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This study explores the role of thermal comfort in UK retrofit practices through the perspectives of practitioners.
A survey of 29 professionals, including engineers, architects, and policy consultants, was conducted to gather
data on their priorities, methods, and challenges. The survey included multiple-choice and open-ended questions,
analysed using descriptive statistics and thematic analysis.

Results indicate that energy efficiency and thermal comfort are top priorities for practitioners, but there is an
identified gap between these priorities and their practical implementation. Challenges include cost-effectiveness,
resident engagement, and balancing heritage conservation with energy efficiency. The study highlights the need
for implementation of standards and methodologies to better integrate thermal comfort into retrofit practices.
Addressing the identified gaps in practice requires a holistic approach, incorporating user perspectives and
adaptive comfort principles to enhance retrofit outcomes and occupant well-being to better support the
practitioners.

The study’s findings could have significant implications for policy and practice in the UK retrofit sector. For
policymakers, the results provide evidence for the need for comprehensive standards or process design for
thermal comfort within energy efficiency interventions and other criteria that practitioners have recognised as

important.

1. Introduction

The climate crisis is one of the most important challenges of our time,
demanding an immediate societal transformation in how we adapt
buildings and manage energy use for the future climate conditions. In
Europe, buildings are responsible for 36 % of the GHG emissions [1]. In
the UK, they are the second largest source of emissions. As part of its
mitigation strategy, the UK government has prioritised energy retrofit-
ting to achieve an 80 % reduction in carbon emissions by 2050 [2]. The
Committee for Climate Change estimates that there are still 29 million
homes that require retrofitting [3]. However, the current retrofitting
rate (less than 1 % of the existing building stock) is insufficient to meet
net-zero targets [4]. To make a significant impact and reach these goals,
retrofitting efforts must be amplified tenfold [5]. Upscaling retrofit ef-
forts should involve not only increasing the number of retrofitted
buildings but also improving the quality and standards of those retrofits
[6].

While it is crucial to emphasize the quality of retrofits to minimise
the ‘performance gap’ between design and energy performance and
achieve the necessary reductions in energy and carbon emissions [7-9],

it is equally important to acknowledge that previous retrofit measures
have primarily focused on energy reduction. This narrow focus often
results in the neglect of other essential aspects, such as users’ needs,
health, comfort, and heritage values.

Interventions for energy efficiency alter the entire balance of a
building, including its envelope, services, and the way users interact
with it. While retrofitting is considered essential, studies have uncov-
ered several unexpected outcomes linked to these interventions. Some
outcomes are positive, such as noise reduction and improved acoustics.
However, other interventions have led to undesirable consequences that
can pose risks to the health and quality of life of occupants [10]. For
instance, a national funding retrofit scheme in Caerau, Wales, left resi-
dents in worse conditions than before, with issues such as structural
damage, mould growth, and poor thermal comfort levels, requiring
additional funding for remediation [11]. Incorrect interventions, such as
the use of incompatible materials, can disrupt the balance of a building,
leading to moisture-related problems. Excessive humidity levels can
cause mould growth, which not only damages the building fabric but
also poses health risks to occupants. Moisture problems and the asso-
ciated risk of mould growth can extend to neighbouring homes.
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Traditional retrofit strategies can sometimes prove even counter effec-
tive, leading to increased energy consumption. The expected energy
savings from enhancing building energy efficiency are often diminished
or entirely negated by changes in occupant behaviour or other systemic
responses, a phenomenon known as the Rebound Effect [12]. This can be
attributed to incorrect or unrealistic initial assumptions, such as
assuming the pre-retrofit home was already comfortable, which leads to
underestimating the anticipated energy use. The last years, in the UK,
PAS 2035, a Specification for whole house retrofit was introduced, to
improve the quality in energy efficiency measures in buildings and
tackle the performance gap [13].

The difference between expected and observed energy use (the per-
formance gap) can be as high as 35 %, attributed to the adoption of a
rigid techno-economic approach to retrofitting and the application of
the limiting international standards for thermal comfort. The common
assumption that occupants will use the dwelling, and the technologies as
‘intended’ after the retrofit, although dominant in practice, has been
proven false [14]. Additionally, documented differences in the un-
derstandings of thermal comfort between experts, such as building en-
gineers, architects, and government regulators and users, have
contributed to the energy performance gap [15]. Focusing on these
differences, researchers argue that a ‘one-size-fits-all’ approach to
thermal comfort potentially underestimates other critical motivations,
such as domestic well-being, health, control, familiarity, tradition, costs,
and beauty, which influence energy demand and daily energy practices
[16,17]. In recent years, researchers have suggested that energy retrofits
should not be considered solely as interventions to the building envelope
but should also account for thermal comfort practices [18]. Therefore,
more research is needed to understand how thermal comfort practices
change pre and post retrofit projects and how professionals currently
integrate thermal comfort into retrofit design.

However, the incorporation of user experience becomes more chal-
lenging, as recent research has identified significant information
asymmetries between households, professionals, and policymakers,
which hinder effective decision-making and user engagement in retrofit
projects. These gaps often result in mismatched expectations, reduced
trust, and suboptimal outcomes [19]. In response, participatory models
and tools (technical or not) such as Building Information Modelling
(BIM), co-design strategies, and improved communication channels
have been proposed to support early-stage identification of user needs
and values [20]. For example, evidence from higher education building
retrofits further supports this approach, showing that involving end
users in the design and evaluation process enhances satisfaction, us-
ability, and long-term performance of retrofit interventions [20]. These
inclusive strategies not only enhance the social value of retrofits but also
help bridge the persistent performance gap between design intentions
and real-world outcomes.

In some specific settings, such as retrofitting for residents experi-
encing fuel poverty, specific aspects like thermal comfort becomes even
more critical. The widely adopted cost-effective methodology for energy
retrofitting, which calculates cost effective levels of minimum energy
performance requirements for buildings and their elements, has been
proven ineffective in addressing the needs of fuel poor households. This
methodology typically determines the optimum retrofit package for
each case and is often combined with deep and large-scale retrofit so-
lutions. However, when multiple factors, such as occupant behaviour
and environmental indicators, are considered, the optimal solutions
identified with this methodology change considerably. To address this
limitation, an alternative methodology was developed by Vilches et al.
[21]specifically for social housing. In this approach, thermal comfort is
prioritised as the primary criterion, with the budget for monthly energy
bills as the secondary consideration.

Supporting this argument, Desvallées [22] emphasises the need to
distinguish thermal comfort practices that come from cultural norms
and those resulting from financial deprivation. They suggest conducting
in situ pre-retrofit assessments of user consumption profiles, including
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thermal comfort, monthly expenses, and the fulfilment of social needs.
These assessments can establish context-based indicators of energy
poverty situations, which can inform the design and evaluation of ret-
rofitting policies based on real user profiles, helping prevent issues like
the rebound effect.

UK retrofit efforts have mainly focused on the social housing sector
[23]. Social housing residents are more vulnerable to fuel poverty and
thermal comfort stress (indoor cold strain) than those in other sectors.
However, typical retrofit design assumptions are not directly applicable
to social housing retrofits. Teli et al. [24]have shown that typical indoor
thermal conditions used in building energy modelling do not represent
the conditions in social housing. Moreover, they argue that even if tar-
gets for CO; reduction are not achieved through retrofitting, the social
impact of these retrofits could be much greater and more critical than
assumed. In addition, other researchers have argued that direct in-
centives for retrofit schemes in social housing have great social and
health benefits. Improved indoor comfort conditions positively affect
individuals’ health and social life and can be translated into economic
relief for the National Healthcare Service [25]. Similarly, thermal
comfort is critical in the energy retrofit of care homes, as older adults are
particularly vulnerable to thermal and relative humidity conditions and
are more prone to temperature-related illnesses. In this context, thermal
comfort should be considered not only as an indicator of retrofit success
but also associated with health.

Focusing on retrofit practitioners is essential for the success of large-
scale energy efficiency interventions. These professionals, such as ar-
chitects, engineers, coordinators, installers and consultants, are the ones
who translate national climate policies into practical, on-the-ground
actions. Their decisions directly shape retrofit outcomes, influencing
not only energy performance but also occupant comfort, health, and
satisfaction. The development of the UK Government’s Warm Homes
Skills Programme is evidencing the critical role of retrofit professionals
by investing in their training to expand the sector’s capacity and ensure
high-quality, standards-aligned retrofit delivery [26]. Despite this
pivotal role, their perspectives are often underrepresented in retrofit
policy and research [4]. Recent research has begun to address this gap
by exploring the capabilities of practitioners in domestic retrofits [27],
the barriers and opportunities they face [28], and their motivations for
integrating energy efficiency into routine maintenance and repair work
[29]. These insights reveal that practitioners are not just implementers
but also key decision-makers who must navigate complex trade-offs
between cost, heritage preservation, user needs, and technical feasi-
bility. Moreover, international research shows that even when pro-
fessionals recognise the value of new tools, adoption is often hindered by
institutional and policy limitations [30]. Understanding and supporting
the role of practitioners is therefore critical to closing the performance
gap, improving retrofit quality, and ensuring that retrofit strategies are
both scalable and user-centred.

Building on the outcomes of those studies, this paper aims to explore
how retrofit practices consider thermal comfort, using the UK context as
a starting point to illustrate broader trends and challenges in retrofit
projects. The study presents the practitioners’ priorities, key outcomes,
retrofit assessment criteria and methods, as well as the concerns and
challenges that retrofit practitioners face. The insights from this paper
could be used to deepen our understanding of how retrofit professionals
operate, identify potential points of intervention, and a good base to
develop tools to support their work, based on their own needs. This
paper offers the professional perspective. Including the perspective of
practitioners in a broader conversation with researchers, building users,
and policymakers could help identify points of alignment and
misalignment, as well as opportunities to upscale the retrofit process.

2. Methodology

To understand the role of thermal comfort in retrofit practice in the
UK context, an online survey was created using Opinio software [31].
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The focus, the questions and the possible answers given to the partici-
pants were based on relevant literature, which included policy and
strategy national documents, standards and frameworks, academic
research papers on retrofit practice and professionals, as well as pro-
fessional reports, described in more details in the Table 2.1 below:

A survey was chosen as a research method, as it provides a consistent
way to ask questions, ensuring that all respondents are given the same
information and options. In addition, it can offer participants anonym-
ity, which can lead to more honest and accurate responses, and it is
important as our sample is consisted of professionals [40].

2.1. Survey description

The survey employed a mixed-methods approach, incorporating
both quantitative and qualitative question formats. As detailed in Ap-
pendix A, it included multiple-choice items, Likert-scale questions, and
open-ended questions. A five-point Likert scale was adopted to enhance
respondent engagement and reduce measurement error by offering a
neutral midpoint, consistent with established methodological recom-
mendations [41,42].

The survey first gathered demographic and professional background
information, including participants’ educational qualifications, profes-
sional certifications, current roles in retrofit projects, and specific in-
terests in the field. To assess experience, respondents were asked to
indicate the number of retrofit projects they had undertaken and the
years of their involvement in the sector. Further questions explored the
typology of buildings retrofitted and the geographical distribution of
these projects across the UK.

Open-ended questions were also included in the survey, where par-
ticipants could elaborate on their responses, introduce additional per-
spectives, and incorporate their own priorities, success indicators, and
perceived challenges.

Finally, technical and supply chain issues that were identified during
the literature review, they weren’t considered in the survey, as they
have been explored in detail in other research studies [43,44].

Table 2.1
Key UK Retrofit Policies, Frameworks, and Academic Contributions.

Title/Source Description/Focus

National Retrofit Strategy [32] It describes a 20-year plan for UK home
retrofit, policy pillars, skills, priorities,
finance, quality, and leadership
National policy on decarbonizing heat,
funding mechanisms, and retrofit targets

Sector roadmap for net zero, retrofit

Heat and Buildings Strategy [33]

Net Zero Whole Life Carbon Roadmap

[34] targets, success metrics (EPC, bills,
emissions)
Future Homes Standard 2025 [35] Upcoming low-carbon heating/building
standards

PAS 2035/2030 Retrofit Standards
Framework [13]

UK technical retrofit standard: whole-
house approach, occupant comfort,
heritage, safety, risks and compliance
Mandatory quality assurance for
government-funded retrofits

Holistic, risk-based, fabric-first, system-
wide approach on four pillars
considering building, occupants, context,
services

TrustMark Quality Framework [36]

Whole House Retrofit Framework [37]

Residential retrofit in the climate
emergency: the role of metrics [38]

Opportunities and barriers to business
engagement in the UK domestic
retrofit sector: an industry perspective
[28]

Retrofit Revealed [39]

Metrics for retrofit success: energy
savings, occupant well-being, trade-offs
Barriers: supply chain fragmentation,
skills, finance; business perspectives

Analysis of 37 retrofit projects,
referencing success factors: engagement,
airtightness, cost, CO, reduction

Energy & Buildings 347 (2025) 116288

Table 3.1
Table of Participants Characteristics: Role, Education level, number of retrofit
projects, years of experience.

Role Education Number of Years of
Projects Experience
RC = Retrofit Ms = MSc, MEng a=1-2 N= Number of
Coordinator projects years of experience
RD = Retrofit Ph= PhD b=25
Designer projects
R = Researcher Ri = Riba 2, 3 ¢ = more than
5 projects
H= Heritage PC=Professional
Certification
SR= Standards,
Regulations
0= Other

2.2. Survey distribution & sample size

Participants were recruited through emails with a snowball sampling
method, whereby existing participants recommended others. This is an
approach commonly used in socio-technical studies on retrofitting and
energy efficiency perceptions [45,46]. The sample consisted of pro-
fessionals such as engineers, architects, policy consultants, and heritage
specialists, all of whom had documented experience in the UK retrofit
sector. The final sample size of 29 includes professionals engaged in
various aspects of retrofitting across the UK, from research and design to
implementation, scaling, and heritage building guidelines.

Due to the focus on professionals, the study prioritised qualitative
depth, employing a mixed-methods questionnaire that included
multiple-choice, scale-based, and open-ended questions. Optional
comment sections in all questions allowed participants to elaborate on
their responses, enriching the qualitative data. The sample size was
anticipated due to the professional capacities of the participants and
aligns with comparable studies in the field [27,28,47,48]. Due to
snowball sampling method, only six incomplete responses were
observed, which were excluded from the analysis.

2.3. Survey analysis

Quantitative data from multiple choice questions and scales were
analysed using descriptive statistical methods. The data were presented
based on mean values and the spread of the answers was included too as
it provided additional information (Table 3.2). Additionally, cross-
tabulation (Table 3.3) was conducted to understand the relationship
between the role of the participant and their priorities.

Comments and open-ended questions have provided vast qualitative
data. They were also presented in the results and analysed thematically
to support the quantitative data. In the open-end questions, participants
expressed their sentiments, concerns, perspectives and experiences.

The results of this study, when compared with the existing literature,
enable an overview of the current practices and challenges in retrofitting
in the UK context. This comparison can help identify gaps in policy or
research and highlight opportunities for future improvements in retrofit
strategies.

3. Results
3.1. Practitioners’ background and personal interest to retrofit

Figs. 3.1 and 3.2 presents the respondents’ roles, experiences in the
built environment and the retrofit sector and educational background
and certification. In general, the participants’ responses are diverse,
reflecting a combination of personal values and professional motiva-
tions. The participants’ experience and qualifications varied widely,
reflecting a diverse range of backgrounds, expertise, and roles. Most
participants are highly qualified, with the vast majority of the
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Table 3.2
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Overview of the survey results with a chart and heat map for the prevalence of answers.

Prevalence of Answers
More than 20 Participants
Between 11-19 Participants

Less than 11

Mean vote

Energy Use

Thermal Comfort
Heating/Cooling

Change of Ownership

Priorities

Heritage Values

Aesthetic/ Values
Property Value
1AQ

Thermal Comfort

1AQ

Reduced Energy Bills

Reduced Use of Fossil Fuels

Indicators

Future Climate Conditions

Retrofit Success

Aesthetics
Building Usability

Energy Cost

Energy Use
Ventilation & IAQ

Thermal Comfort
U-Values

Post Retrofit
Assessment

Installation of Intervention
Compliance

Dealing with people

Cost effectiveness
Conservation Restrictions

Challenges

Availability of Technology
Technical Implementation

Understanding the Technical Risk
Standards

Moisture

Materials

Tools for Design

Change over time

Heritage Protection
Regulations
User Involvement

Priorities

Table 3.3
Mean thermal comfort priority for each professional role.

Professional (1-5) Comment analysis per role

Role

Retrofit 4.55 Generally focused on energy efficiency
Coordinator [4,4,4,4,5,5,5,5,5] and environmental concerns.

Retrofit 4.16 Some mention thermal comfort as a top
Designer [3,4,4,4,5,5] priority, and some do not.

Researcher 4.8 Focused on performance gap and comfort.
[4,5,5,5,5]
Heritage 5 Strong emphasis on preserving vernacular,
[5,5] ecological, and traditional features.
Comfort is also mentioned as a top
priority.
Standards/ 5 Emphasis on compliance and quality,
Regulations [5,5] including comfort and heritage.
Other 4.8 -
[4,5,5,5,5]

practitioners to have considerable practical experience. In detail, six
participants (20.68 %) mentioned having over 15 years of extensive
experience in the field. Respondents have held various roles and
possessed formal qualifications such as PhDs, MSc or MEng in fields like
architecture, civil engineering, or environmental design. Additionally,
eleven participants hold professional certifications, including from:
Chartered Institution of Building Services Engineers (CIBSE) [49],
Chartered Engineer (CEng) [50], International Performance Measure-
ment and Verification Protocol Certification (IPMVP Certification) [51],
Building Research Establishment Environmental Assessment Method
(BREEAM) Certification [52], Standard Assessment Procedure (SAP)
[53], Royal Institute of British Architects (RIBA part 2 and part 3) [54],
and Passivhaus certification [55].

Fig. 3.1. Schematic Overview of Participants Characteristics: role and
experience in retrofit projects.

Table 3.1 outlines a coding system used to link participants’ attrib-
uted characteristics to their corresponding quotations.

In the case of special interests in retrofitting, respondents’ motiva-
tions can be grouped into three main areas: environmental impact, social
values and improving retrofit.

The most common reason cited for working in the retrofit sector was
related to its environmental benefits (n = 8, 27.59 %). Respondents
mentioned ecological concerns including the reduction of carbon
emissions and the improvement of energy efficiency. For instance, one
participant, who worked as a retrofit coordinator expressed their per-
sonal interest in the positive impact of buildings retrofitting, stating:

[RCRiPCc] ‘Global energy efficiency and reduction of CO;
emissions’.

The social value of retrofitting emerged as another key area of in-
terest (n = 6, 20.68 %). Participants highlighted issues such addressing
energy poverty, improving the housing stock, and improving residents’
living conditions as primary motivation for retrofitting buildings. This
was particularly significant for retrofit coordinators working in archi-
tectural practices, who often have roles as designers and/or researchers.

Some participants expressed a specific interest in improving the
retrofit process and expanding knowledge in this field (n = 4, 13.79 %).
The interest ranged from practical, everyday improvements to more
institutional level changes.

[RPhCPhc] ‘My focus work is measuring buildings performance to
inform and validate retrofit’.

[RPh45] ‘Set up and led the ... Group, with a particular emphasis on
energy utilisation in existing buildings and communities’.

This emphasis on retrofit quality can be attributed to extensive
experience of most participants and their roles in the retrofit process,
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Number of participants by role and retrofit experience

5| WM Heritage
B Other
I Researcher
W Retrofit Coordinator
Wm Retrofit Designer
4- mmm Standrads/ Regulation
2
c
[
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S 34
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W
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1-2

2-5 more than 5

Number of retrofit projects

Fig. 3.1. Schematic Overview of Participants Characteristics: role and experience in retrofit projects.

Number of Participants by Education Level and Certification

Certification
124 B Certified
Il No Certification
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©
Q
S 84
=
©
o
‘s
= 61
[V
Q
E
3
Z 4
2 -
04
[¥] [¥] [a)
8 g &

Education Level

Fig. 3.2. Schematic Overview of participants education level and professional
certification.

including designers, coordinators, consultants, and researchers. This
focus was particularly relevant to those involved in policy-related ret-
rofitting or the heritage sector, where expanding the definition of
retrofit was seen as crucial. For instance, participants mentioned:

[SR20] ‘Improving quality and knowledge’.

[HPh15] ‘Widening the definition of retrofit beyond the fabric first
mantra’.

The “Fabric first” approach, which prioritises improving the thermal
performance of the building envelope, has been widely implemented in
retrofit practices. However, its continued relevance has been questioned
by researchers [56]. Since 2012, heritage professionals have published
reports challenging the fabric first approach in the context of a historic
environment [57], advocating for a more responsible and context-

sensitive retrofit strategy-
3.2. Overview of the results

As can be seen in Table 3.1, the most important priorities in retro-
fitting, were ‘energy use’ and ‘thermal comfort’. Additionally, the most
important indicators of retrofit success were identified as ‘reduced energy
bills’, ‘improved thermal comfort’ and ‘indoor air quality’. However, when
assessing-post retrofit assessment outcomes, the most common criterion
was ‘energy cost’. In contracts, air quality and ventilation were consid-
ered as having medium importance, and thermal comfort was ranked
even lower.

3.3. Priorities, success indicators and challenges

3.3.1. Priorities

The results revealed that energy use and thermal comfort for occu-
pants were generally rated as very important (mean = 4.62), reflecting
the primary goal of retrofit professionals to improve energy efficiency
while ensuring occupant comfort. Cooling and heating savings and
change of ownership were also rated as important (mean = 4.08 for
both). The rating for heritage and aesthetic values varied (mean = 3.92),
suggesting differing perspectives on the importance of preserving orig-
inal building features and maintaining aesthetic value during retrofit-
ting. These differences seem to depend on the expertise and special
interests of the professionals.

[RCPCc] ‘For me retrofit is about energy efficiency and carbon
reduction. Everything else is refurbishment or renovation’.

In contrast, a participant specialising in heritage expressed a
different view on energy efficiency, emphasising the importance original
elements in traditional buildings, such as vernacular characteristics.

[HPh15] ‘The natural low-energy features of buildings, especially of
traditional construction. These should be understood in the retrofit
design, but they rarely are!’.

Increasing the property value (mean = 2.61) and indoor air quality
(IAQ) (mean = 2.07) were rated as less important by participants.

Table 3.3 above reveals that all professional roles rated thermal
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comfort as a high priority. Researchers and heritage professionals placed
the highest emphasis on thermal comfort (mean = 4.8 and 5 respec-
tively), often linking it to performance gaps and the preservation of
traditional building features in the comments. In contrast, retrofit de-
signers showed more variability in their responses, suggesting that while
thermal comfort is important, it may be balanced against other design
considerations in their practice.

In addition to the main factors, respondents also introduced several
other considerations, such as the importance of local building regula-
tions, the availability of skilled labour, and the impact of retrofitting on
the functionality of the building. Their answers can be summarised into
three main topics: a) sustainability and energy efficiency, b) policy and
financial incentives and c) practical considerations and client personal
motivations.

Participants also mentioned the health of residents, futureproofing,
property durability and the importance of maintenance. While policy
makers and retrofit coordinators mentioned practical and financial
factors as central to retrofitting, such as government funding schemes,
space upgrades and the disruption of resident daily life.

3.3.2. Retrofit success indicators

Participants also assessed the importance of retrofit outcomes.
Among these, improvement to thermal comfort was rated as the most
important indicator of success (mean = 4). This aligns with the retrofit
priorities discussed in the previous section. As one researcher
mentioned, achieving occupant comfort is key for a successful retrofit,
alongside implementing effective measures:

[R20] ‘Renovations that fail. Renovations that don’t achieve desired
values because of comfort claw back or changes in occupant behaviour
or a lack of robustness in the renovation measures’.

Reduced energy bills (mean = 3,82) and indoor air quality (mean =
3,86) were also ranked as important factors. Medium importance was
given to the reduction of fossil fuels use and future climate conditions,
while slightly lower importance was given to aesthetic parameters
(mean = 3,44), building usability (mean = 3,31) and historic preser-
vation (mean = 3,44). The three success indicators with the highest
mean from the participants are thermal comfort, reduced energy bills,
and indoor air quality. Other outcomes, such as reduction of fossil fuels,
addressing future climate conditions, building usability and historic preser-
vation were rated as less important on average. These results highlight
the complexity of the retrofit process, which involves balancing multiple
desired outcomes.

In the comments, participants also introduced additional parameters,
such as client satisfaction and financial savings, as essential for the success
of the retrofit projects and the advancement of retrofitting practices.
Participants expressed:

[RCRiPCc] ‘Unless the Clients/ Occupants feel that the retrofitting
exercise was worthwhile, then they will not help “spread the word “ to
others.’.

[RPhc] ‘Outcomes not as important as costs. Why retrofit if it never
pays back? Too expensive’.

These comments emphasise the various factors that determine the
success of retrofit projections on a larger scale. Success depends not only
the technical aspects of building practices but also on client satisfaction
and financial returns from retrofits. Participants emphasised that these
parameters are crucial for advancing the retrofit industry.

A retrofit coordinator (RCPCc) introduced additional factors, high-
lighting ‘reduced water use’ in addition to energy use key consider-
ations. Similarly, they commented about the future of retrofit,
mentioning factors such as ‘building Longevity’, ‘Ease of deconstruc-
tion’, ‘Embodied and Sequestered carbon’ and ‘Ease of maintenance. A
Retrofit Designer (RDPCc) also mentioned the ‘Longevity of building’.

These factors contribute to the sustainability, financial viability, and
user satisfaction of retrofit projects, making them essential for the future
of retrofitting. This feedback aligns with the broader findings, high-
lighting the need for a holistic approach to retrofitting that goes beyond
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3.3.3. Challenges

Participants were asked to select the most important challenges in
the retrofit process. The most selected challenge was dealing with people
(0.69). For instance, one participant highlighted the practical challenges
faced during retrofit projects:

[RDMsPCc] ‘Disruption to residents is one of the hardest things to
overcome. We might need to pay them to move out!".

However, engaging with residents was also viewed as a valuable
opportunity for gaining insights into retrofitting design.

[HPh15] ‘Challenges are opportunities, when it comes to dealing
with the householder! Where are the problems? How do they use their
building? My approach to retrofit is ’people-first’, definitely NOT “fabric
first’ 1.

The roles and responsibilities of participants significantly influenced
their perspective, particularly among professional in retrofit design and
heritage areas. Disruption to residents, especially in social housing, is
well-documented as a major barrier to retrofitting in the UK [58]. On the
other hand, residents of historic buildings often engage in energy effi-
cient conscious behaviours [59]. These different contexts may explain
the contrast of viewpoints of viewpoints on residents’ engagements in
retrofits: dealing with residents as a challenge for the completion of
retrofit or residents as an opportunity for knowledge exchange.

Cost effectiveness was another frequently mentioned challenge
(0.63). Financial concerns were a recurring theme in the survey re-
sponses. Some participants mentioned additional costs, such as reme-
diation costs implemented before any intervention, while others
highlighted broader issues financial savings and the need to explore no
economic incentives for retrofitting, health benefits. This is especially
relevant in fuel poverty retrofits, where incentives are more focused on
residents’ health and wellbeing than on direct financial gains.

[RPhc] ‘Existing homes need thousands of pounds of remedial make
good works before you can do anything. Too much damp, obstructions,
access issues, uncovering problems. Cost of these things can be as much
as the actual retrofit.’.

[RPhe] ‘Demand, no one wants to retrofit. Why should they? It
doesn’t make economic sense’.

Another highly rated challenge was conservation restrictions (0.55).
A few participants felt compelled to balance heritage conservation re-
quirements against energy efficient conservation (n = 3). This balancing
act between heritage preservation and energy efficiency in retrofit of
historic buildings was recurring in their case, showing the potential need
to broader discussions and potential solutions, or conservation guide-
lines aimed at heritage professionals.

[RCPCc] ‘We had to reduce energy efficiency measures to meet
heritage/ conservation requirements in many of our retrofit projects’.

[SR20] ‘The protection of historic fabric is essential and must be
considered to ensure there is no over-optimisation that leads to decay
and degradation of the building’.

[R20] ‘The detailed requirements of both proper retrofit and good
quality ventilation need to be part of the National conversation’.

Other challenges relate to the implementation process and technical
problems when designing retrofitting solution, particularly in the
context of ventilation systems, external wall insulation and window
replacements:

[RCc] ‘Normally (the challenge is) around EWI, so having options
that reduce carbon whilst employing other measures than EWI’.

[OMsc] ‘External wall insulation and window replacements are the
main challenges’.

The lack of suitable contractors and industry skills was also intro-
duced by participants in the comments as a challenge in the industry in
general.
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3.4. Retrofit assessment

Regarding the information participants gather before the retrofit to
inform or assess the design of projects, several aspects were mentioned.
The most common cited aspects were the history of the building and
known problems, which were often identified through visual inspections
and discussions with the clients. Additionally, infrared (IR) thermog-
raphy was widely used. For some, like one architect, understanding
building before retrofitting was crucial, as each case is unique.

[SR20] ‘It is important to capture the true context of a building
before deciding on the intended outcomes or energy reduction’.

In terms of retrofit monitoring spot measurements of temperature
and relative humidity were the most common (n = 6, 20.68 %), with a
few participants also measuring carbon dioxide (CO2) (n = 2, 6.9 %).
However, comments highlighted a recognised need for long-term
monitoring. While spot measurements and specific tests are important,
there is a need within the industry to complement them with long-term
monitoring to better assess the success of the retrofit and building per-
formance over time. Regarding methods of assessment, 35 % of partic-
ipants were aware of Building Performance Evaluation, (n = 7).
Researchers and performance evaluators mentioned additional methods
like air pressure testing for airtightness and measuring moisture content
in existing materials, which are often conducted for research purposes.

3.4.1. Retrofit process regarding thermal comfort

Thermal comfort emerged as one of the most critical priorities and
success indicators of retrofit. Nearly half of participants (48.27 %)
mentioned using thermal comfort approaches, guidance or standards,
with air (dry bulb) temperature being the most measured parameter. (n
= 5, 17.24 %). Alternatively, some participants adopt the Passivhaus
approach (n = 3, 10.34 %) to inform their projects, while others
incorporate user perception by asking about their thermal preferences
(n = 3, 10.34 %). Passivhaus approach was explicitly mentioned by
three participants, who highlighted the use of PHPP energy calculations
to set comfort conditions based on air temperature and to align them
with energy bills.

[RDMsPCc] ‘We use PHPP energy calculations to inform choices.
Typically calibrated against existing energy bills by adjusting the in-
ternal temperature assumptions’.

On the contrary, several practitioners emphasised the link between
user comfort and behaviour, noting efforts to’understand the users’ pat-
terns’. The subjectivity of thermal comfort was acknowledged twice
through a theoretical and a more practical perspective:

[SR20] ‘Building comfort is subjective, so it’s important to under-
stand the users and their preferences’.

[R20] ‘I tend to accept the clients own subjective view on comfort.
In terms of usability, I would consider the access and functionality based
on measured survey, followed by probing interview’.

Incorporating subjective thermal comfort assessments has been
mentioned as a strategy to lower the rebound effect in specific contexts,
such as social housing. However, there is sometimes a difference be-
tween the priorities of the client (owner, housing association, council)
and the user (resident, employee), which can significantly affect the
user’s subjective assessment of thermal comfort. For instance, clients
such as housing association may prioritise cost-effectiveness and energy
efficiency, leading to retrofit decisions that do not align with the user’s
comfort preferences. If users find the post-retrofit environment too cold
or too hot, it can lead to thermal discomfort and an unsatisfying indoor
environment, even if the retrofit achieves its energy-saving goals. This
shows the need for effective communication between retrofit designers,
clients, and users to balance energy efficiency, cost, and user thermal
comfort. Notably, 75 % of the retrofit designers and coordinators
mentioned that they communicate with clients/users during a retrofit
project. However, there is an opportunity to study this communication
in greater depth to identify what information can be extracted and uti-
lised to enhance the retrofit design and outcomes.
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3.4.2. Post retrofit assessment & post occupancy evaluation

The results showed that energy costs (mean = 3.13) were the most
frequently assessed parameter, whilst thermal comfort was less often
assessed (mean = 2.40) mainly by researchers, heritage professionals
and other roles involved in retrofitting projects. While retrofit designers
and coordinators assessed those parameters differently, reporting en-
ergy costs (mean = 2.5) and thermal comfort (mean = 1.8). These
findings highlight the contradictions between retrofit priorities, success
indicators and the practical assessment of retrofit practices.

Three retrofit coordinators mentioned the importance of compliance
with Energy Performance Certificates (EPC) and energy bills. While
another mentioned the need for evidence in practice:

[RCMs10] ‘lightweight, informal resident interview, energy bills’.

[RCPhPCc] ‘the lack of measured performance’.

Other mentioned assessment techniques including thermal imaging
or thermographic surveys and air pressure tests:

[R20] ‘Air pressure testing is a great indicator of quality of works. It
should be integrated into the project works phase and the contract.’.

The results indicate that while post occupancy is considered a com-
mon practice, they are not consistently conducted after every retrofit
project (mean = 1.15). When they are performed, only the BUS Survey is
applied. On the other hand, one designer mentioned using consultations
with the client as good practice:

[RCRiPcc] ‘One-to-one conversation, questions based on experience
of Client/ Occupant’.

3.5. Changes in retrofit practice over time & retrofit standards

This section examines the evolving landscape of retrofit practices,
focusing on aspects such as regulations, tools for design, understanding
technical risk, new materials, priorities, user’s involvement. The par-
ticipants, many of whom have over 20 years of experience in the field,
noted a significant shift in their approaches to technical challenges,
including fire safety and moisture quality assurance in retrofit processes.
These challenges are largely a response to catastrophic failures such as
the Preston Green Deal [11,57] and Grenfell Tower [60]. Among the
participants, understanding technical risk (mean = 3.93) and the
development of standards (mean = 3.59) were identified as the biggest
changes in the retrofit practices in recent years. Big progress on topics
such as moisture management (mean = 3.51) and the development of
new materials (mean = 3.41) were also mentioned. However, regula-
tions (mean = 2.65) and user/community engagement (mean = 2.61)
were viewed areas experiencing less changes, suggesting opportunities
for further investigation, particularly regarding user involvement,
which showed considerable variation in responses. As one participant
stated, there is already progress on the subject.

[HPh15] ‘All of these have always been of great concern, but my
thinking on the people side of things has developed over the years.’.

This statement reveals the dynamic nature of retrofit practices, and
the growing recognition of the role users play in retrofit success. It also
reinforces the need for further research into how user involvement can
be effectively incorporated into retrofit design and implementation to
ensure the best outcomes. This is particularly relevant given the wide
range of responses on this subject, indicating diverse viewpoints and
practices within the field.

User participation is frequently emphasised in sustainability prac-
tices, spanning areas like planning and housing development. This
emphasis could be even more pronounced in retrofit projects, given that
it is identified as one of the two main challenges. An important obser-
vation from this study is that, according to practitioners, the priorities in
retrofitting have remained largely consistent over the years, with an
average rating of 0.52 indicating minimal change. In the comments, one
retrofit designer summarised all the above with the following statement:

[RDRic30]. ‘Ecological and user-friendly design has always been
our priority. Learning through experiment and experience has meant we
have always led change on all the above categories. We’ve developed
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through this learning over 30 years or more’.

Retrofit practices have significantly changed during the last decade
[61], as explained by an experienced retrofit designer. Throughout their
professional career, they have engaged in numerous experiments and
learned valuable lessons. Despite these advancements and changes in
methodologies, the core values and priorities of professional have
remained consistent.

3.5.1. Standards and guidance

Despite the advancements in retrofit standards over the years, their
adoption remains limited, with only 41.3 % (12 out of 29) of participants
reporting their use. When excluding participants from research, stan-
dards, and heritage sectors — roles that may not necessarily require
adherence to these standards — the responses from retrofit coordinators
and designers become particularly noteworthy. Among this more
focused group of coordinators, designers, and other specialists (20 in
total), the rate of standard adoption is similar at 40 % (8 out of 20).
These figures provide an insight into the extent of standard incorpora-
tion in the retrofit field.

PAS2035 (UK National Standard for retrofit process) was mentioned
as the most used standard in the industry. On one hand coordinators
recognise the importance of the PAS2035 for the retrofit process, on the
other they question its applicability given its recent introduction into the
industry. PAS2025 will require a transition period before is fully
adopted:

[RCc] ‘PAS2035 will be a game changer if it is applied correctly’.

[RDc] ‘I have been undertaking sustainability *audits’ for decades
and use this knowledge. Now starting to use PAS’.

Additionally, two designers indicated that they rely heavily on their
past experiences when developing retrofits plans, although this reliance
would have been greater in the past. It is important to consider that the
mandatory implementation of PAS2035 in publicly funded domestic
schemes could have significantly influenced these findings. Costs also
play a pivotal role, as the decision to use or not a standard like PAS2035
can be influenced by the need for numerous expert roles, which may
increase the budget of a project. As one participant explained:

[RDPhc] ‘The management of retrofit through PAS2035 is new and
only applies to public funded domestic schemes. it seems a good basis for
all retrofit projects, if clients can afford the various roles required’.

These observations suggest that there is potential for greater adop-
tion of retrofit standards in the coming years and for the application of
these standards beyond domestic retrofit. Practitioners also mentioned
using other guides such as CIBSE guidelines, Building Regulations, and
Best Practice guidelines, further highlighting the diverse framework
supporting retrofit practices.

4. Discussion

As mentioned in the introduction, the priorities for retrofitting can
vary based on the specific context and settings, such as social housing,
fuel poverty initiatives, and care homes. Given the current pressing need
to enhance both the scale and quality of energy-efficient retrofits to
achieve carbon targets, it is important to include the perspectives of
practitioners in the field, as we can develop a deeper understanding
beyond the policies and the standards around factors that form the
current retrofit practices. This study has shed light on their priorities,
key outcomes, and factors influencing retrofit assessments. The partic-
ipants, who have long experience and have worked on diverse projects
across the UK (including heritage buildings, offices, residential proper-
ties, and social housing), provide valuable insights into retrofit practice.

The findings reveal the complexity around understanding the current
retrofit practices and decisions-making processes. Practitioners primar-
ily prioritise energy efficiency and the thermal comfort of occupants.
The urgency of prioritising thermal comfort in retrofit research and
practice, to safeguard user health, and well-being, has been increasingly
emphasised by researchers in recent years [21,62,63]. Medal et al. [64]
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emphasize the importance of energy efficiency in retrofit projects,
highlighting its role in enhancing occupant comfort. Van Moeseke et al.
[65] provide insights into achieving thermal comfort sufficiency,
demonstrating significant energy savings through adaptive heating
practices. Collectively, these studies underscore the critical need for
practitioners to integrate energy efficiency and occupant comfort into
their retrofit strategies. However, they also consider other important
factors, such as the heritage and aesthetic value of the building, and
potential changes in ownership. Piderit et al. [66] have also proven the
need to balance heritage preservation with energy efficiency, particu-
larly in vulnerable contexts.

Participants’ comments analysis showed the need to incorporate less
frequently used criteria into future sustainability assessments. These
criteria include future-proofing buildings, considering the impact of
climate change, and accounting for embodied carbon. Such factors are
known to the researcher for the role to sustainability [7,67,68]. Inte-
grating sustainability criteria into building retrofits is crucial for
enhancing long-term sustainability. Georgiadou et al. [7] emphasize the
importance of future-proofing and climate change resilience in retrofit
projects, highlighting their role in achieving sustainable outcomes.
Juliardi et al. [67] further underscore the environmental, social, and
economic benefits of incorporating green building components into
renovations. Additionally, Vijayan et al. [68] demonstrate the signifi-
cant environmental advantages of considering embodied carbon in
retrofit projects. It is encouraging that practitioners in this paper
recognize the growing importance of these aspects. Researchers can
learn from these priorities and develop methods and tools to help
practitioners integrate sustainability into their retrofit designs and
decisions.

One significant insight from the analysis of the results is that prior-
ities, success indicators, and retrofit assessment criteria do not always
align. Energy savings is the common thread, serving as a primary
consideration in retrofit practices, a key success indicator, and an
incorporated assessment criterion. In contrast, while thermal comfort is
recognised by practitioners as an essential retrofit goal, there is notable
discrepancy between its documented importance and how effectively it
is considered in practice. The design and retrofit assessment practices of
descripted in this study often lack a thorough investigation into thermal
comfort. Although a user-centric approach is adopted by some partici-
pants, and it is reflected in their responses, it could be argued that this
aspect is not fully integrated into their overall practice and work phi-
losophy. This interesting finding highlights a gap in the current practices
and calls for further research into how thermal comfort can be
adequately incorporated into retrofit assessments.

This gap aligns with findings from current research advocating for
the role indoor environmental quality in the net zero era to safeguard the
user comfort, health, and well-being [21,62,63]. Thermal comfort as one
of main components of indoor environmental quality is critically
important. The findings of this survey suggest that thermal comfort
could be the link for further integrating indoor environmental quality
into retrofit practices, given its recognition as both priority and a success
indicator. While other indoor Environmental Quality parameters, such
as indoor air quality, were mentioned as success indicator, they received
lower priority from participants. This highlights an opportunity for
greater emphasis on indoor environmental quality in future in pre and
post retrofit assessments, aligning with specific retrofit goals and success
indicators.

Additionally, occupants’ health is a concern raised by participants.
However, there is currently no direct connection to retrofit design pa-
rameters or performance indicators, although the connection between
indoor environmental quality factors and health aspects have been
established [69]. Implementing specific criteria for indoor environ-
mental quality and particularly regarding thermal comfort and indoor
air quality could be a possible way to address this concern, although
further research on the subject is needed.

Participants identified cost effectiveness as a challenge, noting it as
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one of the primary obstacles to advancing retrofit practices. This finding
could indicate the need to explore different comfort and health in-
centives in retrofit projects. Another big challenge is the relationship
with users and clients. While the technical aspects and risks associated
with retrofitting have shown considerable progress in recent years, they
remain among the lowest rated challenges. These current challenges
highlight areas where research and policy could concentrate efforts to
gather knowledge and provide guidance through the retrofit process.
Even though, there isn’t a consensus on challenges, technical challenges
potentially have been overcome, and the current retrofit challenges are
of socioeconomical nature. The results in this study could suggest the
need for new tools and methods such a sociotechnical approach to
retrofit design to address such challenges. In fields like planning and
housing, users are increasingly recognised as key stakeholders through
engaged research and policy tools [70,71]. This acknowledgment could
serve as a potential next step for the retrofit practice. In this context,
investigating thermal comfort perception could serve as a potential links
between the practitioners’ priorities and user engagement. In the field of
thermal comfort research, there is an ongoing discussion about tran-
sitioning towards the inclusion of adaptive comfort principles in retrofit
design practices [72,73]. This shift recognises the dynamic nature of
comfort preferences and the need to incorporate the user and person-
alized comfort to effectively tackle the challenges posed by climate
change.

Retrofit challenges identified in this study-such as cost-effectiveness,
resident engagement, and the tension between heritage conservation
and energy efficiency-are closely aligned with those found in the wider
European context. Similar studies employing surveys, workshops, and
interviews with retrofit professionals across Europe consistently reveal
the need for holistic, whole-building approaches and highlight the
benefits of industrialized solutions, such as prefabrication, which can
improve quality and reduce costs and disruption for occupants. Across
Europe, retrofit efforts are hindered by high upfront costs, limited access
to affordable financing, and fragmented supply chains, which collec-
tively slow the pace and scale of deep retrofit [4,38,74]. Technical
barriers, including a shortage of skilled professionals and the need for
tailored solutions for historic or multi-unit buildings, are also reported
[7]. The last point is also re-affirmed by this study.

However, this UK-focused study adds a unique dimension to these
studies, the gap between practitioners’ prioritisation of thermal comfort
and the practical realisation of these outcomes, particularly in the social
housing sector. While European literature emphasizes the need for user-
centered approaches and adaptive comfort principles [17,18], the pre-
sent findings showcase the difficulties practitioners face in integrating
these principles within existing regulatory and funding frameworks.
Furthermore, the study’s results for resident engagement and the per-
formance gap between design intentions and real-world outcomes
echoes concerns raised in European research about information asym-
metries and the limitations of techno-economic approaches [4,47].
Overall, while the structural challenges are similar across Europe, the
UK’s focus on practitioner-led priorities and the integration of thermal
comfort into retrofit practice provides potentially a first step for devel-
oping more user-centered retrofit strategies continent-wide.

Retrofit practices and approaches have continuously evolved in
response to environmental and societal needs, new materials, and
technologies. It is noteworthy that certain areas and approaches, such as
retrofit priorities have remained the same. However, the implementa-
tion of standards, specifically PAS2035, has provided participants with a
deeper understanding of the technical risks associated with retrofitting.
This development is documented in this study as a milestone and a
paradigm shift in the industry.

One of the most intriguing points highlighted in this study is the
breadth of topics, viewpoints, and the depth of participant responses.
Some participants reflected on the scale of a retrofit project, while others
reflected on the needs of the industry, introducing ideas at a more
theoretical level. This diversity can be attributed to the extensive
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experience and the diverse roles of most participants. This variability
became especially evident when exploring retrofit assessments and the
different performance evaluation methods applied. In parallel, an aspect
to consider is the variability in respondents’ interpretations of the term
“retrofit.” This term may be understood differently by various practi-
tioners, which can influence their responses. Some participants might
prioritize energy use and efficiency because they interpret “retrofit”
primarily in terms of energy savings and carbon reduction. On the
contrary, others might have a broader understanding that combines
various aspects of sustainability, such as thermal comfort, health, and
well-being. This variation in interpretation could affect the consistency
and comparability of the responses but could be also evidence for the
interdisciplinary nature of retrofit. Recognizing the interdisciplinary
nature of the subject and these differences is crucial for accurately
assessing the priorities and practices of retrofit practitioners in the
future.

One significant limitation of this study is the potential variability in
respondents’ interpretations of the term “retrofit.” The term may be
understood differently by different practitioners, which could influence
their responses. Some participants might prioritize energy use and effi-
ciency because they interpret “retrofit” primarily in terms of energy
savings and carbon reduction. In contrast, others might have a broader
understanding that includes various aspects of sustainability, such as
thermal comfort, health, and well-being. This variation in interpretation
could affect the consistency and comparability of the responses, poten-
tially impacting the study’s results.

Finally, a specific aspect that was evident throughout the survey is
the conflicting nature of energy savings and the heritage preservation.
The results highlighted a different approach to retrofit from heritage
practitioners, who expressed a need for a specific retrofit solutions and
criteria tailored to historic buildings. The percentage of heritage pro-
fessionals inside the sample was small, however, their answers varied
significantly. This can indicate a need for further investigation for
deeper understanding of the complexities surrounding the balance be-
tween energy retrofit and heritage preservation.

5. Conclusions

The urgency of prioritising thermal comfort in retrofit research and
practice, to safeguard user health, and well-being, has been increasingly
emphasised by researchers in recent years. The accelerating effects of
climate change pose new challenges and expectations for indoor envi-
ronmental quality among residents. The upscaling of retrofit must be
reflected both in the quantity and quality of the measures. To date,
retrofit practices have primarily been driven by energy efficiency and
financial considerations, a trend evident in policy, research, and
practice.

The results of this study, a survey of 29 retrofit practitioners in the
UK, support this observation. While practitioners acknowledge the sig-
nificance of comfortable and healthier homes, this recognition is not
consistently reflected in their practices. For example, although they are
aware of health risks linked to excessive moisture and its impact on
thermal comfort, they report a lack of technical tools to prevent such
problems. Despite the introduction of a standard that aims to ensure that
energy retrofit projects deliver measurable improvements in building
performance, while protecting occupant health and building fabric
(PAS2035), the need for appropriate and detailed ventilation design
remains one aspect that has yet to be resolved. Interestingly, less than
half of the practitioners reported using regulations and guidance in their
practice. This study has identified a need for a more practical consid-
eration of research and standards. A broader application of standards
and a development of new tools for professionals, could manage this
misalignment between the priorities and values of professionals and
their current constraints to apply them. Financial restrictions also have
risen as one important limiting factor.

Finally, this research has shown that energy retrofit is an
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interdisciplinary and multi-layered topic. Besides energy savings, other
parameters are also found to be considered in practice. Thermal comfort
is recognised as one of the two main priorities for energy retrofitting
besides energy efficiency. Both are regarded as the most important in-
dicators of a successful retrofit process. However, thermal comfort
assessment is not yet a common practice. Some practitioners advocate
for even broader considerations of sustainability beyond energy effi-
ciency. An important finding is that the role of the practitioner is a
critical factor in their priorities and in general their perspective. This re-
affirms the mantra “not one solution fits all’’ for retrofit approaches and
argues for tailored methodologies regarding building type, use and
context. A special consideration to historic buildings as retrofitting in
such cases requires a sensitive balance between improving energy per-
formance and preserving heritage value. This can mean added consid-
eration in the design such as solutions that respect original materials,
construction techniques, and architectural character, or reversible
measures. In general, this paper contributes to the deeper understanding
of retrofit practices and decision-making criteria in the retrofit process.
Future work will investigate methodologies to include the user comfort
perception and perspective in the retrofit design.

In future studies, the needs and priorities from users, in this case
residents, will be explored to understand the similarities and differences
between professionals and users in energy retrofit. In parallel, the cur-
rent research landscape about retrofit priorities could be explored, to
understand the It’s critical to understand in depth all the different agents
that contribute to retrofit success to plan more effectively for the future.
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