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The Centre for Net Zero is an Open Research 
Lab leading ground-breaking research on the 
biggest questions in the energy transition; 
making our data, models and reports freely 
available for everyone to understand, challenge 
and build on.

Our mission is to realise faster, fairer and more 
affordable paths to Net Zero, to secure our 
planet’s future for generations to come.

We’re backed by Octopus Energy, a leading 
industry innovator. Our research is informed 
directly by real world scenarios and insights 
from the front line of the energy industry.
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What is this
document?

This document summarises published evidence 
about how to decarbonise home heating within the 
UK and where there are gaps in understanding. The 
document is the result of a review of more than 50 
items of regularly and recently cited academic and 
industrial analysis, conducted by Centre for Net Zero 
in May 2021. 

We have sought to prioritise accessibility - this 
document is therefore considerably shorter than 
more traditional literature or evidence reviews. We 
welcome feedback, particularly in cases where we 
have missed or misconstrued certain analysis. We 
intend to update this document regularly to reflect 
our best view.
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What is the
status quo?

Decarbonising Home Heating 4

Decarbonisation of home heating is a complicated 
issue and there is broad consensus that there is no 
single solution. Considerable research has gone into 
constituent parts - from techno-economic 
optimisation models to characterisation of the 
housing stock. While there is widespread 
acknowledgement of the need for ‘systems-thinking’, 
this is often limited to the engineering of the energy 
system, rather than considering the people and 
organisations around it.
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Where do we see the biggest gaps?
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1. Integration of behavioural research into techno-economic analysis. There is acknowledged to be considerable heterogeneity in the housing stock, but 
the involvement of people in heat decarbonisation - with their own circumstances and simplified decision-making - is generally abstracted away, or 
considered within a narrow scope. Similarly, issues of affordability and fairness are dealt with ‘on average’, rather than fully acknowledging the diversity 
of people and places.

2. Transition modelling, encompassing the to and fro of independent actors within the system in response to different policies. Research has explored 
the optimal path for heat decarbonisation (highlighting considerable uncertainties), but comparatively less research has gone into how we keep 
ourselves on a path and accelerate progress along it. While there are some differences, the observed experience curves linking adoption and cost 
reduction in solar, wind and batteries deserve more investigation in this context.

3. Characterisation of real-world heat demand and energy efficiency. While use of smart meter data is growing, we consider that there is significant 
scope to supplement theoretical models with measured usage data to better understand real-world behaviour.

4. Limited evidence base for flexibility assumptions and time of use tariffs for heat. There is consensus that flexibility has a key role to play, but limited 
data to characterise it in any detail. It will also be important to understand better the detailed local impacts on electricity networks.

centrefornetzero.org

http://centrefornetzero.org


What next? Building on the evidence base
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Research need Our plan

Integration of behavioural research into 
techno-economic analysis

We are creating agent-based models to simulate the behaviour of different 
households in response to policy and technology changes. Where behavioural 
assumptions are not already available we will run surveys or experiments to 
derive these insights.

Transition modelling, encompassing the to and 
fro of independent actors within the system in 
response to different policies

Our simulation models will encompass key actors within the system, including 
the supply chain. Where data on behaviour is sparse or uncertain we will explore 
multiple scenarios, drawing from existing research and interviews.

Characterisation of real-world heat demand and 
energy efficiency

Drawing insight from smart meter data and other sources, we will create a 
representative population of households, reflecting real-world use of heating 
systems. We will consider what data we can share to support the wider 
research community.

Limited evidence base for flexibility assumptions 
and time of use tariffs for heat

Drawing from Octopus Energy experience of modern time of use tariffs and 
current heat demand, we will begin to characterise flexibility and how it varies 
across households.
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Households
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1 - Demand for heat

The vast majority of the UK’s heat demand is currently met by natural gas.
The gas network is inherently flexible to large peaks. By contrast, peak 
demand on the electricity network can drive a need for significant additional 
infrastructure - wires, substations, generation.

Estimates of peak UK domestic heat demand vary significantly, from 170 to 
277GW1,2. This compares to peak electricity demand of c45GW today. These 
estimates are based on 2010 gas smart meter data (2010 included some very 
cold weather). The largest study1  drew data from 6,000 households and 
inferred the national peak based on analysis of demographics at postcode 
level, but did not take account of building types or condition.

While heat pumps will have a flatter profile of energy demand, there has been 
limited analysis to quantify this effect in practice. The most significant 
study3, covering 700 heat pumps, estimated that each additional 20% of 
homes fitted with heat pumps would increase peak electricity demand by 
7.5GW. The study acknowledges that the sample is unlikely to be 
representative of future heat pump adoption.

Hot water is generally assumed to represent around 22% of domestic heat 
demand, but this appears to be based on empirical evidence limited to 120 
homes in 20084.

Decarbonising Home Heating

References

1. Watson, Lomas, Buswell, 2019. Decarbonising domestic heating: What is peak GB demand?
2. Sansom, R, 2014. Decarbonising low grade heat for a low carbon future
3. Love J, Smith A, Watson S et al, 2017. The addition of heat pump electricity load profiles to GB 

electricity demand: Evidence from a heat pump field trial
4. Energy Savings Trust, 2008. Measurement of Domestic Hot Water Consumption in Dwellings 

2019 report estimated peak GB heat demand at 177GW1
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The ability to keep a home at a comfortable temperature is critical to 
mental and physical well-being. Fuel poverty is assessed differently 
across the UK and affects millions of people.

● England (13% of households) 1, based on an assessment of EPC 
and ‘residual income’ introduced in 20212

● Scotland (25%), Wales  (12%) and Northern Ireland (22%) 
measures are based on affordability and do not directly consider 
EPC rating3

There is no single list of fuel poor households. How to effectively target 
those in fuel poverty needing support is an issue yet to be fully solved4. 
This may require highly local solutions. In addition, self assessment of fuel 
poverty does not align well with government definitions5.

BEIS identified research gaps in 20212:
● Evidencing relationships between fuel poverty, housing & health
● Data on heating patterns incl. under-heating (homes that are not 

being kept warm) . BRE is running a £2.5m study
● Decarbonisation of homes in fuel poverty. Research projects 

include smart tariff price comparison, using smart meter data to 
target support, encouraging engagement (Project Involve)

Decarbonising Home Heating

References

1. ONS, 2021. Fuel Poverty detailed tables 
2. BEIS, 2021. Sustainable Warmth - Protecting Vulnerable Households in England
3. BEIS, 2021. Annual Fuel Poverty Statistics LILEE Report 
4. UK Gov't, 2021. Updating the Fuel Poverty Strategy for England 
5. BEIS, 2020. Perceptions of fuel poverty
6. Hinson S Bolton P, 2020. Fuel Poverty Briefing Paper for HoC

2 - Energy affordability
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13% of English households were classed as fuel poor in 20193
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3 - People & behaviour
The public has a key role to play in decarbonising our society. More than 40% of 
abatement in CCC scenarios is linked to some degree of ‘customer’ behaviour 
change. This is particularly true for heat, where change will rely on people’s 
adoption of low carbon heating systems and their day-to-day decisions on how to 
run those systems.

There have been several recent surveys of attitudes to low-carbon heating1,2,3,4 

● Awareness is low. Only 5% independently cited heat as a major 
contributor to climate change (cf 89% for transport). 70% didn’t know 
much about low-carbon heating technologies

● While 44% would adopt in principle; cost, disruption and performance 
are cited as concerns. 70% perceive hassle as high

Research into behavioural impact has focused on measuring and influencing 
repeated behaviours5, with less focus on high-impact behaviours such as 
adopting low carbon heating6,7. Completed trials have increased interest but not 
adoption (ie they ran into other barriers).

Published research using smart home and thermostat data appears limited.

Where behavioural insights do exist, they are often reviewed narrowly, and are 
not well integrated into wider system analysis.

Decarbonising Home Heating

References

1. Steentjes, K., Poortinga, W., Demski, C., and Whitmarsh, L., (2021). UK perceptions of climate 
change and lifestyle changes. CAST Briefing Paper 08

2. Climate Exchange, 2020. Public awareness of and attitudes to low-carbon heating technologies 
3. National Grid, 2020. Heating our homes in a Net Zero Future
4. Ofgem, 2021. Insights into consumer attitudes to decarbonisation 
5. Hanmer C et al, 2018. How household thermal routines shape UK home heating demand patterns
6. Users TCP, IEA, 2020. Behavioural insights for demand-side energy policy and programmes: An 

environment scan
7. Stern P, 2020. A reexamination on how behavioral interventions can promote household action to 

limit climate change
8. ERP, 2021. How Behaviour Change will unlock Net Zero
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Current awareness is low and people perceive significant challenges1

“I don’t know 
much about 
low-carbon 
systems”

“Changing the 
system in my 
home would be 
a hassle”

“The use of a 
system is 
restricted by how 
much it costs”

- 21%
Disagree

+ 51%
Agree

- 9%
Disagree

+ 70%
Agree

- 9%
Disagree

+ 71%
Agree
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4 - Housing stock

The UK housing stock is broadly characterised as older and less energy 
efficient than other developed countries. There are two major sources of 
data: Energy Performance Certificates (EPCs) and housing surveys

● 50-60% of households in England and Wales have an EPC1 (building 
type, date built, tenure, heating systems, wall types etc). But the 
majority of home alterations do not trigger an updated EPC. There 
are widespread concerns about the accuracy of EPC data2

● The English Housing Survey covers 13k households and publishes 
annual statistics. Similarly Scotland

UCL 3DStock3 project combines several data sources (incl. EPC, business 
rates data) at premise level, with an energy focus. This analysis is being 
extended local authority by local authority within England & Wales (the input 
datasets are not available for Scotland & NI). The tool combines visualisation 
and the ability to query the building stock.

Satellite imagery and mapping data is increasingly being used to assess 
suitability of UK homes for low carbon technologies (eg potential for off-street 
parking4 or rooftop solar5).

Decarbonising Home Heating

References

1. ONS, 2020. Energy efficiency of housing in England and Wales 
2. BEIS/MHCLG, 2020. EPC in Buildings - Call for Evidence
3. Steadman, P., Evans, S., Liddiard, R., Godoy-Shimizu, D., Ruyssevelt, P., & Humphrey, D. (2020). 

Building stock energy modelling in the UK: the 3DStock method and the London Building
Stock Model

4. Field Dynamics, 2020. 25% of drivers have no off-street parking 
5. Google, 2017. Project Sunroof data explorer

Buildings in parts of UK have been characterised in some detail3
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5 - Thermal performance
Understanding how different buildings retain or transfer heat underpins the cost 
and suitability of new heating technologies like heat pumps.

There are several models for forecasting energy use at building level1,2,3. 
However, their accuracy depends on many assumptions and studies have shown 
significant differences between performance ‘as designed/modelled’ and ‘as 
used’4.

Assumptions on the impact of fabric energy efficiency improvements5 hinge on 
the NEED dataset, which infers the impact of measures based on records of 
government-subsidised energy efficiency upgrades and annual energy 
consumption.

There are two promising avenues for further research - which potentially offer 
scalable insight into ‘in-use’ building performance

● BEIS SMETER programme6 has funded several organisations to 
estimate heat transfer coefficients (HTC) using smart meter and 
external temp, and in some cases internal measurements. Performance 
is promising but training set has thus far been limited to <30 houses

● Thermal satellite data is currently too coarse (50m) to understand heat 
lost from individual buildings. But through innovation there is potential 
for 10x improvement in resolution by 2023

Decarbonising Home Heating

References

1. CSE, 2014. National Household Model
2. BEIS, tbd. National Buildings Model
3. BRE, 2014. Standard Assessment Procedure (SAP) 2012
4. Johnston D, Siddall M, 2016. The Building Fabric Thermal Performance of Passivhaus Dwellings 
5. UCL, 2020. Analysis work to refine fabric energy efficiency assumptions for use in developing 

the Sixth Carbon Budget 
6. 2021, BEIS. SMETER workshop slides

Measured heat loss (blue) can significantly exceed models (grey)4
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Heating Technologies
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6 - Suitability & cost of  low-
carbon heating technologies
There are several competing low-carbon heating technologies, each with their own 
costs and suitability in relation to the housing stock and local factors such as gas 
grid connection, building density and waste heat availability. Commonly considered 
technologies include: air and ground source heat pumps (ASHPs/GSHPs), hybrid heat 
pumps, hydrogen boilers and district heating systems. Infrared heating and 
solar-thermal are used by some UK properties, but rarely included in analysis.

While many studies conclude that heat pumps are applicable to the majority of UK 
households3, the view is not universal4 and depends on estimates of space 
availability and costs of energy efficiency measures.

Cost data for heat pumps can be tracked via RHI / MCS data1,2. Data on district 
heating system costs is limited. 

Future cost is a huge area of uncertainty as most technologies are not yet at scale. 
Future cost efficiencies are typically modelled as an input to adoption models, based 
on expert input - eg the CCC assumes ASHP/GSHP cost reductions of 20% by 20305 

and hydrogen boilers 70-85% cheaper than today (parity with gas boilers)6. 

The potential for learning effects7, as witnessed with solar, wind and battery 
storage, is not typically explored.

Decarbonising Home Heating

      References

1. RHI grant data
2. MCS, 2021. Renewing Britain
3. Carbon Trust, 2020. Heat pump retrofit in London
4. EUA, 2021. Decarbonising heat in buildings
5. Delta-ee, 2016. Potential Cost Reductions for ASHPs/GSHPs
6. Element Energy, 2018. Hydrogen supply chain
7. Weiss M et al, 2010. A review of experience curve analyses for energy demand technologies

Analysis of heat pump costs in Germany and Switzerland indicates cost 
reductions of >30% for each doubling of capacity7

15

Learning rates in %
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7 - Supply chains
A capable and trusted supply chain, with appropriate capacity, is a critical enabler 
to changing the way we heat our homes.

Research understandably relies on interviews of companies within the existing 
supply chain, which risks introducing vested interests, inconsistencies and 
optimism into analysis.

Interviews with the Heat Pump supply chain1,2,3 find:
● UK accounts for c1% of 2.7m global sales per year
● Manufacturing 1m HPs / yr for UK by 2030 is feasible. But suppliers are 

skeptical demand will grow that quickly and are not expecting significant 
growth before 2025

● Long-term (30yr) vision and commitment to heat pumps consistently 
highlighted as key to business growth and investment decisions

● Trained Heat Pump installers may need to grow 40-fold over 2020-30
● Critical that capacity does not come at expense of quality. Adoption in 

other countries has stalled with quality issues

Analysis of hydrogen supply chain4 identifies multiple areas for development, with 
capacity somewhat governed by global developments.

Research into energy efficiency supply chains5 highlights fragmentation and 
competition with other more attractive building work.

Decarbonising Home Heating
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1. Eunomia/BEIS, 2020. Heat Pump Manufacturing Supply Chain research project
2. Clean Energy Manufacturing Analysis Centre, 2016. Heat Pump Supply Chains and 

Manufacturing Competitiveness
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The need for heat pump installers could grow 40x by 20303
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8 - Expected adoption of
low carbon technologies
Models of low-carbon heat adoption bring together information about 
buildings and technology - typically to produce aggregate scenarios of 
adoption, costs and greenhouse gases to 2050. Such models can be useful in 
assessing viability of different options and for informing strategic choices.

UK-wide scenarios 1,2 reflect detailed analysis of housing stock and technology 
options. Assumptions are chosen and grouped into scenarios based on expert 
feedback. Recent work has decomposed forecast scenarios to postcode 
areas, based on local housing and demographic data3,4.

Multiple studies5,6 suggest annualised costs in 2050 of different pathways (eg 
heat pumps, H2, hybrid) are within 10% of one another - suggesting that 
preserving optionality may be valuable.

Models are typically fully rational techno-economic optimisations. There is 
very limited integration of behavioural insight, or the push and pull of different 
actors. The potential for learning rates (ie reduced costs with increased 
adoption) is rarely taken into account outside academic literature7.

Decarbonising Home Heating
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The proportion of homes with heat pumps in 2050 ranges greatly 
in different market scenarios1,2
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9 - Role of flexibility
Homes have some flexibility in when they consume electricity for heating. 
Pre-heating a home can smooth out peak demands and consume renewable 
energy that would ordinarily be wasted. This reduces need for network 
reinforcement and backup gas-fired boilers while enabling more solar and wind 
generation to be built.

There appears to be limited evidence of the nature of flexibility associated with 
different types of home, eg the capacity that can be shifted, for how long, when 
and with what impact on efficiency1. It is difficult to reliably infer this from 
international research due to the different nature of the UK housing stock.

Research has typically employed high-level assumptions on the amount of 
flexibility, eg an off-block of 4-6 hours and incremental electricity demands of 
5%2,3, in order to quantify the impact. One such study shows annual 
whole-system savings of £4bn3.

Research has considered options to install additional thermal storage4, 
suggesting this is most economic within district heating systems.

These studies generally assume that flexibility is used optimally. While there has 
been research into the experience of electric storage heaters on Economy 75, 
there is a need to investigate the flexibility from modern time of use tariffs.
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10 - System impacts

All heat decarbonisation pathways include a significant element of 
electrification, which will not only increase the annual electricity requirements, 
but critically the amount of electricity required at peak times. This impacts the 
requirements for generation and network capacity. As noted on the previous 
page, flexibility has a key role to play.

Reports1,2  have cost-optimised aggregate national impacts, using 24 
representative network topologies to simplify analysis and handle gaps in 
available data.

We understand that several of the network operators are currently working on 
more detailed models of network infrastructure impact, taking into account 
what they know about the topology and capacity of their existing network, along 
with the locational distribution of new demand and flexibility from electrified 
heat and transport.
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11 - Policy interventions
There is consensus that governments have an important role to play in 
decarbonising homes. Major policy instruments include the Domestic Renewable 
Heat Incentive scheme (ending April 2022) which supports adoption of low 
carbon heating through quarterly payments over 7 years. This will likely be 
replaced by the Clean Heat Grant which will provide an upfront subsidy of up to 
£4k. The Future Homes Standard will mandate that no new homes will have 
fossil-fuel boilers from 2025.

A wide range of policy recommendations have been made, but these are often 
presented with narrow quantitative or qualitative analysis1,2,3

● Upfront subsidy and loans
● Rebalancing of taxes on electricity & gas
● Introduction of carbon taxes
● More time-of-use charges / more value from flexibility
● Stamp duty reform
● Earlier bans of fossil fuel based technologies

Several reports consider UK policy in global context, with typical caveats around 
the UK’s high levels of gas network connection and poorly insulated housing 
stock4,5. Netherlands is identified as the most similar to UK - but with 5x HP 
deployment per capita. Associated policies include transfer of levies from elec 
to gas, 20-40% subsidies for heat pumps and new building standards from 2020.
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A wide range of policy levers have been proposed1
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