largest technology 
share, and 1471 have hybrid heat pumps. Figure 37 shows the high correlation between gas grid status 
and final heating system taken up, in this case in the System Transformation scenario.  
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Figure 35 Heating technology type contributing largest share of total heating demand by LSOA, 
2030 

 

Figure 36 Heating technology type contributing largest share of total heating demand by LSOA, 
2050 

7.1.5 Selection of low carbon heating system by consumer type  
In the System Transformation scenario for non-domestic consumers, we find that only 15% of the on-
gas grid consumers take up an electric solution, with the stock mostly switching to hydrogen boilers. 
However, even in this high hydrogen scenario, 64% of the off-gas grid non-domestic consumers switch 
to an electric technology (mostly hybrid with biofuel); off-grid consumers are more likely to electrify in 
all scenarios. 
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Figure 37 Comparison between gas grid status and final heating technology selection by 2050 
in the System Transformation scenario  
The System transformation scenario offers a useful case study to explore which domestic archetypes 
select each low carbon heating type, since across the domestic stock there is a roughly even split 
between hydrogen (47%) and electric (53%) systems. Table 18 and Table 19 show how the uptake of 
electric heating (as the final technology choice of each archetype) varies between property types and 
tenure types. We see that flats see a significantly larger uptake of electric heating, in part due to a lower 
gas grid connection proportion. Rented accommodation and the fuel poor are also found more likely to 
take up electric heating in this scenario.  

Table 18 Proportion of domestic buildings taking up electric heating under the System 
Transformation scenario, by property type 

Detached Semi Detached Terrace Flat 

51% 25% 45% 78% 

 

Table 19 Proportion of domestic buildings taking up electric heating under the System 
Transformation scenario, by tenure type42 

Owner occupier Private rented Social rented Fuel poor 

46% 63% 62% 58% 

 

  

                                                      
42 “Fuel poor” is here given as a separate tenure type such that fuel poor stock have been excluded from the statistics for the 
other three tenure types 
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Sector % of 
sector 

Community, arts & 
leisure 

18% 

Education 9% 
Emergency 
Services 

4% 

Health 6% 
Hospitality 33% 
Industrial 44% 
Offices 25% 
Retail 36% 
Storage 22% 

 

In the non-domestic sector in the System Transformation sector, electric heating is taken up by over a 
quarter of the buildings in the office, retail, hospitality and industrial sectors. It will continue to be used 
in all the buildings that are electrically heated, and a larger proportion of those heated by oil. The small 
and medium buildings will all see 30-40% of the buildings using electric heating, predominantly direct 
electric. In the other scenarios, a larger proportion of the large buildings take up the higher efficiency 
ground source heat pumps.  

7.2 Energy Efficiency 

7.2.1 Deployment of energy efficiency measures 
Individual buildings can see space heat and hot water demand reductions of the order 20-45% as a 
result of a combination of the energy efficiency measures described in Section 4.1. However, many 
buildings are unsuitable for certain measures such that the average heat demand reduction across the 
whole stock is more modest, even in the context of an ambitious policy landscape in our Consumer 
Transformation and Leading the Way scenarios. Across the domestic stock, the average heat demand 
reduction per building is 10%, 8% and 10% under the Consumer Transformation, System 
Transformation and Leading the Way scenarios, respectively. Slightly less reduction in demand is seen 
in the non-domestic stock, where the corresponding figures are 8%, 3% and 10%. 

Figure 38 shows the deployment of energy efficiency measures across the domestic stock by measure 
type, in terms of energy saved. We find that while cavity and solid wall insulation achieve the largest 
energy savings on a per unit deployed basis (see Table 8), they are suitable and cost-effective in 
significantly fewer properties such that they make up a minority of the energy savings achieved in all 
scenarios.  

Size category % of size 
category 

Large 14% 

 Medium 38% 

Small 29% 

Initial heating technology % of heating tech 
Electric Resistive 100% 
Gas boiler 0% 
Oil boiler 43% 
Biomass boiler 0% 

Table 20 Proportion of non-domestic consumer and building characteristics taking up 
electric heating under the system transformation scenario 



 UKPN Heat Street 

 

  
  70 
 

 

Figure 38 Domestic energy efficiency deployment by 2030 and 2050 under each scenario, 
measured in space heating demand saved. 
Figure 39 shows the same breakdown of energy efficiency deployment, in this case for the non-
domestic stock, for which fewer discreet measures are considered. Energy efficiency measures are 
deployed across 75% of the stock in Consumer Transformation and Leading the Way and increase the 
cost-effectiveness of electric heating technologies. The low carbon heating technology has an impact 
on the energy efficiency uptake in these scenarios, with all direct electric heating deployed alongside 
building fabric efficiency measures, and the majority of heat pumps deployed with either building fabric 
measures or hot water demand reduction measures, or both. For the System Transformation scenario, 
increasing the energy efficiency measures have little impact on the LCH uptake for the non-domestic 
sector which is dominated by hydrogen-ready boilers, especially by 2030. Heat demand is further 
reduced beyond that achieved through energy efficiency measures due to the decreasing floor area 
over time of the non-domestic stock, in every sector except for retail. 
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Figure 39 Non-domestic energy efficiency deployment by 2030 and 2050 under each scenario, 
measured in space heating demand saved. 
There are several key levers driving differences between the scenarios: 

• ‘Backstop dates’ by which all energy efficiency measures are deployed are assumed earlier in 
Consumer Transformation and Leading the Way (see Table 14). 

• Supply-side constraints are relaxed in Leading the Way, increasing the deployment in the early 
years. 

• More generous financial incentives for consumers are applied in Consumer Transformation and 
Leading the Way, driving a greater uptake, especially of more expensive measures such as 
domestic solid wall insulation; 2.5 times more solid wall measures are deployed by 2050 in 
Leading the Way than in System Transformation. 

Across the full stock, the domestic deployment of energy efficiency has a capital cost of approximately 
£13 billion, £10 billion and £14 billion in Consumer Transformation, System Transformation and Leading 
the Way, respectively. These amount to a per household cost of £1300-1700, but individual households 
can have significantly higher costs (>£10,000).   

Across the full stock, the non-domestic deployment of energy efficiency has a capital cost of 
approximately £12 billion in Consumer Transformation and Leading the Way and £0.25 billion in System 
Transformation. These amount to a per building cost of £2,500-3,000 for Consumer Transformation and 
Leading the Way, and only £325 for System Transformation due to the relatively low deployment of 
energy efficiency.  
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Table 21 Costs, and energy and fuel bill savings associated with domestic energy efficiency 
measures 

Scenario Energy 
efficiency 
CAPEX (average 
across all stock, 
£) 

Energy 
demand 
saving 
(average 
across all 
stock, %) 

Representative annual fuel bill 
saving (£) 

Consumer 
Transformation 

£1700 10.4% £83 

System Transformation £1330 8.4% £67 

Leading the Way £1740 10.0% £80 

 

Table 22 Costs, and energy and fuel bill savings associated with non-domestic energy efficiency 
measures 

Scenario Average energy 
efficiency 
CAPEX (£/m2) 

Average energy 
efficiency 
CAPEX per 
building 
(£/building) 

Energy demand 
saving (average 
across all stock, 
%) 

Annual Fuel 
Cost savings 
(Average across 
stock) 

Consumer 
Transformation 

6.05  2,547  9.3% 928  

System 
Transformation 

0.77  325  2.3% 278  

Leading the Way 6.90  2,905  10.6% 957  

 

7.2.2 Spatial Energy Efficiency Deployment 
The deployment of the different energy efficiency measures within each scenario also varies spatially, 
owing to variation in the prevalence of different building types, initial and final heating systems as well 
as the prevalence of fuel-poor consumers. Additional space heating demand reduction is seen in LSOAs 
with higher rates of demolition of buildings than new builds.  
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Figure 40 Percentage reduction in heat demand due to energy efficiency measures, 2030 
The Leading the Way scenario see the highest pace and level of deployment of energy efficiency 
measures. By 2030, 35% of the LSOAs achieve at least a 10% reduction in space heating demand, 
compared to only 8% in Consumer Transformation and 2% in System Transformation. System 
Transformation has the highest number of LSOAs with less than 3% energy efficiency deployed (black 
regions in Figure 41 above), predominantly in areas on the gas grid in which the majority of buildings 
convert to hydrogen boilers. 

The deployment of energy efficiency in 2030 is highest in electrically heated buildings, with those 
buildings seeing an average of 4% greater reduction in space heating demand than for the stock as a 
whole across all scenarios. This is mainly due to the higher cost effectiveness of energy efficiency in 
electrically heated buildings. It is also partially due to the higher presence of fuel poor consumers in 
electrically heated buildings, and the requirement for energy efficiency upgrades prior to installation of 
heat pumps.  

Table 23 Average heating demand reduction across UKPN stock compared to LSOAs with 
electric heating dominant 
 

Consumer 
Transformation 

System 
Transformation 

Leading the 
Way 

UKPN Average heat reduction 
 (all LSOAs) 

8% 4% 10% 

Average heat reduction - LSOAs with 
electric heat dominating 

12% 8% 15% 
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Figure 41 Percentage reduction in heat demand due to energy efficiency measures, 2050 
By 2050, the Consumer Transformation and Leading the Way scenarios have a similar proportion of 
LSOAs achieving at least 10% reduction in heating demand (93% and 95% respectively). This contrasts 
starkly with the System Transformation scenario which only sees 13% of the LSOAs achieve 10% 
reduction in demand.  

In general, we see still see that regions which take up electric heating also disproportionately take up 
energy efficiency measures, since this tends to make heat pump systems more cost-effective. For 
example, in the System Transformation scenario, 73% of the LSOAs which see the highest levels of 
energy efficiency deployment43 are majority electric heated by 2050, as compared to 39% of all LSOAs.  

7.3 Fuel use and carbon abatement 

7.3.1 Fuel use  
Today, the use of gas for heating in the domestic and non-domestic sector accounts for 73 TWh/a and 
23 TWh/a, respectively. Electricity use is 11% of the total fuel use for heat, with 16 TWh/a being used 
across the two sectors. However, we find this grows by over 200% by 2050 (to approx. 35 TWh/a) in 
the Consumer Transformation and Leading the Way scenarios. In the System Transformation scenario, 
hydrogen use rises to 70% of the current natural gas demand by 2050.   

                                                      
43 Defined here as a greater than 10% heat demand reduction in that LSOA. 
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Figure 42 Total annual fuel use for heating across the UKPN areas (TWh/a) 
A snapshot of the change in fuel use for heating which occurs by 2030 is given in Figure 43. While both 
the Consumer Transformation and Leading the Way see over 18 TWh/a additional electricity demand 
by 2050, only 1-2 TWh/a additional demand is found by 2030. This small change in electricity demand 
results from the competing impacts of energy savings from efficiency measures and switching from 
direct electric systems to more efficient heat pumps, which reduces electricity demand, and the 
electrification of heat in buildings which currently use other fuels, which increases electricity demand. 
The increase in electricity demand is relatively small to 2030 due to the accelerated deployment of 
energy efficiency relative to low carbon electric heating. For example, in our Consumer Transformation 
scenario, over 75% of domestic energy efficiency measures are installed by 2030, but only 23% of the 
stock has low carbon heating by this date. 
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Figure 43 Change in fuel use for heating by 2030 

7.3.2 Carbon abatement 
All scenarios except Steady Progression achieve close to zero emissions by 2050 as a result of the 
complete roll-out of low carbon heating, alongside energy efficiency measures. Of the three net zero 
scenarios, System Transformation has the highest unabated emissions in 2050, with 5.2% of 2020 
emissions remaining (1.4 Mt). Under the Consumer Transformation and leading the Way scenarios, 
3.8% (1.0 Mt) and 3.6% (1.0 Mt) remain in 2050, respectively. These deep levels of emissions 
reductions are premised on the near complete decarbonisation of the electricity grid, along with the 
provision of low carbon hydrogen. Peak period electricity has an assumed carbon intensity of 0.03 
kgCO2/kWh in 2050, as compared to 0.59 kgCO2/kWh in 202044 (for off-peak electricity, these figures 
are 0.01 and 0.19 kgCO2/kWh, respectively). Hydrogen is assumed to have an indirect carbon intensity 
of 0.012 kgCO2/kWh, owing to the incomplete capture of CO2 in production from natural gas.  

                                                      
44 See appendices, Section 9.2 for the full time-series chart of the grid carbon intensity assumed 
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Figure 44 Annual CO2 emissions under the three net zero scenarios and the Steady Progression 
baseline (Mt CO2 per year). The bubbles indicate reduction by 2030. 
In 2030, the differences between net zero scenarios are more significant. Leading the Way has the 
highest reduction in emissions by this date at 26%, while System Transformation achieves a 14% 
reduction. The System Transformation scenario sees slower reductions as many buildings remain 
heated via natural gas throughout the 2030s prior to switching to a hydrogen boiler. Emissions 
reductions occur rapidly through the 2040s as the large-scale roll-out of hydrogen occurs. An abrupt 
slowing of the pace of reduction occurs in the early 2040s in Consumer Transformation and Leading 
the Way: this is the date by which close to all households have switched to low carbon heating, after 
which a slower pace of decarbonisation occurs due to reducing carbon intensities of fuels  

The off-gas sector of the building stock decarbonises faster as a result of the assumed earlier low 
carbon heating mandate in these buildings; by 2030, emissions in this segment are reduced by 40% in 
Leading the Way. However, even in this sector, little decarbonisation is seen before 2026 in any 
scenario. This is the earliest we assume that a low carbon heating mandate; ahead of this date, 
significant change is still required to scale up deployment of heat pumps from <10,000 today to the 
100,000s of units by mid 2020s. Emissions from new builds peak in 2036. Emissions in this sector vary 
as a result of the competition between growth in the number of new builds competes with the ongoing 
decarbonisation electricity grid. After 2035, we also see emissions reductions due to the replacement 
of fossil fuel systems in new builds built between 2020 and 2025.  
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7.4 Impact on consumer bills 
Our scenarios have impacts on consumer bills due to several factors. Reduced demand due to energy 
efficiency measures always acts to reduce fuel bills but switching to low carbon heating technologies 
can either reduce or increase bills depending on the initial heating system and the relative efficiencies 
and fuel prices. In all net zero scenarios, there is an overall trend towards reduced fuel bills by 2050. 
This is most pronounced at the top end of the cost distribution; 11% of households pay over £1500 
annually in 2020, but this falls to 5% or below in the three net zeros by 2050. These are households 
which begin exclusively on more expensive electric (86%) or oil heating (14%), meaning efficiency 
measures and low carbon heating generally have greater potential to bring down annual costs than in 
buildings starting with gas boilers.  

In the System Transformation scenario, the average reduction in fuel bill is 2%. However, within this 
average statistic there are qualitatively different impacts on bills amongst different types of households. 
Those initially using gas boilers see average fuel bill rises of 7%, due to an assumed Hydrogen price in 
2050 25% higher than the natural gas price today, but the average bill across the whole stock is still 
reduced due to large reductions in cost for those initially paying the highest bills on direct and storage 
electric heating.   

 

Figure 45 Consumer bill impact of the net zero scenarios, across all households, in 2030 and 
2050. The bars show the % of households paying less than each cost per year for heating. 
However, in the shorter term we see the number of households paying the very lowest bills (<£500) fall 
in all scenarios. In the System Transformation scenario, rising gas prices and the limited roll-out of 
energy efficiency by 2030 result in a decrease in the proportion paying under £1000 from 77% in 2020 
to 70% in 2030.  
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Figure 46 Consumer bill impact for initially fuel poor households. The bars show the % of 
households paying less than each cost per year for heating. 
Considering only fuel poor households, we see a similar pattern overall, again finding a reduction in the 
proportion of households paying the lowest fuel bills in the near term, with this trend reversed by 2050. 
Currently, fuel poor households pay a little more for their heating than the average across the stock, 
with 29% paying over £1000 per year, relative to 23% of the overall stock.  

The above results are dependent on the assumed fuel price projections. A summary of these is given 
in Section 6.1 (Insight 3) 

7.5 Zonal assessment  

7.5.1 Highly electrified areas 
We examine highly electrified areas based on the proportion of heating demand met by electricity in 
each LSOA. Figure 47 shows the distribution of LSOAs in 2030 for which the largest share of heat 
demand met by any single technology is met by an electric technology such as a heat pump or direct 
electric heating. The resulting maps correlate closely with the deployment of heat pumps examined in 
Section 0. As before we see off-gas grid LSOAs overrepresented in the early movers to electric heating 
(supplemented with bioenergy). Dominant electric heating is still rare by 2030 in all our uptake 
scenarios, with 62, 57 and 66 LSOAs out of 10,654 meeting the electric heated criteria in Consumer 
Transformation, System Transformation and Leading the Way, respectively. However, while fossil fuel 
heating tends to still make up the largest share by 2030, significantly more heat demand is being met 
by electricity in many LSOAs by this date. The proportion of heat demand met by electricity rises by 
more than 20% between 2020 and 2030 in approx. 1500 LSOAs in Consumer Transformation and 
Leading the Way (it is 713 in System Transformation). The LSOAs which see the fastest electrification 
see this proportion rise by close to 50% over this time period (see Table 24).  
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Figure 47 LSOAs with an electric heating technology providing the largest share of heating, 2030 

Table 24 Top 10 LSOAs by % electric heat change 2020 to 2030 (in the Leading the Way scenario) 

LSOA code LSOA name Consumer 
Transformation 

System 
Transformation 

Leading the 
Way 

E01001531 Enfield 028B 50% 51% 52% 

E01000027 Barking and Dagenham 
001A 

49% 49% 51% 

E01021305 Basildon 013D 47% 48% 50% 

E01026920 South Norfolk 009E 47% 47% 50% 

E01000402 Bexley 005B 47% 47% 50% 

E01033114 South Cambridgeshire 
020B 

46% 47% 49% 

E01024681 Thanet 015E 46% 45% 48% 

E01001162 Croydon 001D 46% 46% 48% 

E01015956 Thurrock 016B 46% 46% 48% 

E01017373 Central Bedfordshire 
012C 

46% 47% 48% 
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7.5.2 Case Studies 

The borough of Hammersmith and Fulham (outlined below) sees similar low carbon heating uptake 
across all three scenarios by 2030. One LSOA, which is the same across all scenarios, will have the 
heating demand dominated by heat pumps and there is a significant minority of LSOAs with district heat 
as the dominant technology, with greater DH uptake in System Transformation and Leading the Way. 
The rest remain dominated by fossil fuels. However, the energy efficiency picture looks quite different 
between our scenarios. The space heating demand is significantly lower in the Leading the Way 
scenario by 2030, and marginally lower by 2030 than at present in the Consumer Transformation 
scenario. While the scale of energy efficiency varies, a similar pattern can be seen in the relative levels 
of energy efficiency of LSOAs within a scenario due to the building archetypes in each LSOA.  

 

Figure 48 Dominant low carbon heating technology, Hammersmith and Fulham – 2030 
 

 

Figure 49 Percentage reduction in space heating demand, Hammersmith and Fulham – 2030 

 

  

Insight 5 – Hammersmith and Fulham - 2030 
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 A number of urban areas such as Cambridge and Brighton have the LSOAs in the centre of the city 
dominated by direct electric heating in the near term. In the case of Brighton, pictured below for the 
Consumer Transformation scenario in 2030, the central historic part of the city moves to direct electric 
heating by 2030. This area has a high proportion of retail and hospitality non-domestic buildings, as 
well as flats and other space constrained dwellings, all which result in a higher proportion of direct 
electric heating.  

These areas tend to have the highest proportion of energy efficiency deployed in the LSOAs with direct 
electric heating. The same can be true of this area of Brighton, where the area that is dominated by 
direct electric heating has over 12% reduction in space heating (above the average in 2050 for the 
whole scenario). 

 

Figure 50 Dominant heating technology - Brighton Consumer Transformation 2030 

 

Figure 51 Space heating reduction - Brighton Consumer Transformation 2030 

 

  

Insight 6 – Direct electric urban areas 
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Central London heating demand is dominated by district heating, direct electric and heat pumps across 
all scenarios. Even in the System Transformation scenario, much of the area surrounding the Thames 
will switch to heat pumps or hybrid heat pumps by 2050, with hydrogen heating more common in less 
central areas and suburbs. Central London is therefore likely to be highly electrified in all scenarios. 
This is due to several factors. This area has a high presence of non-domestic office, retail and 
hospitality buildings, which are already on a higher proportion of direct electric heating and tend to 
either remain on this form of heating or take up more efficient heat pumps in all scenarios. There is also 
a high presence of domestic flats not currently connected to the gas grid, and with higher energy 
efficiency levels.  

  

Figure 52 Dominant heating technology – Central London System Transformation 2050 

 

 

 

 
 

  

Insight 7 – Central London – Electric Zone 
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8 Discussion and conclusions 
This study has shown that under different scenarios of policy ambition, consumer behaviour, fuel prices 
and hydrogen availability for heat, a range of decarbonisation pathways can arise for the heat sector. 
Under these scenarios, the proportion of heat demand met by electricity rises from 15% in 2020 to 
between 22% and 31% by 2030, with the lower end representing a scenario in which electrification of 
heating proceeds more slowly. This situation could arise where consumer uptake of electric heating 
proves challenging, or due to decisions being taken during the 2020s to follow a pathway of widespread 
rollout of hydrogen after 2030, or a mix of both. At the high end, this could arise where electric heating 
is taken up widely and embraced by consumers, and/or the viability and cost of widespread hydrogen 
for heating is not proven over the required timescales. All of these scenarios are consistent with the 
UK’s net zero target by 2050; however, the associated speed of decarbonisation, mix of technologies, 
and impact on the electricity network vary significantly.  

Table 25 Snapshot of scenario impacts in 2030 and 2050 

Scenario 
Average heating 

demand 
reduction (%) 

Total fuel use45 
for heating 

(TWh) 

Increase in 
electricity use 

for heat (%) 

Carbon 
emissions 
(MtCO2) 

2030 

Consumer 
Transformation 8% 118 8% 21 

System 
Transformation 4% 133 14% 23 

Leading the Way 10% 108 14% 19 

2050 

Consumer 
Transformation 11% 49 125% 1 

System 
Transformation 9% 105 60% 1 

Leading the Way 12% 53 117% 1 

 

By 2050, the scenarios see average heating demand reductions of between 9-12%. The highly 
electrified scenarios (Consumer Transformation and Leading the Way) see significantly less fuel used 
in total (approx. 50 TWh) due to greater deployment of high efficiency heat pumps and energy efficiency 
retrofits than in the hydrogen-led System Transformation scenario (approx. 105 TWh). Across the three 
scenarios we see an increase of electricity used for heating of between 60-125%. All the scenarios have 
around 1 Mt unabated carbon emissions in 2050 (approx. 4% of 2020 emissions from heat). This is due 
                                                      
45 Units here are fuel use, not thermal energy requirement. In the case of electricity this refers to the number of kWh of grid 
supplied electricity used. With heat pump operation, fuel use is, in general, 2-4 times smaller than thermal energy requirement.   
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to the non-zero carbon intensity assumed for electricity and hydrogen, which will need to be accounted 
for to reach net zero.  

While the scale and speed of electrification varies by scenario, there are some consistent trends across 
all three scenarios. Geographic areas and consumer types highly likely to electrify in all scenarios 
include: 

• Off-gas grid areas. Since hydrogen for heating is not available predicted to become available 
where buildings are not currently connected to the gas grid, off-gas areas use a combination of 
electricity and bioenergy to replace fossil fuel heating in all our scenarios.  

• New builds. From 2025, all new builds are electrically heated.  
• Urban areas. These also see higher electrification by 2030, particularly in space constrained 

city centre areas where direct electric technologies are attractive. More efficient and modern 
buildings (and those with standard construction types that can easily be treated with cavity wall 
and loft insulation) are likely to be early adopters of heat pumps since they can benefit from full 
potential of low temperature operational efficiency. These buildings tend to be located outside 
of city centres. 

Energy efficiency deployment is found to be higher in areas where the heating predominantly electrifies. 
This is because higher levels of energy efficiency improve the operating efficiency that can be achieved 
with low temperature heat pumps, and significantly decrease the costs of all types of electric heating.  

Our findings suggest there may be an opportunity for UKPN to support the deployment of energy 
efficiency to reduce costs for the network and consumers while facilitating low carbon heating 
deployment. Deployment of energy efficiency has the potential to reduce the cost of network 
reinforcement associated with the electrification of heat to 2050, representing approximately 3% of the 
total capital cost of the energy efficiency measures installed over the same period, within each scenario. 
The modelled deployment of these energy efficiency measures is contingent on significant financial 
incentives and/or regulation. It is likely that much of the funding towards these incentives would come 
directly from central government. However, the significant network benefit of energy efficiency 
measures should be captured in the business case for installing those measures, potentially suggesting 
a role for allocating funding for energy efficiency via DNOs, who may also be able to help direct that 
funding to where the network benefit would be greatest. 
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9 Appendix 

9.1 References 

Domestic stock model 
• National Energy Efficiency Database (NEED)46 
• Energy Performance Certificate database47 
• English Housing Survey48 
• LSOA estimates of distances between non-gas households and nearest grid connection, 2015 

BEIS49 
• Sub-regional fuel poverty 2020, BEIS50 
• Sub-national Electricity Consumption, BEIS51 

See Section 3.1 for the description of how these data sets are used. 

Non-domestic stock model 
In order to form a full picture of the stock at LSOA level for the non-domestic stock model, we combine 
a range of datasets including commercial EPC records, subnational MSOA-level meters and 
consumption data, and UKPN consumer and UKPN’s consumption data: 

• Energy Performance Certificates (EPC) records – Provides consumption and building sector 
and fuel type for ~40% of the stock, at LSOA-level 

• Energy Consumption UK (ECUK) data52 – for GB-wide consumption calibration for different 
sectors and fuel types 

• BEIS Subnational consumption statistic - MSOA-level non-domestic consumption data used 
to find the remaining stock, mapped to LSOA-level. This has been scaled to exclude heating 
for industrial processes. 

• UKPN electricity consumption and consumer data - used to calibrate the final floor area 
and stock at LSOA level. 

• BEIS Building Energy Efficiency Survey (BEES)53 - The consumption from EPC data is 
calculated from floor area using the BEES benchmark heat consumption per sector. 

Low carbon technologies and energy efficiency measures 
• Committee on Climate Change’s ‘hard to decarbonise homes’ report, by Element Energy and 

UCL54 

                                                      
46 https://www.gov.uk/government/collections/national-energy-efficiency-data-need-framework 
47 https://epc.opendatacommunities.org/ 
48 https://www.gov.uk/government/collections/english-housing-survey 
49 https://www.gov.uk/government/statistics/lsoa-estimates-of-distances-between-non-gas-households-and-nearest-grid-
connection 
50 https://www.gov.uk/government/collections/fuel-poverty-sub-regional-statistics 
51 https://www.gov.uk/government/collections/sub-national-electricity-consumption-data 
52 https://www.gov.uk/government/statistics/energy-consumption-in-the-uk 
53 https://www.gov.uk/government/publications/building-energy-efficiency-survey-bees 
54Analysis on abating direct emissions from ‘hard-to-decarbonise’ homes (Element Energy & UCL) 
https://www.theccc.org.uk/publication/analysis-on-abating-direct-emissions-from-hard-to-decarbonise-homes-element-energy-
ucl/ 
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• The UK 2nd Cost optimal report55 
• Cambridge Architectural Research56  
• Energy Saving Trust57 

See Section 4 for the description of how these sources are used to create our cost and performance 
database. 

9.2 Modelling methodology; the Decision Module 
For each building archetype, the decision module compares the cost of every combination (over 60) of 
energy efficiency package (low/medium/high) and low carbon heating system (ASHP, GSHP etc.). 
Since all these combinations are net zero compliant, the package with the lowest cost, annualised over 
the lifetime, is selected for each archetype. This includes the capital cost, operation costs and fuel costs 
for each combination. In our System Transformation scenario, a slightly different decision algorithm is 
used, with archetypes assigned to the combination with lowest payback period – this is defined as the 
additional cost relative to counterfactual divided by the ongoing savings relative to the counterfactual58.   

The ‘low’ energy efficiency package includes roof and cavity wall insulation, as well as behavioural and 
other measures, and typically costs in the range of £100s to several £1000s. The high package 
additionally includes the more disruptive floor and solid wall insulation measures, and can cost in the 
£10,000s where these measures are applicable.  

An example of the comparison process for two combinations of energy efficiency measure and low 
carbon heating systems is shown in Figure 53. In this case the comparison is being made in the System 
Transformation scenario in which hydrogen is available for heat, between a “high” energy efficiency 
package and ASHP, and a “low” energy efficiency package with hydrogen boiler. In this case, the 
significantly lower upfront cost of the hydrogen boiler package outweighs the reduced annual saving 
such that this combination has the shorter payback period, and is selected for this archetype over the 
ASHP.  

                                                      
55 Ministry of Housing, Communities & Local Government, 2019. Energy Performance of Buildings Directive. 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/770783/2nd_UK_Cost_Opti
mal_Report.pdf  
56 CAR, 2017. What Does It Cost to Retrofit Homes? Report for Department for Business, Energy & Industrial Strategy. 
57 EST, 2019. Determining the costs of insulating non-standard cavity walls and lofts. Report for Department for Business, 
Energy & Industrial Strategy. 
58 Not all combinations have a payback period for any given archetype. For example, it is possible for the low carbon heating 
system to be cheaper in upfront capital cost than the counterfactual, and/or for operating costs to be more expensive.    

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/770783/2nd_UK_Cost_Optimal_Report.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/770783/2nd_UK_Cost_Optimal_Report.pdf
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Figure 53 Example decision module process. Grey bracketed costs are the component of the 
total price assumed to be grant funded under the System Transformation scenario.  
 

9.3 Electricity grid carbon intensity assumptions 

 

Figure 54 Carbon intensity of grid electricity assumed in modelling, kgCO2/kWh 

9.4 Non-domestic Building Archetypes 
archetype  Sector Fuel Size Floor area 

(m2) 
Stock Annual 

space 
heating 
demand 
(kWh/m2) 

Annual 
hot water 
demand 
(kWh/m2) 
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1 Community
, arts & 
leisure 

Electricity Large                    
469,414  

                             
232  

79.3 4.1 
2 Community

, arts & 
leisure 

Electricity Medium                 
2,943,441  

                          
6,845  

79.3 4.1 
3 Community

, arts & 
leisure 

Electricity small                    
249,931  

                          
1,549  

79.3 4.1 
4 Community

, arts & 
leisure 

Gas Large                 
9,841,598  

                          
2,640  

99.9 5.1 
5 Community

, arts & 
leisure 

Gas Medium                 
6,932,865  

                        
14,055  

99.9 5.1 
6 Community

, arts & 
leisure 

Gas small                    
442,732  

                          
3,071  

99.9 5.1 
7 Community

, arts & 
leisure 

Other Large                 
4,182,021  

                          
1,112  

99.9 5.1 
8 Community

, arts & 
leisure 

Other Medium                 
1,628,158  

                          
2,948  

99.9 5.1 
9 Community

, arts & 
leisure 

Other small                      
37,437  

                             
220  

99.9 5.1 
10 Education Electricity Large                    

554,635  
                               
75  83.9 14.7 

11 Education Electricity Medium                 
1,950,446  

                          
1,973  83.9 14.7 

12 Education Electricity small                    
107,195  

                             
703  83.9 14.7 

13 Education Gas Large               
16,241,559  

                          
1,359  105.7 18.5 

14 Education Gas Medium               
13,040,347  

                          
9,192  105.7 18.5 

15 Education Gas small                    
195,182  

                          
1,349  105.7 18.5 

16 Education Other Large                 
2,102,442  

                             
264  105.7 18.5 

17 Education Other Medium                 
2,110,704  

                          
1,470  105.7 18.5 

18 Education Other small                      
12,036  

                               
76  105.7 18.5 

19 Emergency 
Services 

Electricity Large                    
119,402  

                               
20  145.9 19.7 

20 Emergency 
Services 

Electricity Medium                      
34,469  

                               
49  145.9 19.7 

21 Emergency 
Services 

Electricity small                            
432  

                               
50  145.9 19.7 

22 Emergency 
Services 

Gas Large                 
2,139,475  

                             
358  183.8 24.9 

23 Emergency 
Services 

Gas Medium                 
1,096,946  

                          
1,166  183.8 24.9 

24 Emergency 
Services 

Gas small                         
4,035  

                             
293  183.8 24.9 

25 Emergency 
Services 

Other Large                      
24,284  

                                  
8  183.8 24.9 

26 Emergency 
Services 

Other Medium                      
22,114  

                               
32  183.8 24.9 

27 Emergency 
Services 

Other small                              
86  

                                  
3  183.8 24.9 



 UKPN Heat Street 

 

  
  90 
 

28 Health Electricity Large                    
354,866  

                               
58  111.6 39.9 

29 Health Electricity Medium                    
810,553  

                          
2,309  111.6 39.9 

30 Health Electricity small                      
14,541  

                             
272  111.6 39.9 

31 Health Gas Large               
12,243,298  

                             
886  140.6 50.2 

32 Health Gas Medium                 
5,900,854  

                        
12,220  140.6 50.2 

33 Health Gas small                      
61,376  

                          
1,280  140.6 50.2 

34 Health Other Large                      
47,677  

                                  
9  140.6 50.2 

35 Health Other Medium                    
298,493  

                             
946  140.6 50.2 

36 Health Other small                         
8,560  

                             
159  140.6 50.2 

37 Hospitality Electricity Large                 
6,875,836  

                          
6,936  79.0 26.5 

38 Hospitality Electricity Medium                 
9,757,543  

                        
34,032  79.0 26.5 

39 Hospitality Electricity small                      
42,967  

                          
1,763  79.0 26.5 

40 Hospitality Gas Large               
13,904,083  

                          
7,128  99.5 33.4 

41 Hospitality Gas Medium                 
5,939,819  

                        
22,726  99.5 33.4 

42 Hospitality Gas small                    
253,568  

                        
10,379  99.5 33.4 

43 Hospitality Other Large               
11,558,704  

                          
7,476  99.5 33.4 

44 Hospitality Other Medium                 
1,144,210  

                          
3,932  99.5 33.4 

45 Hospitality Other small                         
4,434  

                             
166  99.5 33.4 

46 Industrial Electricity Large                 
5,018,179  

                          
2,328  64.8 1.6 

47 Industrial Electricity Medium                 
8,192,871  

                        
27,982  64.8 1.6 

48 Industrial Electricity small                      
61,783  

                          
1,333  64.8 1.6 

49 Industrial Gas Large                 
7,323,080  

                          
2,742  81.7 2.0 

50 Industrial Gas Medium                 
5,948,766  

                        
24,389  81.7 2.0 

51 Industrial Gas small                    
243,329  

                          
5,710  81.7 2.0 

52 Industrial Other Large                    
782,633  

                             
390  81.7 2.0 

53 Industrial Other Medium                 
2,335,013  

                        
10,475  81.7 2.0 

54 Industrial Other small                      
67,574  

                          
1,599  81.7 2.0 

55 Offices Electricity Large                    
793,017  

                             
785  65.3 8.7 

56 Offices Electricity Medium               
13,065,131  

                      
111,067  65.3 8.7 

57 Offices Electricity small                    
319,434  

                        
12,372  65.3 8.7 

58 Offices Gas Large               
20,009,644  

                        
12,270  82.3 10.9 

59 Offices Gas Medium               
13,027,930  

                        
98,955  82.3 10.9 
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60 Offices Gas small                    
442,046  

                        
17,578  82.3 10.9 

61 Offices Other Large                 
7,120,849  

                          
3,205  82.3 10.9 

62 Offices Other Medium                 
4,444,004  

                        
29,765  82.3 10.9 

63 Offices Other small                      
29,053  

                          
1,190  82.3 10.9 

64 Retail Electricity Large                 
5,205,780  

                        
12,156  66.6 2.6 

65 Retail Electricity Medium               
11,983,361  

                      
107,533  66.6 2.6 

66 Retail Electricity small                    
146,865  

                        
10,276  66.6 2.6 

67 Retail Gas Large               
17,446,991  

                        
11,614  83.9 3.3 

68 Retail Gas Medium                 
2,233,468  

                        
20,632  83.9 3.3 

69 Retail Gas small                    
101,457  

                          
7,004  83.9 3.3 

70 Retail Other Large                 
4,310,896  

                          
3,390  83.9 3.3 

71 Retail Other Medium                    
739,747  

                          
5,433  83.9 3.3 

72 Retail Other small                         
6,389  

                             
433  83.9 3.3 

73 Storage Electricity Large                    
579,631  

                             
248  29.1 1.6 

74 Storage Electricity Medium                 
4,625,673  

                        
15,869  29.1 1.6 

75 Storage Electricity small                    
206,331  

                          
3,525  29.1 1.6 

76 Storage Gas Large               
11,708,493  

                          
2,144  36.7 2.0 

77 Storage Gas Medium                 
7,790,157  

                        
20,198  36.7 2.0 

78 Storage Gas small                    
347,240  

                          
6,029  36.7 2.0 

79 Storage Other Large               
25,538,614  

                          
5,168  36.7 2.0 

80 Storage Other Medium                 
4,974,616  

                          
7,479  36.7 2.0 

81 Storage Other small                      
20,600  

                             
348  36.7 2.0 

 

9.5 Non-domestic sector floor space projections 
Table 26 Non-domestic stock model floor area projections 

 Change in total floor space (%) Total floor 
space  

LPN SPN EPN UKPN total 
2020 100% 100% 100%                  

322,895,416  
2021 99% 99% 99%                  

320,791,420  
2022 98% 98% 99%                  

318,709,720  
2023 97% 97% 98%                  

317,190,177  
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2024 96% 96% 97%                  
315,682,891  

2025 96% 96% 96%                  
314,187,787  

2026 96% 96% 96%                  
312,814,025  

2027 95% 96% 96%                  
312,550,081  

2028 95% 95% 96%                  
312,287,783  

2029 95% 95% 96%                  
312,027,131  

2030 95% 95% 96%                  
311,774,142  

2031 95% 95% 95%                  
311,560,855  

2032 94% 95% 95%                  
311,365,095  

2033 94% 95% 95%                  
311,173,822  

2034 94% 95% 95%                  
311,062,965  

2035 94% 95% 95%                  
311,061,582  

2036 94% 95% 95%                  
311,061,232  

2037 94% 95% 95%                  
311,061,917  

2038 94% 94% 95%                  
311,063,643  

2039 94% 94% 94%                  
311,066,412  

2040 94% 94% 94%                  
311,078,158  

2041 94% 94% 94%                  
311,090,944  

2042 94% 94% 94%                  
311,143,956  

2043 94% 94% 94%                  
311,242,272  

2044 94% 94% 94%                  
311,341,531  

2045 94% 94% 94%                  
311,441,734  

2046 94% 94% 94%                  
311,542,888  

2047 94% 94% 94%                  
311,648,946  

2048 94% 94% 94%                  
311,755,959  



 UKPN Heat Street 

 

  
  93 
 

2049 94% 94% 94%                  
311,863,930  

2050 94% 94% 94%                  
311,972,865  

 

 

9.6 Comparison of Heat Street and the UKPN DFES 

  DFES Heat Street 

Purpose • Comprehensive set of scenarios for future 
demand and generation connections 
across the UKPN licence areas to support 
business planning. 

• The scenarios are used for consultation 
with stakeholders to get views on the 
underlying assumptions on connections 
and flexibility that will drive expenditure 
forecasts in the business plan.  

• Provide a deep dive analysis into 
thermal energy efficiency and heat 
decarbonisation in UKPN’s licence areas 
to understand where high levels of heat 
electrification is likely to be deployed 
and the factors that influence this. 

• Assess the impact of policy on efficiency 
improvement and low carbon heating 
technology uptake and the potential 
role of the DNO in facilitating the roll-
out.  

Scope • All connections - domestic and non-
domestic, all LCTs (heat  pumps, EV 
charging etc.), generation connections at 
all scales and storage. 

• The DFES also considers demand 
reduction through energy efficiency, as 
well as the availability of flexibility. 

• The DFES forecasts numbers and capacity 
of connections, but doesn't include 
projections of electricity demand (MWh) 
or generated (this is undertaken in models 
that the DFES feeds into) 

• Purely focussed on thermal energy 
efficiency and low carbon heating 
technologies, including district heating. 

• Analysis of the spatial deployment of 
technologies at LSOA level and the 
impact of this on the networks in terms 
of electricity demand and peak load. 

Modelling 
method 

• A range of modelling methods are 
employed for the different demand 
drivers and types of generation 
technologies. 

• Individual heating technology uptake is 
modelled using a bottom-up building stock 
model, accounting for technology 
suitability and consumer preferences. 

• DH is modelled based on spatial heat 
density analysis and assumed uptake 
assumptions in areas above a heat density 
threshold. 

• The Heat Street modelling is consistent 
with the approach taken in DFES, but 
based on a far more granular model of 
the building stock. 

• Deployment of energy efficiency and low 
carbon heating technologies is based on 
a highly granular archetype model of the 
building stock, enabling detailed 
consideration of technical suitability of 
efficiency measures and heating 
appliances to different stock segments. 

• Heating technology uptake based on 
identification of the most cost-effective, 
technically suitable technology for each 
archetype. 

• The impact of policy, such as capital 
grants, as well as regulation is factored 
into the modelling. 
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• DH is modelled in a consistent manner 
to the DFES analysis 

 

Outputs • Numbers of connections, number of low 
carbon technologies deployed and 
capacity of distributed generation 
connected to the network annually to 
2050 at LSOA level spatial resolution. 

• Deployment of energy efficiency and low 
carbon heating technologies over time 
to 2050 at LSOA level spatial resolution. 

• Energy demand reduction and amount 
of heat supplied by each low carbon 
heating technology. 

• Impact on consumer bills. 
 

Impact • Feeds into UKPN strategic forecasting to 
inform business planning, network 
planning and other key functions. 

• Updated on an annual basis 

• Builds UKPN’s understanding of the 
implications of heat decarbonisation for 
their licence areas. 

• Better understanding of which areas are 
likely to see high levels of heat 
electrification, based on local 
characteristics 

• Potential to feed into future DFES 
updates with more detailed modelling of 
the heat sector. 

 

 

9.7 Heating system conversion and auxiliary costs 
The additional costs shown in Table 27 are applied only were appropriate, depending on both the initial 
and final heating system of each domestic archetype. For example, an archetype moving from a direct 
electric heating system to a hydrogen boiler would incur the ‘Wet heating system fixed capex (£)’ cost, 
but an archetype moving from gas boiler to hydrogen boiler would not.  

 Low temperature emitters are modelled to be required in many but not all heat pump installations, 
depending on the peak heating demand of the property.  

Table 27 Domestic heating system conversion and auxiliary costs  

Item Cost (£) 

Resistive electrical wiring fixed capex (£) £87 

Resistive electrical wiring marginal capex (£/kW th) £133 

Storage electrical wiring fixed capex (£) £500 

Storage electrical wiring marginal capex (£/kW th) £175 

Wet heating system removal capex (£) £200 

Wet heating system fixed capex (£) £1,250 

Wet heating system marginal capex (£/m2) £5 

Hot water cylinder capex (£) £1,040 

Small heat battery required for Domestic Hot Water capex (£) £1,040 

Additional thermal storage for Space Heat capex (£) £1,680 
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Replacement of cooker/hob (£) £310 

Decommissioning of boiler (£) £500 

Hydrogen in-building pipework and hyready boiler switchover (£) £550 

Low temperature emitters capex, small property (£) £1,080 

Low temperature emitters capex, medium property (£) £1,800 

Low temperature emitters capex, large property (£) £2,520 

9.8 Supply side constraints on low carbon heating and energy efficiency 
deployment 

Supply side constraints on deployment of low carbon technologies and certain efficiency measures 
were applied in the model as given below. These assumptions were taken from previous stakeholder 
engagement informing Element Energy’s work for the Committee on Climate Change. The limits on 
deployment in the UKPN area were scaled down relative to the UK-wide limits based on the number of 
domestic properties (scale factor of 0.28).  

Table 28 Assumed limits on domestic supply, UK-wide 

Technology 
group 

UK-wide limit on annual domestic unit deployment (thousands) 

Easily achievable Achievable at a stretch Absolute limit 

  By 
2025 

By 
2030 

By 
2035 

By 
2025 

By 
2030 

By 
2035 

By 
2025 

By 
2030 

By 
2035 

Energy 
efficiency – 
lofts 

300 1,000 2,000 2,000 2,000 2,000 2,000 2,000 2,000 

Energy 
efficiency – 
cavity walls 

300 1,000 1,000 1,000 1,000 1,000 1,000 1,000 1,000 

Energy 
efficiency – 
solid walls 

80 150 300 240 720 1,000 700 1,000 1,000 

Energy 
efficiency – 
whole-house 
retrofit 

65 350 2,000 400 1,000 2,000 2,000 2,000 2,000 

Heat pumps 
(inc. hybrids) 50 500 1,000 250 1,000 1,600 250 1,100 1,600 

Conventional 
electric 
heating 

150 500 2,000 500 1,000 2,000 1,000 2,000 2,000 

Solar thermal 2 20 200 20 200 1,000 100 1,000 1,000 

Hydrogen / 
Hyready 
boilers 

20 1,000 1,000 1,500 2,000 1,500 2,000 2,000 2,000 
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Bio LPG 15 30 75 75 150 150 150 150 150 

 

Table 29 Assumed limits on domestic supply, UKPN areas 

Technology 
group 

UK-wide limit on annual unit deployment (thousands) 

Easily achievable Achievable at a stretch Absolute limit 

  By 
2025 

By 
2030 

By 
2035 

By 
2025 

By 
2030 

By 
2035 

By 
2025 

By 
2030 

By 
2035 

Energy 
efficiency – 
lofts 

84 280 560 560 560 560 560 560 560 

Energy 
efficiency – 
cavity walls 

84 280 280 280 280 280 280 280 280 

Energy 
efficiency – 
solid walls 

22 42 84 67 201 280 196 280 280 

Energy 
efficiency – 
whole-house 
retrofit 

18 98 560 112 280 560 560 560 560 

Heat pumps 
(inc. hybrids) 

14 140 280 70 280 448 70 308 448 

Conventional 
electric 
heating 

42 140 560 140 280 560 280 560 560 

Solar thermal 1 6 56 6 56 280 28 280 280 

Hydrogen / 
Hyready 
boilers 

6 280 280 420 560 560 560 560 560 

Bio LPG 4 8 21 21 42 42 42 42 42 
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