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Abstract

Housing stock is observed to be associated with high carbon emissions, high fuel poverty
and low comfort levels in the UK. Retrofitting the housing stock is one of the best solutions
to address these problems. This paper directly corresponds with human and planetary
health in terms of climate change, human health and mental health by addressing the
challenges of housing retrofit at scale. Retrofitting houses can also contribute to social equity,
reduced use of planetary resources and better financial and physical comfort. Despite
the availability of the right technology, government grants and the potential to acquire
supply chain and skilled labour, the progress of retrofit is extremely poor. Importantly,
the UK is off track to achieve net zero by 2050, and the housing stock contributes 18.72%
of the total emissions. The problem is further exacerbated by the 30.4 million units of
housing stock. Robust strategies are required to retrofit the housing stock at scale. The
study uses a qualitative modelling method under the diffusion of innovations theory
to formulate a retrofit-at-scale strategy for the UK. Findings recommend focusing on
skill development, show homes, research and innovation, supply chain development,
business models, government grants and regulatory tools in a trajectory from 2025 to 2050.
The proposed strategy is aligned with the segments of the diffusion of innovation theory.
Although the analysis was performed with reference to the UK, the findings are transferable,
considering the broader and urgent concerns related to human and planetary health.

Keywords: behaviour change; diffusion of innovations; housing retrofit; retrofit at
scale; strategies

1. Introduction

The fundamental relationship between the stability of Earth’s natural systems and hu-
man well-being is emphasised by planetary health [1]. Due to the unavoidable importance
of housing in the lives of humans, the impact of housing on both human well-being and
the Earth cannot be ignored. Furthermore, housing is a highly sensitive socio-economic,
socio-political and technological criterion. The poor energy efficiency of the housing stock
significantly contributes to public health, greenhouse gas emissions, unhealthy indoor
environments, social inequalities and planetary resource depletion [2—4]. Improving the
energy performance of the housing stock is a key challenge in ensuring planetary health.
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According to the latest statistics, the United Kingdom has nearly 30.4 million houses
as of 2023 [5]. This housing stock was reported to generate 18.72% of the total emissions
in the UK in the same year [6]. Furthermore, the housing sector shows the third slowest
progress in decarbonisation (34%) compared to the other sectors (electricity supply—82%,
industry—69%, fuel supply—63%, all other sectors—54%, public buildings—47%, residen-
tial buildings—34%, domestic transport—15%, and commercial buildings—5%) from 1990
to 2024 [7].

In the UK, 3.17 million households (13%) are reported to be in fuel poverty, with
residents struggling to afford energy bills [8]. The higher the energy efficiency of the
properties, the less likely residents are to fall into fuel poverty. For example, private-rented
and owner-occupier tenures have the lowest average energy efficiency ratings in England
and Wales [9]. Private-rented and owner-occupier households are likely to be in fuel
poverty, with 21.5% and 14.9% reported to be in fuel poverty, respectively. Importantly, they
show the highest average gap in fuel poverty. Socially rented houses are comparatively
more energy efficient, and they are less likely to be in fuel poverty (13%) and show the
lowest gap [10].

Apart from this, the cost of poor housing in England to the National Health Service is
reported to be GBP 848 million. This is mainly due to the negative health consequences of
excess cold. It is estimated that the total cost of the repair of housing stock is GBP 6.0 billion,
and the payback is only 7.1 years [11]. In general, UK houses are reported to be smaller,
older and lower in comfort [12]. Approximately 4.5 million UK houses are reported to over-
heat during the summer [13]. Accordingly, there is an urgent requirement to improve the
performance of houses in the UK to address a range of social and environmental problems.

One potential answer to the problem of poor-quality housing is to retrofit houses
to a higher level of performance. Although not directly recognised by the International
Standards Institution in the vocabulary of building and civil engineering works, retrofit
can be recognised as the improvement of the performance of a built asset to a higher
standard [14]. The British Standards Institution highlights the improvement of energy
efficiency, ventilation, and carbon emission reduction as the key performance criteria in
housing retrofit [15]. As far as the housing stock in England is concerned, 60% of houses
have an Energy Performance Certificate (EPC), and the percentage in band “C” or above is
43.80% [16].

According to the UK Climate Change Committee, the EPC rating “C” can be regarded
as the accepted performance level for their Balanced Pathway to Net Zero [17]. In response
to this recommendation, the UK government expects to increase the EPC rating of almost
all the houses in the UK to level “C” by 2035 in its Balanced Pathway to Net Zero 2050 [18].
This level informs a space heating efficiency level of 90 kWh/m2/yr according to the
Social Housing Decarbonisation Fund (SHDF) Wave 2.1 performance requirement [19].
There are arguments about the sufficiency of this level due to the broader requirements
of occupant health, fuel poverty, and other human comfort criteria. The Low Energy
Transformation Initiative (LETI) has recommended an optimised range of energy efficiency
for UK housing retrofit. Accordingly, the recommended minimum energy-efficiency levels
are as follows: 68% of houses—65 kWh/m? /yr, 50% of houses—50 kWh/m? /yr, and 5%
of houses—35 kWh/m?2/ yr. There will be a residual for heritage-constrained houses [20].
Extending the life of houses is another requirement of the housing stock, as 54.8% of the
total UK houses are more than 60 years old [21].

Despite the urgency to retrofit existing houses in the UK, progress is unsatisfactory.
With regard to decarbonisation, emissions from the housing stock have been reduced by
34% from 1990 to 2024, while overall emissions have been reduced by 54% in the same
period [7]. The indicators of fuel poverty vary due to frequent fluctuations of fuel prices.
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Energy efficiency is a no-regret solution for fuel poverty, as it would likely address the
problem better than any other potential solution. From the perspective of EPC ratings [16],
approximately 8 million houses need to be retrofitted. However, not all the EPC “C”
houses are decarbonised, and they use fossil fuel boilers [16]. Since there are no market-
ready alternative energies for space and water heating of housing (such as hydrogen) so
far, the minimal level of retrofit can be considered to be achieving an EPC “C” rating
with a heat pump [18,22]. According to the Microgeneration Certification Scheme (MCS)
statistics, the total number of heat pumps installed in the UK by December 2025 was around
335,000 [23] (There may be installations that were not certified by MCS. However, they
are not considered best practice and do not qualify for government grants). This takes the
UK back to square one; the UK needs to retrofit around 30 million houses before 2050 to
achieve net zero by 2050.

While the energy performance of the housing stock is poor in the UK, other European
and international contexts also do not show a considerable difference. Apart from heat
pumps, some countries, such as Sweden, have sustainable district heating solutions [24]. A
brief analysis was conducted to understand the likely percentage of houses that need to be
retrofitted from the total housing stock of some European countries. These figures were
collected only to obtain an understanding of the scope of the problem (Houses with an
EPC rating from A to C were not required to be retrofitted, regardless of whether they used
fossil fuels for heating. Please note that these are approximations based on the available
EPC records. EPC calculation methodologies can differ from one country to another).

According to Table 1, it is clear that countries need to retrofit millions of houses by 2050,
and the progress is nowhere near that. Regarding the UK, previous grant schemes such as
the Social Housing Decarbonisation Fund and the Home Upgrade Grant have proven that
the right technology is available to retrofit houses to meet the required change [25]. Quality
assurance is addressed by retrofit specifications such as PAS 2030 and PAS 2035 [15,26]
or standards such as BS 40104. The current Labour government of the UK allocated GBP
13.2 billion in funding for housing retrofit for 2024-2030 [27]. While there are concerns
about the supply chain and skilled labour, it can be argued that these can be imported,
subject to proper demand. However, is there demand from residents for retrofit?

Table 1. The percentage of houses that need retrofitting in some countries [28].

. The
Ireland Italy France Germany  Spain Netherlands
Total number of
houses (M) 21 257 374 43.1 25.9 8.0
Houses that need
retrofitting (M) 1.0 22.0 20.2 23.7 244 4.2
Percentage 46% 85.9% 54% 55% 94.2% 51.9%

The UK faces a challenge in retrofitting houses that goes beyond technology, quality
assurance, supply chain, or skilled labour: poor demand from the residents [29]. Retrofit
is not something which can be solved by throwing money at the problem or making
rules. This is the exact reason why most of the government retrofit grant schemes were
underutilised and poorly delivered [30]. The failed Green Deal in 2013 [31] and the failed
Green Homes Grant Voucher scheme in 2020 [32] serve as examples of this.

The Green Deal misunderstood resident behaviour. The Green Deal was designed
under the golden rule of paying back the investment through energy bill savings. This
assumed a purely rational decision-maker, which was wrong from the beginning [33]. The
Green Homes Grant was poorly designed with unrealistic objectives and timescales. Al-
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though the government had allocated GBP 1.5 billion for this scheme, only GBP 314 million
(GBP 50 million for administrative expenses) had been spent by the end of the programme.
Approximately 47,500 houses were retrofitted compared to the original 600,000 target [32].
Retrofit cannot be forced on residents through regulations. For example, the government
had to withdraw the Minimum Energy Efficiency Standards (MEES) due to the fear of
public objection [34].

In order to retrofit millions of houses by 2050, every country needs a strong strategy
which puts residents at the centre [35]. A similar scenario was observed in the 1960s, when
houses shifted from coal heating to gas heating. Around 13 million houses were converted
from coal to gas heating from 1967 to 1977 in a centrally coordinated process. Although
there are a number of similarities, the transition to net zero from gas is more complex than
before in terms of cost, technology, infrastructure, policy, and project delivery [36]. Better
strategic plans are required to consider the nature of the transition from gas to net zero.

Although retrofitting houses itself is not an innovation to the scientific community,
residents will regard retrofitting as an innovation. It will affect their usual comfort zone
and disrupt their daily routines. Retrofit can be regarded as an innovation for the residents.
This study aims to propose a retrofit-at-scale strategy based on the theory of diffusion
of innovation by Everette M. Rogers [37]. Consideration of retrofit as an innovation for
residents is a key assumption of this study.

Figure 1 illustrates the diffusion of innovations theory. The theory was proposed
by Everett M. Rogers in 1962 in his book Diffusion of Innovations following extensive
publications on the topic. This theory proposes how the general population will respond
to an innovation, in terms of adoption. There is a normal curve assumed for the level of
adoption of innovations [37]. There are five distinct sets of people who will respond to an
innovation differently in a normal population. They have different behaviours towards
innovation. These characteristics are better explained in the discussion.

Early Majority Late Majority

Early Adopters Laggards

Innovators

Figure 1. Diffusion of innovations theory [37].

2. Materials and Methods

The diffusion of innovations theory was used as the basis for analysing the literature
for this study. Segments of the population were reviewed according to their characteristics
and the insights from the housing retrofit industry. The qualitative modelling methodology
was used. According to Forbus, qualitative modelling is ideal when no granular-level
quantitative data are available or required. Qualitative modelling uses a high level of
abstraction and focuses on causality to draw conclusions. For example, quantitative
modelling can inform the exact thermostat required for a tea warmer, while qualitative
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modelling can indicate that the tea is required to be kept at a drinkable temperature, without
allowing it to boil [38].

The UK housing retrofit industry includes more than 30 million households, and their
level of innovation adoption is uncertain. Despite the balanced path to Net Zero 2050
recommended by the Climate Change Committee [17], no proper strategy is observed.
In this situation, the priority is to clarify the direction of a retrofitting strategy and the
potential order of deliverables. Accordingly, this study first reviewed the housing retrofit
scenario in the UK. The COM-B model was used to understand the required behavioural
change for retrofit at scale. The COM-B model provides three key inputs required for
behavioural change: capability (C), opportunity (O) and motivation (M). The letter “B”
stands for “Behaviour.” [39] This model is an academically recognised model related to
behavioural change studies. The model was useful to the study, since it mainly focused
on the application of diffusion of innovations theory to household behaviour related to
housing retrofit. Furthermore, the study proposes a retrofit-at-scale strategy in light of the
diffusion of innovations theory. This strategy recommends key deliverables in each period
from 2025 to 2050.

Around 63.1% of the UK housing stock is owned by owner-occupiers, while the
remaining 36.9% is either socially or privately rented [21]. Due to the split interests of the
rented households between tenants and landlords, this analysis is more applicable to the
owner-occupier segment. Although the interests are different, social and private tenants
will also experience the changes introduced by retrofit. The study has taken a holistic
approach to include all the segments in the strategy.

3. Results

3.1. Innovators
3.1.1. Definition

In a normal population, 2.5% of people fall into this category. These people are highly
enthusiastic about new innovations, and they have the capacity to acquire them. They also
have the risk appetite to embrace these innovations. If the innovation fails, the innovators
do not become demotivated, and their financial capacity can absorb the loss. When an
innovation is announced, these people buy it before everyone else, and they enjoy showing
that they are engaged with innovations [37]. These are the people who will wait in line from
4 am in the morning to buy the latest iPhone model on the day of its launch. According to
the personal experience of the corresponding author as a retrofit advisor, there are people
who installed heat pumps in the early 2010s. These heat pumps and their installations were
not up to the standards, and most of them failed. Even after the failures, these people have
not lost confidence in the heat pumps.

3.1.2. COM-B Analysis

Capability: Of the 30.4 million households in the UK, 760,000 fall into the innovators
category [5]. These households have the financial capability to bear the cost of retrofitting
their houses. According to UK national statistics, the richest fifth of households have an
average annual income of GBP 71,077 as of 2024 [40]. This is twice the cost of an average
retrofit of a house to the EPC “C” level under the recent Home Upgrade Grant [41]. These
households are interested in retrofit, and they like to show off their retrofitted houses. They
are the households that will retrofit their houses first in a street. Accordingly, not only do
they have the financial capability, but they also have the psychological capability to take
the risk of retrofitting their houses first and face any potential risks.

Opportunity: The COM-B model proposes two types of opportunities: physical
and social [39]. The opportunities related to retrofitting can be given as the required
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supply chain, professional services, and skilled labour. The UK retrofit industry currently
suffers from a lack of skilled labour. The number of new entrants is low, and the current
workforce is ageing [30]. There are no proper supply chains available at the required level
of scope [42]. Since this segment also highly values the recognition of being the first to
adopt an innovation, appraising the benefits of retrofitting is a must. Unfortunately, around
a quarter of the residents do not know their EPC (Energy Performance Certificate) rating,
according to research conducted by Citizens Advice [43]. Certification schemes such as
Passivhaus EnerPhit may play a key role in providing social recognition for housing retrofit
quality [2].

Motivation: The innovators segment of the theory has an automatic motivation to-
wards innovation. Apart from this automatic motivation, strategies can be recommended to
improve the reflective motivation of the households by providing case studies and success
stories. Further, quality assurance, financial incentives and risk management are also rec-
ommended. Retrofit risk management and quality assurance are already addressed by the
PAS 2030 and 2035 specifications [15,26]. The level of financial incentives for this segment
is currently low in England. Most of the government grant schemes are available only
for low-income households [44]. However, the Boiler Upgrade Scheme (BUS) is available
without income restrictions [45].

3.1.3. Logic Model—Innovators

Table 2 shows the logic model for the innovators. The needs of the innovators are
basically to set the required background for the retrofit at scale. Training skilled labourers,
incentivising research and developing show homes to attract homeowners (mainly early
adopters) are the key priorities identified in the first five years.

Table 2. The logic model for innovators.

Need Inputs/Intervention Activities Outputs Outcomes/KPI
Funding 60,000 for . .
Skilled labour Training allocation for the first Tr?:)r;;c’lSir;tlr;fslt
training five years [46] P
University Further P:)O]teii;?siltli‘(])fy
Research and e research grants,  assessment and P .
Incentivisation . . innovative
development Funding for calculation products and
innovations required methods
Example
Fundine for 400,000 houses retrofitted
Show homes Modelling open dga S within the first houses which
P y five years people can come

and see

3.2. Early Adopters

3.2.1. Definition

The second category of the population is called early adopters, and they represent
around 13.5% of the population. These people have the capacity to welcome innovations,
and they also have a positive mindset towards them. However, they are more cautious than
the innovators, and they are more risk-sensitive. Although they take risks, they will not be
happy if the outcomes are unsatisfactory. While the innovators will try again if they fail,
early adopters will not [37]. The main characteristic of the early adopters is that they are
the opinion leaders of innovations. All of the next segments will follow their advice. Not
only will the early adopters test the innovations, but they will also provide feedback to the
others. Indeed, early adopters are not the people to mess with if an innovation needs to be
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promoted [47]. Zaunbrecher et al. have highlighted the importance of the intermediaries of
the retrofit process for driving sustainable housing retrofit [48]. According to the diffusion
of innovations theory, the intermediaries act as the early adopters in the retrofit process, as
their advice is highly recognised by potential homeowners.

3.2.2. COM-B Analysis

Capability: With reference to the previous statistics about household income in the
UK, early adopters also have the financial capability to retrofit houses without additional
financial help. Considering their proportion from the total population in the innovations
curve, around 4.1 million households in the UK fall into this segment [5]. However, they
may lack psychological capability, which needs to be instilled by the innovators segment.
Early adopters will retrofit their houses with some insights from the innovators.

Opportunity: This segment is required to be provided with a better supply chain and
quality assurance. Still, there is room for mistakes. However, if there are mistakes, they
need to be rectified without allowing any negative feedback. While these mistakes may
not cause many issues with the segment, unaddressed mistakes will prevent the rest of the
segments from retrofitting. Some financial incentives would accelerate adoption in this
segment, although they are not mandatory.

Motivation: Similar to the innovators segment, the early adopters also have an intrinsic
motivation for adopting innovations. Although they do not prioritise being the first to
adopt the innovations, they would be happy to use these innovations for their benefit. With
a proper supply chain, skilled labour, quality assurance and risk management, this segment
can be easily encouraged to adopt innovations.

3.2.3. Logic Model—Early Adopters

Table 3 shows the logic model for the early adopters. Addressing the needs of the early
adopters will determine the failure or the success of the future of the retrofit at scale. En-
suring proper supply chains, efficient project delivery mechanisms, and effective business
models is the required outcome of this segment. Approximately ten years are required to
address these interventions. If something is not right, that needs to be rectified before mov-
ing out of this segment. The subsequent segments will depend on the recommendations of
the early adopters to make their retrofit decisions.

Table 3. The logic model for early adopters.

Need Inputs/Intervention Activities Outputs Outcomes/KPI
. Environmental Funding Supply to the Sufficient supply
Supply chains . startups Tax demand for .
restructuring - . chains
relief retrofit at scale
Efflglent . Pilot projects Aim f.or 7-Qay Quicker retrofit
project Modelling Innovations retrofit project roiect deliver
delivery delivery [20] Pro) y
Testing business Viable business
Business models ESCO, models to
Enablement . MESA [49], .
models Removing CMI [50] collaborate with
bottlenecks stakeholders

3.3. Early Majority
3.3.1. Definition

Approximately 34% of the population falls into this category. The people in this
category will never welcome innovations without clear case studies of success. They are
risk-averse and not in a position to invest in speculative innovations. Mainly, they rely
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on the advice of the early adopters and their case studies to make decisions. They cannot
directly afford the cost of innovations, and they rely on borrowing. This can be a key reason
why they cannot take risks. They need reassurance for their investments. However, a
positive point is that they are interested in innovation and have a positive attitude [37].

3.3.2. COM-B Analysis

Capability: There are several key aspects related to this segment. One is that there are
10.3 million households in this segment in the UK [5]. They have the financial capability to
afford a loan to cover the cost of the retrofit. If the expected energy bill savings can pay
for the loan instalment, that would be the ideal situation. However, energy bill reduction
may be uncertain, and retrofitting can cause unintended consequences. This segment
cannot afford these unintended consequences, as they have borrowed for these retrofit
interventions. Because of that, although the financial requirement could be fulfilled with
loans, the psychological stress of the loans would not be bearable if the retrofit performance
is uncertain.

Opportunity: Apart from the usual supply chain and skilled labour requirements, this
segment needs reassurance from the early adopters. There are no opportunities currently
available to this segment to seek reassurance from the people who have already retrofitted
their houses. Due to the requirement of borrowing to support the retrofit cost, better
financial tools are required to support this segment. Ideally, this can be coupled with
guaranteed energy bill savings and concessionary borrowing terms. For example, the
ESCO (Energy Service Companies) and MESA (Managed Energy Service Agreements) are
popular tools available in Europe, which can be highly helpful [49].

Motivation: This segment may not have an automatic motivation like the previous two
segments towards innovation. Innovation is not a priority for them. If an innovation has
clear benefits with few risks, they will choose the innovation. Otherwise, they will continue
without innovations. However, they can be motivated by the benefits of retrofitting. These
can include energy bill savings, better health and comfort and higher property values.
Importantly, they will look at the early adopters and be motivated by realising how they
are enjoying the benefits.

3.3.3. Logic Model—Early Majority

Table 4 shows the logic model for the early majority. The retrofitting business models
should have been tested by this time. Now is the time to operationalise them. Furthermore,
this segment will rely on loans to finance the retrofit. In this situation, the government
should subsidise the monthly payments to make it attractive for householders. Importantly,
the monthly commitment (mortgage and energy bill payments together) after the retrofit
should not exceed the monthly commitment before the retrofit.

Table 4. The logic model for the early majority.

Need Inputs/Intervention Activities Outputs Outcomes/KPI
All the funded
Operationalise Training, Provide training, retrofits are Srtlal;el:rliflrt
business Modelling, Deploy business  operationalised tir%u h
models Persuasion models through effective . &
. business models
business models
Householders
Subsidise Prox{lde interest ~ should not pay Affordable
. T subsidy to lower more for their
retrofit Incentivisation monthly
) the mortgage mortgages and .
finance ; commitments
repayments energy bills after
the retrofit

https://doi.org/10.3390/challe17010004


https://doi.org/10.3390/challe17010004

Challenges 2026, 17, 4

90f18

3.4. Late Majority
3.4.1. Definition

Again, the late majority accounts for 34% of the total population. These people have a
neutral attitude towards innovations. They have other problems beyond the adoption of
innovations. They are not in a position to afford innovations, sometimes even with loans.
Although they recognize the benefits of the innovations, they have other priorities. They
are sceptical and conservative. The late majority are fine with the existing practice and do
not make the effort to adopt innovations. They may adopt innovations if they are given for
free, if all the others are adopting them and if they are pressured with regulations [37].

3.4.2. COM-B Analysis

Capability: This segment also comprises 10.3 million households in the UK [5]. Ac-
cording to the diffusion of innovations theory, this segment lacks the financial capability to
afford an innovation. Further, they also struggle to afford borrowing. This is the segment
which clearly needs government grants to pay for its retrofit. In the UK, 7.7% of houses
are social houses, which amounts to more than 5 million [21]. This housing stock would
most likely fall under the late majority. Apart from that, there will be another five million
houses which need government grants to retrofit. Psychological capability will also play
a key role in addition to the financial capability of the homeowners. Even if the house is
retrofitted under government grants, some residents may not welcome the retrofit. This
has been witnessed in the lessons learned from housing retrofit drives under government
grants [51].

Opportunity: This segment will not be driven to retrofit just by providing opportuni-
ties. They need deeper support and a push to drive them to retrofit. However, the industry
should have a proper delivery mechanism when this segment becomes the priority. The
retrofit should be a risk-free, highly certain intervention with clear delivery plans and
technologies. The good news is that the hard work will be over by this segment. Since half
of the households would have been retrofitted by this time, the delivery of retrofit to this
segment will easily run at scale.

Motivation: Due to poor affordability, the late majority may not have a deeper mo-
tivation like the other three segments. However, they can be subject to the trends. If the
neighbourhood of this segment has well retrofitted houses, they will also be motivated
to follow the trend, subject to their capacity issues being addressed. Adoption can be
accelerated with the help of regulations. For example, in the UK, nearly 19% of houses
are privately rented, amounting to around 5.4 million [21]. These may be forced to retrofit
using regulations such as MEES (Minimum Energy Efficiency Standards) [52]. Still, the
government would have to provide financial incentives, as the homeowners do not have
the interest or the capacity.

3.5. Laggards
3.5.1. Definition

The last 16% of the population is called laggards. They are resistant to change, are
traditional and have only limited access to resources and information. Often, they are the
last to adopt innovations, and an innovation may not be an innovation by the time they
adopt it. They may never adopt the innovation, or they may do so only if they are forced
by regulations. In terms of promoting innovations, laggards may not need to be prioritised
or can even be ignored by the main strategy [37].
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3.5.2. COM-B Analysis

Capability: This segment represents around 4.8 million households, accounting for
16% of the total households in the UK. They may or may not have the financial capability
to adopt a retrofit. Importantly, they do not have the psychological capability. This can be
due to the lack of information or resistance to change. It can be assumed that most of the
older homeowners fall into this category, although there is no evidence for this [53].

Opportunity: The opportunities for retrofit are irrelevant to this segment. Since this
segment is not interested in innovations, the households in this segment will not try to
experiment with retrofitting despite the availability of opportunities. Higher levels of
financial incentives and social interaction opportunities will be required to engage this
segment to retrofit. Even without such ample opportunities, the situation will not be that
critical by the time it reaches the laggards, since the majority of the houses will already be
retrofitted and the objectives almost achieved.

Motivation: Providing timely and relevant information through trustworthy sources
will motivate this segment to retrofit. Despite such soft motivations, regulatory tools are
required to push this segment to retrofit their houses. This segment is usually not motivated
by environmental concerns [54]. The UK government abolished the proposed minimum
energy efficiency standard increase for privately rented houses in 2023 [34]. One reason
could be the fear of losing votes from the landlords, as there are 5.4 million of them [21].
However, the government does not need to consider public resistance much by the time it
approaches the laggard segment, if all other segments have retrofitted their houses.

3.5.3. Logic Model—Late Majority and Laggards

Table 5 shows the logic model for the late majority and laggards. These segments
will not have either the financial or psychological capacity to welcome retrofitting. The
financial capacity should be addressed with the grants, and the psychological capacity can
be addressed with regulatory measures. For example, the Minimum Energy Efficiency
Standards for the private-rented segment.

Table 5. The logic model for late majority and laggards.

Need Inputs/Intervention Activities Outputs Outcomes/KPI
Apart from the All the residual
Government . Funding for herltage— retr'oflttmg
rants Incentivisation housine retrofit constrained projects are
& & houses, all houses funded by the
are retrofitted government
Resistant Addressing the
_— Regulatory households are .
Regulatory Restriction, resistance to
. . measures to compelled to -
influence coercion - . . change in
push retrofitting retrofit their
households
homes

4. Retrofit-at-Scale Maturity Model
4.1. Level 0—Innovators

Nearly 760,000 households in the UK fall into this category. Given the existing level of
heat pump deployment, the UK is still within the innovators segment. The most important
action at this level is to set the foundation. This includes setting up quality assurance, risk
management, supply chains and a skilled labour force. Through the PAS 2030, 2035 speci-
fications and Trustmark quality assurance, risk management is considered satisfactorily
addressed. It is also high time to focus on research and development. Innovators do not
get discouraged by mistakes, even when things go wrong. Considering the importance of
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proper planning and the need for achieving net zero by 2050, the next five years—2025 to
2030—can be reserved for this purpose. The current Labour government has allocated GBP
13.2 billion for retrofitting for the next five years. The following priorities are recommended
in a retrofit-at-scale strategy for the five years, from 2025 to 2030:

Train skilled labour force.
Research and development.
Create 400,000 show homes to attract early adopters through open days.

One of the key characteristics of innovators is their passion for showcasing innovations.
There are nearly 382 local authorities and around 10,000 parish councils in the UK [55]. This
means that by focusing on retrofitting around 1000 houses in a local authority, it would be
possible to retrofit 40 houses for a parish council, and 1 house for every five postcodes. This
will enable 1 retrofitted house to be within walking distance for every household in the
UK. Since the innovators have the financial capacity, the cost of retrofitting does not need
to be financed by the government (partial reimbursement of the retrofitting costs may be
worth it). However, they can be paid for showing off their houses to the neighbours, ideally
through periodical open days. For example, a local authority could enter into contracts with
households to pay a certain fee for each open day, for a certain period, if they retrofitted
their house themselves.

Innovators like to boast about having innovations anyway. They will be delighted if
they are paid to do that. The purpose of this is to attract the early adopters and provide
a real case study to everyone through their trusted social network. There are 4.1 million
early adopters in the UK. Accordingly, each retrofitted show home needs to attract just
over 10 households. Most people who would visit such a show home are early adopters.
There may be some early majority people as well, but they are unlikely to be late majority
or laggards.

4.2. Level 1—Early Adopters

This may be the most important segment of the whole population. According to the
theory, the successful adoption of innovations by the early adopters will determine the
future of innovations [56]. The show home concept can motivate this segment by providing
real-life case studies. Since this segment has 4.1 million households, the first ten people
who book a visit to each show home will be the early adopters (this is just a hypothesis).
There should be a sufficient level of workforce and supply chain to support the delivery of
retrofitting before focusing on this segment. Furthermore, technology, quality assurance
and risk management should be in place to a satisfactory level. Although risk management
and quality assurance can be considered satisfactory at present, it can be risky to engage
this segment without having sufficiently skilled labour and a supply chain. An important
aspect is the tolerance for errors with this segment. Mistakes are still possible with this
segment, but they need to be rectified without causing an overall negative outcome.

Ensuring satisfactory levels of retrofit supply chains.

Achieving perfection and addressing shortcomings of retrofit delivery (technology, quality
assurance, supply chain, skilled labour, efficiency, productivity, etc.).

Testing effective business models for retrofit funding.

If the initial groundwork is there by 2030, the UK can allocate around another five
years to address the early adopters. These five years shall be used to bring the retrofit
delivery to a higher standard. Importantly, there will be no more excuses for mistakes once
the UK crosses this segment. Since this segment has the financial capacity for retrofitting
their houses, excessive government incentives would not be required. However, partial
reimbursing the cost will accelerate adoption. It is also important to test business models
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for retrofit funding to cater to the next segment, the early majority. Effective business
models should be ready to address the early majority.

4.3. Level 2—Early Majority

As defined earlier, the early majority will do everything by looking at the early
adopters. The UK is projected to have 10.3 million households in this category. The
prerequisites for starting to focus on this segment will be an adequate supply of skilled
labour, efficient supply chains, efficient project delivery, quality assurance, risk management
and proven business models. Ideally, the UK will have ten more years to prepare for this
segment. Furthermore, around 5 million households should have been retrofitted by the
time the focus shifts to the early majority. This is the time the UK can expect rapid retrofit
adoption rates. Ideally, the period from 2035 to 2040 can be allocated to deliver retrofit for
this segment.

Operationalise business models to finance retrofitting.
Subsidise retrofit finance with government grants to keep the households’ monthly com-
mitments lower.

A key requirement for this segment is funding. Although this segment cannot afford
a retrofit on their own, they can afford to pay a loan instalment. It is important to have
established business models to fund the initial cost of retrofitting. Ideally, the energy bill
savings should pay the monthly instalments of the borrowings. The Green Deal retrofit
initiative in 2013 failed due to poor participation. The golden rule of that retrofit drive
was to repay the retrofit borrowing through energy bill savings [57]. It is important to
learn lessons from these failures and design better models. The government can provide
subsidies so that householders avoid paying more than before towards energy bills and
mortgage payments. This would motivate the residents as they would enjoy better comfort
and property values without paying more.

4.4. Level 3—Late Majority and Laggards

Innovators, early adopters and the early majority should have retrofitted their houses
by the time it comes to the final two segments, late majority and laggards. According to
the previous tentative timeline, this would be 2040. Although only ten years remain to
retrofit half of the UK housing stock, the situation will be under control. These segments
will not be interested in retrofitting, unlike the previous segments. They will also not
have the financial capacity. Accordingly, the government will have to extend grants to
support these segments. Although it was predicted that 10.3 million houses (early majority)
would be retrofitted within five years, it will take more time for the late majority. However,
almost all the required infrastructure will be there by that time. It will be a matter of time.
Housing retrofit will no longer be an innovation, and there may be further innovations.
These segments are not prioritised in the proposed trajectory of housing retrofit at scale in
the UK.

Deliver retrofitting through government grants for everyone.
Enforce regulations to push retrofitting further.

Due to the issues related to affordability and interest, it is important to deliver the
retrofitting through government grant programmes. Most of the households that could
retrofit with their own funds or borrowing would have retrofitted their houses by now.
Further, it is also important to enforce regulations to push the remaining households to
retrofit. For example, this could be done through the Minimum Energy Efficiency Standards
(MEES) for the private rented sector. Resident engagement will be easier as half of the
houses will already have been retrofitted. The cost of retrofit will be lower due to economies
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of scale, and disruptions will be minimal due to the improved delivery models. As a result,
the overall government funding allocation will be lower.

5. Discussion

As far as the existing government retrofit programmes are concerned, there are more
failures than success stories. The Boiler Upgrade Scheme (BUS) and Energy Company
Obligation (ECO) programmes have shown satisfactory delivery of their objectives [45,58].
However, the UK government recently announced that it will not continue the ECO scheme
after April 2026, calling it a failure [59]. Despite these successes and failures, better strategies
are required to deliver retrofitting at scale with the shortening time window before the
year 2050. Considering the existing level of climate change, 2050 may already be a missed
deadline [60].

Figure 2 shows the proposed strategic priorities related to the diffusion of innovations
theory against the timeline, from 2025 to 2050. The current UK strategy for housing retrofit
is mainly based on government grants. The focused cohort is the low-income sector, mainly
the households which receive government benefits. These retrofit grants also focus on
low-energy-performing houses. According to the sources, there are 6.1 million households
which receive benefits (Universal Credit) in the UK [61]. This seems to be rational, as people
living in low-energy performing houses are mostly in fuel poverty [62].

2025 2030 2035 2040 2045 2050

./ Skilled labour
INNOVATORS ./ Research and development
./ 400,000 show homes
./ Supply chains

v Efficient retrofit project delivery

./ Testing business models

v Operationalise business models

</ Subsidise retrofit finance

Figure 2. Proposed timescale for prioritised actions.

Based on the housing retrofit drives during the past five years and the proposed Warm
Homes grant scheme funding allocations, it is recommended to continue these government
grants at the same level or a higher level, according to the prevailing poverty statistics
from time to time. This will be a key requirement to address SDG 1 and 3, namely no
poverty, good health and well-being. However, this will not be sufficient to achieve the
retrofit-at-scale goals. These low-income households would fall into either the late majority
or the laggard segments. There should be a proper strategy to engage innovators, early
adopters and the early majority.

Considering the first three recommendations, according to Figure 2, it is important
to train skilled labourers for retrofit, promote research and innovation and provide case
studies through show homes. There was a retrofit skill development scheme in 2022.
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The government allocated GBP 6.9 million to develop skills [63]. Furthermore, there is
another skill development training grant in 2025 for nearly GBP 17.3 million to train
retrofit professionals [64]. Although not specifically allocated, the UKRI (United Kingdom
Research and Innovation) seems to be awarding research grants generously for climate
change-related projects. No case studies were found related to the show homes concept
recommended by this article. Since this study is a qualitative analysis, it cannot recommend
an exact scope for a retrofit-at-scale strategy.

The prioritisation of skills training will need to be extended to the segment of early
adopters as well. Since the innovators segment covers only a fraction of the households,
there will be a need for more retrofit professionals. The supply chain can be promoted
with the right demand, as they can be easily imported from overseas. The supply chains
need only to be prioritised for the early adopters. The need for optimising retrofit is
recommended during the tenure of early adopters. The technology is already available to
satisfactorily retrofit a house to a high level of energy efficiency. However, according to the
Low Energy Transformation Initiative (LETI) recommendations for retrofit at scale, retrofit
delivery needs to be optimised for shorter durations, lower costs and higher performance
through innovative solutions [20]. This will not be possible with the early majority or
subsequent segments. It is recommended to mainly focus on skills development, supply
chain and project delivery optimisation within the next ten years up to 2035, over all
other priorities.

It is also important to increase the number of retrofitted houses. The above recom-
mendations will promote retrofit mainly among the able-to-pay sector, which includes
the innovators and early adopters. This does not mean that the grants to retrofit their
houses should be extended. This sector will be motivated to retrofit their houses if there are
efficient delivery mechanisms, quality assurance, and risk management. Furthermore, it is
recommended to focus on the newly built and highly energy-efficient houses. Currently,
heat pumps are not generally welcome in the UK. According to a survey conducted in 2024,
only 25% of the respondents welcomed heat pumps, 38% refused heat pumps and 29% had
never heard of them [65]. Retrofitting and heat pump installation in the newer and highly
energy-efficient houses will be easier and cheaper. Although it may not address the people
in fuel poverty or low-income groups, it will increase the number of retrofitted houses with
a heat pump. This will motivate others to follow the trend and welcome retrofitting in a
positive way.

The third segment, the early majority, needs reassurance through effective business
models. Brown and Panakaduwa et al. suggest retrofit business models such as ESCO
or MESA to improve homeowner confidence. These models will reduce the risk to the
homeowner and motivate them to adopt retrofit through these models [35,49]. These models
need to be tested and validated by the time the early adopters are in the spotlight, most
probably after 2035. Since the government expenditure for skills development, research
and development, as well as supply chain development, will be completed by this period,
the government can use funding to subsidise the cost of retrofitting for the homeowners in
the early majority segment. They will not need 100% financing but rather to reduce the cost
to make the retrofit affordable for them.

The final ten years, from 2040 to 2050, are allocated for the late majority and laggards
segments. This study does not discuss the priorities in detail for this segment, as the
situation may change greatly by this time. Most importantly, the government will have
to extend grants to retrofit all of these households. Further regulatory measures will also
be required.
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6. Conclusions

Housing retrofit can address a range of issues related to planetary health, such as
climate change, human health and well-being, social equity, the reduced use of planetary
resources and better financial and physical comfort. This is particularly important in the
UK due to its 30.4 million housing units, which contribute 18.72% of the total emissions.
Despite the availability of finance, technology and the potential to obtain a supply chain
and skilled labour, there is no proper strategy to accomplish mass-scale retrofitting of the
housing stock before 2050. This study focused on the diffusion of innovations theory to
brainstorm a strategy for retrofit at scale with the highest of resident engagement.

This study recommends initially focusing on retrofit skills development, research and
development, the supply chain and the provision of practical examples through show
homes. The able-to-pay sector and the able-to-borrow sector need to be focused on (not for
government grants, but to set the foundation for efficient retrofit project delivery). Ideally,
half of the housing stock will be retrofitted by 2040 with well-established supply chains,
the availability of skilled labour, optimised retrofit delivery, effective business models and
increased demand for retrofit among residents.

Government grants should be considered only for low-income households (for exam-
ple, households on benefits) that show a genuine enthusiasm for retrofitting their houses,
until the groundwork is laid. Current retrofit grants can be continued at the same or higher
level until 2040. All the retrofit drives will be under government grants after 2040, as the
remaining households will be either late majority or laggards who cannot afford a retrofit.
The comparative costs of retrofit would be lower by this time due to the improved delivery
methods, innovative products and economies of scale.

The study has been conducted as a qualitative study by focusing on the existing
literature. One of the key assumptions is the consideration of retrofit as an innovation. The
study also assumes a normal curve of innovations adoption among the UK population. An
empirical study with data-driven validations will further optimise the strategy.
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Abbreviations

The following abbreviations are used in this manuscript:

BUS Boiler Upgrade Scheme

CMI Community Municipal Investments
ECO Energy Company Obligation

ESCO  Energy Service Companies

EPC Energy Performance Certificate

HUG  Home Upgrade Grant

MCS Microgeneration Certification Scheme
MESA  Managed Energy Service Agreements
MEES  Minimum Energy Efficiency Standards
PAS Publicly Available Specification

SHDF  Social Housing Decarbonisation Fund
UKRI  United Kingdom Research and Innovation
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