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Abstract—To achieve net-zero emissions by 2050, decarbonising 

building operations by energy retrofitting has become a crucial 

priority. The UK’s building stock is ageing and the country is in the 

early stages of retrofitting. The scale of the work makes retrofitting 

a multi-billion-pound industry. Two primary approaches are 

emerging: the labour-intensive approach, relying on people and the 

capital-intensive approach, relying on capital and technology. This 

study employs a ten-question framework to explore the suitability of 

each approach. Findings highlight the diverse challenges in the UK 

energy retrofit industry. This study posits a hypothesis favouring a 

labour-intensive approach for energy retrofit in the UK. It does not 

exclude capital but advocates for leveraging existing resources to 

enhance skills rather than replacing them. Capital-intensive 

approaches are recommended as a top-up approach. The study’s 

value lies in its potential to inform policy on optimising investments 

in energy retrofit to meet net-zero targets, considering socio-

technical factors. 

Index Terms -- Capital-intensive, Energy retrofit, Labour-intensive, 

Retrofit at scale, United Kingdom. 

I. INTRODUCTION 

The United Kingdom has 30.1 million housing stock [1]. 
Further, the housing stock in the UK is considered to be the oldest 
and worst-performing in Europe [2, 3]. According to the recent 
statistics, the housing stock in the UK contributes 19.76% to the 
total UK carbon emissions [4]. Nearly 5.6 million households are 
in fuel poverty [5] and one in every five houses in the UK is 
considered to be below the standard quality of living [6]. Housing 
is a social determinant of health and well-being. Considering this 
situation, there is a dire need to upgrade the housing stock of the 
UK by retrofitting it to a satisfactory energy efficiency level. 
Considering the sustainability goals, it can be argued that almost 
all the houses will need some level of retrofit to reach 2050 targets 
for a decarbonised, comfortable and healthy residential stock [7]. 
Heat pump installation is a key requirement to a decarbonised 
housing stock as an electrified heating system can be easily 
decarbonised with a decarbonised electricity supply [8]. 

Considering the number of registered heat pump installations with 
MCS so far (<200,000), the UK can be considered at the 
beginning of retrofitting the housing stock [9].  

Considering the approaches for retrofit at scale, the scope of 
the problem can be summarised as follows. There are 30.1 million 
houses to be retrofitted before 2050, to a level where there are no 
more carbon emissions, and residents pay lower energy bills while 
they are enjoying better health and comfort with their houses. 
Considering the existing case studies and the availability of 
certification schemes such as Passivhaus [10] or Energiesprong 
[11], the technology can be considered sufficient to do this. The 
retrofit industry is considered to be worth £250 billion to achieve 
the minimum level of energy efficiency to reach Net Zero 2050 
goals [12]. There are contradictory arguments over the required 
minimum energy efficiency level expected from the residential 
stock [13]. If higher levels of energy efficiency are required, the 
retrofit industry value can further increase. The current labour 
government has allocated £13.2 billion for five years for energy 
efficiency measures for homes [14]. Supply chain or skills are also 
required to deliver the retrofit at scale. Although there are doubts 
about the availability, these can be expected to improve through a 
pull from demand for retrofit.  

The housing retrofit industry is a billion-pound industry and 
the UK is in the early stages of retrofitting millions of houses. But, 
do we have a strategy? Is this strategy based on human skills or 
capital?  

This literature review is expected to review these two 
approaches to retrofit the UK housing stock at scale. The study 
evaluated the UK policy strategies for retrofitting at scale and 
retrofit industry behaviour to understand the application and 
potential of labour-intensive and capital-intensive approaches. 
The ten-question method was followed. Concerning [15], the ten-
question method helps to explore generic topics from a different 
point of view to stimulate discussion in academia as well as the 
industry. The ten questions were brainstormed by looking at the 



 

problem from a broader perspective, inquiring into the details and 
closing the problem with recommendations.  

II. TEN QUESTIONS 

1. What are the objectives of housing retrofit in the UK? 

The objectives of retrofit can be considered according to the 
type of retrofit client. In a housing retrofit project, the owner-
occupier, the social or private landlord can be considered as the 
client [16]. The first client type is the owner-occupiers. They 
represent around 63.1% of the total housing stock. The other two 
segments are private rented and socially rented. They represent 
19.1% and 17.7% of the housing stock respectively [3]. In general, 
reduction of energy bills, improved health & comfort, increased 
property value, durability, and aesthetics are some of the 
objectives of a client [7, 17, 18]. However, a split of interest can 
be observed between the occupants and landlords in the case of 
socially and private rented properties. Housing retrofit is also a 
national problem considering the UK government’s legal 
obligation to achieve net zero by 2050 and the duty to improve the 
health, comfort and prosperity of the residents [19]. Reducing 
carbon emissions from the housing stock, reducing fuel poverty 
and improving the health and comfort related to the housing stock 
are generally considered to be highly important topics related to 
retrofitting houses [8, 20, 21].  

 

Figure 1.  Objectives of retrofit 

Figure 1 shows the objectives of housing retrofit according to 
individual and national requirements. The common objectives of 
the retrofit can be presented as improving the sustainability of the 
housing stock by focusing on energy efficiency, fuel poverty, 
better health and comfort of the residents. These objectives are 
valued both individually and collectively. Aesthetics, durability 
and property value are the individually valued objectives while 
emission reduction is mainly a national objective.  

 

2. What are the core characteristics of a labour-intensive 

approach? 

The labour-intensive approaches rely on human skills over 
technology. In some industries, human skills are difficult to 
replace due to the nature of the industry and the requirements of 

the clients [22]. For example, the healthcare industry, design and 
creative industries, decision-making or hospitality industries will 
need the “human touch” for their operations. Activities in these 
industries are difficult to replace with technology with the same 
creativity level. The technology can be highly useful to improve 
operational efficiency. In general, the construction industry 
(mainly subcontracting) can be considered a labour-intensive 
industry [23]. Although several functions are being replaced with 
machines and some constructions are done in factories under 
offsite construction approaches, still the industry uses manual 
labour to a higher level. Further, the construction industry is one 
of the slowest industries to adopt technology and move out of 
labour-intensive practices [24]. 

3. What are the core characteristics of a capital-intensive 

approach? 

In contrast, capital-intensive approaches focus on capital, 
technology and machinery to improve efficiency, productivity and 
performance. Manufacturing, logistics and some service 
industries mainly rely on capital-intensive approaches. These 
approaches highly focus on mass-scale operations to achieve 
economies of scale [25]. Due to the cost reductions and efficiency 
improvements, they can keep better profit margins while 
providing products and services cheaper. Automation is a key 
aspect of capital-intensive approaches [26]. Further, these 
approaches are involved with a significant early capital 
investment with the expectation of reducing costs during the 
operation. 

The idea of capital-intensive approaches has gained insights 
from the manufacturing industry. These approaches are observed 
to have adopted the best practices of manufacturing to improve 
productivity and efficiency in construction. Notably, lean 
practices were originated in manufacturing, but are now being 
adopted in construction [27]. Design For Manufacturing and 
Assembly (DFMA) is an important concept in lean 
manufacturing. Lean supply chain management methods can be 
used to improve efficiency in the context of DFMA [28]. Modern 
methods of construction (MMC) use modular construction 
techniques to improve the construction process [29]. 
Prefabrication and offsite construction can also be considered 
under MMC. The methods use factory manufacturing of building 
components to achieve economies of scale [30]. These techniques 
are vehemently used in the construction industry under capital-
intensive approaches.  

4. How the retrofit industry in the UK has adopted these 

approaches in the past? 

While most of the manufacturing sector has achieved 
significant cost savings and efficiencies due to automation [31], 
the construction industry is still using the same old techniques and 
tools most of the time [24, 27]. The offsite construction techniques 
and prefabricated construction components are getting popular in 
the industry. These methods have been able to reduce the lead 
time, reduce costs and improve quality in the construction industry 
[32, 33]. When it comes to the housing retrofit industry, 
Energiesprong has used prefabricated insulated panels to improve 



 

the overall installation efficiency. These panels are cut into the 
perfect sizes, transported to the site and assembled. This has 
reduced the installation time significantly. Further, as the building 
components are manufactured in factories and controlled 
environments, the quality of the products is higher and the waste 
is lower [11].  

There were a range of government grants to support insulation 
for UK houses. Due to the failed insulation measures causing 
mould and dampness in retrofitted houses, people started to 
hesitate to retrofit their houses. This situation forced the 
government to focus more on improving the quality of the retrofit 
[34]. As a result of this, the Each Home Counts report was 
commissioned to investigate the situation. Based on the report 
recommendations, PAS 2035: 2019 was published and TrustMark 
was assigned to ensure the competency of the installers [35, 36]. 
These incidents happened over the past decade and led to the 
improvement of the skilled labour force, suitable for the quality 
delivery of retrofit.  

As far as the current situation is concerned, the existing 
retrofit-at-scale strategies are observed to focus on capital-
intensive approaches to retrofit. For example, the government 
expect to electrify heating in buildings and decarbonise the 
electricity supply to achieve their decarbonisation goals. Further, 
there are focuses on alternative methods such as Hydrogen or 
Carbon offsetting [19]. The government’s interest is on the supply 
side of energy decarbonisation through capital-intensive 
approaches (E.g., Wind power, grid expansion, Hydrogen, 
Nuclear power or Carbon capture and storage), but not reducing 
the energy demand by retrofitting buildings [18]. 

The UK government prioritised energy security and net zero 
by establishing a separate ministry for that. Currently, the 
government is working on the “Clean Power 2030 Action Plan”, 
to generate 95% of the electricity through renewable and nuclear 
sources in the UK. Further, they have established a public 
company called “Great British Energy” to drive this objective as 
well as to keep control of the energy market to the government 
[37].  

5. What is the current situation related to labour-intensive 

approaches? 

As far as the labour-intensive approaches are concerned, the 
industry seems to be running on labour-intensive approaches as 
there are no signs of mass-scale capital-intensive approaches to 
retrofit. Further, the retrofit industry is observed to suffer from a 
lack of skills in the industry [38, 39]. Another key highlight is the 
introduction of retrofit roles under the PAS 2035 specification 
[16]. There are five main professional roles to deliver housing 
retrofit. They are the retrofit assessor, retrofit coordinator, retrofit 
installer, retrofit designer and retrofit evaluator. The retrofit 
installations are covered under the specification of PAS 2030 [40]. 
The non-residential segment is covered by PAS 2038 
specification, which is similar to the above [41]. Further, 
TrustMark (a not-for-profit organisation) has been given the 
authority to conduct the quality assurance of the installers [42].  

The government allocated £ 8.85 million to train around 8,000 
retrofit professionals in 2023 [43]. Further, various regional 
authorities allocated funds to train retrofit professionals under 
their budgets. However, there is no national-level funding in 
England and Wales for training people related to retrofit delivery 
at the time of writing this article. Low Energy Transformation 
Initiative argues that the government's focus is on achieving 
national-level decarbonisation targets rather than improving 
energy efficiency which will benefit individual residents more 
[18]. This approach may have been inspired by the Climate 
Change Committee's recommendation for the 6th carbon budget to 
go for a balanced pathway with 12% energy efficiency expected 
from the housing sector [44]. Focusing on the recent labour 
government’s actions, it can be noted that the government’s 
strategy is mainly aligned with the capital-intensive approaches as 
discussed in the previous section in detail.  

6. What is the current situation related to capital-intensive 

approaches? 

Capital-intensive approaches to housing retrofit have been in 
the discussion for some time in the United Kingdom. The adoption 
of technologies such as offsite construction is slow in the retrofit 
industry due to various reasons such as regulatory barriers, poor 
communication of problems related to quality assurance [45]. One 
of the reasons for the lack of interest in capital-intensive retrofit 
approaches can be the economies of scale. Since the industry is 
still immature, investors hesitate to go for capital-intensive 
approaches due to the uncertainty of the returns. To address these 
uncertainties and give confidence to the investors, new 
procurement methods emerged. This can be observed in the 
retrofit industry as well. For example, Energiesprong UK 
proposes an innovative partnership method of procurement. This 
promotes collaboration and a guaranteed market for innovative 
products and services  [46]. A similar procurement method was 
tested in Italy to support innovations in retrofit called “Public 
Procurement of Innovation”[47].  

Although not popular or established such as PAS 2035 or 
TrustMark installer certification schemes observed in labour-
intensive approaches, several trends can be identified in capital-
intensive approaches as well. Property tech companies such as 
CoreLogic have developed smart apps and desktop systems to 
facilitate the roles of retrofit professionals such as retrofit 
assessors or retrofit coordinators. The retrofit assessors can easily 
do their assessments with the help of apps and the retrofit 
coordinators can do their work efficiently with the desktop 
software [48, 49]. These systems can be considered as part of the 
automation of their work.  

Another national-level initiative is digital building stock 
modelling. This initiative captures energy efficiency, visual, 
location and spatial details of the building stock through sensors. 
This is a government-funded £4 million project where the cameras 
and sensors are mounted on cars and drones to capture data. The 
purpose is to collect data regarding the existing building stock to 
help with decision-making [50]. There are some other capital-
intensive initiatives observed about decarbonisation of energy, but 



 

not exactly on retrofitting. The government has allocated budgets 
for Hydrogen testing, carbon capture technologies and nuclear 
power. The government also stated that they expect a major 
contribution to decarbonisation through innovation [19, 51]. 

7. What would be the scenario of a labour-intensive retrofit 

delivery at scale? 

As the term suggests, the labour-intensive retrofit approaches 
will create more employment opportunities and this will reduce 
the unemployment rate. It is forecasted by PwC that retrofit will 
need 583,600 people from 2023 to 2030 [52]. The Construction 
Leadership Council states there will be 500,000 new jobs required 
up to 2035 [52]. Researchers argue that the industry is already 
suffering from a lack of skilled people to deliver retrofit projects 
even at the current poor demand level [38, 39]. This is validated 
by the fact that the building and construction industry has the 
highest level of skills shortages among all the sectors in the UK, 
which is 22% [53].  

Considering these factors, a labour-intensive approach to 
retrofit can be considered risky, if there is no proper strategy to 
supply the skilled labour required for the existing and future 
demands. Compared with the capital-intensive approaches, 
labour-intensive approaches will also need some level of initial 
investment to train skilled workers and motivate people to shift to 
the construction industry. However, there will not be a 
requirement for a high initial training and development cost if the 
skilled labour is imported from abroad or if the people voluntarily 
start shifting to the construction and retrofit industries. If the 
labour is imported, this will also increase the requirement for 
housing.  

Assuming there are no skill supply shortages, labour-intensive 
approaches will not need significant upfront investments. 
Considering the individual client requirements, researchers 
suggest having a rather human-centric approach to the 
homeowners considering the social interactions and relational 
aspects of housing retrofit [54-56]. Homeowners will be more 
motivated to consider retrofit with social interactions with their 
neighbourhood including the retrofit professionals [57, 58]. Due 
to the existing poor homeowner engagement with the housing 
retrofit [7], a labour-intensive approach will increase resident 
engagement. 

Another important aspect that needs to be focused on is health 
and safety in construction. According to Health and Safety 
Executive UK, the construction industry is reported to have the 
highest rate of fatal accidents (37%) in the United Kingdom for 
2023/2024, which is 51 out of a total of 138 incidents [59]. This 
can be a reason for the highest skilled shortages observed in the 
construction industry (22%) as mentioned above [53]. In a labour-
intensive approach to retrofit, a higher number of health and safety 
incidents can be expected compared with a capital-intensive 
approach. The manufacturing industry has only 16 fatal accidents 
reported out of a total of 138 incidents [59].  

8. What would be the scenario of a capital-intensive retrofit 

delivery at scale? 

Considering the current skill shortage, the capital-intensive 
retrofit-at-scale approach will reduce the dependence on manual 
labour. Initiatives such as digital building stock modelling [50] 
will help to understand the existing building stock, their retrofit 
requirements and ideal retrofit scenarios. Prefabrication and 
offsite construction methods can be used to reduce the lead time, 
improve the construction quality, minimise waste and improve 
overall efficiency [32, 45]. In a capital-intensive approach, 
focusing on Design for Manufacturing and Assembly (DFMA), 
Lean supply chain management or modern methods of 
construction (MMC) approaches will be important. This has been 
currently focused by certifications such as Energiesprong [11]. 
They achieve their excellence through adopting offsite 
construction and prefabrication. Considering the positive side, 
there will be cost savings expected through improved efficiency. 
Another advantage is releasing the skilled workers (Currently in 
the construction supply chain) to retrofit the houses, improving the 
skilled labour supply in housing retrofit. Looking at the negative 
side of these capital-intensive methods, there can be risks of not 
receiving the expected benefits and high initial investments 
upfront. 

In labour-intensive approaches, there will be people working 
closely with the clients. Accordingly, the individual-level 
requirements will be prioritised. In a capital-intensive approach, 
the focus will be on national objectives such as decarbonisation, 
which may not be individual requirements. That may demotivate 
people engaging positively with retrofit initiatives. This is already 
observed in the retrofit industry. The existing government focus is 
to reduce the energy efficiency levels of the houses to make heat 
pump installation feasible, ideally EPC “C” [19]. When the heat 
pumps are installed and the electricity is decarbonised, the 
government can achieve their decarbonisation targets. With such 
a level of energy efficiency, residents may not be relieved from 
fuel poverty [18].  

The target energy efficiency of a house is below 90 kWh/m2/y 
from a nominal level of 200 - 300 kWh/m2/y to make heat pump 
installation feasible [60]. Electricity is nearly four  times more 
expensive than natural gas [18]. Due to the situation, the resident 
can enjoy a low emission and more comfortable house, but at a 
higher level of energy cost [13]. This can put the resident into fuel 
poverty instead of relieving their energy bill burden.  

9. What are the advantages of these approaches? 

Both the labour-intensive and capital-intensive approaches 
have their advantages and disadvantages. Labour-intensive 
approaches can create employment. As the construction industry 
has the highest skilled shortages in the UK, this can worsen the 
skill shortage gap, converting the employment creation to a 
disadvantage. Labour-intensive approaches also improve the 
human interactions with the residents and the clients, which will 
motivate them to retrofit their houses more. This is a clear 
advantage of a labour-intensive approach considering the current 
poor demand for retrofit. The UK housing stock is highly diverse 



 

and importantly older houses were not built under specific 
standards. The vernacular architecture style has increased this 
diversity. The characteristics and information about houses are 
mostly not available [61]. Due to these circumstances, a labour-
intensive approach shall create a more personalised and careful 
approach to retrofit housing stock while preserving the heritage 
aspects and client preferences. It will also be able to achieve 
higher energy efficiency levels due to attention to detail possible 
with human expertise. One of the key disadvantages of a labour-
driven strategy is the higher health and safety risks. The 
construction industry shows the highest rate of fatal accidents 
[59], this can be a critical point, unless actions are taken to 
mitigate such risks.  

Capital-intensive approaches will be a solution to address 
existing skill shortage issues in the construction industry. Further, 
capital-intensive approaches will reduce the construction cost, 
waste, and project duration while improving the quality. 
According to [62], prefabricated house construction in the UK still 
has a long way to go as the current share is around 7.5%. In this 
situation, capital-intensive approaches will contribute not only to 
the retrofit industry but the overall construction industry. As 
earlier discussed, there is a question of to what extent these 
capital-intensive approaches are suitable for housing retrofit due 
to the diverse and unique nature of houses [3]. The current retrofit-
at-scale initiatives focus on shallow retrofits to reduce energy 
efficiency only to a level feasible for installing heat pumps [19]. 
This will be complimentary with capital-intensive approaches. 
The high initial investments to set up these capital-intensive 
approaches are one of the challenges. Further, the risk of 
investments will also push the industry to hesitate to venture into 
capital-intensive approaches to retrofit.  

10. What is the recommended approach for the UK context, 

considering the national and individual requirements? 

Apart from the reduced energy bills, better health, better 
comfort, property value increase and other individual-level client 
requirements, there is a national-level requirement to reduce 
carbon emissions. The existing heat pump-based housing 
decarbonisation strategy will be complementary with a capital-
intensive approach. It is doubtful whether it will address the 
individual client requirements or it will achieve a higher level of 
energy efficiency. The most critical risk is whether the residents 
will welcome such an approach, not focused on their 
requirements. In this consideration, a more resident-focused 
strategy is recommended.  

Subject to a proper strategy for addressing the skills shortage, 
it is recommended to go for a labour-intensive approach to retrofit. 
This does not prevent topping up the operational efficiency 
through capital-intensive best practices.  

Techniques such as modern methods of construction (MMC), 
innovative technical solutions or quick response manufacturing 
(QRM) are recommended for topping up labour-intensive 
approaches to retrofit. While keeping the mainstream approach as 
labour-intensive, capital-intensive approaches should help overall 

efficiency and productivity. This can be started from the retrofit 
supply chain by focusing on better innovative products. Maybe, 
there will be a time when the labour-intensive approach can be 
diverted to a capital-intensive approach, subject to a strong 
demand for retrofit.  

Modern Methods of Construction (MMC) rely on factory 
manufacturing of building components offsite and installation of 
them on-site [33]. The requirement for innovative technical 
solutions is highlighted by [18]. For example, using heat batteries 
sized to replace the boiler unit void when a boiler is replaced with 
a heat pump. Quick response manufacturing (QRM) focuses on 
reducing lead times in manufacturing for high-mix and low-
volume environments [63]. Considering the nature of housing 
retrofit with smaller teams, several retrofit measures, the diverse 
nature of projects and the critical need to reduce lead time due to 
disruption to residents, QRM is suggested. 

III. CONCLUSION 

Assuming there are no issues with the technology and funding, 
the UK does not show clear progress to retrofit the total 30.1 
million housing stock before 2050. A clear strategy is required to 
retrofit at scale. Looking from a project delivery perspective, two 
approaches can be identified: labour-intensive and capital-
intensive.  

By considering the individual and national level requirements, 
characteristics of these two approaches and the nature of the 
housing retrofit industry in the UK, a labour-intensive retrofit 
approach is recommended initially. As the number of housing 
retrofits increases, this may be transitioned into a capital-intensive 
approach later. This can be further topped up with capital-
intensive techniques for better efficiency and productivity. The 
study recommends further exploration and discussion under this 
topic, due to the urgency of retrofit at scale. 

It is noted that although there was some government interest 
in developing skills, the current initiatives are largely focusing on 
capital-intensive approaches to housing retrofit. This may be due 
to the multiple expectations of the government, as the construction 
industry is only one of them. Policy decisions are made 
considering broader socio-political and economic reasons.  
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