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Imposing a ban on the future sale of gas boilers would 
support this. Doing so would send a clear signal of 
intent and drive further investment from industry 
to train more installers and simultaneously improve 
installation processes. The government should not wait 
to announce such a ban; to delay doing so by five years 
could reduce the number of heat pumps installed by 
2028 by 63% without any change to the date the ban 
actually comes into force. 

We also find strong returns from greater consumer 
awareness of heat pumps, signposting an additional 
dimension where Government attention could 
uniquely provide consumers with the knowledge and 
confidence to consider less familiar technologies. 

The research presented here represents a small 
part of our activities at Centre for Net Zero. As we 
enter our second year we extend the scope of our 
research to address a multiplicity of new and related 
themes including consumer flexibility and electric 
vehicle charging behaviours, leveraging our access 
to billions of data points illustrating the real world 
behaviours and consumers and businesses and 
the role they play in the future energy system. Our 
research is complemented by our development of 
open technology and our commitment to sharing data 
openly wherever possible. As part of that commitment, 
we are pleased to make freely available the source 
code for our model, which was initialised using 
publicly available data. 

With no commercial distractions, we will continue 
to prioritise research and closely related activities 
that we believe will truly help to advance a faster, 
fairer and more affordable global energy transition 
characterised by increased electrification and shaped 
by technology and innovation. 

A brighter future is possible, if we move quickly and 
decisively.

When we began our research to model domestic 
heat pump adoption, few people outside industry 
recognised the critical role this low carbon technology 
could play in achieving net zero. Those who did called 
for ambitious installation targets but were less clear 
how those targets could be achieved. Our research 
examines the ‘how’ by modelling plausible government 
interventions alongside other important variables such 
as consumer awareness of heat pump technology, and 
changing technology costs. 

Using agent-based modelling has enabled us to 
recognise important differences in household profiles 
and decision-making. This is a key feature of all our 
research, in which we aim to move away from average 
values so we can better understand the real impacts 
of potential actions and what they mean for a just and 
people-centred energy transition. In our approach we 
have tried to strike a balance between pragmatism 
and comprehensiveness; it is not possible to model 
every relevant agent or decision, so we have focused 
on those that we consider most pertinent, guided by 
the literature. 

Our findings are striking, and show clear and 
actionable paths for Government. It should be possible 
to hit and even exceed the government’s 2028 target 
for heat pump installations, but only if the right actions 
are taken, and quickly enough. 

Our results show that the government should prioritise 
efforts to grow the pool of trained heat pump 
installers. In our modelling we find that interventions 
could grow demand for heat pumps to the necessary 
level, only to be constrained by an insufficient number 
of heat pump installers. To hit Government targets, as 
many as 30,000 heat pump installers may be needed 
by 2028. 
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Homes account for 16% of total greenhouse 
gas emissions1 and approximately 35% of 
total energy consumption in the UK.2 75% 
of total energy demand in UK housing 
stock comes from heating with natural 
gas, the most common heating fuel in 
domestic buildings. There are currently 
approximately 22 million households in the 
UK with gas boilers, with 1.7 million units 
sold in 2019 alone.3

To combat domestic heating emissions, the UK 
government stated in its Ten Point Plan for a Green 
Industrial Revolution, the ambition to install 600,000 
heat pumps per year by 2028. This sits in contrast to 
the UK Climate Change Committee’s assessment that 
in order to reach net zero by 2050, the installation 
target the UK should instead be reaching is 900,000 
heat pumps per year by 2028, including new builds.

Currently, fewer than 30,000 heat pumps are being 
installed annually. The Business, Energy and Industrial 
Strategy Select Committee stated in its report earlier 
this year that ‘it is vital that the government meets its 
target or there will be a great risk that the UK will fall 
off course in delivering net zero by 2050’.

This piece of research seeks to forecast whether 
within existing policy parameters, the UK will reach  
the government target for heat pump installations  
and where the most sensitive intervention points lie  
to accelerate uptake in the next decade.

Our unique approach
The decision to change home heating systems will 
largely lie with individual households. It is for this 
reason that we have chosen to adopt a research 
approach which allows us to account for variation 
in real-world behaviours and decision-making by 
individuals. This approach is known as agent-based 
modelling.

Unlike traditional system-level energy research 
methods which take a top-down approach and rely 
heavily on averages, agent-based models (ABMs) take 
a bottom-up approach that allows for the profiling of 
different behaviours, characteristics and variables, 
which better reflect the heterogeneity of actors in 
a given system rather than treating the population 
homogeneously. We consider this critical to enabling a 
fair energy transition. 

Using this approach, CNZ has modelled five different 
scenarios to analyse the impact on heat pump uptake 
and provide an assessment of the projected results of 
already-announced policy interventions in delivering 
the government’s target, as well as other potential 
interventions or combinations of interventions, which 
could accelerate uptake.

While they will never perfectly model behaviour, 
ABMs allow us to forecast high-impact intervention 
points and resulting behavioural trends, as well as 
positive/negative feedback loops generating emergent 
behaviours, ultimately allowing us to make informed 
decisions on the low and no regrets actions we can 
take to achieve a particular goal.

For a more in-depth explanation of the utility and 
limitations of agent-based modelling and the 
assumptions used to build the model, see pages 11-16. 
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The Boiler Upgrade Scheme (BUS) already 
announced will not generate enough uptake 
alone to reach the government’s 600,000 per 
year heat pump installation target by 2028. 
While there is an uptick in installations during 
the lifetime of the grant, this falls to pre-grant 
levels immediately as it ends. 

Redistributing policy costs across gas and 
electricity has little impact on heat pump 
adoption. Ability to afford the upfront cost of a 
heat pump is the strongest factor influencing 
the decision to move to a low-carbon heating 
system.

Of the scenarios we modelled, only 
interventions including a boiler ban announced 
by 2025 generate enough uptake of heat 
pumps to reach the government 2028 target. 
The announcement of a ban sees more 
households transition to low carbon heating 
technologies earlier, in line with their usual 
renovation/breakdown cycles. 

Awareness of heat pumps on the part of 
the consumer is pivotal to uptake at scale. 
Households must feel confident and informed 
about the potential and performance of low 
carbon heating technologies. Awareness/
myth-busting campaigns to increase consumer 
knowledge will help to influence decision-
making to move away from fossil fuel 
technologies during renovations or heating 
system breakdowns.

If installation processes are improved to the 
point where households are able to install heat 
pumps in a breakdown or near-breakdown 
scenario—i.e. as a distress purchase — this 
drastically increases uptake.

Heat pump installer capacity in the UK has 
the potential to be a significant constraining 
factor in reaching the government’s heat pump 
target. Our modelling showed that while the 
combination of the BUS, together with a ban 
and awareness campaign might raise demand 
to levels beyond the target to those more in 
line with the ambitions proposed by the UK’s 
Climate Change Committee, installer capacity 
remains too low to actually install these 
volumes in the required timeframes.

Increasing the number of UK heat pump 
installers, together with awareness campaigns 
and a clear, early signal of the government 
intent to ban fossil fuel systems (e.g. a ban 
announced in 2025 to be implemented in 
2035), offers the greatest chance of meeting, 
and potentially exceeding, the government’s 
heat pump installation target.

The length of time between a ban 
announcement and implementation has a 
significant impact on the uptake of heat  
pumps. By reducing the timeframe from 10 
years (announcement in 2025 for 2035) to  
5 years (2030-2035), the number of heat 
pumps installed by 2028 could differ by as 
much as 63%.

The key interventions modelled in this 
report alongside variables including 
levels of consumer awareness, 
feasibility of heat pumps for different 
building types and technology cost 
changes are:

The Boiler Upgrade Scheme already 
announced by the government - a £5,000/ 
£6,000 (Air source heat pump/ Ground source 
heat pump) grant to support the installation of 
heat pumps capped at £450 million, from April 
2022-2025.4

The redistribution of policy costs across gas 
and electricity which is currently a subject of 
exploration by the government.

A boiler ban commencing on 1st January 2035. 
After this date, households cannot purchase 
new fossil fuel boilers, but may repair and 
continue to use their existing one.
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Key Conclusions
Our modelling shows that there is a significant gap 
between our current trajectory and the pathway 
necessary to reach the government’s heat pump 
installation target. Without additional interventions or 
radically different behavioural trends in the near-term, 
we will fall short of this, putting our opportunity to 
reach net zero by 2050 at risk.

While the BUS goes some way to ensuring that a 
larger section of the population can afford a heat 
pump, the majority of these households are of wealth 
above the national average. With upfront cost serving 
as the biggest barrier to uptake at present, this leaves 
fundamental questions for the government over how 
to deliver a fair transition - one which ensures that 
lower-income households are not left behind. Even 
in our most ambitious projections which account 
for technology learning effects and associated cost 
decreases, the upfront heat pump cost is likely still 
50% higher than that of a gas boiler in 2025, so a 
further grant will likely be needed to get to near 
cost-parity with boilers post-2025 and in line with the 
government’s ambitions for 2030.

The most influential factor in the scenarios modelled 
which successfully reach the 2028 target is a 
clear signal from the government on the direction 
of travel, namely the early announcement of a 
fossil fuel boiler ban. The announcement of a ban 
sees more households transition to low carbon 
heating technologies earlier, in line with their usual 
renovation cycles. Our modelling suggests we may 
see more households willing to accept a degree of 
inconvenience in the short-term in favour of owning 
a soon-to-be-depreciated system. This is significant 
if the government wishes to remain true to its 
commitment in the Heat and Buildings Strategy that 
no-one will be forced to change their heating system 
outside of usual upgrade timelines.

If interventions are successful in influencing 
household behaviour change and therefore demand 
for heat pumps, fundamental to our ability to reach the 
government’s target will be installer capacity. Through 
our modelling, we estimate that we may need to grow 
UK installer capacity to more than ten times existing 
levels to meet demand.

Broader implications
Here we outline some of the broader implications of our 
analysis:

1. While policy cost redistribution does not 
significantly affect the uptake of heat pumps, it can 
still have widespread implications on household fuel 
bills. Assuming an electricity usage of 107 kWh/m2 
year and a 5.12 p/kWh saving on electricity, then a 
fully electric household can make the following fuel 
bill savings per year:5 

 

i. Flat (70 m2): £383/year 
 
ii. Small House (90 m2): £493/year 
 
iii. Medium House (100 m2): £548/year  
 
iv. Large House (120 m2): £657/year

2. While the announcement of a ban would send a 
clear signal to households considering repairs or 
upgrades to their existing heating systems, such an 
announcement could also have the added benefit 
of incentivising the market to invest and innovate 
more quickly with positive ramifications in a number 
of areas: 
 
i. Reduced technology costs as a result of learning 
effects. 
 
ii. Increased consumer awareness as a result of 
installer confidence in sharing knowledge of the 
systems with the potential for more households to 
change heating system in the event of a breakdown,  
as well as when renovating. 
 
iii. Increased installer capacity if industry is 
incentivised to invest in training early. Aligned 
to this should be adequate skills and education 
pathways signposted by the government for future 
generations.

3. Innovating to ensure that heat pumps are suitable 
for all property types could present a significant 
opportunity to reduce the perceived ‘hassle’ 
associated with installing a heat pump and improve 
the chances of a household taking the decision 
to install a heat pump or receiving advice from an 
installer to replace their existing system with a  
heat pump.
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Recommendations

Forecasts by the UK Climate Change 
Committee call into question whether the 
government’s heat pump target is ambitious 
enough to deliver what’s needed to reach 
net zero by 2050, but as the research set 
out in the following pages shows, without 
the right strategies and policies in place in 
the near-term, we will fail to achieve even 
that. 

Our approach must encourage rather than stifle 
demand growth and development of the heat pump 
market. There have been calls from some quarters 
for a heat sector decarbonisation deal. Whether the 
government chooses to pursue this route or not, there 
are several areas this research highlights which are 
worthy of consideration in future policy making:

 
Take a longer-term view of upfront costs

Upfront costs are the largest component of overall 
costs of a heating system and present the biggest 
barrier to heat pump adoption for households. Since 
it is likely that the cost of a heat pump will remain 
greater than the cost of a boiler when the existing 
Boiler Upgrade Scheme closes, the government should 
consider a further grant, perhaps at a reduced rate, 
if the cost differential between the two technologies 
is still high. This could taper in line with falling 
technology costs as the market develops. 

Launch a public awareness campaign on 
decarbonising home heating

Our research shows household awareness of heat 
pumps and renovation rates have the potential to 
significantly influence the volume of heat pumps 
installed. Renovation events are the biggest trigger 
for households to change their heating system type. 
Working with industry, Government should consider 
launching a campaign to raise public awareness of 
these technologies and the measures that can be 
undertaken as part of a renovation to make homes 
suitable for the installation of a heat pump. Action 
could be further incentivised by grants to support 
these measures e.g. energy efficiency measures both 
during and outside of usual renovation events. 

Set an unambiguous timeframe for the phase out  
gas boilers

Sending a clear signal of intent to households and to 
industry is powerful. Our modelling shows that setting 
an unambiguous deadline drives action even before 
a ban is implemented and that there are significant 
gains to be made by making this announcement earlier 
rather than later in relation to the final deadline. 

Prioritise efforts to grow heat pump installer 
numbers

It is critical that measures are put in place to ensure 
an increase in heat pump installer capacity in the UK. 
Government should consider support that could be 
offered for training and re-training of existing heating 
installers, as well as ensuring that educational and 
career pathways for future generations of installers 
are adequately established.
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As we move from the question of whether 
we need to decarbonise our lives to the 
question of how, models can help us 
understand the pros and cons of different 
options, the most sensitive intervention 
points and the risks we need to manage.

Top-down models require assumptions about the 
‘average’ person and their ‘expected’ behaviour.6 
However, behavioural research has demonstrated that 
these assumptions hide considerable variation in real-
world behaviour.7,8 Decisions using these assumptions 
risk unintended consequences by neglecting those not 
adequately represented by the average.9

So as we strive towards a faster, fairer and more 
affordable transition, it is important to consider the 
variation between different households to ensure no 
one is left behind.

We present a bottom-up approach, using an agent-
based model (ABM) to forecast household heating 
system decision making over the following decade, 
and draw conclusions on which interventions give us 
the best chance of meeting, and potentially exceeding, 
the government’s heat pump installation target. 

What is an agent-based model?
ABMs simulate systems as collections of autonomous 
decision-making entities called agents.10 Instead of 
modelling the overall behaviour of a system, ABMs 
model systems at the level of their constituent parts 
and the overall behaviour of the system emerges from 
the agents and their interactions with one another. 

A recent review found that ABMs are well-suited for 
modelling routes to net zero, and are already used 
in climate-energy policy.11 ABMs can help us model 
some of the challenges in the energy transition 
by considering the relevant actors as agents and 
modelling their decision logic to test out different 
intervention strategies. This modelling technique has 
been used successfully in other fields, such as COVID 
modelling in healthcare.12,13,14 

As a simulation-based tool, ABMs allow us to answer 
questions in the form of what-if scenarios. We can use 
this to explore the relationship between interventions 
and agent actions, and associated feedback loops. 
While ABMs approximate decision logic, the agents 
and real-world parameters, they allow us to make 
informed decisions on the policies and interventions 
that result in a big change in the key outcome we are 
trying to measure. The results will be indicative of a 
possible future.15,16,17,18

ABMs also have limitations. The characterisation of 
different agents, behaviours and interactions requires 
thorough collation and combination of input data. 
It also requires an evidence-based approach to the 
decision-making loop for agents; there must be a 
justification to include the modelled behaviour, as 
each model added reflects a set of assumptions. Thus, 
an ABM should only reflect the key trigger events 
outlined in the literature avoiding, as much as possible, 
speculative behaviours. Without careful validation, 
simulations may diverge significantly from reality. Our 
approach to validation is outlined in section Model 
Validation and Calibration.
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Related Work
In the context of decarbonising residential heating 
in line with Government objectives, contributions 
from the Climate Change Committee (CCC), Imperial 
College London, Element Energy and the Regulatory 
Assistance Project focus on the urgency of getting to 
net zero and conclude that it is important to give clear 
price signals for appropriate heat pump installation 
targets in the near future.19,20,21 All these contributions 
use a top-down approach and typically model cost-
effective scenarios under different assumptions.

Some research institutions and organisations have 
used ABMs as a modelling framework to understand 
climate, net zero and energy policy related 
problems.22,23,24,25,26

For example, Frontier Economics, on behalf of the 
National Infrastructure Commission, developed 
an ABM to ‘explore the potential implications of 
different behaviours by property owners, installers 
and networks in the transition to low carbon home 
heating’.27 Their work focused on the evolution of 
heating technology adoption up to 2050 under 
different policy scenarios. They modelled the 
interaction between consumers, gas networks, the 
government and heat pump installers to address the 
route to market for heat pumps (HPs), compared to 
other technologies such as hydrogen or gas boilers. 
Frontier Economics concluded that the upfront 
costs of HPs are the main barrier to their adoption, 
especially for low-income households. They found that 
increasing gas costs was insufficient to drive a move 
away from gas boilers, and only policies that reduce 
unit and installation costs create enough momentum 
to lead a complete transition to low carbon heating 
technologies. Boilers or hydrogen boilers would 
still be the dominant technology unless substantial 
capital cost reductions are applied to more costly 
technologies like HPs.
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In summary, we argue agent-based 
modelling is uniquely well-suited to better 
understanding the energy transition because:

1. There are a diverse range of agents 
involved in the energy transition. For 
example, each household may value the 
same technology or policy differently 
based on the dwelling type or inhabitant 
wealth. An ABM can reflect the true 
diversity of the population.

2. There are strong feedback loops and 
relationships with the energy system 
between policy intervention and uptake 
rates.

3. There is a strong need to understand 
the impact on individual actors. 
Consumers are the decision makers, 
and have the power to drive forward 
the transition, but they don’t always 
choose what might be considered the 
‘greenest’ alternative. It is imperative to 
understand the drivers for consumer 
adoption to unlock technologies onto 
the market. 

19. ‘Development of trajectories for residential heat decarbonisation to inform the Sixth Carbon Budget (Element Energy)’, Climate Change Committee. https://www.theccc.org.uk/publication/development-of-
trajectories-for-residential-heat-decarbonisation-to-inform-the-sixth-carbon-budget-element-energy (accessed Feb. 24, 2022) | 20. ‘Analysis of alternative UK heat decarbonisation pathways’, Climate Change 
Committee, https://www.theccc.org.uk/publication/analysis-of-alternative-uk-heat-decarbonisation-pathways/ (accessed Feb. 24 2022) | 21. ‘Getting on track to net zero: A policy package for a heat pump 
mass market in the UK’, REP. https://www.raponline.org/knowledge-center/getting-track-net-zero-policy-package-heat-pump-mass-market-uk/ (accessed Feb. 24, 2022) | 22. J. Farmer, C. Hepburn, P. Mealy, 
and A. Teytelboym, ‘A Third Wave in the Economics of Climate Change’, 2015, doi: 10.1007/S10640-015-9965-2 | 23. C. Brown, P. Alexander, S. Holzhauer, and M. D. A. Rounsevell, ‘Behavioral models of climate 
change adaptation and mitigation in land-based sectors’, WIREs Climate Change, vol. 8, no. 2, p. e448, 2017, doi: 10.1002/wcc.448 | 24. J. Groeneveld et al., ‘Theoretical foundations of human decision-making 
in agent-based land use models – A review’, Environmental Modelling & Software, vol. 87, pp. 39–48, Jan. 2017, doi: 10.1016/j.envsoft.2016.10.008 | 25. A. Akhatova, L. Kranzl, F. Schipfer, and C. B. Heendeniya, 
‘Agent-based modelling of Urban District Energy System Decarbonisation—A Systematic Literature Review’, Energies, vol. 15, no. 2, Art. no. 2, Jan. 2022, doi: 10.3390/en15020554 | 26. J. Castro et al., ‘A review 
of agent-based modeling of climate-energy policy’, WIREs Climate Change, vol. 11, no. 4, p. e647, 2020, doi: 10.1002/wcc.647 | 27. ‘Agent based modelling of a heat market’, NIC. https://nic.org.uk/studies-reports/
nationalinfrastructure-assessment/agent-based-modelling-of-a-heat-market/ (accessed Feb. 24, 2022)

https://www.theccc.org.uk/publication/development-of-trajectories-for-residential-heat-decarbonisation-to-inform-the-sixth-carbon-budget-element-energy
https://www.theccc.org.uk/publication/development-of-trajectories-for-residential-heat-decarbonisation-to-inform-the-sixth-carbon-budget-element-energy
https://www.theccc.org.uk/publication/analysis-of-alternative-uk-heat-decarbonisation-pathways/
https://www.raponline.org/knowledge-center/getting-track-net-zero-policy-package-heat-pump-mass-market-uk/
http://10.1007/S10640-015-9965-2
http://10.1002/wcc.448
http://10.1016/j.envsoft.2016.10.008
http://10.3390/en15020554
http://10.1002/wcc.647
https://nic.org.uk/studies-reports/nationalinfrastructure-assessment/agent-based-modelling-of-a-heat-market/
https://nic.org.uk/studies-reports/nationalinfrastructure-assessment/agent-based-modelling-of-a-heat-market/
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This Work
We present an open-source ABM to understand the 
adoption of domestic heating systems, including 
low carbon technologies (LCTs) like HPs, to help 
policymakers better understand the key interventions 
and the interactions between Government energy 
policy and industry interventions to reach national 
installation targets, crucial for reaching net zero. In 
particular, we delve into different scenarios to analyse 
possible heat pump uptake in the following decade 
under different assumptions.

Other LCTs, such as electric vehicles, have seen an 
accelerated and progressive reception in recent 
months. Compared to the same month last year, 
double the number of pure battery electric cars were 
sold in January 2022 in the UK, adding up to 18% 
of the current UK vehicle market.28 By comparison, 
the uptake curves for electrified heating LCTs are 
in their infancy, and the trajectories are still unclear. 
Support from previous Government schemes such 
as the Renewable Heat Incentive (RHI) have shown a 
moderate increase of LCTs in the residential sector, 
with only between 1-2% HP penetration in the 
market.29 These figures are still far from the 600,000 
installations per year the government aims to achieve 
by 2028.30

While the energy transition encompasses multiple 
sectors, we focus on the residential sector, which 
accounts for 16% of UK greenhouse gas emissions.31 
We focus on the decisions relevant to a household’s 
space and water heating, which accounts for roughly 
80% of a household’s overall energy use.32

Our work adds to the literature by making available the 
code and data used to model several interventions that 
are currently under consideration from Government 
or other organisations. Our household agents cover 
England and Wales as opposed to Essex, the region 
under consideration in the NIC report. Our agents 
act economically rationally in emergency and non-
emergency scenarios, i.e. breakdowns and renovations. 
With this, we address how different market and non-
market signals can affect heat pump uptake.

Economic rationality is still an assumption, but a 
simpler one than other related papers which include 
modelled assumptions that are not evidenced in 
historical behaviour such as ‘green attitudes’, which 
are only stated preferences or claimed behaviour. 
We believe our approach results in a simpler, less 
entangled model.

Our ABM and the code used to process the publicly 
available datasets used within it are open source and 
available under a permissive free software licence 
(MIT). We hope to catalyse a community of like-minded 
collaborators who can extend its scope and can make 
use of the data for projects related to the energy space. 

The simulation explores possible HP adoption in the 
next decade under different Government and industry 
scenarios, including bans, grants and cost reductions 
as a result of learning rates. Under all these scenarios, 
our research focuses on the possibility of reaching 
the government installation target of 600,000 heat 
pumps per year by 2028 and what combination of 
interventions maximises the likelihood of this outcome.

28. ‘Electric Car Count — New AutoMotive’. https://newautomotive.org/ecc (accessed Feb. 24, 2022): the different infographics in the site let you choose different months from January 2017 to January 2022 
| 29. ‘Renewable Heat Incentive statistics’, GOV.UK. https://www.gov.uk/government/collections/renewable-heat-incentive-statistics (accessed Feb. 24, 2022): table RHI monthly deployment data: December 
2021 (Annual edition) shows that a total of 77,946 heat pumps have been installed under the RHI scheme from April 2014 to December 2021, including legacy installations | 30. ‘The ten point plan for a green 
industrial revolution’, GOV.UK. https://www.gov.uk/government/publications/the-ten-point-plan-for-a-green-industrial-revolution (accessed Feb. 24, 2022): according to this policy note, a total of 600,000 heat 
pump installation per annum are targeted by 2028 | 31. ‘Final UK greenhouse gas emissions national statistics: 1990 to 2020’, GOV.UK. https://www.gov.uk/government/statistics/final-uk-greenhouse-gas-
emissions-national-statistics-1990-to-2020 (accessed Feb. 24, 2022) | 32. ‘Data - Energy - Eurostat’. https://ec.europa.eu/eurostat/web/energy/data (accessed Feb. 24, 2022): the document Energy consumption 
in household:data 2010-2028 Table 2: Energy totals shows total energy consumption for different sub-sectors, the proportion of energy used for space heating (and cooling) is roughly 80%of the total energy 
consumption in households.

https://newautomotive.org/ecc
https://www.gov.uk/government/collections/renewable-heat-incentive-statistics
https://www.gov.uk/government/statistics/rhi-monthly-deployment-data-december-2021-annual-edition
https://www.gov.uk/government/statistics/rhi-monthly-deployment-data-december-2021-annual-edition
https://www.gov.uk/government/publications/the-ten-point-plan-for-a-green-industrial-revolution
https://www.gov.uk/government/statistics/final-uk-greenhouse-gas-emissions-national-statistics-1990-to-2020
https://www.gov.uk/government/statistics/final-uk-greenhouse-gas-emissions-national-statistics-1990-to-2020
https://ec.europa.eu/eurostat/web/energy/data
https://ec.europa.eu/eurostat/documents/38154/4956229/energy_consumption_households.zip/8a9e09c1-1ff1-4a53-930e-93fb3f81c6a0
https://ec.europa.eu/eurostat/documents/38154/4956229/energy_consumption_households.zip/8a9e09c1-1ff1-4a53-930e-93fb3f81c6a0
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Here we give an overview of how the ABM works.  
For a more comprehensive breakdown of our 
methodology, see the Appendix.

Agents
In our ABM, the agents are households in England 
and Wales. Each household has a set of attributes 
including property type, age, construction, size, 
property value, tenancy and their off-gas grid status. 
We have populated these attributes using data from 
Energy Performance Certificates (EPCs) and Land 
Registry Price Paid Data (PPD). These attributes 
determine how agents value different types of heating 
technologies. It is important to note a limitation to this 
approach: properties without an EPC and not in PPD 
are not modelled. 

At each step of the simulation, a household’s 
heating system might break down with a probability 
proportional to its age. Heating systems generally last 
14 years and no longer than 20 years. Additionally, 
households might undertake renovations, roughly once 
every 10 years. Both of these events lead to a decision 
about a heating system.

All households that experience a breakdown will 
purchase a new heating system or repair their existing 

one when they cannot afford to replace it. Only a 
proportion of households that are renovating choose 
to update their heating system.33 A renovation may 
trigger installation of insulation measures, which is 
important because we model that heat pumps are 
only suitable for properties with an EPC rating of C or 
better (i.e EPC A, B or C), and have a suitable property 
type, shown in Table 1 below. A household will not 
purchase a heat pump during a breakdown, unless 
they already have one, and thus will only do so when 
renovating.34

To decide what type of heating system to purchase, 
each household calculates the perceived costs for 
each technology available: air source heat pumps 
(ASHPs), ground source heat pumps (GSHPs) and 
electric, gas and oil boilers. The agent accounts  
for the capital cost of the heating system and the 
installation costs, as well as running costs, i.e. energy 
bills, modelled as a discounted cash flow using a 
discount rate.
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Our agents make cost-rational decisions about what 
type of heating technology to purchase. Cheaper 
heating systems are more likely to be installed, 
provided that they are within the agent’s budget. More 
information regarding costs perceived by agents can 
be seen in Section Total Perceived Costs.

In our model, and in line with research, richer 
households have a lower discount rate than poorer 
households.35 This is particularly important for HPs, 
where the running costs can be cheaper than a boiler, 
but upfront costs can be over ten times as expensive.

33. Understanding Homeowners’ Renovation Decisions, UKERC. https://ueaeprints.uea.ac.uk/id/eprint/44230/1/VERD_Summary_Report_1Oct13.pdf (accessed Feb. 24, 2022): derived 
from the choices of houses in ‘Stage 3’ - finalising or actively renovating | 34. ‘Homeowners’ Willingness To Take Up More Efficient Heating Systems’, IPSOS Mori and the Energy Saving 
Trust. https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/191541/More_efficient_heating_report_2204.pdf (accessed Feb. 24, 2022): 30% 
of the surveyed population changed their heating system due to a breakdown, being the second most common reason, chosen by 14% of the surveyed population, home renovations | 
35. ‘Individual Time Preferences and Energy Efficiency’, NBER Working Paper Series. https://www.nber.org/system/files/working_papers/w20969/w20969.pdf (accessed Feb. 24, 2022)

The discount rate
A discount rate is an interest rate used to 
determine the present value of a future cash 
flow. In other words, the higher the discount 
rate, the more a household values money 
today compared to money in the future.

Property 
Type

Built Form Is Heat Pump  
Suitable Archetype?

House Mid-terrace No

Semi-detached 
Detached 
End-terrace

Yes

Bungalow Mid-terrace No

Semi-detached 
Detached 
End-terrace

Yes

Flat Any No

Table 1: Heat pump suitability for different property types and built forms.

https://ueaeprints.uea.ac.uk/id/eprint/44230/1/VERD_Summary_Report_1Oct13.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/191541/More_efficient_heating_report_2204.pdf
https://www.nber.org/system/files/working_papers/w20969/w20969.pdf
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Environment
The environment of the simulation encompasses 
everything outside the agents that influences their 
decision-making process. The agents interact with 
the environment to get information relevant to them 
at each time step. Examples of this include fuel and 
heating technology prices, Government interventions 
and installer availability.
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New Build Heat Pump Forecast
Our agents are existing households. We do not model 
new builds and instead overlay a forecast of annual 
HP installations in new builds to evaluate the overall 
outcome of each scenario.

We use the forecast of HP installations in new build 
domestic properties from the CCC Sixth Carbon 
Budget, who commissioned Element Energy to 
produce an analysis of trajectories for residential heat 
decarbonisation.38,39 We scale down these figures to 
reflect the proportion of UK households represented in 
England and Wales.

The CCC predicts that the number of new-build homes 
installing HPs rises sharply in 2025 because the 
government expressed their ambition to stop installing 
gas boilers in new builds from 2025, as per the Future 
Homes Standard. Even though this is yet to be passed 
into law, in their report the CCC assumes all new builds 
use low-carbon heat by 2025 at the latest, and no new 
builds should connect to the gas grid. According to 
their studies, HP installation is dominated by off-grid 
homes throughout 2025, and after that the on-grid 
homes take the lead in HP installations.

Due to expected hydrogen trials during the 2020s, 
along with district heating networks and other LCTs, 
there is some variation in the HP installations in their 
predictions during the 2030s. By the mid 2030s, they 
predict that annual HP installations in new builds will 
rise to almost 400,000 units due to expected growth in 
new builds and tighter legislation for energy efficiency 
measures.40,41,42

36. ‘Air source heat pumps’, ICAX. https://www.icax.co.uk/Air_Source_Heat_Pumps.html (accessed Feb. 24, 2022) | 37. ‘ Domestic ground source heat pumps’, GSHPA. https://www.gshp.org.uk/ground_source_
heat_pumps_Domestic.html (accessed Feb. 24, 2022) | 38. ‘Development of trajectories for residential heat decarbonisation to inform the Sixth Carbon Budget (Element Energy)’, Climate Change Committee. 
https://www.theccc.org.uk/publication/development-of-trajectories-for-residential-heat-decarbonisation-to-inform-the-sixth-carbon-budget-element-energy (accessed Feb. 24, 2022): page 34 shows a graph 
with expected HP uptake in the Balanced Pathway scenario of the CCCSixth Carbon Budget where new builds are included. They also estimate the number of replacements in new builds, assuming an expected 
lifetime of 15 years for ASHP and 20 years for GSHP | 39. ‘Sixth Carbon Budget’, Climate Change Committee. https://www.theccc.org.uk/publication/sixth-carbon-budget/ (accessed Feb. 24, 2022): this report 
uses the same figures as the one cited above. | 40. ‘Sixth Carbon Budget’, Climate Change Committee. https://www.theccc.org.uk/publication/sixth-carbon-budget/ (accessed Feb. 24 2022): this report uses the 
same figures as the one cited above. | 41. ‘UK housing: Fit for the future?’, Climate Change Committee. https://www.theccc.org.uk/publication/uk-housing-fit-for-the-future/ (accessed Feb. 24, 2022) | 42. ‘The 
costs and benefits of tighter standards for new buildings (Currie & Brown and AECOM)’, Climate Change Committee. https://www.theccc.org.uk/publication/the-costs-and-benefits-of-tighter-standards-for-
new-buildings-currie-brown-and-aecom/ (accessed Feb. 24, 2022) | 43. ‘Development of trajectories for residential heat decarbonisation to inform the Sixth Carbon Budget (Element Energy)’, Climate Change 
Committee. https://www.theccc.org.uk/publication/development-of-trajectories-for-residential-heat-decarbonisation-to-inform-the-sixth-carbon-budget-element-energy (accessed Feb. 24, 2022)

Fixed fuel prices in the ABM
We chose not to forecast fuel prices, since 
this would reflect additional modelling 
assumptions, and instead fix them as 
constants throughout the simulation. We 
use fuel prices to calculate the running cost 
of a heating technology, as outlined in Total 
Perceived Costs.

Heat pumps transform electricity into heat. The 
amount of heat that can be produced by a heat 
pump for each unit of electricity is determined by the 
coefficient of performance.

The Coefficient of 
performance
The Coefficient of performance (COP) is a 
metric which estimates the amount of heat 
produced by a HP compared to the amount 
of electricity needed to produce it. This 
COP varies with the external and internal 
temperature, desired internal comfort 
temperature and quality of installation.36,37 
The dependence on temperature means that 
the COP varies seasonally.

We use a fixed COP of 3 for ASHPs and 4 
for GSHPs for all households. These values 
assume the HP is appropriately sized for the 
dwelling and installed to a good standard.

These COPs mean that an ASHP or GSHP 
produces 3 or 4 times as much heat 
compared to a boiler for a given unit of input 
fuel. Consequently, HPs are cheaper to run 
than direct electric heating due to reduced 
energy consumption, and if electricity costs 
were comparable to gas, HPs would result in 
a quarter to a third off energy bills.

Projected New Build Households with Heat Pumps (CCC)

Figure 1: Chart showing projected annual HP installations in new builds in  
England and Wales. Data extracted from the Sixth Carbon Budget.43

https://www.icax.co.uk/Air_Source_Heat_Pumps.html
https://www.gshp.org.uk/ground_source_heat_pumps_Domestic.html
https://www.gshp.org.uk/ground_source_heat_pumps_Domestic.html
https://www.theccc.org.uk/publication/development-of-trajectories-for-residential-heat-decarbonisation-to-inform-the-sixth-carbon-budget-element-energy
https://www.theccc.org.uk/publication/sixth-carbon-budget/
 https://www.theccc.org.uk/publication/sixth-carbon-budget/
https://www.theccc.org.uk/publication/uk-housing-fit-for-the-future/
https://www.theccc.org.uk/publication/the-costs-and-benefits-of-tighter-standards-for-new-buildings-currie-brown-and-aecom/
https://www.theccc.org.uk/publication/the-costs-and-benefits-of-tighter-standards-for-new-buildings-currie-brown-and-aecom/
https://www.theccc.org.uk/publication/development-of-trajectories-for-residential-heat-decarbonisation-to-inform-the-sixth-carbon-budget-element-energy
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Heat Pump Installer Forecasts
In some scenarios, we forecast the number of HP 
installers and calculate the annual installation capacity 
which takes into account the limited availability of 
heating installers. We use an estimate from the Heat 
Pump Association of 48% year on year (YoY) growth of 
HP installers, which results in more than 1 million HP 
installations by 2030, in agreement with the scenarios 
presented by the CCC in their Net Zero Technical 
Report.44 

Simulation process
Once we have defined our agents and environment, 
it is necessary to check whether the assumptions 
made to build the model are consistent with reality. 
This process is called calibration, by which model 
parameters are fine-tuned to recreate historical data.

We calibrated our model parameters—such as agent 
awareness of HPs and the rate at which agents 
renovate—against historic HP deployment data 
to obtain default parameters for our model. This 
means our parameters are set so that our model 
recreates historical installation numbers and gives us 
confidence to use it as a forward-looking model. For 
more information, see Section Model Calibration and 
Validation. 

We simulate 24,600 agents, randomly sampled 
from our database of 9.2 million properties, which 
represents 1 in every 1000 households in England 
and Wales. Their heating system decision making is 
simulated over a range of scenarios.

Each agent makes decisions based on probabilities, 
so the ABM simulation is run several times for each 
scenario. We calculate the average over the runs to 
determine the most likely solution for each set of input 
conditions.

We run simulations beyond the 2028 HP target, 
to 2035, in order to explore the impact of a fossil 
fuel boiler ban and see if we meet the target in the 
scenarios after the intended date.
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Heat Pump installation target for 
England & Wales
The government aims to create a market in the UK with 
the capacity of at least 600,000 HP installations per 
year by 2028, with a third installed in new builds.45

Since our ABM models households in England 
and Wales, we scale down the target based on the 
proportion of households our ABM represents in the 
UK (87%), to obtain an adjusted target of ~530,000 
HPs installed per year by 2028.

44. ‘Building the Installer Base for Net Zero Heating’, Heat Pump Association. https://www.heatpumps.org.uk/wp-content/uploads/2020/06/Building-the-Installer-Base-for-Net-Zero-
Heating_02.06.pdf (accessed Feb. 24 2022): page 7 of the report shows the potential forecast heat pump installer capacity needed to meet installation targets delivered by the CCC 
on their Net Zero Technical Report | 45. ‘Heat and buildings strategy’, GOV.UK. https://www.gov.uk/government/publications/heat-and-buildings-strategy (accessed Feb. 24, 2022).

https://www.heatpumps.org.uk/wp-content/uploads/2020/06/Building-the-Installer-Base-for-Net-Zero-Heating_02.06.pdf
https://www.heatpumps.org.uk/wp-content/uploads/2020/06/Building-the-Installer-Base-for-Net-Zero-Heating_02.06.pdf
https://www.gov.uk/government/publications/heat-and-buildings-strategy
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Scenarios and Insights for Scenarios and Insights for 
GB Energy & Climate PolicyGB Energy & Climate Policy

Interventions modelled in our ABM
After reviewing Government publications, we decided 
to model the following interventions:

1. The Boiler Upgrade Scheme (a grant of £5,000 
and £6,000 for ASHP and GSHP respectively, 
with a grant cap of £450 million, running from 
April 2022 -April 2025).46

2. Redistribution of policy costs, by specifying 
custom unit prices for gas, oil and electricity.

3. A gas and oil boiler ban, announced at a given 
date and applying to all households from a 
commencement date.

The government has already committed to Intervention 
1, so we include it to measure the impact on the 2028 
installation target across our scenarios.

The government committed to a Fairness and 
Affordability Call for Evidence in the latest Heat and 
Buildings Strategy on the redistribution of policy costs 
and levies between gas and electricity. Intervention 2 
enables us to view how these scenarios directly affect 
HP installations.47 

The government indicated, as per the Future Homes 
Standard, that from 2025 all new-build homes will 
not have gas boilers.48,49 The government previously 
announced the phase-out of gas boilers by 2035 for 
existing properties, following recommendations from 
the International Energy Agency.50,51 Although the 
UK government has not committed to this yet, it is 
still under active consideration.52 We include this ban 
scenario in our interventions to simulate the impact 
that a ban would have on heat pump installations, and 
its effectiveness in meeting the target.

Each intervention affects the household agents in the 
following ways: 

A. Boiler Upgrade Scheme (BUS)

The BUS is active between April 2022-2025, with 
a total spending cap of £450 million. When the 
intervention is active, and the cap has not been met, 
households considering HPs will subtract the upfront 
grant amount of £5,000 or £6,000 from the total cost 
of an ASHP or GSHP, respectively. 

B. Ban

The ban is composed of two parts: the announcement 
date and the commencement date.

From the commencement date, households can no 
longer purchase a new gas or oil boiler, but may keep 
their existing one. If their heating system breaks 
down after the commencement date, and a household 
cannot afford any available technologies, then they 
can choose to repair their existing system, which may 
be a gas or oil boiler.

The announcement date is the date at which the 
government makes an unambiguous announcement 
committing to this commencement date. From the 
announcement date, all agents become aware of HPs.

A household’s ability to select a HP remains 
constrained by their finances and suitability of the 
property for a HP. Under the assumption that the 
ban will stimulate research and preparation for an 
alternative system other than gas/oil boilers, all 
households consider HPs in both renovation and 
breakdown events, provided that their property is 
suitable.

46. ‘Boiler upgrade Scheme (BUS)’, OFGEM. https://www.ofgem.gov.uk/environmental-and-social-schemes/boiler-upgrade-scheme-bus   (accessed Feb. 24, 2022) | 47. ‘Heat and 
buildings strategy’, GOV.UK. https://www.gov.uk/government/publications/heat-and-buildings-strategy (accessed Feb. 24, 2022). | 48. ‘The Future Homes Standard: changes to Part 
L and Part F of the Building Regulations for new dwellings’, GOV.UK. https://www.gov.uk/government/consultations/the-future-homes-standard-changes-to-part-l-and-part-f-of-the-
building-regulations-for-new-dwellings (accessed Feb. 24 2022) | 49. https://www.homebuilding.co.uk/advice/future-homes-standard | 50. ‘Boris Johnson confirms ban on all new gas 
boilers by 2035’, Energy Live News, Oct. 18, 2021. https://www.energylivenews.com/2021/10/18/boris-johnson-confirms-ban-on-all-new-gas-boilers-by-2035/ (accessed Feb. 24, 2022). 
| 51. ‘Net Zero by 2050’, IInternational Energy Agency. https://www.iea.org/reports/net-zero-by-2050 (accessed Feb. 24, 2022) | 52. ‘How serious is the government ‘ban’ on new gas 
boilers from 2035?’. The Independent. https://www.independent.co.uk/climate-change/news/gas-boiler-ban-heat-pumps-b1941255.html. (accessed Feb.24, 2022)

https://www.ofgem.gov.uk/environmental-and-social-schemes/boiler-upgrade-scheme-bus
https://www.gov.uk/government/publications/heat-and-buildings-strategy
https://www.gov.uk/government/consultations/the-future-homes-standard-changes-to-part-l-and-part-f-of-the-building-regulations-for-new-dwellings
https://www.gov.uk/government/consultations/the-future-homes-standard-changes-to-part-l-and-part-f-of-the-building-regulations-for-new-dwellings
https://www.homebuilding.co.uk/advice/future-homes-standard
https://www.energylivenews.com/2021/10/18/boris-johnson-confirms-ban-on-all-new-gas-boilers-by-2035/
https://www.iea.org/reports/net-zero-by-2050
https://www.independent.co.uk/climate-change/news/gas-boiler-ban-heat-pumps-b1941255.html
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Between the announcement date and the 
commencement date of the ban, e.g. a 10 year 
period, some proportion of households will start 
to exclude oil or gas boilers as viable options, due 
to their future obsolescence. The proportion of 
households who do so depends on the time until 
the ban commencement date. We have modelled 
this behaviour upon the observed practices of 
households in the period prior to the UK ban on 
non-condensing boilers in 2005. The closer it is until 
the ban date, the greater the number of households 
who exclude gas and oil boilers as options. For more 
details, refer to the Appendix in Section Boiler Ban 
Behaviour.

 
C. Policy Costs

The total cost of a heating system includes an 
estimate of the running costs, calculated by 
multiplying each household’s annual heating 
demand in kWh by the cost of the relevant fuel and 
the efficiency of the heating system.

Ofgem notes that 25% of an electricity fuel bill 
goes towards social and environmental obligation 
costs.54 If some of these were shifted to gas, or 
moved into general taxation, then we could reduce 

Table 2: Summary of the intervention events and simulation parameters across all of the simulated scenarios.

No  
interventions

BUS BUS + Policy Costs Maximum Government 
Interventions (BUS + Policy  

Costs + 2035 Boiler Ban)

Industry Interventions  
(Cost Reductions, Removing 

Hassle, Removing Heat Pump 
Installer Constraints)

Scenario Number 1 2 3a 3b 4a 4b 4c 5a 5b

Intervention 
Event

Boiler Upgrade 
Scheme N Y Y Y Y Y Y N Y

Ban  
Announcement N N N N Y - 2025 Y - 2025 Y - 2030 N Y - 2025

2035 Fossil 
Fuel Boiler Ban N N N N Y Y Y N Y

Policy Costs
N N Y Y Y Y Y N Y

Simulation 
Parameter

Awareness
25% 25% 25% 50% 50% 50% 50% 50% 50%

Hassle Cost of 
Heat Pumps 10% 10% 10% 10% 10% 10% 10% 0 0

Heat Pump 
Suitability 65% 65% 65% 65% 65% 65% 65% 100% 100%

Heat Pump 
Prices 70% by 2023 70% by 

2023
70% by 

2023
70% by 

2023
70% by 

2023
70% by 

2023
70% by 

2023 40% by 2025 40% by 2025

Heat Pump 
Installer  
Constraints

None None None None None 48% YoY 
Growth

48% YoY 
Growth None None

the cost of running electrified low-carbon heating 
and incentivise more people to choose them. For 
more information about how a household considers 
energy bills into the total perceived cost of the 
technology, refer to section Total Perceived Costs in 
the Appendix. The redistribution of costs is detailed 
in Section Percentage of fuel cost relating to 
environmental & social levies.

This intervention type enables us to change the fuel 
prices for each fuel type and therefore simulate 
redistributed policy costs in our simulation.

Scenario Overview
Each scenario consists of a combination of 
interventions and a choice of model parameters. 
Table 2 details each scenario.

For each scenario, we assess the likelihood that 
it achieves the 2028 HP installation target. After 
assessing each scenario in turn, we explore key 
trends and themes between scenarios, relevant to 
the policy landscape. Finally, we conclude with our 
findings from the simulations.

53. ‘English Housing Survey 2019 to 2020: headline report’, GOV.UK. https://www.gov.uk/government/statistics/english-housing-survey-2019-to-2020-headline-report (accessed Feb. 
24, 2022): Section 2, housing stock tables, shows information about the type of boilers installed from 2001 to 2019, also including data for the year 1996 | 54. ‘Infographic: Bills, prices 
and profits’, OFGEM. https://www.ofgem.gov.uk/publications/infographic-bills-prices-and-profits (accessed Feb. 24, 2022)

https://www.gov.uk/government/statistics/english-housing-survey-2019-to-2020-headline-report
https://www.ofgem.gov.uk/publications/infographic-bills-prices-and-profits
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Results
In this section, we look at which combination of 
interventions are likely to fall short of, meet, or exceed 
the 2028 HP installation target. 

Scenario 1: No Interventions

In this scenario, no interventions are modelled. Since 
the government has already committed to the BUS 
(modelled in Scenario 2), we use this scenario as 
a baseline for comparison against Scenario 2. We 
assume a 30% HP upfront cost reduction by 2023.

In our simulation, approximately 15,000-25,000 HPs 
are installed in existing builds per year. By 2028, the 
median HP installation count across all simulation 
runs in existing builds is 17,500, while the CCC predicts 
approximately 254,000 HP installations occur in new 
builds. In total, this represents 51% of the HP target for 
England & Wales, of which 3% of the target is met by 
HP retrofits to existing homes. 

Scenario 2: Boiler Upgrade Scheme

In this scenario we introduce the BUS. All other 
parameters of the model are the same as in Scenario 
1. The government committed to this grant in October 
2021,55 and thus this scenario can be viewed as our 
current trajectory. This scenario assumes a modest 
cost reduction of heat pumps to 70% of their present 
day value as a result of the BUS driving down costs.

Our results suggest that while the BUS is active, 
approximately 30,000 HPs are installed in existing 
builds every year, dropping to 22,000 per annum after 
this period. This suggests that the BUS increases 
demand by about 5,000-10,000 installations per year. 
Our results suggest that the grant cap of £450m, 
which translates to 90,000 installations of ASHPs 
over 3 years, is sufficient to cover the demand in this 
scenario.

However we fall short of the government target. By 
2028, the median HP installation count in existing 
builds is 18,500, while the CCC predicts approximately 
254,000 HP installations occur in new builds. In total, 
this represents 51% of the HP target for England & 
Wales, of which 4% of the target is met by HP retrofits 
to existing homes.

Figure 2: Chart showing the median number of annual heat pump installations 
in new and existing builds modelled in Scenario 1. The red line indicates the 

government target of 530,000 installations in England and Wales. The blue bars 
show annual HP installations in new builds (from the CCC) and the orange bars 

show the median simulated annual HP installations in existing builds.

55. ‘Boiler upgrade Scheme (BUS)’, OFGEM. https://www.ofgem.gov.uk/environmental-and-social-schemes/boiler-upgrade-scheme-bus   (accessed Feb. 24, 2022)

Figure 3: Chart showing the median number of annual heat pump installations 
in new and existing builds modelled in Scenario 2. The red line indicates the 

government target of 530,000 installations in England and Wales. The blue bars 
show annual HP installations in new builds (from the CCC) and the orange bars 

show the median simulated annual HP installations in existing builds.

https://www.ofgem.gov.uk/environmental-and-social-schemes/boiler-upgrade-scheme-bus
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Scenario 3: Redistribution Of Policy Costs

We follow the guidance of reports that have already 
suggested ways to modify the levies applied to 
electricity and gas.56,57,58 Table 3 shows the increase 
in the price of gas and decrease in the price of 
electricity. Oil prices are unchanged. These fuel 
prices are active from January 2022 (the start of the 
simulation).

 
Scenario 3a: Boiler Upgrade Scheme & 
Redistribution Of Policy Costs

In this scenario, we redistribute policy costs 
according to the prices in Table 3. We also apply the 
BUS as in Scenario 2.

Our simulation shows that the redistribution of policy 
costs does not materially change the number of HP 
installations over time compared to Scenario 2. By 
2028, the median HP installation count in existing 
builds is 22,000, compared to approximately 254,000 
in new builds. In total, this represents 52% of the HP 
target for England & Wales, of which 4% of the target 
is met by HP retrofits to existing homes.

This finding is consistent with surveys of 
homeowners, which have shown that lower energy 
bills are generally not one of the top factors cited  
for past or future heating system purchases.60 The 
BUS was effective at catalysing 5,000-10,000 per 
year installations because it was a grant on the 
upfront costs, which make up the majority of the  
cost of a system.

 
Scenario 3b: Boiler Upgrade Scheme + 
Redistribution of Policy Costs + Higher Awareness 
Of Heat Pumps

In this scenario, we assume that the BUS and 
redistribution of policy costs leads to increased 
awareness of HPs amongst the general public. The 
number of households who consider installing a HP 
during renovations doubles from one in four to one in 
two. The change in awareness is active from the start 
of the BUS. Awareness is the only parameter changed 
from Scenario 3a.

By 2028, the median HP installation count in 
existing builds is 39,500, while the CCC predicts 
approximately 254,000 in new builds. In total, this 
represents 55% of the HP target for England & 
Wales, of which 7% of the target is met by HP 
retrofits to existing homes. By increasing the 
awareness by a factor of two, we approximately 
double the installation numbers in existing builds. 
Of the agents that are aware, some will be able to 
afford HPs and some will not, hence the figure is not 
exactly doubled. This scenario still falls short of the 
government target by around 200,000 installations in 
2028 and 100,000 installations in the mid 2030s.

Table 3: Fuel prices before and after redistribution of environmental and social levies.

56. ‘Options for Energy Bill Reform’, Public First. https://www.publicfirst.co.uk/options-for-energy-bill-reform.html (accessed Feb. 24 2022) | 57. ‘Cost of energy: independent review’, GOV.UK. https://assets.
publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/654902/Cost_of_Energy_Review.pdf (accessed Feb. 24, 2022) | 58. ‘How Carbon Pricing Can Help Britain Achieve Net 
Zero by 2050’, The Zero Carbon Commission. https://zerocarbonreport.com/#easy-footnote-bottom-22-2885 (accessed Feb. 24, 2022) | 59. ‘Our Data’, Energy Saving Trust. https://energysavingtrust.org.uk/
about-us/our-data/ (accessed Feb. 24, 2022) | 60. ‘Homeowners’ Willingness To Take Up More Efficient Heating Systems’, IPSOS Mori and the Energy Saving Trust. https://assets.publishing.service.gov.uk/
government/uploads/system/uploads/attachment_data/file/191541/More_efficient_heating_report_2204.pdf (accessed Feb. 24, 2022): 2% of surveyed homeowners reported high energy bills as the main 
reason for switching in the past, while 11% reported it as a main reason for future changes

Figure 4: Chart showing the median number of annual heat pump installations in new and existing  
builds modelled in Scenario 3a. The red line indicates the government target of 530,000 installations  
in England and Wales. The blue bars show annual HP installations in new builds (from the CCC) and  

the orange bars show the median simulated annual HP installations in existing builds.

Fuel Default £/kWh
(as at Nov 202159)

Policy Costs  
£/kWh

Gas 0.0465 0.0589 (+0.0124)

Electricity 0.2006 0.1494 (-0.0512)

Oil 0.0482 0.0482 (=)

Figure 5: Chart showing the median number of annual HP installations in new and existing builds 
modelled in Scenario 3b. The red line indicates the government target of 530,000 installations in 
England and Wales. The blue bars show annual HP installations in new builds (from the CCC) and  

the orange bars show the median simulated annual HP installations in existing builds.

https://www.publicfirst.co.uk/options-for-energy-bill-reform.html
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/654902/Cost_of_Energy_Review.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/654902/Cost_of_Energy_Review.pdf
https://zerocarbonreport.com/#easy-footnote-bottom-22-2885
https://energysavingtrust.org.uk/about-us/our-data/
https://energysavingtrust.org.uk/about-us/our-data/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/191541/More_efficient_heating_report_2204.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/191541/More_efficient_heating_report_2204.pdf
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Scenario 4: Maximum Policy Intervention 

In Scenario 4, we look at the set of maximum policy interventions in our model: the BUS alongside a redistribution 
of policy costs as well as a boiler ban commencing in 2035. Within this scenario we explore changing the 
announcement date of the ban, as well as potential HP installer capacity constraints.

So far, we have assumed that whenever a household wishes to install a HP, they are able to do so immediately. 
Under these more ambitious scenarios we predict that installation numbers become quite high, and thus 
installations will be limited by the number of installers. We explore the relationship between HP demand and 
capacity constraints in further detail in the next section where we look at trends between scenarios.

Figure 6: Chart showing the median number of annual heat pump installations in new and existing  
builds modelled in Scenario 4a. The red line indicates the government target of 530,000 installations  
in England and Wales. The blue bars show annual HP installations in new builds (from the CCC) and  

the orange bars show the median simulated annual HP installations in existing builds.

There is a large spike in existing-build installations 
from 2025. This is due to agents having perfect 
awareness of heat pumps and the fact that they 
will now also consider heat pumps in breakdown or 
near-breakdown scenarios, if their property is already 
heat pump suitable and a heat pump is within budget. 
In 2025, ten years away from the commencement 
date, few agents actively exclude gas/oil boilers from 
consideration. However, in 2034, one year prior to 
the commencement date, more agents start actively 
excluding fossil fuel heating systems, hence the 
relative increase in existing build installations from  
the year prior.

Scenario 4a: Maximum Policy Interventions  
(BUS + Redistribution Of Policy Costs + Boiler Ban)

In this scenario, we assume a fossil fuel boiler ban 
with an announcement date of 1st January 2025 and 
a commencement date of 1st January 2035. We also 
assume the previous intervention measures for the 
BUS and redistribution of policy costs.

Unlike Scenarios 1, 2 and 3a where the awareness of 
HPs was one in four, we make the same assumption 
as in Scenario 3b where awareness of HPs is one in 
two before the announcement of the ban. When the 
ban is announced, all agents become aware of HPs. 
We assume that awareness has increased through, for 
example, increased messaging and marketing.

Figure 6 shows that this is the first scenario that 
exceeds the government target. By 2028, the median 
HP installation count in existing builds is 323,500, 
compared to approximately 254,000 HP installations 
in new builds. In total, this represents 109% of the HP 
target for England & Wales, of which 61% of the target 
is met by HP retrofits to existing homes.
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Scenario 4b: Maximum Policy Interventions,  
With Installer Constraints

In the last scenario, we assumed that HP installer 
capacity is unconstrained. In other words, any 
household that wants to install a HP can do so when 
they need it. In this scenario we assess the likelihood 
of this assumption being true.

Scenario 4a showed annual HP installations over the 
government target in 2025. However, that scenario 
does not account for limited HP installer availability. 
Scenario 4b addresses these constraints and models 
a 48% year-on-year (YoY) growth rate of HP installer 
capacity as described in Section Heat Pump Installer 
Forecasts. 

In this scenario, we predict potential HP installer 
capacity constraints between 2025-27. Our model 
prioritises HP installations in new builds over existing 
builds on the premise that new builds will have fewer 
installation challenges than existing builds. In reality, 
installations will be a mix of new builds and existing 
builds but with the total installations at approximately 
the same level as in Figure 7.

Despite these medium-term capacity limitations, we 
forecast that we still meet the 2028 Government HP 
installation target. By 2028, the median HP installation 
count in existing builds is 311,000, while the CCC 
predicts approximately 254,000 HP installations occur 
in new builds. In total, this represents 107% of the HP 
target for England & Wales, of which 59% of the target 
is met by HP retrofits to existing homes.

 
Scenario 4c: Maximum Policy Interventions, With 
Delayed Announcement Of Ban And Installer 
Constraints

In Scenario 4c, we delay the announcement of the ban 
from 1st January 2025 (4a and 4b) to 1st January 2030. 
The commencement date, 1st January 2035, remains 
unchanged. Like Scenario 4b, we include a model of 
projected growth rate of HP installer capacity.

Like Scenario 4b, we forecast HP installer capacity 
constraints in 2025-27, but these are largely resolved 
by the end of 2027, assuming a 48% YoY heat pump 
installer growth rate. Heat pump installations are 
lower than Scenario 4a in the late 2020s since in this 
scenario the ban is not announced until 2030, which 
results in an increase in installations, enough to meet 
the government target (but with a two year delay). In 
this scenario, households consider HPs in breakdown 
scenarios from 2030, when the ban is announced. Prior 
to that, one in two households consider them when 
renovating.

By 2028, the median HP installation count in existing 
builds is 38,000, while the CCC predicts approximately 
254,000 HP installations in new builds. In total, this 
represents 55% of the HP target for England & Wales, 
of which 7% of the target is met by HP retrofits to 
existing homes.

Figure 7: Chart showing the median number of annual HP installations in new and 
existing builds modelled in Scenario 4b. The red line indicates the government 

target of 530,000 installations in England and Wales. The blue bars show annual  
HP installations in new builds (from the CCC) and the orange bars show the  

median simulated annual HP installations in existing builds.

Figure 8: Chart showing the median number of annual HP installations in new and 
existing builds modelled in Scenario 4c. The red line indicates the government 

target of 530,000 installations in England and Wales. The blue bars show annual  
HP installations in new builds (from the CCC) and the orange bars show the  

median simulated annual HP installations in existing builds.
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Scenario 5: Maximum Industry Intervention

In Scenario 5, we look at industry interventions with 
and without Government intervention. These industry 
interventions are:

• Removing the perceived hassle associated with 
installing a HP, so that the upfront costs of HPs 
are valued at their actual price rather than with a 
perceived premium;

• Increasing awareness of HPs with one in two 
households considering HPs during renovations, 
instead of only one in four;

• Ensuring all property types are HP suitable; and 

• Reducing the cost of ASHPs to 70% of their 
present day cost by 2023 — as per all previous 
scenarios—as well as 40% of their present day 
cost by 2025. 

Scenario 5a: Maximum Industry Intervention

In this scenario we assume no Government 
interventions in the form of grants, redistribution of 
policy costs or bans. We model all of the industry 
interventions defined in the section above. This 
scenario continues to assume that agents will only 
install HPs during renovation and not when their 
current system breaks down.

By 2028, the median HP installation count in existing 
builds is 60,000, while the CCC predicts approximately 
254,000 HP installations in new builds. In total, this 
represents 59% of the HP target for England & Wales, 
of which 11% of the target is met by HP retrofits to 
existing homes. The number of heat pumps installed in 
2028 is short of the target by about 150,000, so these 
industry interventions alone may not be enough to 
reach the government target. 

Scenario 5b: Government-enabled, Industry 
Optimised Scenario

In Scenario 5b, we use the same industry interventions 
from the previous scenario and also add the maximum 
set of Government interventions we have considered 
so far, namely the BUS, redistribution of policy costs 
and a 2035 boiler ban announced in 2025. This 
scenario is therefore the most ambitious scenario that 
we model.

In this scenario we meet our 2028 target by 2025. 
By 2028, the median HP installation count in 
existing builds is 595,000, while the CCC predicts 
approximately 254,000 HP installations in new builds. 
In total, this represents 160% of the HP target for 
England & Wales. 112% of the target is met by HP 
retrofits to existing homes, so the target is exceeded 
by retrofits alone.

In practice, as we noted in Scenario 4, installations 
would be constrained by installer capacity. Figure 11 
shows this scenario, assuming a 48% YoY heat pump 
installer growth rate. We predict medium term capacity 
constraints, from 2025-2027, at levels below the 
government target. While capacity is still constrained 
in 2028, one year longer compared to Scenario 4, we 
still model that we are able to exceed the government 
target, even with this constraint.

Figure 9: Chart showing the median number of annual HP installations in new and existing builds 
modelled in Scenario 5a. The red line indicates the government target of 530,000 installations in 
England and Wales. The blue bars show annual HP installations in new builds (from the CCC) and  

the orange bars show the median simulated annual HP installations in existing builds.

Figure 10: Chart showing the median number of annual HP installations in new and existing builds 
modelled in Scenario 5b. The red line indicates the government target of 530,000 installations in 
England and Wales. The blue bars show annual HP installations in new builds (from the CCC) and 

the orange bars show the median simulated annual HP installations in existing builds.

Figure 11: Chart showing the median number of annual HP installations in new  
and existing builds modelled in Scenario 5b including HP installer constraints. 

Despite HP installer constraints, the 2028 target is still met.
23
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Trends between scenarios
 
Upfront costs

The upfront costs of HPs comprise of unit and 
installation costs. It varies depending on the size of 
the system (kW capacity). In simple terms, the larger 
the floor area of the house, the larger the size of the 
system needed to heat it. Typically, the upfront costs 
of HPs are substantially higher than boiler systems 
across the simulation. Within HPs, GSHPs present 
higher costs than ASHPs (Figure 12).

Figure 12: Chart showing initial ASHP and GSHP unit and installation costs 
with no interventions applied across simulations. The distribution in prices 

reflects that bigger households require higher capacities and therefore 
more expensive systems.

Figure 12 shows that without any subsidies, the range 
of upfront costs for an ASHP is £6,000 and £18,000, 
whereas a GSHP is £9,500 and £30,000. By contrast, 
the unit and installation costs of gas, electric and oil 
boilers within our simulation have median values of 
£3,350, £3,295 and £4,025, respectively. The upfront 
cost is a major barrier to adoption of HPs.

Before the BUS is active, ASHPs cost a household just 
over £12,000 on average to supply and install. With 
the combination of the BUS, and our assumption that 
costs fall as people begin to adopt the technology, 
this figure falls to just over £4,000 on average, nearly 
achieving cost-parity with gas boilers at approximately 
£3,350. After the BUS ends, we see the expected 
£5,000 increase in median price to £9,000. As the 
technology improves costs might fall further over time, 
but this is still substantially more expensive than a gas 
boiler.

There is a similar trend for GSHPs which initially cost 
£18,000 to supply and install, falling to approximately 
£10,000 during the BUS, three times more expensive 
than a gas boiler. After that, GSHP prices increase 
by £6,000 to £16,000 when the BUS ends. Figure 
13 shows the evolution of costs for both HP 
configurations.

Figure 13: Box and whisker plots showing ASHP (orange) and GSHP (purple)  
unit and installation costs before, during and after the BUS in Scenario 2.

Figure 14: Box and whiskers plot showing ASHP unit and installation costs 
before, during and after the introduction of the BUS in scenario 5, where we 

assume a large cost reduction in unit and installation costs post-BUS.

In Scenario 5, under Maximum Industry Interventions, 
we assume that innovation has reduced the cost of an 
ASHP down to 40% of the cost pre-BUS. This reduces 
the median price of an ASHP to approximately £5,300 
(still ~50% higher than the price of a gas boiler).
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Annual running costs

As noted in Table 3, electricity prices are more 
expensive than gas or oil per kWh. Therefore, 
for the same house, an electric boiler would be 
more expensive than a gas or oil boiler to run. As 
mentioned in Section Agents, in Box The Coefficient 
of performance, heat pumps use between three 
and four times less energy than a boiler to produce 
the same amount of heat. Since electricity costs 
per kWh are around five times more expensive than 
gas, currently an ASHP does not reach running-cost 
parity with a gas boiler for customers on a fixed 
tariff.

Household estimates of fuel bills are subjective 
because they take into account individual discount 
rates (see Box The discount rate). While an important 
aspect in the cost equation, they are of secondary 
importance compared to the upfront costs.

Figure 15: Chart showing the distribution of fuel costs over  
a 3 year period for simulated households in Scenario 2. 

Figure 16: Charts showing estimated ASHP (top) and gas boiler (bottom) running costs before and 
after redistributing environmental and social levies from electricity to gas bills in Scenario 3.

In Scenario 3 we investigate the redistribution of levies 
on fuel prices. We note that this decreases the median 
fuel price over three years at the net present value 
of an ASHP by £500. If we were to redistribute these 
costs onto gas, it would increase the net-present value 
median gas boiler running costs by £400.

For our central research question, we conclude that 
the redistribution of levies does not significantly 
change the installation numbers of heat pumps. 
However, we acknowledge the broader implications 
and wider impact of redistributing levies and the 
effects on consumer fuel bills. The question is a topic 
of debate and ongoing research in the current climate, 
and it is outside the scope of the report to suggest  
the best way to formulate such a redistribution.
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Wealth of households, by heating system chosen

Given the higher overall costs of HPs, households  
who are able to choose heat pumps across 2022-
2035 tend to occupy more expensive properties. We 
see that the household property value of HP-owning 
households is shifted to higher values (with a median 
of £420k which is well over the UK property value 
average of £270k61), compared to households who have 
opted for boilers (gas, electric, or oil).

Figure 17: Chart showing distribution of households’ property value that 
choose to install HPs (orange) and gas boilers (blue) in Scenario 1.

Figure 18 shows that while the BUS is active, HPs 
become accessible to households with lower budgets, 
with the median property value of households choosing 
heat pumps decreases from £450k to £350k. This 
is still in excess of the UK property value average of 
£270k, signifying that access to a heat pump often 
requires a higher-than-average financial position.

Figure 18: Chart showing distribution of households’ property value 
which choose to install HPs during the BUS (orange) and after BUS 

(blue) in Scenario 2.

Location of agents who purchase a heat pump

Figure 19: Heat maps showing LADs where HP are bought during (left)  
and after (right) the BUS in Scenario 2.

We simulate across regions in England and Wales, 
proportional to the number of records we have in that 
region. Different regions have different property values,  
and hence modelled agent wealth, as shown in Section 
Wealth Percentile in the Appendix.

Figure 19 shows the normalised percentage of installations 
per local authority district (LAD), with the colour scale 
reflecting the proportion of uptake. Regions in grey have 
very low, or zero, uptake as modelled in our simulation. It 
shows that the BUS leads to a wider adoption of HPs across 
England and Wales, since more households in regions with 
lower property values are able to afford HPs. If costs do  
not fall significantly post-BUS, our simulation shows that 
uptake will be concentrated around the south of England,  
a typically wealthier part of the country.

61. ‘UK House Price Index for October 2021’, GOV.UK. https://www.gov.uk/government/news/uk-house-price-index-for-october-2021 (accessed Feb. 24, 2022)
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Heat Pump Installer Capacity

Our modelling suggests that in ambitious scenarios 
that reach or exceed the government HP installation 
target there is likely to be supplier installation capacity 
constraints between 2025-27.

The installation target of 600,000 HPs per year 
requires 50,000 HP installations per month in the UK. 
Assuming a HP installation takes approximately 19 
days and one installer is required per installation, then 
30,000-35,000 HP installers are required by 2028. 
This is a tenfold increase on the estimated 2,800 HP 
installers today62,63, but only about a quarter of Gas 
Safe installers.64

Figure 21 shows the monthly HP installations for 
Scenario 4a, which reaches the installation target. It 
shows that installations are at capacity up until 2028, 
assuming 48% YoY growth. It also shows that by the 
2030s we are likely to have demand for 50,000-90,000 
installations per month, suggesting we would need 
to increase the number of HP installers up to 50,000-
55,000 in the 2030s.

If we do not scale up the number of HP installers in 
the short term, it is likely that demand will not be met 
which presents a barrier to heat pump adoption for the 
consumer.

The Boiler Upgrade Scheme Grant Cap

Increased awareness of HPs consumes the BUS 
budget at a faster rate. Figure 20 shows the 
cumulative spend on the BUS in Scenarios 2, 3a and 
3b. Scenario 2 and 3a use the default awareness 
of one in four households considering HPs during a 
renovation, and differ only in that Scenario 3a includes 
the redistribution of policy costs. In Scenario 3b one in 
two households consider HPs during a renovation.

In Scenarios 2 and 3a, the grant cap is typically 
reached in early 2025. Whilst this is slightly before 
the BUS ends on 1st April 2025, it shows that the 
grant cap is roughly enough to satisfy demand under 
these scenarios. If demand is higher, as in Scenario 3b 
which assumes increased awareness, then our model 
predicts that the budget is exhausted over a year 
before its end date. Afterwards, demand falls since 
households can no longer apply for the grant.

Figure 20: Graph showing cumulative spend on BUS subsidies in scenarios 
2 (blue, cap reached early 2025), 3a (orange, cap reached December 2024) 
and 3b (purple, cap reached December 2023). The red dashed line shows 

the grant cap at £450m.

62. ‘Heat pump ready programme’, GOV.UK. https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1036161/heat-pump-ready-programme-
questions.pdf (accessed Feb. 24, 2022): on page 14 the government identifies about 3,000 HP installers, which we scale down to 2,800 to not overestimate the servicing capacity for 
heat pumps | 63. ‘Building the Installer Base for Net Zero Heating’, Heat Pump Association. https://www.heatpumps.org.uk/wp-content/uploads/2020/06/Building-the-Installer-Base-
for-Net-Zero-Heating_02.06.pdf (accessed Feb. 24 2022): page 7 of the report shows the potential forecast heat pump installer capacity needed to meet installation targets delivered 
by the CCC on their Net Zero Technical Report. Their projection for the end of 2021 can be scaled down to the number of households in England and Wales, which broadly agrees with 
government figures in the reference above. | 64. ‘Heat pump ready programme’, GOV.UK. https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/
file/1036161/heat-pump-ready-programme-questions.pdf (accessed Feb. 24, 2022): on page 14 the government identifies about 133,000 oil and gas heating installers.

Figure 21: Chart showing installation of HPs in new builds (orange) and existing builds 
(blue) compared to actual HP installation capacity according to HPA installer projections. 
The red line shows the average monthly capacity required to meet the government target, 

approximately 45,000 monthly installations in England and Wales.

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1036161/heat-pump-ready-programme-questions.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1036161/heat-pump-ready-programme-questions.pdf
https://www.heatpumps.org.uk/wp-content/uploads/2020/06/Building-the-Installer-Base-for-Net-Zero-Heating_02.06.pdf
https://www.heatpumps.org.uk/wp-content/uploads/2020/06/Building-the-Installer-Base-for-Net-Zero-Heating_02.06.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1036161/heat-pump-ready-programme-questions.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1036161/heat-pump-ready-programme-questions.pdf


Upfront costs are the largest component of 
overall costs of a heating system, and thus 
present the biggest barrier to adoption for our 
household agents. Even in our most ambitious 
projections, the upfront cost of a HP is still 
1.5-2 times more expensive than an equivalent 
boiler in the short-medium term.

01

02

03

Our findings are:
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ConclusionsConclusions

In this work we presented an agent-based 
model for simulating the decisions made 
by households about their heating system 
over the next 13 years.

We consider their interaction with external models, 
such as the number of heat pump installers and 
heating system prices, and in doing so we are able to 
forecast the number of heat pump installations under 
a range of government and industry interventions to 
understand which combination of interventions leads 
to us meeting or exceeding the government heat 
pump installation target.

Figure 22 shows the cumulative HP installations 
under selected scenarios from 2022-2035.

Figure 22: Graph showing cumulative HP uptake curves for scenarios 2 (BUS), 4a (Maximum 
Policy Interventions), 4b (Maximum Policy Interventions, with installer constraints), 5a 

(Maximum Industry Interventions), 5b (Maximum Industry Interventions along with boiler 
ban and redistribution of policy costs). The green area shows the period when BUS is active.

Our model is most sensitive to awareness 
and rate of renovation; changing these values 
leads to large increases in the cumulative HP 
installations over the time period simulated.

Renovation is the most important trigger for 
agents purchasing a new heating system 
different to their existing system. Households 
are unlikely to purchase HPs in the event of a 
breakdown.65 Resolving frictions a household 
experiences with changing heating system 
type in a ‘near-breakdown’ scenario, especially 
if the property type and insulation is sufficient 
for a heat pump, will be an important factor 
in meeting our targets. Once a new heating 
system has been purchased, a household 
generally does not expect to replace it before 
its natural lifetime, creating a further lock-in of 
gas systems for up to 15-20 years in each case.

65. ‘Homeowners’ Willingness To Take Up More Efficient Heating Systems’, IPSOS Mori and the Energy Saving Trust. https://assets.publishing.service.gov.uk/government/uploads/
system/uploads/attachment_data/file/191541/More_efficient_heating_report_2204.pdf (accessed Feb. 24, 2022): 30% of the surveyed population changed their heating system due 
to a breakdown, being the second most common reason, chosen by 14% of the surveyed population, home renovations

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/191541/More_efficient_heating_report_2204.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/191541/More_efficient_heating_report_2204.pdf


HITTING THE TARGET

29

Of scenarios that enable us to reach our 
installation target, the early announcement of 
a fossil fuel boiler ban, with a commencement 
date in 2035, is crucial. This is due to increased 
awareness of HPs and some households with 
an older heating system deciding to install HPs 
in non-renovation scenarios. 

Grants such as the BUS are effective at 
enabling less wealthy households to purchase 
HPs and enable a better spread of installations 
across England and Wales. The redistribution 
of policy costs does not materially change the 
number of HP installations, since upfront costs 
outweigh the future running costs of a heating 
system in a household’s decision making.

Training more HP installers is necessary to 
meet demand in the short-medium term. Our 
simulations suggest 30,000 HP installers are 
required by 2028, a tenfold increase on today’s 
numbers, but approximately a quarter of the 
size of Gas Safe installers. Failing to train 
enough HP installers is likely to lead to medium 
term capacity constraints in 2025-2027.

04

05

06

Figure 23: Chart showing annual HP uptake in each scenario. The red line 
shows the annual HP installation target of 530,000 in England and Wales.
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AppendixAppendix

Source Data
We used publicly available data to initialise our agents:

Source code
Source code is available on GitHub:

https://github.com/centrefornetzero/
domestic-heating-abm

https://github.com/centrefornetzero/
domestic-heating-data

https://github.com/centrefornetzero/epc-
ppd-address-matching

Dataset Provider License

Energy Performance 
of Buildings data: 
England and Wales

Department 
for Levelling 
Up, Housing & 
Communities

OGL v3.0

National Statistics 
UPRN Lookup 
(NSUL)

Office for 
National 
Statistics

OGL v3.0

Paid Price Data 
(PPD)

HM Land 
Registry

OGL v3.0

UK Housing Price 
Index

HM Land 
Registry

OGL v3.0

Off Gas Grid 
postcodes

Xoserve None 
provided

Table 4: Source data for main agent attributes.

Some properties in the EPC dataset have been 
assigned UPRNs. Price Paid Data (PPD) does not 
include property-level identifiers, so we matched 
addresses from EPCs and PPD using a simple 
rule-based approach. We identified 14,752,904 and 
17,599,083 unique addresses in the PPD and EPC 
datasets respectively. After matching we identified 
9,162,499 addresses for which we had both an  
EPC and property sale record.

PPD contains information on property sales lodged 
with HM Land Registry from 1st January 1995. EPCs 
were required for the sale or rental of a property 
from 1st August 2007, initially for larger properties 
and gradually rolled out to all properties. As a result 
data is not available for every household in England 
and Wales. Where data is incomplete we inferred 
information from other fields, e.g. the heating  
system from the fuel type. 

We did not simulate every household for which  
we had data to avoid impractically long runtimes. 
We randomly sampled 24,600 records without 
replacement (approximately 1 in every 1,000 
households) and scaled-up the results to obtain  
results for England and Wales.

https://github.com/centrefornetzero/domestic-heating-abm
https://github.com/centrefornetzero/domestic-heating-abm
https://github.com/centrefornetzero/domestic-heating-data
https://github.com/centrefornetzero/domestic-heating-data
https://github.com/centrefornetzero/epc-ppd-address-matching
https://github.com/centrefornetzero/epc-ppd-address-matching
https://epc.opendatacommunities.org/
https://epc.opendatacommunities.org/
https://epc.opendatacommunities.org/
https://www.ons.gov.uk/methodology/geography/geographicalproducts/nationalstatisticsaddressproducts
https://www.ons.gov.uk/methodology/geography/geographicalproducts/nationalstatisticsaddressproducts
https://www.ons.gov.uk/methodology/geography/geographicalproducts/nationalstatisticsaddressproducts
https://www.gov.uk/government/statistical-data-sets/price-paid-data-downloads
https://www.gov.uk/government/statistical-data-sets/price-paid-data-downloads
https://www.gov.uk/government/collections/uk-house-price-index-reports
https://www.gov.uk/government/collections/uk-house-price-index-reports
https://www.xoserve.com/
https://www.xoserve.com/
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Environment Attributes
Households fetch information from their environment, e.g. heating system prices,  
and also influence the environment in the process, e.g. number of heat pumps installed.

The main environment attributes are specified in the table below:

Attribute Description

Heating 
Systems

The following heating systems are characterised in the model: 
•    Electric boiler66

•    Gas boiler
•    Oil boiler67

•    Air source heat pump (ASHP)
•    Ground source heat pump (GSHP)

Each type encompasses all variations of, e.g. combi, condensing and non-condensing. Each heating system has an associated cost, 
outlined in the Section Capacity and Price Calculations for Different Heating Technologies.

Fuel Prices Different fuels have a different price per kWh. The default values are taken from Standard rates published by the Energy Saving 
Trust in November 2021:
•    Gas: £0.0465 / kWh
•    Electricity: £0.2006 / kWh
•    Oil: £0.0482 / kWh

Heat Pump 
Installation 
Capacity

Heat pump installation capacity is comprised of several factors:
•    The number of heat pump installers (in 2022): 2,800
•    The YoY growth rate of heat pump installers: 48%
•    The person days taken to install one heat pump: 19 days

The number of heat pump installers in 2022, and the implied YoY growth rate, is sourced from British Heat Pump Association 
estimates for the UK, and scaled for the number of households in England and Wales.68,69

The person days per heat pump installation is inferred using previous data and through consultation with installers, and reflects an 
average value.

Households are unable to install heat pumps at any time step in which demand exceeds capacity. 

We assume heat pump installers never exceed the current number of gas boiler installers (which is in ratio household:gas boiler 
installers 1:215). 

Heating 
System 
Hassle Factor

A cost-multiplying factor representing a suite of commonly cited concerns of potential new owners of a heat pump - e.g noise, size, 
appearance, and/or uncertainty about the thermal comfort it will bring compared to an existing boiler. 

The greater the value of the hassle factor within the simulation, the greater the perceived cost of heat pumps, and thus the less 
likely an agent is to choose them.

ASHP 
Discount 
Factor

A schedule of dates and the corresponding percentage decrease expected to be realised in the unit and install costs of an ASHP.

By default, ASHP costs have fallen by 30% by 2023-01-01. We also assume a further decrease in prices reaching a 60% cost 
reduction by 2027 in our industry-led scenarios.70,71 We also assume GSHP prices to be less sensitive to price reductions due to high 
capital costs and less room for quicker installation periods in emergency scenarios.72

Efficiency and 
Coefficient of 
performance 
(COP)

The conversion factor between 1 kWh of fuel and useful heat, with default values:
•    Gas boiler: 0.9273

•    Oil boiler: 0.9274

•    Electric boiler: 0.99575

•    ASHP: 3
•    GSHP: 4

Table 5: Description of main model attributes for the simulated environment.

66. Also represents all forms of traditional electric heating (e.g. storage heaters) | 67. ‘Off-gas consumers: Updated information on households without mains gas heating’, Citizens Advice Scotland. 
https://www.cas.org.uk/publications/gas-consumers-updated-information-households-without-mains-gas-heating (accessed Feb. 24, 2022): also represents the use of carbon technologies such as LPG 
or solid fuels. As 1 million households use heating oil, while only around 190k properties use solid fuels and another 190k properties use LPG, we have omitted these for simplicity. All this information can 
be consulted on page 11 of the report. | 68. ‘Building the Installer Base for Net Zero Heating’, Heat Pump Association. https://www.heatpumps.org.uk/wp-content/uploads/2020/06/Building-the-Installer-
Base-for-Net-Zero-Heating_02.06.pdf (accessed Feb. 24 2022): page 7 of the report shows the potential forecast heat pump installer capacity needed to meet installation targets delivered by the CCC 
on their Net Zero Technical Report | 69. ‘Heat pump ready programme’, GOV.UK. https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1036161/heat-pump-
ready-programme-questions.pdf (accessed Feb. 24, 2022): in page 14 the government identifies about 3,000 HP installers, which we scale down to 2,800 to not overestimate the servicing capacity for heat 
pumps | 70. Even though there is evidence in some reports that suggests that HPs might even get more expensive than actual prices (see R. Renaldi, R. Hall, T. Jamasb, and A. P. Roskilly, ‘Experience rates 
of low-carbon domestic heating technologies in the United Kingdom’, Energy Policy, vol. 156, p. 112387, Sep. 2021, doi: 10.1016/j.enpol.2021.112387), it is the government commitment to decrease HP prices by 
25-50% by 2025 and achieve cost parity with gas boilers by 2030 as per ‘Heat and buildings strategy’, GOV.UK. https://www.gov.uk/government/publications/heat-and-buildings-strategy (accessed Feb. 24, 
2022). | 71. ‘How Octopus Energy is revolutionising Heat pumps’, Octopus Energy. https://octopus.energy/blog/heat-pump-revolution/ (accessed Feb. 24, 2022): Octopus Energy is committed to bring ASHP 
prices down to gas boiler unit and installation costs under the BUS scheme | 72. ‘The Potential and Costs of District Heating Networks’, Poyry Energy, 2009, link https://webarchive.nationalarchives.gov.uk/
ukgwa/20121205193015/http:/www.decc.gov.uk/assets/decc/what%20we%20do/uk%20energy%20supply/energy%20mix/distributed%20energy%20heat/1467-potential-costs-district-heating-network.
pdf (accessed Feb. 24, 2022): in pages 113 and 114 the report suggest that 10% and 50% of the total capital costs of ASHPs and GSHPs can be avoided in reinstallations | 73. ‘Electric boiler vs gas boiler: 
pros, cons and running costs’, Boilerguide. https://www.boilerguide.co.uk/articles/electric-boiler-vs-gas-boiler-pros-cons-running-costs (accessed Feb. 24, 2022): citing the source “all condensing gas and 
oil boilers must reach a minimum efficiency level of 92%, yet this is enough to award them an ErP A-rating”, also it states that “the maximum efficiency of gas boilers is rarely more than 93%” | 74. Assumed 
same efficiency as condensing gas boilers since the working principles are the same | 75. ‘Electric boiler vs gas boiler: pros, cons and running costs’, Boilerguide. https://www.boilerguide.co.uk/articles/
electric-boiler-vs-gas-boiler-pros-cons-running-costs (accessed Feb. 24, 2022):assumed efficiency of electric boilers between 99% and 100%

https://energysavingtrust.org.uk/about-us/our-data/
https://energysavingtrust.org.uk/about-us/our-data/
https://www.cas.org.uk/publications/gas-consumers-updated-information-households-without-mains-gas-heating
https://www.heatpumps.org.uk/wp-content/uploads/2020/06/Building-the-Installer-Base-for-Net-Zero-Heating_02.06.pdf
https://www.heatpumps.org.uk/wp-content/uploads/2020/06/Building-the-Installer-Base-for-Net-Zero-Heating_02.06.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1036161/heat-pump-ready-programme-questions.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1036161/heat-pump-ready-programme-questions.pdf
http://10.1016/j.enpol.2021.112387
https://www.gov.uk/government/publications/heat-and-buildings-strategy
https://octopus.energy/blog/heat-pump-revolution/
https://webarchive.nationalarchives.gov.uk/ukgwa/20121205193015/http:/www.decc.gov.uk/assets/decc/what%20we%20do/uk%20energy%20supply/energy%20mix/distributed%20energy%20heat/1467-potential-costs-district-heating-network.pdf
https://webarchive.nationalarchives.gov.uk/ukgwa/20121205193015/http:/www.decc.gov.uk/assets/decc/what%20we%20do/uk%20energy%20supply/energy%20mix/distributed%20energy%20heat/1467-potential-costs-district-heating-network.pdf
https://webarchive.nationalarchives.gov.uk/ukgwa/20121205193015/http:/www.decc.gov.uk/assets/decc/what%20we%20do/uk%20energy%20supply/energy%20mix/distributed%20energy%20heat/1467-potential-costs-district-heating-network.pdf
https://www.boilerguide.co.uk/articles/electric-boiler-vs-gas-boiler-pros-cons-running-costs
https://www.boilerguide.co.uk/articles/electric-boiler-vs-gas-boiler-pros-cons-running-costs
https://www.boilerguide.co.uk/articles/electric-boiler-vs-gas-boiler-pros-cons-running-costs
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Percentage of fuel cost relating to environmental & social levies

For scenarios in which policies implemented impact fuel prices, we chose to shift social and environmental costs 
from electricity to gas. Ofgem reported that social and environmental costs account for ~25% of electricity bills but 
only up to 2.5% of gas bills, using November 2021 fuel prices.76

Household Agent Attributes
Table 6 shows attributes of household agents.

Attribute Description Source

Location Local authority district (LAD) EPC

Heating System Gas boiler, electric boiler, oil boiler, air source heat pump or ground source heat pump EPC

Property value The current property value (£) calculated from the most recent sale and indexed to today 
using the UK House Price Index (HPI). Used as a proxy for overall household wealth, which 
in turn is used to infer a household’s budget for heating system changes.

PPD 
UK HPI

Floor area Total internal floor area (m2) of the property. Used to infer the heating demand (kWh/year) 
of a household and therefore the expected annual heating bill of a given heating system.

EPC

Is Off Gas Grid Whether or not a property belongs to an off gas grid postcode. Households that are off the 
gas grid cannot have a gas boiler.

Off Gas Grid 
Postcodes

Current / 
Potential EPC 
Rating

The current EPC rating of the household and the potential EPC rating if all recommended 
measures are installed.

EPC

Occupant Type Owner occupied, rented private or rented social. Landlords do not consider fuel bills when 
installing a heating system, since typically tenants pay fuel bills.

EPC

Has Solid Wall Differentiates solid from cavity walls. Solid and cavity walls are associated with different 
costs for wall insulation.

EPC

Walls, Windows, 
Roof: Energy 
Efficiency

The energy efficiency score of individual elements of a household. Used to determine 
which elements can be upgraded by a household as part of a renovation or as part of an 
effort to reach EPC C and install a heat pump.

EPC

Property Type House, flat or bungalow. EPC

Built Form Mid-terraced, semi-detached, detached or end-terraced EPC

Discount rate Value between 0 and 1. The greater this value, the more that future cash flows reduce in 
value when households calculate their present day value. More expensive properties have 
lower discount rates.

Modelled

Heating System 
Install Date

Date at which a heating system was last installed. The age of the boiler determines its 
likelihood of breaking down, and therefore the likelihood of a household needing to 
purchase an alternative.

Modelled

Is HP suitable 
archetype

Whether or not a property’s construction can accommodate a heat pump. In the default 
case, we label flats and mid-terraced properties as unsuited to heat pumps. Note that heat 
pump suitability may be overridden in some scenarios, where we wish to assert 100% of 
property archetypes are suited to heat pumps. 

Modelled

Is HP suitable Derived from “is heat pump suitable archetype”, and “Potential EPC Rating”. A household 
is labelled as “heat pump suitable” if they both have a suitable property archetype, and a 
Potential EPC rating or C or better

Modelled

Is HP aware Whether or not a household is sufficiently knowledgeable about heat pumps to consider 
one as an option for their home (e.g. perform the research required to cost one, and initiate 
the search for potential installers). Only households aware of heat pumps can consider 
them as options when replacing their heating systems. All households become aware of 
heat pumps when a fossil fuel boiler ban is announced.

Modelled

76. ‘Infographic: Bills, prices and profits’, OFGEM. https://www.ofgem.gov.uk/publications/infographic-bills-prices-and-profits (accessed Feb. 24, 2022)

Table 6: Description of main agent attributes.

https://www.ofgem.gov.uk/publications/infographic-bills-prices-and-profits
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Modelled Attributes
 
Wealth Percentile

An agent’s wealth percentile is equal to its property 
value percentile, where the property value distribution 
follows a distribution similar to that in the 2020 Houzz 
and Home UK Study.77

Figure 24: Heat map showing the distribution of  
average house prices in LADs in England and Wales.

Discount rate

Research suggests that discount rates depend on 
the type of purchase and that energy products are 
associated with particularly high discount rates 
compared to other purchases.78,79,80 

We therefore model discount rates on experimental 
results obtained from U.S. homeowners purchasing 
a water heater,which is similar to a heating 
system.81 We associate a household in the Nth 
wealth percentile to the discount rate in the (1-N)th 
percentile of discount rates.

Heating System Install Date (i.e age of heating 
system)

Household heating systems are initialised with a 
random installation date that results in a uniform 
likelihood of the current age being between 0 and 
15 years. This is required to estimate when a heating 
system is likely to break down as a result of use  
over time.

Is Heat Pump Suitable Archetype

By default, mid-terrace properties and flats are not 
suitable for air source heat pumps. Although some 
reports conclude that all properties are heat pump 
suitable,82 our research, which included talks with 
heating installers, found that the general consensus is 
that installing heat pumps in some types of properties 
is much harder than others.83

The heat pump suitability for the different household 
archetypes in this study is as follows:

Property 
Type

Built Form Is Heat Pump  
Suitable Archetype?

House Mid-terrace No

Semi-detached 
Detached 
End-terrace

Yes

Bungalow Mid-terrace No

Semi-detached 
Detached 
End-terrace

Yes

Flat Any No

Table 7: Default HP suitability for different household archetypes in the 
simulation, used in Scenarios 1-4. Scenario 5 assumes all archetypes are 

heat pump suitable.

There is also a parameter in the model which overrides 
this behaviour, should we wish to use the assumption 
that all property archetypes are heat pump suitable.

Is Heat Pump Suitable 

In addition to having a suitable property archetype, 
households are required to have a potential EPC 
rating of C or better. We chose an EPC rating of C 
after discussion with heat pump installers. While 
we acknowledge that EPC ratings alone are not 
a substitute for a detailed heat pump readiness 
assessment, installers thought that EPC C is a 
generally appropriate minimum criterion.

Heat Pump Awareness

The ‘Heat Pump Awareness’ of our agents is set 
at 25%. In the modelling, this is the proportion of 
people who, when renovating and considering their 
heating system options, would consider and cost a 
heat pump. The figure of 25% was determined by 
model calibration, discussed more in Section Model 
Calibration and Validation.

The value is also consistent with the proportion of 
people who know ‘a lot or a fair amount’ about low-
carbon heating systems according to the BEIS  
Public Attitudes Tracker.84

77. ‘2020 Houzz and Home UK Study’, Houzz. http://st.hzcdn.com/static/econ/en-GB/2020_HouzzAndHome_UK_Renovation_Trends_Study.pdf (accessed Feb. 24 2022) | 78. Discounting and Its Impact 
on Durables Buying Decisions, Russell S. Winer; Train, Kenneth. (1985). “Discount Rates in Consumers’ Energy-Related Decisions: A Review of the Literature,” Energy 10, 1243-12, doi: 10.1016/0360-
5442(85)90135-5 | 79. Z. Wang, ‘Heat pumps with district heating for the UK’s domestic heating: individual versus district level’, Energy Procedia, vol. 149, pp. 354–362, Sep. 2018, doi: 10.1016/j.
egypro.2018.08.199 | 80. ‘The Green Book (2020)’, GOV.UK. https://www.gov.uk/government/publications/the-green-book-appraisal-and-evaluation-in-central-governent/the-green-book-2020#contents 
(accessed Feb. 24, 2022) | 81. Individual Time Preferences and Energy Efficiency (NBER Working Paper No. 20969), link: https://www.nber.org/system/files/working_papers/w20969/w20969.pdf | 82. ‘All 
housing types are suitable for heat pumps, finds Electrification of Heat project’, Energy Systems Catapult. https://es.catapult.org.uk/news/electrification-of-heat-trial-finds-heat-pumps-suitable-for-all-
housing-types/ (accessed Feb. 24 2022) | 83. ‘Decarbonising Heat in Buildings’, Energy and Utilities Alliance. https://eua.org.uk/uploads/608167B5BC925.pdf (accessed Feb. 24 2022): go to page 9 to find 
the suitable archetypes for HP adoption | 84. ‘BEIS Public Attitudes Tracker (Autumn 2021, UK)’ GOV.UK. https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/
file/1040726/BEIS_PAT_Autumn_2021_Heat_and_Energy_in_the_Home.pdf (accessed Feb. 24 2022): Figure 3.3

http://st.hzcdn.com/static/econ/en-GB/2020_HouzzAndHome_UK_Renovation_Trends_Study.pdf
http://10.1016/0360-5442(85)90135-5
http://10.1016/0360-5442(85)90135-5
http://10.1016/j.egypro.2018.08.199
http://10.1016/j.egypro.2018.08.199
https://www.gov.uk/government/publications/the-green-book-appraisal-and-evaluation-in-central-governent/the-green-book-2020#contents
https://www.nber.org/system/files/working_papers/w20969/w20969.pdf
https://es.catapult.org.uk/news/electrification-of-heat-trial-finds-heat-pumps-suitable-for-all-housing-types/
https://es.catapult.org.uk/news/electrification-of-heat-trial-finds-heat-pumps-suitable-for-all-housing-types/
https://eua.org.uk/uploads/608167B5BC925.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1040726/BEIS_PAT_Autumn_2021_Heat_and_Energy_in_the_Home.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/1040726/BEIS_PAT_Autumn_2021_Heat_and_Energy_in_the_Home.pdf
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Household Decision-Making
At a high level, household behaviour can be 
summarised into three main points:

i. At any time, a household may hold a renovation or 
have a heating system breakdown 
ii. A breakdown event may trigger a heating system 
purchase or a ‘repair’ 
iii. A renovation may trigger some insulation 
measures to be installed, and/or a heating system 
purchase

Each is described in turn below.

Figure 25: Flow chart showing decision diagram for agents in our 
simulation. In every time step, a breakdown event might trigger 

more events in the agent explained in Figure 27. In the absence of a 
breakdown event, every agent decides whether to perform renovations 

or not, whose logic map is shown in Figure 30.

A) Heating system breakdown

We use a Weibull distribution, and its corresponding 
hazard function86, to derive the likelihood of a heating 
system ‘surviving’ past a given age, i.e its age at 
breakdown. The probability of breakdown increases 
with age: new heating systems carry almost no risk of 
breaking down, most heating systems last ~15 years  
of age, and are generally no older than 20 years.

Figure 26: Chart showing the probability of a breakdown event  
for heating systems depending on the age of the system.

B) Renovation

We assume that a household renovates some aspect  
of their home approximately once every 10 years, or a  
1 in 10 chance of renovating every year.

i. At any time step, a household may hold a 
renovation or have a heating system breakdown.

Breakdowns and renovations are the two possible 
triggers for a heating system replacement in our ABM, 
which capture the majority of reasons for homeowners 
changing heating systems.85

ii. A breakdown event may trigger a heating system 
purchase or a ‘repair’.

If a household heating system breaks down, their 
decision flow is as shown below.

Terms in bold are described in their own sections

85. While other factors might influence a household’s decision to install a heat pump in the future (e.g. heightened social pressure or ‘green’ attitudes), we have prioritised studies of 
past, evidenced behaviours (“why did you replace your heating system?”) over studies of hypothetical behaviours (“what would lead you to change your heating system in the future?”). 
It is widely acknowledged that the two types of behaviour (stated vs evidenced) often diverge from one another. | 86. ‘Weibull Distribution’, Engineering Statistics Handbook. https://
www.itl.nist.gov/div898/handbook/eda/section3/eda3668.htm (accessed Feb. 24, 2022)

Figure 27: Flow chart showing the events triggered in breakdown events 
which might lead to repairs or new heating system purchase depending 

 on the options weighted and the heating budget available.

https://www.itl.nist.gov/div898/handbook/eda/section3/eda3668.htm
https://www.itl.nist.gov/div898/handbook/eda/section3/eda3668.htm
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Total Perceived Costs

Households do not evaluate future cash flows with perfect foresight, and value short 
and long term cash flows differently according to their discount factor. Thus, some 
components of total costs are subjective and specific to a given household.

Cost Meaning

Unit and 
Installation 
(upfront costs)

This represents all component and installation costs a household may face when implementing a given 
heating system. Costs vary depending on the heating system the household currently has installed.

In the case of a new heat pump, the total costs are reduced if the household already has a heat pump 
installed, as a substantial amount of work required to install a heat pump the first time around does not 
apply to further installations.87 Other technologies are much more mature and reinstallation costs do not 
drastically differ from first time installations. Hence, reinstallation costs for gas, oil and electric boilers 
are negligible.

More information about how costs are calculated for different technologies can be consulted in the 
Section Capacity and price calculations for different heating technologies.

Decommissioning 
costs (upfront 
costs)

In the event of a replacement of one heating system for another, we account for decommissioning costs 
of the current heating technology. These costs depend on the existing and new system.

We estimate a variable decommissioning costs between £500 and £2,000 in addition to unit and 
installation costs.88,89 

Fuel bills 
(subjective,  
future costs)

This represents the estimated fuel bill over the next N years, discounted back to their present day value. 
Only homeowners consider fuel bills in our ABM. Landlords most commonly leave tenants responsible for 
utility bills, so we consider their heating decisions to be uninfluenced by these costs.

By default, N=3 in our model, meaning that households practically consider three years of future fuel 
bills, which is substantially less than the full lifetime span of the system. The discount rate of a household 
which is used to evaluate future cash flows is inversely related to their property value, or wealth. Fuel 
prices are static throughout the simulation as indicated in Box Fixed fuel prices in the ABM.

Insulation 
(applicable for 
heat pumps only)

All households considering heat pumps are required to have an EPC rating of C or better. Therefore, in 
the cost of a heat pump, households will include the costs of any elements in their home which require 
upgrade as a prerequisite.

Our households are associated with energy efficiency scores for individual elements: walls, windows, and 
roof (as per an EPC certificate). Any element scoring less than the maximum (five) can be considered for 
improvement by a household. The improvement of one element is modelled as improving the overall EPC 
score by one band. Households choose the minimum number of improvements which would take them to 
EPC C (i.e. 0-3 elements) and select in order of price (cheapest first). 

These costs are calculated depending on dwelling size and house archetype using BEIS estimates.91 See 
source code for costs.

Subsidies (if 
applicable)

In some scenarios, heat pumps are eligible for financial grants. 

Where these are provided upfront (e.g during the BUS), the grant amount is simply subtracted from 
the total costs. Where these are provided in future instalments (as per the RHI), the cash flows are 
discounted back to the relevant point in time: the moment at which the household makes a heating 
system decision.

Table 8: Description of individual components that form perceived costs of heat pumps technologies.

87. ‘The Potential and Costs of District Heating Networks’, Poyry Energy, 2009, link https://webarchive.nationalarchives.gov.uk/ukgwa/20121205193015/http:/www.decc.gov.uk/assets/
decc/what%20we%20do/uk%20energy%20supply/energy%20mix/distributed%20energy%20heat/1467-potential-costs-district-heating-network.pdf (accessed Feb. 24, 2022): in pages 
113 and 114 the report suggest that 10% and 50% of the total capital costs of ASHPs and GSHPs can be avoided in reinstallations | 88. ‘Analysis of alternative UK heat decarbonisation 
pathways’, Climate Change Committee, https://www.theccc.org.uk/publication/analysis-of-alternative-uk-heat-decarbonisation-pathways/ (accessed Feb. 24 2022): page 135 of the 
document gives some decommissioning costs for gas boilers | 89. ‘Analysis on abating direct emissions from ‘hard-to-decarbonise’ homes, with a view to informing the UK’s long term 
targets’, Climate Change Committee. https://www.theccc.org.uk/publication/analysis-on-abating-direct-emissions-from-hard-to-decarbonise-homes-element-energy-ucl/ (accessed Feb. 
24 2022): pages 61 and 62 give some estimated decommissioning costs | 90. ‘Domestic cost assumptions - what does it cost to retrofit homes?’ GOV.UK. https://www.gov.uk/government/
publications/domestic-cost-assumptions-what-does-it-cost-to-retrofit-homes (accessed Feb. 24 2022): page 15 shows a summary of the findings of the report

Relevant heating systems

Some heating systems are not considered by some 
households. The rules which apply to all scenarios are: 

A. Households which are not ‘aware’ of heat pumps do  
not consider them when renovating.

B. Heat pumps cannot be considered if there are not  
enough installers available to perform installations.

C. Off-gas grid households cannot consider gas boilers;  
on-gas grid households cannot consider oil boilers.

D. Larger households, defined as being in the largest 
third of properties in GB, cannot consider electric 
boilers as it would be inefficient to heat using this 
system.

Specific to breakdown situation

E. In an emergency situation like a breakdown, 
households will not consider heat pumps due to long 
lead times and effort (unless they already own one)

https://webarchive.nationalarchives.gov.uk/ukgwa/20121205193015/http:/www.decc.gov.uk/assets/decc/what%20we%20do/uk%20energy%20supply/energy%20mix/distributed%20energy%20heat/1467-potential-costs-district-heating-network.pdf
https://webarchive.nationalarchives.gov.uk/ukgwa/20121205193015/http:/www.decc.gov.uk/assets/decc/what%20we%20do/uk%20energy%20supply/energy%20mix/distributed%20energy%20heat/1467-potential-costs-district-heating-network.pdf
https://www.theccc.org.uk/publication/analysis-of-alternative-uk-heat-decarbonisation-pathways/
https://www.theccc.org.uk/publication/analysis-on-abating-direct-emissions-from-hard-to-decarbonise-homes-element-energy-ucl/
https://www.gov.uk/government/publications/domestic-cost-assumptions-what-does-it-cost-to-retrofit-homes
https://www.gov.uk/government/publications/domestic-cost-assumptions-what-does-it-cost-to-retrofit-homes
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Heating Budget

The distribution of renovation costs reflects values 
obtained from the 2020 Houzz & Home UK study, 
which found that homeowners renovating spent a 
median of £11k, and £100k at the 90th percentile.91

91. ‘2020 Houzz and Home UK Study’, Houzz. http://st.hzcdn.com/static/econ/en-
GB/2020_HouzzAndHome_UK_Renovation_Trends_Study.pdf (accessed Feb. 24 2022)

Figure 28: Histograms showing distribution of households’ renovation 
(top) and heating (bottom) budgets. Data inferred from the 2020 Houzz 

and Home UK Study.91

To assign renovation budget to a household we 
consider the property value as a percentile of all GB 
households. They are assigned a renovation budget at 
the same percentile.

Example: The median household value in 
GB is approximately £224k. A household 
valued at £224k has a wealth in the 50th 
percentile of GB and is assigned renovation 
budget at the 50th percentile of UK 
homeowners too (£11k).

Repair existing heating system

If the cost of every new heating system is out of 
budget or unaffordable for a household, then they  
will reinstall or repair their existing heating system.

Choose new heating system

Households weight their options by the total costs 
of the system relative to their heating budget. The 
higher the weight, the greater the likelihood of a given 
heating system being selected.

We have not attempted to capture every aspect of a 
household’s purchasing decision. Rather, we focus on 
financial costs.

We weight each heating system by the cost of the 
system, household heating budget and the hassle 
factor:

We make the assumption that during a renovation, 
a household may set aside 20% of this renovation 
budget for work related to home heating and energy 
efficiency. This forms the heating budget against 
which households evaluate their options.

Out of budget

A heating system is out of budget if its cost is ten 
times greater than a household’s heating budget.

The hassle factor is zero for all heating systems except 
heat pumps, as described in Section Environment 
Attributes. A larger heat pump hassle factor means 
households are less likely to choose heat pumps. 
Figure 29 is a graph showing the weight given to 
a heating system as a function of the total heating 
system cost as a proportion of the household heating 
budget for a hassle factor of 0 and 0.3. It shows that:

• Heating systems within budget (<1) are the most 
attractive to a household;

• Weight declines as the cost approaches a 
household’s full budget;

• As costs exceed approximately four times the 
budget, the weights approach zero, making the 
system an increasingly unlikely choice compared 
to options falling closer to budget.

Figure 29: Chart 
showing effects of 
hassle factor in weights 
for heating technologies. 
The orange dashed line 
represents the boundary 
between affordable (left 
from the dashed line) 
and unaffordable (right 
from the dashed line).

Examples:

• Two heating systems with the same total costs 
will stand equal chances of being selected.

• A more expensive heating system is less likely to 
be chosen compared to a cheaper one. If it is out 
of budget then it cannot be chosen.

• If a heat pump and a boiler have the same total 
costs, but the hassle factor is greater than zero, 
then a household which hasn’t owned a heat 
pump before will be more likely to choose a boiler 
over a heat pump.

http://st.hzcdn.com/static/econ/en-GB/2020_HouzzAndHome_UK_Renovation_Trends_Study.pdf
http://st.hzcdn.com/static/econ/en-GB/2020_HouzzAndHome_UK_Renovation_Trends_Study.pdf
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iii. A renovation may trigger some insulation 
measures to be installed and/or a heating system 
purchase

The significance of household renovations as a trigger 
point for carrying out energy renovations has been 
highlighted in several studies, in addition to calls 
to assist householders build energy efficiency into 
planned home upgrades, e.g. via refurbishment guides 
for builders.92,93

If a household chooses to renovate their home, their 
decision flow is as shown here.

New terms in bold are described below.

Figure 30: Flow chart showing households’ renovation decision tree for insulation  
measures and heating system purchases within the renovation event.

Renovation

Any action of home improvement, from improving one 
room to a more comprehensive full house renovation, 
with the possibility of insulation upgrades and heating 
system changes.

Upgrade insulation & Update heating system

We derived figures for the likelihood of homeowners 
including home energy efficiency improvements 
and/or heating system upgrades as part of broader 
renovation work from datasets generated by the VERD 
Project.94 For households who choose to install energy 
efficiency measures, we also derived the likelihood 
of households   improving one, two or three different 
elements in the process.

Install insulation upgrades

A household may improve the energy efficiency 
of their roof, windows and/or walls. Installing the 
improvement changes the energy efficiency score 
of the element to its maximum (5), and this change 
improves the overall EPC score by one band.

Note that even if a household does not consider 
changing their heating system as part of a renovation, 
the requirement for households to be a minimum EPC 
rating of C to install a heat pump means that advance 
insulation work will decrease the total cost of a heat 
pump later in the simulation.

Figure 31 shows the distribution of insulation costs 
required to install a heat pump by EPC rating 
(properties with an EPC rating of C or better do not 
require upgrades to install a heat pump). For D-rated 
properties there are peaks at ~£1,000 and ~£6,500 
for cavity-wall or loft insulation and wall insulation 
or glazing, respectively. D-rated properties generally 
only need one upgrade in order to progress to a C 
rating and be suitable for a heat pump. E- and F-rated 
properties have a broader distribution of costs 
compared to D-rated properties because they typically 
need two or three insulation upgrades to reach a 
C-rating. F-rated households need to spend at least 
£2,500 and on average around £10,000 on upgrades to 
be suitable for a heat pump.

Figure 31: Graph showing the distribution of insulation costs in households by EPC rating.

Relevant heating systems

The baseline rules A-D described in the previous stage 
continue to apply.

Instead of rule E, the following rule applies to households 
selecting heating systems when renovating.

F. Unlike a breakdown event, a renovation is not 
considered an emergency replacement so homeowners 
have time to consider their options and choose a system 
with longer lead times. Heat pumps may therefore be 
considered by households without previous heat pump 
ownership during a renovation.

92. ‘Trigger points: a convenient truth - Promoting energy efficiency in the home’, Energy Saving Trust. http://btckstorage.blob.core.windows.net/site621/EST%20GD%20Trigger%20Points%20report%20
2011%5B1%5D.pdf (accessed Feb. 24 2022) | 93. ‘Understanding Homeowners’ Renovation Decisions’, UKERC. https://ueaeprints.uea.ac.uk/id/eprint/44230/1/VERD_Summary_Report_1Oct13.pdf 
(accessedFeb. 24, 2022) | 94. ‘Understanding Homeowners’ Renovation Decisions’, UKERC. https://ueaeprints.uea.ac.uk/id/eprint/44230/1/VERD_Summary_Report_1Oct13.pdf (accessed Feb. 24, 2022)

http://btckstorage.blob.core.windows.net/site621/EST%20GD%20Trigger%20Points%20report%202011%5B1%5D.pdf
http://btckstorage.blob.core.windows.net/site621/EST%20GD%20Trigger%20Points%20report%202011%5B1%5D.pdf
https://ueaeprints.uea.ac.uk/id/eprint/44230/1/VERD_Summary_Report_1Oct13.pdf
https://ueaeprints.uea.ac.uk/id/eprint/44230/1/VERD_Summary_Report_1Oct13.pdf
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Model Calibration and Validation
We validated our methodology by:

1. Reviewing the household decision-making 
process methodology, and heating system costs, 
with heat pump installers at Octopus Energy.

2. Running our simulation over a historical time 
period and ensuring that the outputs reproduce 
historic heat pump uptake.

 
Historic heat pump uptake figures

In the UK, the Heat pump Association95 and Ground 
source heat pump Association96 report total annual 
installations through press releases, but do not 
break down figures by residential and commercial 
installations or geographically. There is a clear gap in 
reporting installation figures for LCTs in the domestic 
sector, with different sources reporting different 
numbers of installations.97,98,99

The RHI started running in April 2014 for the domestic 
sector, and the applications are due to close by the end 
of March 2022, to be replaced by the BUS. We used 
the RHI intervention to calibrate our model and ensure 
we can recreate historical heat pump uptake and give 
us confidence in future forecasts.

For calibration of the total number of heat pumps 
installed, we use UK sources100,101, which agree with 
EU statistics published yearly by the EurObserv’ER 
and the European Heat pump Association.102,103 These 
sources report approximately a total of 200,000 
residential heat pump installations until 2021, which 
corresponds to 20,000-25,000 annual installations.

Approach

We varied our input parameters, namely awareness 
and the hassle factor, to recreate the behaviour 
described above under the RHI scheme over a 
simulation from January 2012 to January 2022. We 
modelled the RHI grant as an intervention active 
from April 2014-2022. During this period, households 
considering heat pumps estimate the value of seven 
years of RHI payments based on annual heating 
demand and the efficiency of their existing heating 
system. Payments are discounted back to their present 
value at the household’s discount rate. Hence, this 
subsidy amount is subtracted from the total heat pump 
costs. This process allows us to check the validity of 
the assumptions made in the model.

Figure 32: Graph showing cumulative heat pump installations under the RHI 
scenario for calibration purposes. The line shows the median installations under  

10 simulation runs, with the band reflecting the 95% confidence interval.

Figure 33 shows the number of heat pumps installed 
per year, across different simulation runs of the model. 
Our ABM produces around 20,000 - 25,000 installations 
per year across the time period of 2012-2022 in 
England and Wales, which aligns with our expected 
figures. It predicts that by 2022 (present day) there will 
be approximately 200,000 heat pumps which broadly 
agrees with the reported figures on residential heat 
pump installations.104,105

Figure 33: Box and whisker plots chart showing annual heat pump installations 
under the RHI scenario from 2012-2021 for calibration purposes. Each box shows 

the median, 25% and 75% percentiles across 10 simulation runs, with the whiskers 
showing maximum and minimum values across these runs.

95. Heat pump Association. https://www.heatpumps.org.uk/ (accessed Feb. 24 2022) | 96. Ground source heat pump Association. https://www.gshp.org.uk/ (accessed Feb. 24 2022) | 97. ‘Renewable Heat 
Incentive statistics’, GOV.UK. https://www.gov.uk/government/collections/renewable-heat-incentive-statistics (accessed Feb. 24, 2022): table RHI monthly deployment data: December 2021 (Annual edition) 
shows that a total of 77,946 heat pumps have been installed under the RHI scheme from April 2014 to December 2021, including legacy installations | 98. ‘The future of heating in the UK: heat pumps or 
hydrogen?’, Energy Saving Trust, May 27, 2021. https://energysavingtrust.org.uk/the-future-of-heating-in-the-uk-heat-pumps-or-hydrogen/ (accessed Feb. 24, 2022) | 99. J. W. published, ‘Demand for Heat 
pumps has Surged by 28% in 2021, Research Shows’, Homebuilding & Renovating, May 11, 2021. https://www.homebuilding.co.uk/news/demand-for-heat-pumps-has-surged-by-28 (accessed Feb. 24, 2022) 
| 100. ‘The future of heating in the UK: heat pumps or hydrogen?’, Energy Saving Trust, May 27, 2021. https://energysavingtrust.org.uk/the-future-of-heating-in-the-uk-heat-pumps-or-hydrogen/ (accessed 
Feb. 24, 2022) | 101. J. W. published, ‘Demand for Heat pumps has Surged by 28% in 2021, Research Shows’, Homebuilding & Renovating, May 11, 2021. https://www.homebuilding.co.uk/news/demand-for-
heat-pumps-has-surged-by-28 (accessed Feb. 24, 2022) | 102. ‘All Heat pumps barometers Archives’, EurObserv’ER. https://www.eurobserv-er.org/category/all-heat-pumps-barometers/ (accessed Feb. 24, 
2022) | 103. ‘EHPA Stats’. http://www.stats.ehpa.org/hp_sales/country_cards/ (accessed Feb. 24, 2022) | 104. ‘The future of heating in the UK: heat pumps or hydrogen?’, Energy Saving Trust, May 27, 2021. 
https://energysavingtrust.org.uk/the-future-of-heating-in-the-uk-heat-pumps-or-hydrogen/ (accessed Feb. 24, 2022) | 105. J. W. published, ‘Demand for Heat pumps has Surged by 28% in 2021, Research 
Shows’, Homebuilding & Renovating, May 11, 2021. https://www.homebuilding.co.uk/news/demand-for-heat-pumps-has-surged-by-28 (accessed Feb. 24, 2022

https://www.heatpumps.org.uk/
https://www.gshp.org.uk/
https://www.gov.uk/government/collections/renewable-heat-incentive-statistics
https://energysavingtrust.org.uk/the-future-of-heating-in-the-uk-heat-pumps-or-hydrogen/
https://www.homebuilding.co.uk/news/demand-for-heat-pumps-has-surged-by-28
https://energysavingtrust.org.uk/the-future-of-heating-in-the-uk-heat-pumps-or-hydrogen/
https://www.homebuilding.co.uk/news/demand-for-heat-pumps-has-surged-by-28
https://www.homebuilding.co.uk/news/demand-for-heat-pumps-has-surged-by-28
https://www.eurobserv-er.org/category/all-heat-pumps-barometers/
http://www.stats.ehpa.org/hp_sales/country_cards/
https://energysavingtrust.org.uk/the-future-of-heating-in-the-uk-heat-pumps-or-hydrogen/
https://www.homebuilding.co.uk/news/demand-for-heat-pumps-has-surged-by-28
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Sensitivity Analysis
Sensitivity analysis is used to investigate how different 
values for model parameters affect the output of the 
model.106,107,108

We modify one model input parameter at a time and 
leave the rest constant. Each parameter was changed 
to a minimum and maximum value (Table 9). In the case 
of energy prices, all were modified in the same test, 
rather than changing each separately.

We then ran the simulation 10 times per test and 
calculated the median number of total HP installations 
over the simulation period. We then compared this 
figure to the median number of total HP installations 
for the default parameter values.

Figure 34 shows the change in the total HP 
installations relative to the default parameters when 
each parameter is set to the minimum and maximum 
value. 

The model is most sensitive to changes in heat pump 
awareness and renovation rate. Fuel prices and 
household lookahead had a negligible effect on heat 
pump uptake, and consequently the model is least 
sensitive to these parameters.

Complete awareness of heat pumps increased the 
total number of installations over the simulation from 
218,500 in the base case to 580,000 installations.
An increase in the renovation rate from once every 10 
years to every three years increased HP installations 
by about 490,000. Making all households heat pump 
suitable increased the number of installations by only 
70,000.

Default 
value

Minimum 
value

Maximum 
value

Heat pump 
awareness (%) 0.25 0.2 1

Annual renovation 
rate 0.1 0.05 0.33

Lookahead years 
(years) 3 1 5

Hassle factor 0 0 0.2

All agents heat 
pump suitable False False True

Gas price (£/kWh) 0.0465 0.02325 0.06975

Electricity price  
(£/kWh) 0.2006 0.1003 0.3009

Oil price (£/kWh) 0.0482 0.0241 0.0723

Heat pump price 
discount (%) 30 0 60

Heat pump 
installer annual 
growth (%)

48 0 100

Table 9: Default parameter values and minimum and  
maximum values used for sensitivity analysis.

Figure 34: Tornado chart showing the variation in total heat pumps installed over the simulation when parameters are changed to levels shown in Table 9

106. A. Ligmann-Zielinska et al., ‘“One Size Does Not Fit All”: A Roadmap of Purpose-Driven Mixed-Method Pathways for Sensitivity Analysis of Agent-based models’, JASSS, vol. 23, no. 
1, p. 6, 2020, doi: 10.18564/jasss.4201. | 107. G. ten Broeke, G. van Voorn, and A. Ligtenberg, ‘Which Sensitivity Analysis Method Should I Use for My Agent-based model?’, JASSS, vol. 19, 
no. 1, p. 5, 2016, doi: 10.18564/jasss.2857 | 108. M. Fonoberova, V. A. Fonoberov, and I. Mezić, ‘Global sensitivity/uncertainty analysis for agent-based models’, Reliability Engineering & 
System Safety, vol. 118, pp. 8–17, Oct. 2013, doi: 10.1016/j.ress.2013.04.004

http://10.18564/jasss.2857
http://10.1016/j.ress.2013.04.004
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Capacity and Price Calculations for 
Different Heating Technologies
We use household-specific estimates of the required 
capacity for each heating technology, depending 
on the property type and floor area. For each house 
archetype, we divide agents into three different groups 
depending on their floor area tertile: small, medium 
and large.

Boilers 
For boilers, we use the property size exclusively to 
determine prices. 

£1,000 is added for installation.

Gas boiler 
Prices range between £2,000 and £2,500 depending 
on the tertile the agent is in.109

Oil boiler 
Prices range between £2,300 and £3,000 depending 
on the tertile the agent is in.110

Electric boiler 
Prices range between £1,200 and £2,300 depending 
on the tertile the agent is in.111

Heat pumps 
Like boilers, ASHP and GSHP price is based on the 
property size, but the total floor area is also used to 
determine exact capacities.

First, we estimate the capacity needed for each 
household. using an conservative empirical ‘rule-of-
thumb’ to get an estimate of the required kW capacity 
of a heat pump. We then use unit and installation costs 
per kW of capacity from the RHI scheme to determine 
heat pump price for each household.112 Octopus Energy 
heat pump installers agreed with our estimates.

All the costs are summarised in Table 10. 

Boiler Ban Behaviour
Households start to exclude gas and oil boilers 
from consideration up to 10 years before the 
commencement of a boiler ban. This is a model based 
on a historically similar event: when condensing boilers 
were required by law in 2005.

Gas boiler Oil boiler Electric boiler ASHP GSHP

Unit costs (£) 2,000-2,500 2,300-3,000 1,200-2,300 Depends on capacity
6,000 - 16,000

Depends on capacity
9,000 - 33,000

Installation 
costs (£) 1,000 1,000 1,000 Included in costs Included in costs

Table 10: Summary of unit and installation costs for different heating technologies.

Penetration of condensing boilers in England,  
from 1996-2019 (ban implemented in 2005)

Figure 35: 
percentage of 
types of boilers 
installed in 
households in 
England from 
1996 to 2019.115

For condensing boilers, the market share did not 
change much until the year prior to the ban when 
condensing boilers increased their market share by 
+3%. We estimate, using the expected number of 
boiler breakdowns per year, that this corresponded 
to between 40-50% of households who could have 
changed their heating system choosing to change it to 
a condensing boiler, a year before it was mandated. 

Thus in our model, agents continue to consider 
gas and oil boilers until about three years before 
the ban commences. From this date until the 
commencement date, the probability of a household 
excluding a gas and oil boiler rises exponentially 
from around 0% to 50%. Note that this means some 
agents may still purchase a gas/oil boiler just before 
the commencement date, as seen in the case of 
condensing boilers.

Figure 36: Graph showing proportion of households which exclude 
to-be-banned heating technologies prior to the ban date. The graph 

shows that soon after the announcement of the ban, oil and gas boilers 
are not actively excluded, whereas in the final few years this proportion 
rises. Note that when the ban is announced, all agents become aware 

of heat pumps, so will consider them.
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Extensions and Future Work
We believe there are promising research directions 
to either deepen the understanding of low-carbon 
heating uptake, or broaden our understanding of net 
zero using agent-based techniques based on our work.

Our model is open source and permissively licensed, 
so other researchers are free to challenge or build 
upon our work. We highlight two potential themes 
of future work: modelling extensions and dataset 
extensions.

Modelling extensions

• Introduce more heating systems for example 
hydrogen boilers, district heating, infrared heating 
or hybrid solutions such as heat pumps and 
boilers.

• Introduce effects of temperature in the 
simulation: this could help to introduce variable 
COP throughout the simulation period.

• Model variable or time-of-use energy costs, and 
forecast costs over time.

• Model heat pump installers as a separate agent 
who takes decisions based on Government 
restrictions, demand and supply, and investigate 
local and regional effects.

• Investigate other intervention scenarios, including 
local interventions.

Dataset extensions

• Incorporate EPC data from Scotland and Northern 
Ireland.

• Model households not in the EPC database.

Data & Software Attribution
Contains HM Land Registry data © Crown copyright 
and database right 2021. This data is licensed under 
the Open Government Licence v3.0.

Contains OS data © Crown copyright and database 
right 2022.

Contains Office for National Statistics data licensed 
under the Open Government Licence v.3.0.

GNU Parallel: O. Tange (2018): GNU Parallel 2018, 
March 2018, https://doi.org/10.5281/zenodo.1146014
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