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Abstract

Retrofitting the existing housing stock to a high level of energy efficiency will not be limited
to achieving the decarbonisation of 80.3 MtCO2e residential emissions and reducing fuel
poverty in 4.16 million households, but also improving the health and well-being of UK
residents and their overall quality of life. The current progress of housing retrofitting is poor,
at less than 1%. The UK expects to achieve net zero by 2050, and the challenge is immense
as there are more than 30 million houses. The challenge is similar in other global contexts.
Even if the required technology, supply chain, skilled labour, and finance could have been
provided, the retrofitting would not move forward without positive engagement from
the clients. Proper strategies are required to retrofit at scale. Focusing on the challenges
of stakeholder engagement in housing retrofitting, this study focused on developing a
hybrid one-stop shop solution through design science research. A theoretical artefact and
an empirical system requirement specification document were developed to propose a
one-stop shop solution. This was tested through retrofit industry stakeholders. Findings
reveal that the one-stop shop model will be a good answer to retrofitting at scale, providing
the resident engagement of 30.1 million households. The model can support residents with
or without computer literacy due to its hybrid approach. The proposed theoretical and
industrial models can be used as base models for developing one-stop shops for housing
retrofitting by adapting them for context-specific requirements.

Keywords: housing stock; one-stop shop; retrofit at scale; stakeholder engagement

1. Introduction
1.1. Retrofitting Houses for Sustainability

The United Kingdom has over 30.1 million houses as of 2022 [1]. Currently, 90% of
the houses in England are heated by natural gas (86%) and oil (4%) central heating [2].
According to the statistics, the UK housing stock is reported to generate 19.76% of total
UK emissions [3]. Apart from the problem of carbon emissions, 13% (3.17 million) of the
housing stock is reported to be in fuel poverty in England as of 2023 [4]. Furthermore,
UK houses are reported to be smaller, less comfortable, and less healthy than those in
other European countries [5]. Based on the above considerations, there is an urgent and
important need to upgrade the housing stock in the UK to achieve sustainability goals in
environmental, economic, and social aspects.

One of the viable answers to this problem is to retrofit the housing stock. Although
there are alternatives such as demolition and rebuilding or shifting to alternative energy
sources, they all have opportunity costs. Retrofit can cause high initial investments and
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may not always be economically feasible. Repayment through energy bill savings can
have extensive payback periods which are not financially rational [6]. Apart from that,
retrofit is reported to answer significant problems associated with poor-performing housing
stock, such as carbon emissions, fuel poverty, and poor health and well-being or quality
of life [7–9]. According to the British Standards Institution, retrofit can be defined as
improving energy efficiency, reducing carbon emissions, or improving ventilation [10]. This
improves the operational performance of the house [11]. Housing retrofit is reported to
have a broader range of benefits apart from energy efficiency. For example, a retrofitted
house would be more valuable and durable [12].

Focusing on the delivery of housing retrofit at scale, almost all the houses in the UK
are reported to need some level of retrofit [13]. Although the government’s residential
decarbonisation strategy mainly relies on heat pumps [14], installing heat pumps in the
UK has never shown satisfactory progress [15]. Meanwhile, the window to retrofit the 30.1
million houses is closing. The United Kingdom government expects to achieve net zero by
2050 [16]. Existing retrofit strategies are not properly optimised and no clear strategies or
policies have been observed to address these challenges [17]. Precise and robust strategies
are required to retrofit the UK housing stock at scale. Looking at the number of heat pump
installations in the UK (<200,000) [15], the required level of progress of housing retrofit is
nowhere near.

1.2. Problem Identification

The retrofit industry is fragmented from the contractors’ point of view, and usually
one contractor provides only one service [18]. Researchers argue that retrofit clients hesitate
to engage in the retrofit process due to its complexity [19,20]. The client has to be a project
manager to properly coordinate a housing retrofit project due to the existing fragmented
nature of the retrofit industry [18]. This problem has been addressed to a certain level in
the UK with the introduction of the retrofit coordinator role under the PAS 2035 project
management specification [10]. Retrofit project management and quality assurance are
prerequisites for retrofit at scale, while industry collaboration also needs to be improved to
a considerable level. Existing top-down approaches to promote retrofit have failed, and
researchers suggest a bottom-up approach, focusing on clients [21,22]. Considering these
aspects, this study wishes to treat the client as the most critical stakeholder for housing
retrofit at scale.

Several key stakeholders can be identified in the housing retrofit industry. Apart
from the clients, the contractors play a key role in retrofit delivery. Currently, there is
a shortage of skilled labourers and contractors to cater for the demand for retrofit [23].
Further, clients have lost their confidence in contractors due to negative case studies in
the past, where the retrofitted houses were observed with unintended consequences [24].
This challenge is severe in the UK, while the global contexts endorse the problem, more
or less. Another important stakeholder in the retrofit process is the professionals, such as
architects, construction project managers, surveyors, or engineers. There are arguments
that the reason for the negative case studies of housing retrofits in the past was partly due
to the lack of involvement of professionals in the retrofit [25]. The PAS 2035 specification
has introduced retrofit professionals and allocated clear responsibilities to avoid these
problems in the future [10]. Another important stakeholder in the process can be suggested
as the government and non-government institutions. Government institutions support
mass-scale retrofit drives with financial grants for private and social housing projects [26].
In addition, professional, not-for-profit, cooperative, and private institutions are working
on retrofit delivery for different purposes.
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Although the need for retrofitting the housing stock for sustainability is established,
the poor progress of housing retrofit seems to be influenced by several factors. One of
the key challenges is poor client engagement. As previously mentioned, the client is a
key stakeholder, and without satisfying client requirements, it is unlikely to engage them
positively in the process. Due to the lack of strong stakeholder engagement models in the
housing retrofit industry, the stakeholders try only to maximise their objectives, overlooking
the collaborative synergies and ignoring the client’s requirements.

1.3. Outline of the Solution

Researchers have identified the one-stop shop business model as a potential solution
to the problem of poor stakeholder engagement in housing retrofits in the global scenario,
most prominently in European countries. The basic idea of the one-stop shop model
is to provide all the housing retrofit services through a single point of contact to the
clients [18,27]. This model eliminates the challenges with the existing fragmented model of
housing retrofit and promotes collaboration among the housing retrofit stakeholders. The
clients are supported with a seamless journey through the retrofit process from start to end.
According to Biere-Arenas & Marmolejo-Duarte (2023), several one-stop shops housing
retrofit models exist in Europe and the UK [28]. Although some of them are not explicitly
termed as one-stop shops, these entities provide integrated retrofit services to their clients
through a single point of contact.

There are several categories of one-stop shops according to their level of responsibility
towards their services. Figure 1 shows a general model for a one-stop shop for housing
retrofit. Basic models provide information and act as a platform for stakeholder collabora-
tion. They do not take any responsibility. There are other one-stop shops that offer all the
services, take responsibility for the energy savings, and ensure the repayment of loans, if
any. These one-stop shops bear the highest level of responsibility. Apart from that, there
can be entities with different levels of responsibilities in between [18,29]. Other than the
level of responsibility, one-stop shops can also be classified as public, private, or hybrid
entities [30]. In terms of delivery, there are physical one-stop shops, online one-stop shops,
and hybrid models [31].

Figure 1. One-stop shop model for retrofitting [18].

Considering the above requirements, this study aims to develop a potential one-stop
shop solution for housing retrofit. This model aims to provide integrated services to retrofit
clients. Ideally, the retrofit project shall be delivered as a one-off whole-house retrofit.
However, the model needs to accommodate step-by-step retrofit plans since not all clients
will go for one-off whole-house projects due to financial or time constraints. The existing
fragmented nature of retrofit delivery has not fully considered these client requirements. Al-
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though this model was developed considering UK retrofit industry requirements, the model
will be able to adapt to different contexts according to different contextual requirements.

1.4. Scope of the One-Stop Shop Model

This study has designed a default one-stop shop for a medium level of responsibility
over its services. This can be recognised as the ideal “one-stop shop model” according to
Brown (2018) [18]. At this level, the entity should provide project management services
more than just information and collaboration, but will not provide energy savings or loan
repayment guarantees. Due to the presence of PAS 2035 specifications for retrofit project
management [10] and the maturity of the housing retrofit industry in the UK, this medium
responsibility level will be a good starting point. If the solution is applied to a different
context, it is recommended to look at these contextual differences.

Further, the model will be proposed as a hybrid model with physical and online
interfaces. Concerning Sequeira & Gouveia (2022), physical and online one-stop shops have
advantages and disadvantages. Hybrid one-stop shops will complement the advantages
of both models [32]. These hybrid models will be more accessible and cost-efficient than
physical and online models themselves [30]. This study does not wish to specify the
ownership of the one-stop shop and whether it will be public, private, or hybrid. Required
adjustments should be incorporated according to the requirements of the promoters.

The initial scope of the one-stop-shop solution will be limited to providing retrofit
awareness and initial retrofit appraisal. Research conducted by Seddiki et al. (2022) has
found the potential of retrofit decision-support tools to improve awareness and provide
decision support for housing retrofit [33]. Figure 2 provides a schematic representation of
the proposed scope.

Figure 2. Scope of the solution.

The process of a housing retrofit under the PAS 2035 specification has clear phases
of project delivery. They include the retrofit assessment, retrofit design, installation, com-
missioning, monitoring, and evaluation under the responsibility of relevant retrofit profes-
sionals. The whole process is coordinated by a retrofit coordinator [10]. The accreditation
agencies have developed software for retrofit assessment and coordination [34]. Applica-
tion of the concept outside the UK context needs to decide how to complement the retrofit
professional roles and processes.

Designers typically use CAD (Computer-Aided Design) software for retrofit design. In
brief, systems are available for project management, from retrofit assessment to monitoring
and evaluation in the UK. All of these systems are intended for the use of retrofit profession-
als. No interface is given to the clients, despite the fact that the PAS 2035 specification has
recommended early engagement of the client for identifying retrofit measures. The primary
focus of the one-stop shop solution is to provide the client with a single online interface for
the retrofit process. Accordingly, the model will be proposed as a hybrid one-stop shop,
integrating the functionalities of both online and physical one-stop shops. Existing retrofit
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coordination systems can be bridged to the online one-stop shop solution to keep the client
updated throughout the retrofit process.

1.5. Objectives of the Solution

The selected problem is poor stakeholder engagement in housing retrofit. The client is
selected as the key stakeholder for this study. The outlined solution is the one-stop shop
model for housing retrofit. This study aims to engage the client in the retrofit process to
promote housing retrofit at scale. Finally, a poor-performing house must be retrofitted to
become high-performing. Considering the study scope, three key objectives of the solution
can be proposed.

1. Engaging the clients with the housing retrofit process by encouraging them to undergo
a professional retrofit assessment;

2. Collecting information about the clients and their houses for the government to make
better policy decisions;

3. Keeping the clients updated throughout the retrofit process and addressing their
concerns through a single point of contact.

Figure 3 shows the objectives of the one-stop shop solution and its intended scenario.
The first objective of the solution is to engage the clients with the retrofit process. The
proposed one-stop shop solution should enlighten the clients about the benefits, process,
and challenges. Getting their commitment to go for a physical retrofit assessment by an
accredited retrofit assessor will enable the first step of onboarding clients to the retrofit
process. Even if the clients refuse to proceed, they may change their minds later. The retrofit
assessment will record all the data required to design a comprehensive retrofit project. If
this retrofit assessment could be offered free, that would be ideal.

Figure 3. Objectives and the scenario of the solution.

The second objective is to collect data about the clients and their houses. The one-
stop shop solution shall collect some data for an initial retrofit appraisal. This will not be
perfect, but it will be better than nothing. If they decide to undergo a professional retrofit
assessment, it will help collect comprehensive data for retrofit purposes. This data about
the retrofit clients and their houses will be helpful for the government in making better
policy decisions. For example, the solution shall collect data on why people decide not to
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proceed further. This may be due to financial issues, so the government could consider
increasing the grants or relaxing their eligibility criteria.

The best scenario will be when clients decide to retrofit their houses. The proposed
one-stop shop can be bridged with the existing retrofit project management solutions and
the information systems of other retrofit stakeholders. Accordingly, not only the clients
but also all other stakeholders can be updated and communicated throughout the retrofit
process via a single interface, creating a better retrofit experience for them.

2. Materials and Methods
2.1. Research Design

The design science research method was considered for this study, considering the
development of an artefact as a one-stop shop solution for housing retrofit. In addition
to the artefact, this study shall contribute to the existing body of knowledge. Design
science research is recommended when an artefact is systematically developed to solve
a problem in context, with a contribution to the body of knowledge [35–37]. Regarding
the research philosophy, the artefact development is viewed from a pragmatist ontology,
where practical rigour is valued. The contribution to the knowledge is viewed from critical
realism ontology, where the justification is valued. The methodology was referred from the
design science research phases suggested by De Sordi (2021) [38].

Table 1 shows the design science research steps applicable to this research with refer-
ence to De Sordi (2021) [38]. The problem identification and the objectives of the solutions
were made based on the existing literature. Framework design and development were
approached as the creative element of the study. There are two outputs related to the design
and development phase. One is the theoretical framework for the one-stop shop solution,
which is referred to as the “artefact”.

Table 1. Design science research steps.

Phases Description Source

Problem
identification

Poor client engagement with the
housing retrofit process. Literature review

Objectives of the
solution

Stakeholder engagement and data
collection of housing stock and clients. Literature review

Design and
development

Development of a framework and
software requirement specification. Creative element

Demonstration Demonstration of a hypothetical case
study for housing retrofit stakeholders. Presentation

Evaluation Artefact evaluation for
intended purposes.

Semi-structured
interviews

Communication Communication of the findings and
contribution to the body of knowledge.

Journal article
publication

This framework was primarily developed by brainstorming ideas according to the
recommendations in the literature. Due to the nature of design science research projects,
the authors’ contribution to the design activity was identified as a significant characteristic.
Applicable theories and literature were prominently referred to for this purpose. Once
the framework was developed, it was demonstrated to a sample of 16 retrofit industry
stakeholders through a hypothetical case study presentation. The comments received
were incorporated into the outputs. Finally, the work was set for communication as a
journal article.
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There is also a technical output as a software requirement specification (SRS). This
SRS document is deposited in a repository and referred to in the text. The document was
developed under the international standard of IEEE/ISO/IEC 29148-2018 Requirements
Engineering [39] as the practical contribution of this study.

2.2. Data Collection and Analysis

The concept was designed as a hypothetical case study for demonstration purposes
and was demonstrated to 16 retrofit industry stakeholders. During the evaluation phase,
the framework was evaluated for its intended purposes with the help of semi-structured
interviews. Table 2 shows the interview sample for evaluation purposes. The evaluation of
the artefact is presented in Section 4.2 in detail. The background details of all the interview
participants are given in the Appendix A.

Table 2. The sample of artefact evaluation interviews and their stakeholder group.

Stakeholder Group Count Participants Included in the Sample

1 One-stop shop 1 A representative of an existing online
one-stop shop service.

2 Academia/Research 6 Academics who are engaged in
retrofit-related research and education.

3 Software
engineering 2 Professionals engaged in software

development and/or education.

4 Construction 1 Professionals involved in residential
construction and retrofit.

5 Clients 1 A homeowner in the United Kingdom.

6 Project
management 1 A retrofit project manager of a local

authority.

7 Regulations 1 A planning officer who is attached to a
local authority.

8 Finance 1
A financial advisor of an entrepreneur

support institution for net-zero
transmission (government funded).

9 Contractors 2
Representatives of two companies

involved in heat pump installation and
residential insulation measures.

Total 16

Table 2 shows the summary of the evaluation interview sample. Sixteen participants
were recruited to represent nine types of stakeholders through a convenient sampling
process. The sample mainly consisted of academics (6) as this study was more inclined to
research rather than an industry-related project. Twelve interviews were conducted online
during April and May 2024. Four further online interviews were conducted during May
2025. All the interviews were conducted by the first author as part of their doctoral study
data collection, under the supervision of the other two authors. The data collection received
ethical clearance from the University of Salford, UK under the reference number 10,162,
dated 9 May 2023.

The interviews were transcribed through MS Teams and further optimised for clarity of
content. According to the semi-structured interview questionnaire, they were thematically
analysed under five codes: Novelty, Awareness, Option Evaluation, Lead Generation, and
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Demand. The findings were incorporated into the SRS document as recommendations to
improve the concept.

3. Results
3.1. Key Characteristics and Functionalities

This study aims to develop a hybrid one-stop shop solution with both a physical and
online presence. This section focuses only on the development of the online one-stop shop
for housing retrofitting. The discussion section presents the use of the online system for
delivering the physical one-stop shop. According to Table 3, key functionalities of this
proposed one-stop shop solution can be presented under five themes focusing on this
study’s purposes.

Table 3. Summary of functionalities.

ID Function Name Function Description

A User persona A persona of the user is to be created to model
the client’s behaviour.

B Building information
model

To have an information model of the house.
Ideally, a Building information model (BIM).

C Retrofit measures
Information about retrofit measures, products,

costs, finance, quality, installers, and
interdependence among the measures.

D Option evaluation
The users shall explore the potential retrofit
options for their house and how they can be

scheduled, including cost, finance, and quality.

E Data management

Data about users, house models, and retrofit
option appraisals will be stored in cloud space,
including the system itself. The data needs to

be shared in different formats and media when
and where necessary.

Apart from the above five functionalities, there will be several non-functional require-
ments such as usability, portability, security, and maintainability. This study does not wish
to explore these non-functional requirements. Further, making people aware of retrofit
benefits and process will be a key requirement in promoting retrofit at scale. This can be
approached from two perspectives. One is general awareness-making, without referring to
a specific property. There is an exhaustive number of online and physical sources available
for this. When a client has a basic awareness of the retrofit process and benefits, they may
seek to know the specific benefits of retrofitting their house and understand the nature of
the retrofit process. This study mainly focuses on the second perspective to give particular
information about retrofitting a house for a client. According to the desk study, providing
essential information and awareness has matured in the industry. Promoters can always
include such a generic retrofit awareness functionality if they wish.

3.2. User Persona

Purpose: The system can personalise information according to the demographics and
requirements of the user using a user persona.

Personalisation of the information to the user is expected to be approached by identi-
fying the user demographics and their requirements. The demographics and requirements
can be asked from the user. Based on the user demographics and requirements, the system
shall decide what to show the user. For example, the user can only be shown the available
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contractors where the house is located. Another example can be given to show eligibility
for government grants based on client demographics, since this information can contain
sensitive personal data, with particular attention given to the data security and privacy of
the clients.

Generations theory can be given as a key theory regarding personalisation of the
contents according to user demographics. According to this theory, a person has four
lifestyle stages from birth to death. They are youth (0–21), rising (22–43), midlife (44–65),
and elder (66–87). The experiences faced during their childhood are believed to shape
the characteristics, traits, and personalities of their generations [40]. Further, there are
identified generations and perceived characteristics of these generations, such as Generation
X, Generation Y, or Generation Z. A study conducted by Liu et al. (2022) [41] noted that
retrofit decision-making behaviour is influenced by demographic factors such as age.
For example, younger homeowners are more likely to adopt retrofit measures. Huang
et al. (2021) [42] have found that older homeowners are more reluctant to pay for energy
efficiency improvements.

There are different behaviours of the brains of males and females. Men usually
concentrate on one thing at a time, while women can engage in a lot of things at the same
time. Men can make sense of spatial things more efficiently, while women are not. Men
prefer short wordings, while women prefer a lot of vocabulary [43]. These differences are
important to consider when personalising information. As a suggestion, males can be
shown one item at a time, while women can be shown an overall idea of the retrofit solution.

The diffusion of innovation theory was proposed by Everett M. Rogers in 1962 in
his book “Diffusion of Innovations” after many publications about the topic. This theory
proposes how people will respond to innovations. Some people warmly welcome innova-
tions, while some hesitate [44]. By applying this to the user persona model, the one-stop
shop solution may prioritise information according to the behaviour of different groups of
people. For example, 2.5% of innovators will instantly grab a housing retrofit. Considering
the UK housing stock, there will be around 750,000 households in this segment. They have
the interest, financial capacity, and appetite to take risks. They will not require more detail
but an attractive final proposal. Although this theory can be useful, there will be a problem
with identifying the user segment under this theory.

Ned Herrmann developed the whole brain model in the late 1970s. This model
describes four functions of the human brain. According to this theory, some people mainly
focus on the process, some focus on achievement, some focus on social aspects, and others
focus on value [45]. The information can be personalised according to the user’s perceived
priorities if the relevant user category can be identified. For example, the category that
focuses on the process will be motivated by showing how the retrofit process can happen
through the one-stop shop model. The category that focuses on social aspects will be
motivated by how others have retrofitted the houses with the help of the proposed one-stop
shop. Again, there will be a problem identifying the user’s category.

John Sweller proposed cognitive load theory in the 1980s. The theory argues that a
learner’s working memory has a limited capacity and can handle only a limited volume
of learning at a time. The theory suggests simplifying the important load of information
and reducing the unnecessary load of information [46]. Not all the users of the one-stop
shop solution will have the same cognitive capacity. For this reason, it will be important
to identify the user’s cognitive capacity level and present the information in manageable
chunks. Ideally, progressive disclosure techniques can be used to present a complex idea
step by step [47].
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3.3. Building Information Model

Purpose: A building information model is required to evaluate different retrofit
scenarios for a selected house according to client requirements.

A user will engage with the proposed one-stop shop solution to explore retrofit
opportunities for their house. A digital model of the house is required to evaluate different
retrofit scenarios. The first data point is expected from the Energy Performance Certificate
(EPC) database if available. In total, 69% of the houses in England and 66% in Wales have
at least one EPC record [48]. Although the EPC report provides a small amount of data
about the building, more data is available within the database. Further, the EPC assessor
is required to keep further data about the house for audit purposes. Earlier, this data was
under the personal custody of the domestic energy assessor. The data was not required
to be in a digital format. The accreditation bodies have now enabled the assessors to
record this additional data for audit purposes using the software itself. This removes the
additional responsibility of the assessors to keep audit data. If the system can access this
additional and audit data, it will give more comprehensive information about the house.
The existing retrofit decision support systems are also designed based on this database.

The location data is expected from maps and other GIS (Geographical Information
System) resources. One source of visual data is Google Street View. Further, as earlier
described, EPC audit data can also provide photographs. Finally, the user can also provide
images of the house. Energy consumption data is highly informative for making retrofit
decisions more accurately. This can be sourced from energy supply companies and smart
meters. The system can ask the users for this as a last resort. However, it will increase user
stress, and the data may not be accurate enough. One existing decision support system
can synthesise smart meter data to improve the accuracy of the estimates. Equipment,
appliances and occupancy data are to be sourced from the user. Alternatively, an AI tool
may be able to identify them via user photographs or video.

The information sourced at this stage does not have to be 100% accurate. The informa-
tion shall help the system identify the key retrofit measures and their scope, which will help
the client decide whether to retrofit the house or not. For example, around 20% tolerance
may be acceptable for the client’s decision-making purposes. Once the client chooses to
proceed with the retrofit process, there will be a professional retrofit assessment by an
accredited retrofit assessor with accurate information to start the formal retrofit process.
Accordingly, the initial retrofit assessment will indicate the client’s decision-making, while
the professional retrofit assessment will be used for retrofit project design and delivery. The
first objective of the one-stop shop solution is to drive the clients to a professional retrofit
assessment using the indicative retrofit appraisal generated by the system.

3.4. Retrofit Measures

Purpose: Identifying the existing and proposed retrofit measures applicable to
the property.

According to the British Standards Institution, there are 41 housing retrofit measures.
These measures can be presented under several categories: building fabric measures,
building services measures and renewables [10]. Apart from these 41 measures, many
other retrofit measures can be applied to properties. For example, green roofs and green
walls can be installed for energy efficiency [49]. Repair and maintenance are also necessary,
as the retrofit is not feasible without taking the house to a good state of repair. Housing
retrofitting is an ideal point to address repairs, too.

The system shall list all the available retrofit measures. One key characteristic of these
measures should be the ability to model the retrofit measure according to parameters. This
will help the system model energy efficiency, energy consumption, cost of measures, and
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life cycle analysis according to the given parameters. For example, the system should be
able to model the retrofit cost, u-values, and durability of internal wall insulation if the
wall area is given for a particular house. For this purpose, parametric characteristics should
be able to be customised.

A key enabler to the success of the proposed one-stop shop will be the active engage-
ment of the contractors. The attractiveness of the one-stop shop can be hindered without
the client’s commitment and readiness to contribute to out-of- the-box solutions. This is
unlikely, considering the existing lack of retrofit contractors in the UK industry [50] and
their overcapacity demand. There should be an adequate supply of contractors and a
supply chain to deliver retrofits at scale, considering the 30.1 million houses and the shorter
period to retrofit the whole housing stock.

Considering the procurement requirements, contractors should be able to update their
prices as unit costs; for example, the cost of internal wall insulation for one square meter.
Understandably, providing functionality will not be simple. This will help the system
compare different contractors and their retrofit solutions, if possible. The users can select
contractors and materials by evaluating their options. The inputs from the contractors will
mainly support this functionality. The retrofit option evaluation function is considered
next, and listing these parametric retrofit measures will be a prerequisite.

3.5. Option Evaluation

Purpose: To design a potential combination of retrofit measures and their scope
according to the property and client requirements.

The first functionality is to identify the client. The second is to identify the property.
The third is to list the retrofit measures with the support of contractors and other measure-
specific characteristics. When these details are available, the one-stop shop shall identify
potential combinations of retrofit measures applicable to the property, referring to the
characteristics of the house and the client. There are several other aspects to consider under
the functionality of option evaluation.

Initially, the one-stop shop shall show a recommended combination of retrofit mea-
sures, cost, energy efficiency, estimated project duration and quality. It is suggested that
at least three default retrofit packages be shown. One can be the highest energy efficiency
level. In terms of EPC, this can be EPC “A” level [51] or Passivhaus EnerPhit level [52].
Ideally, there should be a retrofit package for a minimum recommended level of energy
efficiency. Considering the UK government’s target to bring all houses to the EPC “C” level
by 2035, this can be EPC “C” level [2] or a building energy efficiency of 90 kWh/m2/y [53].
Apart from these two extreme levels, it is recommended that an optimised retrofit package
be developed based on investment cost and energy efficiency level. This will give the client
an initial idea of the retrofit solution.

Another essential factor to consider is retrofit measures’ interactivity and building
regulations. According to BSI (2023), the PAS 2035 specification has provided a mea-
sure interaction matrix since some retrofit measures cannot be combined [10]. Although
fully complying with building regulations can be unrealistic at this stage, the system can
consider the basic limitations and recommendations when appraising the packages of
retrofit measures.

The availability of the contractors and their retrofit measures will also be a key limiting
factor. The one-stop shop should identify the available contractors, their services, and
materials to calculate target energy efficiency and cost levels. The previous functionality
of retrofit measures shall facilitate this. One way of doing this is to allow the contractors
to update their availability by integrating their project resource planning systems into
the proposed one-stop shop solution. Providing the right system infrastructure would
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enable the system to estimate realistic quotations for the retrofit package rather than just
estimates. Although a desk study showed no contractors providing realistic quotations
online for housing retrofit, there can be innovations. For example, comparison websites
like MoneySupermarket.co.uk (accessed on 26 March 2025) or Confused.com (accessed on
26 March 2025) provide insurance quotations. If retrofit at scale scenarios were assumed
for 30 million houses, there would be ways of achieving that.

3.6. Data Management

Purpose: To manage data related to the clients, properties, option evaluations, and
retrofit measures collaboratively among the stakeholders.

The system needs to store, retrieve, and share data during its operation. When a
user profile is created, the details about the user are gathered first. This can be direct data
input from the user or the collection of peripheral data from third parties. One example
can be collecting the client’s credit rating from a credit agency to help with the mortgage
evaluation for retrofit. Apart from that, HM Revenue and Customs (United Kingdom)
have data about the financial circumstances of the residents. This will help understand the
eligibility of the clients for retrofit grants from the UK government.

The details about the house are to be linked to the profile. According to the require-
ments, this can be a single or multiple houses. Some details can be obtained directly from
the client and third-party sources. Since the data about the house is more technical and may
not be familiar to a non-technical user, it is recommended to reduce data collection from the
customer and seek ways of collecting data from third parties. As suggested in the second
functionality, one of the prominent ways is to get data from the EPC database. Further,
there can be an exhaustive list of data sources, e.g., local authority planning portals, real
estate websites, or Google Maps.

Figure 4 gives the context diagram of the solution. Integrating the system with energy
companies will also be beneficial, as historical energy consumption data can be retrieved to
estimate occupancy details more accurately. Smart meters are reported to provide more
reliable and timely energy consumption data. During the desk study, it was observed that
the one-stop shop model had already considered this aspect. Another key data point is
smart home systems. They will help collect detailed energy consumption behaviours of
residential houses.

Figure 4. Context diagram of the solution.

Funding is a key aspect of the retrofit delivery. Unless heavily subsidised through
government grants, there will be requirements for loans either directly from banks or
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through special contractual agreements such as ESCOs (Energy Service Companies) or
MESAs (Managed Energy Service Agreements) [18]. In any scenario, the financial provider
will assess the client’s credit facilities by considering the client’s property, financial cir-
cumstances, and proposed retrofit solution. They will need to be given one interface of
the one-stop shop solution. However, the one-stop solution itself will not address the
financial challenges. It will collaborate with clients, financial services, and government
grant agencies through a single interface.

Another important stakeholder is the local planning portal. Although some retrofit
measures could be considered under permitted development rights, many improvements
require planning permissions and building control approvals. The situation can be stricter
if the property is protected by heritage significance [54]. If the one-stop shop could be
integrated with the approving body, it would be easier for the retrofit designers to manage
building control approvals, and the client would be in touch about the progress.

Existing retrofit project management systems (i.e., PAS Hub [34]) are also an important
aspect of data sharing. Although the proposed one-stop shop focuses on the whole process
of retrofit project management, there are existing retrofit project management systems for
retrofit professionals. They do not have an interface for the clients. Having two systems
for clients and professionals is inefficient since both systems should use the same retrofit
measures and option evaluation methodology. In this scenario, these two systems need
to be integrated. The requirement is to have two-way communication by keeping the
stakeholders updated throughout the retrofit process.

Sometimes, this may not be developed in a single go. In this case, the system needs
to store the incremental progress of the retrofit evaluation until the user completes the
evaluation and decides to submit the request to the retrofit assessor. Further, the system
may need to email different parties about the updates and send notifications. If the user
uses a mobile device, app notifications can also be a good method of communication. The
system may also need to send data files to different parties and prepare data for different
formats and requirements.

3.7. Local One-Stop Shop and Retrofit Champions

Practice theories [55], social identity theory [56,57], and place-based approaches [58]
paved the path to the concept of a local one-stop shop. The idea is to promote retrofit by
focusing on a manageable geographic area. This can be a housing scheme, road, town,
or village as it needs to be. The people will know each other in such a small geographic
location. If the technical aspects of the retrofit are strong, project delivery is efficient, and
the risk of unintended consequences is low, there will be a greater chance of spreading
the message quickly [59,60]. In this locality, residents may already know each other. The
clients may also already know the professionals, installers, and other stakeholders. This
will encourage the clients to engage more in the housing retrofit process.

Another side of this approach is promoting the social relations within and outside
the system. It is possible to promote online social relations within the system by allowing
the users to interact with each other and communicate with the stakeholders. Apart from
that, the system shall promote social interactions outside the system wherever possible. For
example, the system can list the people in the user’s locality who have already retrofitted
their houses (subject to their consent). They can meet each other in person to witness and
discuss the pros and cons of retrofitting houses. Research recommends the importance of
social relations to encourage housing retrofit [21,60].

Another consideration of the local one-stop shop approach is using normal people in
the client’s neighbourhood to spread the message of housing retrofit. Clients will trust their
social network, which comprises their friends and family, more than anyone else. There is
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no need for retrofit experts. People hesitate to believe tradespeople and marketing people.
However, they do trust people in their neighbourhood. In this situation, if the facts are
accurate and reliable, the best way to disseminate them is with the help of the most trusted
people. The concept has already been observed in some contexts; for example, energy
ambassadors in the Netherlands [61].

The proposed one-stop shop solution is limited as it can only be used by people with
some computer literacy. If this type of system is available, any person with computer
literacy can easily take others on a retrofit awareness journey with the help of the system.
This can be especially helpful for older adults. The researcher has witnessed the potential
of such an information system in coffee mornings for older adults as a retrofit advisor.
Moreover, a physical one-stop shop will be expensive to maintain with a professional
retrofit advisor with vast knowledge of the retrofit process. If a solution like the proposed
one-stop shop is available, anybody with computer literacy can do the job. They do not
have to have in-depth knowledge about housing retrofit or building physics.

4. Discussion
4.1. Proposed Framework

A one-stop shop solution for housing retrofit was developed by evaluating the above-
mentioned factors. The industrial output is given as an SRS Document. A system require-
ments specification (SRS) is a document that describes what the information system should
do and how it is expected to perform. The SRS document for the given schematic design
is presented as Supplementary Material [62]. This document shows in detail the system
requirements under the international standard of IEEE/ISO/IEC 29148-2018 Requirements
Engineering [39]. Figure 5 gives this study’s theoretical output as a schematic framework.
It briefly presents the idea of the one-stop shop solution.

Figure 5. Proposed one-stop shop solution.

The one-stop shop retrofit solution has identified five key functionalities: the user
persona, building information model, retrofit measures, option evaluation, and data man-
agement. The justifications for these functionalities have already been briefed. The client is
depicted first in the diagram since the client is a key stakeholder in the retrofit process. The
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proposed one-stop shop solution aims to provide integrated retrofit solutions to the client,
keeping them in a central position.

This one-stop shop solution is expected to make three key contributions. The first
one is to encourage clients to engage in the retrofit process, which can be suggested as the
predominant purpose of this solution. Research suggests that housing retrofit shows poor
progress in Europe due to poor client engagement [63]. If the client commits to doing a
professional retrofit assessment by interacting with the system, it is considered the engaging
point of the formal retrofit process.

The one-stop shop solution cannot solve all the problems in retrofit at scale [64]. Due
to this reason, there will still be a considerable share of people who did not decide to
join the retrofit process after engaging with the one-stop shop. Accordingly, the second
objective is to collect data about the clients and their properties. By having a good idea
about the client’s behaviour in retrofit decision-making and up-to-date information about
the housing stock, the government can make better policy decisions to make housing
retrofits more attractive to clients. Not all government actions are aligned for retrofit at
scale [53]. Retrofit drives such as the “Green Deal” failed due to poor design and a lack of
focus on homeowner behaviour [24].

The third objective is to keep the client informed about the progress of the retrofit
project if the retrofit project has started. The one-stop shop shall act as a communication
platform [30]. As far as the process of the solution is concerned, there should be an
information system platform to provide the functionalities as recommended. This will be
the backbone of the solution. This information system should be linked to the stakeholders
of the retrofit process and should also facilitate efficient data sharing and management.
The installers can provide details on retrofit measures and availability. Banks can give
eligibility checks for finance. Government agencies can provide eligibility checks for grants.
This way, different process stakeholders can contribute to the retrofit delivery by using the
information system as a collaboration platform.

Currently, there are no proper systems capable of making an impact. Subject to the
availability of such a system, the clients could get information and obtain services for
housing retrofit through a single point of contact. A one-stop shop has been recognised as
an effective solution to retrofit at scale [18]. The idea of the local one-stop shop and retrofit
champion concept are to facilitate the hybrid delivery of the model. The potential of a
retrofit champion/energy ambassador for promoting housing retrofit among homeowners
is recommended in the literature [61].

The one-stop shop is designed as an online solution with all the facilities to deliver
its services online. It is understood that not all clients are happy with online delivery [31].
Further, there can be accessibility and inclusivity issues. The social and behavioural
theories strongly suggest the need for physical presence and the importance of social
interactions. These recommendations were endorsed by recent research to recommend
relational approaches to retrofit at scale [65,66]. The concept does not expect to recommend
a physical location for a one-stop shop, such as a totally physical one-stop shop service.
Instead, it expects to use the service of retrofit champions to deliver an in-person service
facilitated by the information system (the online one-stop shop).

Retrofit champions will be technical or non-technical people who encourage others
to retrofit their houses. Their service can be either paid or voluntary. A retrofit champion
can be anybody with computer literacy. They will use their computer literacy and social
interaction skills to approach the people in their neighbourhood and engage them in the
retrofit process. It is also important to highlight the neighbourhood approach to promote
retrofit. Approaching the homeowners through their neighbourhood shall improve the
uptake of retrofits due to better trust and social interactions [67,68]. Since there is no
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physical place, this will remove the cost barriers to physical one-stop shops and provide
the same level of service with the help of the proposed information system.

4.2. Evaluation of the Artefact

The semi-structured interviews evaluated whether the solution would serve the ex-
pected objectives if implemented in the real world. Checkland and Scholes (1990), as cited
in Venable et al. (2012) [69], have proposed a simplified method of evaluating artefacts as a
5E framework. The five “E”s are efficacy, efficiency, effectiveness, elegance, and ethicality.
The solution is not practically developed as an information system but as a framework.
Considering the nature of the solution and the background of the interview participants,
the evaluation criteria were customised as follows: novelty, awareness, option evaluation,
lead generation, and demand.

Table 4 depicts how the customised evaluation criteria are synthesised with the
literature-recommended criteria. Some of the literature-recommended evaluation criteria
were not adopted. Efficiency cannot be evaluated at this level due to the conceptual na-
ture of the solution. The ethicality of the solution needs to be tested and ensured before
starting commercial development. A comparison and contrast of the solution with similar
existing systems was made according to the guidelines by Venable et al. (2012) [69]. The
interviewees were asked to comment on the five topics mentioned below.

Table 4. Synthesising the evaluation criteria with the literature.

Customised
Evaluation Criteria

Checkland and Scholes (1990),
as Cited in Venable

et al. (2012) [69]

Venable et al.
(2012) [69]

1 Novelty - Knowledge
creation

2 Awareness Efficacy Satisfying
requirements

3 Option evaluation Efficacy Satisfying
requirements

4 Lead generation Effectiveness Effectiveness

5 Demand Elegance -

4.2.1. Novelty

Except for three participants, all others stated that the idea was satisfactorily inno-
vative. Although the individual blocks of the concept show no novelty when considered
separately, combining them all indicates a greater level of innovation. Besides one par-
ticipant (C10), nobody knew of a similar concept currently in practice. C10 is working
on the same idea, as they have already developed a similar system. C10 agreed that the
proposed system has key differences on the positive side. Another participant signposted a
mass-scale retrofit decision-making support tool, “Pathways”, developed by Parity Projects.
It was intended for large-scale renovation schemes [70]. Although they have a model for
homeowners, the capability is limited. It is better suited for raising awareness [71].

C1 said that the need for the retrofit should be highlighted first. Users should feel
more confident about why they need to retrofit their houses. In agreement with C1, C2
recommended starting with the user’s problem and showing them how their problem is
solved. C3 said that although the concept seemed innovative, it is still unclear why users
should retrofit their house. C4 suggested using artificial intelligence to understand user
behaviour better and make the estimates more realistic. C13 and C15 also recommended
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to explore the potential of artificial intelligence to optimise the process. For example, C13
recommended a chatbot to help users navigate the system and obtain information.

C8 recommended improving innovativeness by integrating more parties into the
system. For example, she recommended integrating the customer profile with DWP
(Department for Work and Pensions) and HMRC (HM Revenue and Customs) to see the
eligibility for the grants. This needs to be involved with user privacy and confidentiality.
Further, it is essential to ensure the users are genuine, not somebody playing around with
bogus information. C14 also shared a similar idea about a financial health check tool to
understand the availability of overall financial possibilities to the client.

C9 and C10 were both happy about the innovativeness of the concept. Their concern
is how to reach the level of capability in practice. C11 sees this as a homeowner-centric
approach rather than a property-centric approach. Retrofit is partly a technical problem and
also a social problem. C12 was happy to see how the neighbourhood approach (localising
the one-stop shop to a small geographical area) has been creatively used to improve the
homeowner’s trust. C14 gave the idea of giving a “sustainable house” digital badge to
share on social media after completing a successful online retrofit assessment. This will
encourage them to engage further and spread the message to their social network.

4.2.2. Awareness

The participants generally agreed that the solution would help improve homeowners’
awareness of housing retrofitting. Two of them were unhappy about the capability as they
could not understand the performance with just a specification for an information system
without an actual system. Some participants argued that the best tool to improve awareness
is not an information system. They believed it was the best way to do this in person. For
example, C9 believed the best way to raise awareness is through people. This is a part of
the awareness-making process, but not the whole. The participants who were happy about
the system acknowledged that the presented capability would help to improve retrofit
awareness, considering the limitations of an information system.

C1 recommended presenting the resources of the awareness section as blogs, which
will allow users to comment and share. This will improve the interaction between the
system and the users. C4 also stated a similar idea while C13 recommended adding videos,
animations, and infographics to convey information in a more user-friendly way. If the
resources related to retrofit awareness can be shared on social media, it will help to spread
the message. Further, if these posts can be commented on and rated, that will improve user
interaction and system interaction. C6 recommended starting awareness from a problem of
the user, which triggers the need for upgrades and continues to other areas. In line with
this, C13 recommended taking first-time users through a guided walkthrough of the houses
related to retrofit measures. C8 highlighted the need for a proper strategy to attract traffic
to the information system. Collaborating with similar groups, projects, and organisations
might create win-win situations.

C10 said that the system should make people aware if they use it. However, she
is worried about how to drive people into the system. C12 highlighted the need for
information to be simple and digestible to the homeowners. C13 and C15 recommended
having an interactive tool to visualise the application of retrofit measures to the house. For
example, the difference it makes when selecting between a gas boiler and a heat pump.
C12 is happy with the existing level of information available in the system. C12 further
said that it is essential to show the users what they will achieve with this system. In this
case, more KPIs (Key Performance Indicators) are better to include to show the potential
improvement clearly.
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C15 commented that the solution needs to highlight the benefits of heat pumps, as this
will be a key driver of retrofit. Further, a “myth buster” is required to remove the myths
related to heat pumps and retrofit in general. C16 also proposes a similar idea, as people
may not properly understand the benefits and functionality of insulation, which is also a
key part of retrofit.

4.2.3. Option Evaluation

The participants recognised the function of option evaluation as a key aspect of the
proposed system. It generally received higher ratings from the participants. C1 said
presenting retrofit measures all at once is unattractive and can be too much for the user to
digest. In this case, it is better to categorise them for easy digestion, e.g., in an insulation
category or renewable category. Further, she recommended that benefits be presented as
life cycle benefits to make them more meaningful. C6 recommended ensuring that the user
can improve the accuracy by inputting more accurate house details. Real estate websites
can be a good data source, especially for floor plans.

Without handling the contractor and material prices by this system, outsourcing that
part to a comparison site such as MoneySupermarket.co.uk (accessed on 26 March 2025) or
Confused.com (accessed on 26 March 2025) was recommended by C6. These comparison
sites already have a large user base and are already in a particular business model. As
such, the proposed system can use their expertise and resources to make the process more
efficient and attractive. Further, the system will reach a broader audience. C8 pointed
out that most people in this system may not be eligible for government grants. In this
case, it is essential to let them work out their financing strategy with accurate and reliable
information. According to C10, getting real-time quotations from the installers using unit
rates will not be practical. The first problem is the difficulty of understanding the house
without an inspection. The second problem is that installers will not bother updating their
prices and availability just to generate quotations.

C9 recommended improving the relational aspect more, if possible, while C11 recom-
mended improving the technical side of retrofit, although they did not provide specific
examples. C15 also highlighted the inadequacy of technical information related to the
retrofit options. For example, the influence of building fabric measures on the heat pump
efficiency. He further recommended including a suitability assessment for heat pump
compatibility. C14 noted the importance of showing available retrofit grants for different
measures, as some grants only apply to specific measures, e.g., a boiler upgrade scheme. It
is also important to show the applicability of Value-Added Tax (VAT), as some products
are VAT-free for retrofits, but some are not.

4.2.4. Lead Generation

One of the main objectives of the system is to generate leads. That means a user
escalates their interest in a professional retrofit assessment by appointment with a retrofit
assessor. This can be called a lead. When the retrofit assessor makes a professional retrofit
assessment, data on the house, occupant, and risk information becomes available. This
data can be stored in a repository such as the TrustMark data warehouse, similar to the
concept of a building renovation passport. This was one of the recommendations made by
the Each Home Counts report in 2016 [72]. The most important aspect is that the data will
be machine-readable and sufficient to make mass-scale and individual retrofit strategies.
For this reason, even if the user decides not to proceed with the retrofit option initially,
the data will be essential for future retrofit drives. As there are already systems available
to handle the project management part once the professional retrofit assessment is done,
the scope of this system stops when the user passes the lead to the retrofit assessor. The
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evaluation question asked participants how they see the potential of lead generation by
this proposed system.

Generally, the participants agreed that the lead turnover would be increased if the
assessment were given for free. This is decided by the literature as well. Further, the
user should not be obligated to retrofit their house by calling a professional for a retrofit
assessment. Technically, if there is no obligation to retrofit and the evaluation is free, there
is a better chance for a client to proceed with a professional retrofit assessment. C4 and
C13 said it is better to give points to user interactions. For example, the user can be given
points to complete retrofit awareness activities, generate retrofit option evaluations, and
input more precise data to improve the system’s accuracy. Users will be eligible for a
free professional retrofit assessment after accumulating several points. Otherwise, they
will have to pay. This might motivate people to engage with the system and contact a
retrofit assessor. According to C8, there will be an apparent demand from a particular
breed of people who always look out for energy efficiency, health, comfort, sustainability,
and similar topics. Some other segments will not find much interest in the concept.

Irrespective of the system’s performance, a segment will not go for a professional
retrofit assessment. C9 and C11 agreed with this. Contrastingly, C10 was highly prospective
about the lead generation. A similar system owned by C10′s company gets one lead
generation out of five registrations. In this case, it will work depending on the assessment
fees. C12 highlighted an important aspect. She said the hassle involved with the retrofit
options needs to be communicated to the user, apart from the disruption. This was not
thought of earlier in the solution design. C14 and C16 emphasised the importance of giving
an initial free retrofit assessment to attract clients. C13 and C15 proposed to show the
credentials of the retrofit professionals to build the trust of the users. This can be combined
with a link to their portfolio of retrofitted projects.

4.2.5. Demand

Although the solution is innovative, resourceful and helpful in retrofit decision-
making, the intended audience may still not demand it. Considering this, the participants
were asked how they saw the potential demand for this concept. The general feedback was
positive. Interviewees agreed that there will be a future demand for these technological
solutions due to the importance of climate change priorities. The information system has
not been built in the real world, so the participants struggled to brainstorm the model
context and how attractive it could be. It was clear that there is a demand for a potential
solution to the problem of retrofit decision-making that helps homeowners. The question
was how close this information system is to the ideal solution.

C1 highlighted the importance of emphasising the benefits more. A comparison
between the existing and post-retrofit performance will show a clear justification for the
homeowners to proceed with the housing retrofit. This will help homeowners understand
the need for a housing retrofit. Some homeowners think they already live in a good-
performing house, although it is a poor-performing house. Further, C2 recommended
finding the unique selling proposition of the proposed system. A product’s unique selling
proposition is its value, which a competitive product does not have. C4 also presented a
similar idea. He asked to find a “wow” factor in the solution, to which the users would say
“wow” over other products. According to the concept of a unique selling proposition, it
can be argued that this system has all the information under a single point of contact. In
addition, this system has considered extreme personalisation according to the house and
the client.

C3 recommended improving the attractiveness of the information system by adding
coloured graphs and tables. C5 said that the idea is clear, friendly, and straightforward.
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In this case, it is essential to maintain that level of simplicity without putting too much
information. C5 believed a medium level of information is more than enough. This was
endorsed by C8, C15, C16, and C12 as well. C7 said it would be better to emphasise the
benefits, especially the financial ones. The general idea of the interviewees is that it is
difficult to understand the demand as it depends on the attractiveness of the information
system. No doubt, the solution has a demand. To improve the demand, the information
system needs to be highly attractive.

C9 had no issue with the demand. She thought the information system will be in
demand only from a particular segment of people. According to C10, the demand from
the stakeholders has not picked up so far for their digital one-stop shop solution, although
the users are delighted with it. There will be a demand, but it may take time. The solution
needs to come with policy support. C11 warned that the developers would have to do
many things regarding the infrastructure outside the system to make the concept a reality.
That means the required background is not there yet. This was agreed by C16 as well. Some
people may still prefer to do things in the old-school way. For example, they may rely on a
professional to decide on insulating a solid wall rather than asking ChatGPT 3.5.

4.3. Comparison with Existing Models

No hybrid one-stop shop solutions were found in the UK that were similar to the
proposed solution. In this situation, a desk study was conducted to find online decision
support systems in housing retrofit for homeowners. A similar study conducted by Seddiki
et al. (2021) also referred to understanding the nature of the existing retrofit decision
support systems [73]. Apart from the EPC report, three retrofit decision support systems
for non-technical users were found in the UK context [51]. One is “EcoFurb”, developed by
Parity Projects. This system uses the EPC database, Ordinance Survey maps, and its own
cost databases to generate personalised housing retrofit recommendations [71]. Another
system developed by Energy Savings Trust is called the “Home Energy Saving (HES)
Tool” [74]. The third information system is “Snugg” [75]. All the above systems share the
same level of capability. On the positive side, their use is straightforward, nice, and simple,
but more powerful than the EPC report. Table 5 compares and contrasts these systems, the
proposed solution, and the EPC report.

Table 5. Comparison between existing systems and the proposed artefact.

Capability EPC Report EcoFurb HES Tool Snugg Proposed
Solution

1 Ability to personalise
retrofit options. - Available Available Available Available

2 Recommendations for
the retrofit packages. Available Available Available Available Available

3 Simplicity and a
user-friendly interface. Available Available Available Available Available

4 Actual quotations and
up-to-date information. - Up-to-date

info.
Up-to-date

info.
Up-to-date

info. Available

5 Finance & grant
eligibility. - - - Partially

available Available

6 Quality of the retrofit
measures and products. - - - - Available



Architecture 2025, 5, 40 21 of 27

Table 5. Cont.

Capability EPC Report EcoFurb HES Tool Snugg Proposed
Solution

7
Facilitating social

interaction through
the system.

- - - - Available

8
Retrofit champion
concept to deliver
hybrid solutions.

- - - Supported Available

9
Client interface to

monitor the progress of
the retrofit.

- - - Partially
available Available

10 A diverse range of
stakeholders. - - - Contractors

only Available

Table 5 shows a comparison between existing systems and the proposed artefact. By
looking at the above comparison, generally, all the solutions provide personalisation of
retrofit options (except the EPC report), recommendations for retrofit measures, and a user-
friendly, simple interface. The proposed one-stop shop solution has incorporated several
advantages over similar existing systems. Although some systems provide estimates with
up-to-date prices, none provide actual quotations over estimated quotations. This would
be a key competitive advantage of the proposed solution and a key driver of success. This
will also be a considerable challenge.

No solutions mentioned the quality assurance of the retrofit measures, compliance
with regulations and certifications, and quality of the products and services. Further, none
of the solutions facilitates social interactions through the information system. For example,
if a client could see who else has retrofitted their houses in their neighbourhood, that
would encourage them to contact these people outside the information system. These
two recommendations are essential to make the solution successful. Due to this robust
option evaluation, the proposed solution can be used as a supporting online platform for a
retrofit champion to help others in need.

There are diverse stakeholders in the retrofit process, and they can have different levels
and interactions with a client’s retrofit journey. The proposed solution is recommended to
consider these stakeholder engagements deeply and facilitate them. In this way, an interface
to the client will show the progress of the retrofit journey through the information system,
providing the true meaning of a single point of contact. According to the stakeholder power
influence matrix [76], the client can be considered a key stakeholder, and keeping them
updated and closely managing them are key requirements.

4.4. Way Forward

Selected existing retrofit decision support solutions for this study have not reached a
satisfactory level to create an impact. The literature suggests that there are no satisfactory
retrofit decision support systems, even globally. The existing systems have a basic level of
functionality [73]. The proposed one-stop shop solution will provide an online platform to
deliver integrated retrofit solutions to clients while providing a hybrid approach with the
help of retrofit champions. The hybrid delivery method will be helpful for clients without
computer literacy or accessibility to the internet. Although this solution has outlined
the concept theoretically with a framework and empirically with the system requirement
specification document [62], there will be a considerable amount of work to develop
the solution practically. The interviewees said a higher infrastructure level is needed to



Architecture 2025, 5, 40 22 of 27

make this solution successful due to certain features; for example, the provision of actual
quotations over estimates. Further, this solution will require the contribution of several
stakeholders, such as finance partners, government institutions, contractors, professionals,
or the supply chain. Getting their active involvement will be challenging.

This solution is intended to be promoted by the government. Accordingly, this one-
stop shop can be provided to clients free of charge, without any conflict of interest. First,
the solution is expected to engage clients in the formal retrofit process and keep them
informed during the project’s progress. Secondly, the solution should collect data on the
housing stock and client behaviour in housing retrofit. This will help the government to
make better policy decisions. A contractor can develop this system and use it to attract
business to their company. A potential investor can also establish a system to earn income
through referral commissions. The profit-oriented scenarios may pose challenges due to
the possible conflict of interest of the promoters. For example, contractors are perceived by
clients not to work in their best interest but to maximise their profits.

5. Conclusions
Although the required technology, supply chain, and financing could be facilitated,

without the positive engagement of the clients, it would not be easy to promote retrofit
at scale. Due to the number of houses to retrofit and the limited time to do that, urgent
strategies will be required to deliver retrofit at scale, not only in the UK but also in the
global context. Currently, the PAS 2035 specification and relevant online solutions have
paved the way for the delivery of project management aspects of retrofit projects in the
UK. Still, there is no technological interface to bridge the gap between the client and the
retrofit professional, which can facilitate retrofit at scale. Although some online and offline
solutions are available, they are far behind in making a considerable impact. By considering
the above, a model was developed using design science methodology to propose a one-stop
shop solution to deliver housing retrofit at scale. It will work as a bridge between the client
and the other retrofit stakeholders by providing a single point of contact throughout the
retrofit process.

One of the solution’s key highlights is the hybrid approach of a one-stop shop. This
will make housing retrofit at scale more cost-efficient. The one-stop shop has no physical
location, but it is facilitated via a retrofit champion, who can even be a non-technical person
interested in promoting retrofit. The other essential recommendation is to provide actual
quotations to the clients. The ideal promoter of the one-stop shop will be the government
or an entity funded by the government. Profit-oriented models may lose clients’ trust due
to the perceived conflict of interest. According to this study, the technology required to
deliver retrofit at scale is already available. The required supply chain, skills, and funding
can be facilitated. Now, it is time to improve them to a level that can make an impact,
engage residents, and, most importantly, put them in the right combination.

Supplementary Materials: The System Requirements Specification document can be downloaded at:
https://doi.org/10.5281/zenodo.15088998.
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Appendix A Details of the Interviewees

Category Position Organisation Expertise Education

1 C1 Academia/
Research PhD student University in UK

Sustainable
construction and
smart building

Masters

2 C2 Software
engineering

Software devel-
oper/Academic College in UK

Software
development and

business
management

Masters

3 C3 Software
engineering Data scientist GIS company Data science and

GIS Masters

4 C4 Construction
industry

Engineering
assistant

Government
department

Civil and building
construction Masters

5 C5 Clients Homeowner A local business Banking and finance Diploma

6 C6 Academia/
Research Researcher University in UK Design science

research PhD

7 C7 Academia/
Research PhD student University in UK

Sustainable
construction and

project management
Masters

8 C8 Retrofit project
delivery Project manager Local authority Retrofit project

delivery Bachelors
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Table A0. Cont.

Category Position Organisation Expertise Education

9 C9 Academia/
Research Lecturer University in UK Sustainable housing PhD

10 C10 One stop shop Business
development lead

Innovation startup
in Scotland Sales and marketing Unknown

11 C11 Academia/
Research Professor University in UK Energy efficiency

and retrofit PhD

12 C12 Academia/
Research Policy expert

Climate and energy
policy research

institution in EU

Homeowner
engagement with
housing retrofit

PhD

13 C13 Regulations Building surveyor Local authority in
UK

Building surveying,
planning, and

building control
Bachelors

14 C14 Finance Financial advisor
A company

helping businesses
to level up

Business
management and

sustainability
Masters

15 C15 Contractors Electrical engineer
A heat pump
installation
company

Mechanical,
electrical, and

plumbing
engineering

Masters

16 C16 Contractors Supervisor

A company
engaged in
residential
insulation

All types of
insulation and

minor residential
works

Unknown
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