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ARTICLE INFO ABSTRACT

Keywords: Structural retrofit of existing buildings for reuse remained one of the key steps toward decarboni-
Critical barriers sation of the existing housing stocks in the UK. This implies that any structural retrofitting proce-
Exploratory factor analysis dure should aim at sustainability by ensuring net reduction in energy use with minimum cost, en-

Infrastructural stocks

Likert scale

Reliability analysis

Structural Retrofitting old buildings
Sustainability

vironmental and social impact. However, several factors impede the attainment of sustainable
structural retrofit programs. In this study, quantitative data collection and exploratory factor
analysis were used to investigate the factors that impede achieving sustainability in structural
retrofitting of existing buildings. The study conducted a review of pertinent literature to draw up
a list of potential impediments to sustainable structural retrofit. The lists were used to form Likert
scale questionnaire that was administered to 126 professionals within the built environment sec-
tor in the UK. The data collected were subjected to reliability analysis and exploratory factor
analysis using the SPSS IBM Statistics v24. The analysis revealed that there are four groups of bar-
riers that impede sustainability in structural retrofitting of existing buildings. These are (i) cul-
tural barriers involving factors that are characterised by human behaviour and interest; (ii) eco-
nomic barriers involving cost functions; (iii) technical knowledge barriers involving education &
skills factors and (iv) regulatory barriers involving legislation and policies around retrofitting old
buildings. The findings of this study contribute to the broader discussion of sustainability within
the built environment by increasing awareness of the key barriers to overcome to promote sus-
tainable structural retrofit of existing buildings.

1. Introduction

The recent 26th United Nations Climate Change Conference (COP26) pledges a special commitment toward urgent staving off
dangerous climate change due to the continual increase in carbon emissions. This is in line with the earlier assertation that we are
now in a panic time to respond to the looming climate crisis [1]. Meanwhile, it has been widely agreed that the only viable solution to
halting the threat of the climate crisis is decarbonisation through the efficient use of resources [1]. One of the approaches toward de-
carbonisation is by reusing existing housing stocks which are enormous across Europe. The Buildings Performance Institute Europe
(BPIE) proclaimed that over 25% of all building stocks in European cities were constructed before the 1950s [2]. In the UK for in-
stance, the percentage of new builds is less than 1-2% of total building stock each year and about 70% of total existing building stocks
will still be in use in 2050 [3]. The study [3], highlighted that the rates of repair, refurbishment and retrofit are between 2.9% and 5%
of the total existing domestic building stocks and 2-8% for commercial building stocks within the UK. These statistics culled from the
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study [3] sustained the fact that repair, refurbishment and retrofit of existing buildings and infrastructures will remain extremely sig-
nificant over the next coming years.

The term retrofitting is quite different from repair and refurbishment or renovation which are commonly used terms when dealing
with the preservation of existing buildings. Repairing building structures is about fixing damaged structures to good working condi-
tions, this involves processes such as patching up defects, cracks, re-building non-structural elements within the building and redeco-
rations [4]. Refurbishment, on the other hand, involves restoring the structural integrity of damaged structures to their original state,
often used interchangeably with renovation [5,6]. This involves carrying out structural repairs such as adding reinforcing mesh and
injecting epoxy into structural elements within the building [7]. Retrofitting is the process of strengthening or improving the struc-
tural or energy performance of existing buildings [5,8]. Meanwhile, this study focuses on structural retrofitting of existing buildings
which is a process of making them more resistant to damages or structural failures [9]. The main difference between these terms is
that repair, refurbishment, or renovation are carried out after damage had occurred on buildings while retrofit is an improvement to
performance before damages. Also, repair does not improve the structural strength of the building but renovation and retrofit do.

In providing structural retrofit of existing buildings, issues such as preserving the cultural and historic value of existing buildings,
minimising structural damages and improving the safety of old buildings create pressure on the various retrofit experts within the
built environment [10]. This is corroborated by a study [11] that affirmed that most structural retrofits are driven by combinations of
enhancing structural capacity to vulnerable structures and protecting heritages of existing buildings. Meanwhile, the additional re-
quirement to make structural retrofitting of existing buildings meet the key sustainability criteria and still preserve their historical
values makes structural retrofitting process extremely complex nowadays. These unique constraints are the motivation for developing
many sustainable structural retrofit techniques for existing buildings. However, most available structural retrofit techniques for old
buildings still make use of grout and epoxy injection, reinforced plaster, steel column and plate as external reinforcement, elastomeric
spray, internal concrete skin, post-tensioning, composite materials such as fibre reinforced polymer (FRP) and confinement [9,12].
The common thing from most of these emerged structural retrofit techniques is the question around their sustainability because they
used materials that required high fossil fuel for production and releases high carbon during production.

Consequent to the increasing campaign for sustainable design and retrofit to reduce the carbon footprint on the earth, this study
will investigate the factors that hinder the development of sustainable structural retrofit techniques for existing buildings. The study
will contribute to the broader discussion of sustainability within the built environment by increasing awareness of the key barriers to
overcome in order to provide sustainable structural retrofit of existing buildings. This paper contains five different sections. Section 1
here presents the introduction. In section 2.1, the details of materials and methods adopted in achieving the study aims were dis-
cussed. Thereafter, sections 3 and 4 present the result discussion and the concluding remarks from the study respectively.

2. Material and methods

This study was carried out in three different key stages shown in Fig. 1. The first stage (section 2.1) is the data construction phase
where a systematic review of relevant literature was conducted to identify the potential impediments to sustainability in structural
retrofit of existing buildings. In the second stage (section 2.2), the potential barriers identified in the first stage were used to develop a
questionnaire on five-point Likert scale for data collection. Finally, the third stage (section 2.3) details the data analysis procedure.

2.1. Stage I: data construction phase

An inference from an earlier study [13], has proved that the review of extant literature relevant to the issue in discussion is an effi-
cient procedure for creating variables for measuring constructs of questionnaires. Therefore, this section presents a systematic review
of pertinent literature to identify potential key barriers against sustainable structural retrofit of old buildings. The review process
started with the search for relevant literature to review by conducting a keyword search in Scopus which has been described as the
largest database of peer-reviewed literature [14].

The initial search with the keyword ‘‘barrier to sustainable retrofitting’’ is very generic and thus returned 156 documents, which
was further refined to 78 with the addition of “’building’’ as a compulsory inclusion criterion. Thereafter, another inclusion criterion
“’structural’’ was imposed which returned only 5 articles. This is an indication that the barriers to sustainable structural retrofit have
not been widely researched. So, the criterion *‘structural’” was removed and the 78 articles most of which focused on energy retro-
fitting were screened. After the initial screening, 37 articles which are experimental studies that do not discuss sustainability in detail
were removed and 41 articles were retained for the detailed review presented in sections 2.1.1-2.1.4.

2.1.1. Overview of the concept of sustainable building retrofit from literature

The detailed review started with understanding the concept of sustainable structural retrofit which simply implies retrofitting old
buildings with environmentally friendly materials that have high strength properties, are economical and can be easily sourced
around the globe. These environmentally friendly materials are often classified as renewable or recyclable and sustainable materials.
Sustainability in buildings demands buildings to last for as long as possible with the best minimum carbon generation or emission
throughout their lifespan [15]. So, when dealing with the structural retrofit of old buildings, one of the priorities is also to ensure that
the structural retrofit solution is efficient and sustainable as much as possible. Absolutely, this is a challenging situation that requires
a great deal of understanding in order for the retrofitted buildings to attain the most beneficial solution both in terms of structural ca-
pacity and energy performance. The key drivers to attain these are definitely the material components and techniques used in the
structural retrofitting process.
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Fig. 1. Overview of research methodology.

Currently, there are several guidelines that help in planning structural retrofit of existing buildings, however, there is also a signif-
icant level of conflict on many issues such as how sustainable the solution will be [3]. Meanwhile, in order to understand the sustain-
ability of a particular structural retrofit solution, the material components and techniques need to be evaluated against the three cores
of sustainability. Hence, the subsequent sections 2.1.2-2.1.4 present abridge review of these cores i.e., the economy, environment,
and social impact of the applied structural retrofit solution. The review also delves into the identification of some potential barriers to
each core of sustainability and develops a conceptual framework of these barriers that need to be addressed if any structural retrofit
solutions are to be regarded as sustainable.

2.1.2. Economical concept of sustainable building retrofit

Affordability is one of the primary goals of sustainability [16] and reusing existing buildings will improve the affordability of
housing to low-income earners [17]. The acceptability criteria for low-cost retrofitting of existing buildings should account for the
cost of running the retrofitted building [18]. This means that the economic sustainability of building retrofit is not only about the low
initial cost but a moderate running cost of the retrofitted building. Retrofitting existing buildings reduces the amount of money spent
on the decommissioning of old buildings and thus significantly put reusing existing buildings as a driver for a sustainable future in the
built environment. However, while considering the economic viability of structural retrofit options for existing buildings, the safety
and functionality of the implemented retrofit techniques should not be compromised. This is in line with the assertion that engineer-
ing design and operation should not be basically made solely on cost but with safety at the forefront because safety cannot be compro-
mised in construction and other engineering operations [19]. So, sustainable structural retrofit is not about providing the cheapest
retrofit option but providing the most economical solutions that meet the desired upgrade for the existing building to meet the needs
of the owners. However, many factors impede the attainment of economic sustainability in structural retrofit.

The main impediment to the economic viability of structural retrofit is the high cost of materials that are involved in making the
techniques sustainable [19]. In most cases, composite materials such as epoxy and fibre reinforced polymer (FRP) mostly based on
carbon, glass, and aramid fibre offers promising structural retrofitting possibilities for existing buildings [20,21]. They present several
well-known advantages that meet the requirements of sustainability goals; socially and environmentally [20]. This is because com-
posite materials have quite higher strength and stiffness to thickness ratio. Composites have then arisen to be one of the most promis-
ing construction materials for the structural retrofit of existing structures [22]. However, some of the drawbacks of the composite ap-
plications are the relatively high cost of the material, the technical requirement for the installation, and limited knowledge about the
ageing properties of the materials. This thus impacts the propagation of sustainable structural retrofit techniques. The other material
commonly used in absence of the sustainable composites is the use of concrete overlay which is relatively cheaper but has high carbon
embodiment. Concrete is the second largest consumed material apart from water and the major constituent of concrete is the Portland
cement which is produced through the high release of carbon dioxide [23,24]. Therefore, reusing concrete structures or retrofitting
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structures with materials such as low carbon or near-zero carbon concrete will definitely reduce the amount of Portland cement con-
sumption and thus subsequently reduce the carbon footprint which is an indication of increased environmental protection (sustain-
ability).

In addition, earlier studies ([25-27]submitted that insufficient public funding, and lack of incentive from government and deci-
sion-makers also significantly hindered economic sustainability in structural retrofit. In addition, the high inflation rate of construc-
tion materials and other factors of production were key barriers to attaining economic sustainability in the affordable structural retro-
fit of existing buildings [28]. It has also been suggested that the challenge of finding the right balance between the initial cost of the
retrofit and the cost of running the retrofitted housing is a great concern for sustainable structural retrofit of residential housing [29].

2.1.3. Environmental concept of sustainable building retrofit

Reusing existing structures will contribute immensely towards reducing the carbon footprint and thereby can be regarded as one
of the key drivers to achieving environmental sustainability. According to the United Nations (UN) World Commission on Environ-
ment and Development, the act of providing engineering solutions that ensure significant protection of available natural resources
and ecosystems in the immediate and future time is described as environmental sustainability [30]. Numerous researchers and ex-
perts such as [31-33] have consistently argued that environmental sustainability is the most important pillar of the three pillars of
sustainability. They argued that if the issue of environmental sustainability is not well addressed in constructing a new system or
retrofitting old systems, then the solution cannot be regarded as sustainable. Their evaluation is greatly dependent on the fact that the
other pillars of sustainability depend on the wider system they live on, which is the environment [33]. In the case of structural retro-
fitting of old buildings, the motive is to use materials and systems that are environmentally friendly and can be easily sourced around
the area to avoid a long transportation effect which might also affect the sustainability of the system. This has been consistently ar-
gued by Refs. [11,16], their works concluded that the transportation effect of materials should be accounted for when deciding
whether the material is sustainable or not. In fact, the Institution of Civil Engineer code of conduct [34], supported by a more recent
study [35], presents a strong argument that a complete life cycle analysis (i.e. planning, designing, construction, commissioning and
decommissioning) of the system and materials should be evaluated to establish the true sustainability index of any proposed retrofit
technique.

This macro-objective of ensuring environmental sustainable structural retrofit technique can be achieved by adopting various
green technologies, sustainable materials as well as renewable energy and resources [36-38]. Some of the key performance indicators
to gauge environmental sustainability in buildings are energy efficiency, water efficiency, effective utilisation of resources, reliability
and durability, efficient waste management, comfortable and healthy indoor environment, and reduction of carbon footprint [39,40].

Meanwhile, in measuring these indicators, it has been established that the unavailability of certain retrofit materials in some geo-
graphical locations leading to longer commuting of materials impedes their environmental performance [11,16]. Factors such as zon-
ing restrictions on land and housing, lack of awareness of the consequence of some human activities, higher population density, tech-
nological difficulties, limited interdisciplinary knowledge transfer, and external pressures in adopting certain structural retrofit tech-
niques that are not suitable for some environmental conditions are also some of the factors mitigating against having an environmen-
tally sustainable structural retrofit technique [23,41,42].

2.1.4. Social concept of sustainable building retrofit

Besides the evident housing and infrastructure values, most old buildings are historical and thus were part of the cities’ heritages
and as such constitute significant social, cultural, historical and architectural importance to the cities [43]. Hence one of the key pri-
orities of retrofitting old buildings, most especially historical and listed buildings is to preserve their aesthetics and appearance to
keep the social sustainability of the buildings. As deduced from the UN Global compact, social sustainability in building retrofit is
about identifying and managing the impacts of the proposed retrofit both positive and negative on people and society at large [44].
Structural retrofit has always faced many challenges such as aesthetic or historical impact, reduction of functional space and disrup-
tion of occupancy usage [29]. So, social sustainability in the context of structural retrofitting old buildings will mean how best to min-
imise the impact of the retrofit on the way of life of the occupants [45]. So, the minimum disruption caused to their lives and the max-
imum benefit they derived from the retrofit define how socially sustainable the solution is [46,47].

Socially sustainable building retrofit solutions should fulfil the users’ requirements and improve their life [13,48,49]. In addition,
the impact on the immediate local culture and aesthetic values should also be integrated into the retrofit design [50]. However, some
barriers could impede the social sustainability attainment in the structural retrofit of existing buildings. These barriers could be lack
of personal engagement which hampers community contribution in providing the solution, insufficient skilled labour to implement
certain retrofit solutions, health and safety concerns of the community, and poor management and maintenance culture [45,47,48].

Finally, as clearly explained above, there are three key factors in deciding the sustainability of any structural retrofit technique.
The preference of the situation determines which of the pillars should be prioritised. Although [31,33], strongly argued that environ-
mental sustainability should not be compromised for the economy or social sustainability. This is best explained using the quality tri-
angle showing the interaction between the cores of sustainability (see Fig. 2). The indication from this interaction is that a sustainable
system can only be created when all the sustainability factors are properly balanced. An environmentally and economically sustain-
able structural retrofit solution is regarded as a viable retrofit solution but unbearable with the possibility of social unrest due to the
lack of integration of social implications on the retrofitted building [51]. Also, when the environmental and social factors were prop-
erly considered in providing the retrofit solution, a retrofitted building that is livable is created but with a very high-cost implication
(unequitable). Meanwhile, a combination of economically and socially sustainable retrofit solutions might be considered equitable,
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Fig. 2. Interaction of sustainability factors.

but the solution degrades the environment. Therefore, finding the right balance between these three factors is the challenge faced by
retrofit experts because many impediments hinder these sustainability factors.

The literature review conducted identified some of these impediments and a conceptual framework showing the relationship
among them was developed (see Fig. 3). The framework shows that the impediments were interrelated with one another and do not
exist in isolation as indicated by the double-sided arrow in Fig. 3. Most of these impediments emanated from earlier studies that are
mainly focused on energy retrofit in existing buildings. As such, the study draws up 21 lists of potential barriers to sustainability that
are deemed relevant to structural retrofit in Table 1 and put that into the questionnaire as detailed in section 2.2.
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Table 1
Potential barriers to sustainable structural retrofit of buildings.

Barrier References
Relatively high cost of materials that are deemed sustainable for retrofitting old buildings. [19,22]
Cost implication of the high technical skills required for the installation of most sustainable materials [29,48]
Limited knowledge about the ageing properties of sustainable materials. [20,23]
Insufficient public funding and equity loan scheme for old buildings. [25,26]
Lack of government and decision-makers incentive policies to encourage building retrofit [52]
High inflation rate of construction material and other factors of production. [26,52]
Imbalance between the initial cost of the retrofit and the cost of running the retrofitted housing. [25,29]
Imposition of zoning restriction on land and housing usage. [36,48]
Unavailability of certain materials in some geographical locations leading to longer commuting of materials. [11,38]
Lack of awareness of the implication of some human activities on the environment. [37,38]
The higher population density without corresponding infrastructure plan in some areas. [40]
Lack of adequate documentation of proven sustainable retrofit technologies for old buildings. [25,29]
External pressures in adopting certain retrofit techniques that are not suitable for some environmental conditions. [53]
Lack of proper engagement hinders community participation in providing the solution. [36,471
Lack of economic viability of sustainable retrofit models. [37,40]
Lack of conviction for the host communities on the availability of adequate health and safety plan. [10,23]
Poor management and maintenance culture within the society. [15,17]
Lack of access to recycled and sustainable materials. [11]
Lack of proper understanding of the performance of old buildings. [29,37]
Lack of connection between good research, standards, and practice which will inform sustainable retrofit framework. [29,48]

2.2. Stage II: data collection phase

In the second stage, the preliminary lists drawn up in Table 1 were used to form the questionnaire for the purpose of data collec-
tion. The questionnaire was in form of a five-point Likert scale starting from a score of 1-5 for strongly disagreed, disagreed, neutral,
agreed and strongly agreed respectively. The questionnaire consists of twenty-six questions, with questions 1-4 measuring the demo-
graphic data of the respondents, and question 5 assessing how the respondent is keen on ensuring sustainability in any of their struc-
tural retrofit projects. The remaining questions, 6-26 directly measure the extent to which the respondents agreed to some potential
barrier to sustainable structural retrofit. The developed questionnaire was first piloted through networks of personal contact among
academics and professionals practising in the built environment sector in the UK. Piloting the questionnaire allowed for rephrasing
some questions to remove some ambiguities and subsequently improve the participants’ understanding [54].

Thereafter, the questionnaire was administered to the willing participant electronically through an online survey platform by
sharing the links to questions to professional groups via email, LinkedIn, Web and even WhatsApp. The sampling technique used in
the study is referred to as convenient/opportunity samplings which allows any willing participant to answer the questionnaire.

In total, 126 respondents participated in the survey, which is considered suitable as a sample size of more than 30 is appropriate
for most research [55]. Fig. 4 presents the overall distribution of the respondents. 92% of the respondents have participated in more
than six different structural retrofit projects, which is an indication that the respondents provided informed answers to the question-
naires which might improve the reliability of the data collected.

2.3. Stage III: data analysis phase

The data collected were subjected to quantitative data analysis using the reliability analysis presents in section 2.3.1 and ex-
ploratory factor analysis in section 2.3.2.

2.3.1. Reliability analysis

SPSS IBM Statistics version 24 was used to carry out a reliability analysis of the collected data to assess their integrity and identify
if there is any factor not significantly contributing to the overall reliability of the data collected. Thereafter, the identified factors not
contributing to the reliability of the data are deemed not suitable for further analysis and were deleted from the data before subjecting
it to the exploratory factor analysis (see section 2.3.2). The reliability analysis informs of Cronbach Alpha coefficient is extremely im-
portant especially when the Likert scale is used on questionnaires such as the one adopted in this study [56]. This analysis helps in de-
termining the internal consistency and credibility of the data collected [56,57]. The value of the Cronbach Alpha coefficient ranges
from 0 to 1, with a value above 0.7 indicating a satisfactory level of consistency within the data and a value above 0.8 representing a
high level of internal consistency [57].

The reliability analysis performed in this study using the SPSS IBM Statistics version 24 returns a Cronbach Alpha coefficient of
0.939, this represents an excellent level of reliability and internal consistency among the data collected. According to a similar analy-
sis presented by Refs. [54,58], a further analysis termed Cronbach Alpha coefficient if item deleted was conducted to guarantee that
all the items on the questionnaire were significantly contributing to the internal consistency and stability of the data. This implies that
any item that returns a Cronbach Alpha coefficient above 0.939 is deemed not reliable and as such deleted from the list of the vari-
ables. Referring to Table 2, BAR 1 & BAR 18 with Cronbach's Alpha if Item Deleted value of 0.941 & 0.940 respectively were deleted
and the remaining variables were declared suitable and subsequently used in exploratory factor analysis.



J.A. Dauda and S.0O. Ajayi Journal of Building Engineering 60 (2022) 105168

Qualification Years of Experience
30 25
25
20 20
15 15
10
5 10
0 m
Q ¢ R 5
Q‘(\ @'bé' B & o{\’Q’
'zi‘*
O =

21+ 16-20 11-15 6-10 0-5

Retrofit Project Involved

25

20

15

(I

21+ 16-20 11-15 6-10 0-5

Fig. 4. Overview of the respondents.

2.3.2. Exploratory factor analysis

In this study, the exploratory factor analysis (EFA) was used to identify the inherent relationships between measured variables of
21 identified barriers to sustainable structural retrofit of buildings. It is basically used to distinguish a set of latent constructs underly-
ing a series of measured variables listed in the questionnaire administered. The factor analysis was carried out in three distinct steps
identified by Ref. [56] as the suitability of data test, factor extraction and factor rotation.

In the first step, the suitability of the data collected was established using Kaiser-Meyer-Olkin (KMO) and Bartlett's test of spheric-
ity. The Kaiser-Meyer-Olkin measures the adequacy of the sampling using the guideline from Refs. [56,59] which states that for data
sampling to be adequate, the KMO value must be greater than 0.5. Meanwhile, the Bartlett's test of sphericity compares an observed
correlation matrix to the identity matrix and checks for certain redundancy between the variables that can be summarised with a few
factors [59]. Specifically, the SPSS IBM documentation [60] recommends a Small Bartlett's test of sphericity values (less than 0.05)
for factor analysis to be useful on data. In this study, the analysis returns a KMO value of 0.86 and Bartlett's test of sphericity value of
5.78E-245, both values are within their respective allowable limit and thus establishing that the data are suitable for factor analysis.
In line with the earlier study [54], a quick assessment of the anti-imaging matrix was carried out to identify any variables with a diag-
onal value less than 0.5 and remove such as recommended [56]. In this study, all variables have anti-imaging values above 0.5 and
thus certifying that the data collected are fit for further analysis.
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Table 2
Reliability statistics.

Barrier Barriers Cronbach's Cronbach's Alpha if Item
D Alpha? Deleted
BAR 1° High consideration for ensuring environmental, economic, and social sustainability in any 0.247 0.941
construction project.
BAR 2 Relatively high cost of materials that are deemed sustainable for retrofitting old buildings. 0.742 0.935
BAR 3 Cost implication of the high technical skills required for the installation of most sustainable 0.664 0.936
materials.
BAR 4 Lack of government and decision-makers incentive policies to encourage building retrofit. 0.635 0.937
BAR 5 Lack of adequate documentation of proven sustainable retrofit technologies for old buildings. 0.707 0.935
BAR 6 Lack of connection between good research, standards, and practice which will inform sustainable 0.676 0.936
retrofit frameworks.
BAR 7 The high inflation rate of construction materials and other factors of production. 0.601 0.937
BAR 8 The imbalance between the initial cost of the retrofit and the cost of running the retrofitted housing. 0.676 0.936
BAR 9 Imposition of zoning restriction on land and housing usage. 0.664 0.936
BAR 10  Unavailability of certain materials in some geographical locations leading to longer commuting of 0.755 0.935
materials.
BAR 11  Lack of awareness of the implication of some human activities on the environment. 0.603 0.937
BAR 12  The higher population density is without corresponding infrastructure plans in some areas. 0.622 0.937
BAR 13 Lack of proper engagement which hinders community participation in providing solutions. 0.716 0.935
BAR 14  Insufficient public funding and equity loan scheme for old buildings. 0.582 0.938
BAR 15  Lack of economic viability of sustainable retrofit models. 0.699 0.936
BAR 16  Limited knowledge about the ageing properties of sustainable materials. 0.712 0.936
BAR 17  Lack of conviction for the host communities on the availability of adequate health and safety plan. 0.736 0.935
BAR18"  Poor management and maintenance culture within the society. 0.443 0.940
BAR 19  Lack of access to recycled and sustainable materials. 0.650 0.936
BAR 20  Lack of proper understanding of the performance of old buildings 0.625 0.937
BAR 21 External pressures in adopting certain retrofit techniques that are not suitable for some 0.508 0.938

environmental conditions

a Cronbach alpha is 0.939.
b Jtem excluded from further analysis.

Thereafter, the factor extraction analysis using the Principal Component Analysis (PCA) was carried out to find similar patterns in
data and use a common theme to suitably represent the factors in the same group. The PCA requires a minimum value of 1 for the
Eigen Value of each group [56] and the analysis in this study extracted four different groups with their respective Eigenvalues greater
than 1 (See Table 3). Thereafter, a factor rotation using the Equamax with Kaiser Normalization method in the PCA was carried out to
generate the rotated component matrix. It is not uncommon to have factors loaded in more than one group, so it is recommended to
delete such factors and remove them from further analysis [60,61]. Variable 10 (unavailability of certain materials in some geograph-
ical locations leading to longer commuting of materials) was loaded under groups 1 and 4 and was deleted from further analysis. Fig.
5 shows the overall scree plot of all factors with their eigenvalues and % of variance to demonstrate how much variation each PC cap-
tures from the data. The figure shows that the first four factors capture the most variation which is in conformation to an ideal PCA
scree plot.

Table 3 present the complete result of the factor analysis (extraction and rotation) with the values of the factor loading, eigen-
value and percentage of variance for each group. The four groups were construed and categorised based on the inherent theme
common in all factors within each group. Using the value of eigenvalue and percentage of variance as an indication of the order
of importance of each component, GRP1: Cultural Barrier is the most important component followed by GRP 2: Economic Barrier.
In third place is GRP 3: Technical Knowledge Barrier while GRP 4: Regulatory Barrier is the least. Most importantly, the ex-
tracted total variance is 69.995%, which is greater than the 60% threshold suggested as the rule of thumb [62]. Therefore, the
analysis presented here is valid and the results of the analysis can be considered valid and reliable. As such, a complete discus-
sion of the results is presented in the subsequent section 3.

3. Discussion of result

Once the suitability of the data and reliability of the analysis results were confirmed, the finding of the study was discussed based
on the main objective of this research which is to identify the barriers that hinder the development of sustainable structural retrofit
techniques for old buildings. There are 21 factors analysed in the questionnaire, but the results of the exploratory factor analysis after
extraction and rotation substantiated 18 of them and grouped them into four different categories (see Fig. 6) which are used for the
discussion as follows.

3.1. Cultural barriers to sustainable building retrofit

This study identified cultural barriers as the main impediment to sustainability in structural retrofitting of old buildings with the
component having the highest percentage of variance (18.223%). The component comprises four different factors as listed in Table 3.
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Table 3
Exploratory factor analysis.
Extracted and Rotated Components Factor Eigen % of
Loading Value Variance
Group -1 Cultural Barriers 3.462 18.223
BAR 11 Lack of awareness of the implication of some human activities on the environment. 0.632
BAR 12 The higher population density is without corresponding infrastructure plans in some areas. 0.823
BAR 13  Lack of proper engagement which hinders community participation in providing the solution. 0.774
BAR 17 Lack of conviction for the host communities on the availability of adequate health and safety plan. 0.609
Group-2 Economic Barriers 3.367 17.722
BAR 2 Relatively high cost of materials that are deemed sustainable for retrofitting old buildings. 0.630
BAR 3 Cost implication of the high technical skills required for the installation of most sustainable materials. 0.613
BAR 7 The high inflation rate of construction materials and other factors of production. 0.760
BAR 8 The imbalance between the initial cost of the retrofit and the cost of running the retrofitted housing. 0.617
BAR 14 Insufficient public funding and equity loan scheme for old buildings. 0.576
BAR 15  Lack of economic viability of sustainable retrofit models 0.510
Group - Technical Knowledge Barriers 3.263 17.174
3
BAR 16 Limited knowledge about the ageing properties of sustainable materials. 0.573
BAR 19  Lack of access to recycled and sustainable materials. 0.760
BAR 20 Lack of proper understanding of the performance of old buildings. 0.708
BAR 21 External pressures in adopting certain retrofit techniques that are not suitable for some environmental 0.831
conditions.
Group - Regulatory Barriers 3.131 16.480
4
BAR 4 Lack of government and decision-makers incentive policies to encourage building retrofit. 0.854
BAR 5 Lack of adequate documentation of proven sustainable retrofit technologies for old buildings. 0.513
BAR 6 Lack of connection between good research, standards, and practice which will inform sustainable retrofit 0.588
frameworks.
BAR 9 Imposition of zoning restriction on land and housing usage. 0.731
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Fig. 5. PCA Result showing Scree Plot of Eigenvalues of Covariance.

The factors group was named cultural barriers because all the factors that made up the group were based on human behaviour, inter-
action, perception, interest, awareness, and individual way of life.

The United Nations Educational, Scientific and Cultural Organization (UNESCO) report [63] argued that culture must be at the
centre of our development strategies for achieving sustainability because cultures frame people's relationships with others in their so-
ciety and the world around them, including the natural environment. The result of this study sustained the UNESCO arguments with
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Fig. 6. Categories of barriers to sustainable structural retrofit of old buildings.

lack of awareness of the implication of some human activities on the environment strongly identified as one of the key cultural barri-
ers to achieving sustainability in structural retrofitting of old buildings. The most relevant example of this in structural retrofit is the
constant use of concrete materials in retrofitting old buildings without accounting for its implication. Concrete has been identified as
the second most consumed substance on earth after water, growing by 2.5% annually and its major constituent is cement which pro-
duction involves the burning of fossil fuels that account for about 5% of global CO2 emissions [64] and [73].

In addition, the continuous increase of the population density in the urban area leads to the demolition of many old buildings to
erect many modern facilities to meet the demand of the growing population. The demolition of old buildings if not properly handled
can generate harmful resource extraction and excessive waste materials that impact negative the sustainability of the environment
[54]. Where the existing building is been considered for refurbishment, this study also revealed that lack of proper engagement with
host communities hinders their participation in providing sustainable retrofit solutions. This also affects their confidence and raises
concerns over their health and safety, thus affecting the usage of the building after the retrofit work. It is thus essential that when
planning any structural retrofit project, the promotion of cultural vitality of the host communities must be given a high consideration
as much as the technology and the economical consideration. The minimum disruption caused to lives during retrofitting and the
maximum benefit they derived after the retrofit define how socially sustainable the solution is [46,47]. The finding of this study cor-
roborated the submission of the International Federation of Arts Councils and Culture Agencies (IFACA) which states that the inclu-
sion of culture within sustainable development agendas was a central focus for the promotion of sustainability within the built envi-
ronment [65].

3.2. Economical barriers to sustainable building retrofit

The second category of major barriers that emanated from this study has six factors with a percentage of variance value of
17.722%. This component was described as economical barrier because the component's six factors have a common theme pointing
towards the cost of materials, labour, inflation rate and the overall economic implication of the retrofit process. Even though the ear-
lier study [19], argued that economic sustainability in building retrofit does not mean the cheapest retrofit solution, this study reiter-
ated the economic bias of people in providing building retrofit. As such, the study revealed that the high initial cost of sustainable ma-
terials and the corresponding cost of engaging high skilled technical experts will impact the adoption of most sustainable materials
and techniques in structural retrofitting of old buildings. This finding is in line with the earlier study [66] that declared that the short-
term costs of sustainable retrofit are too high to justify their application in a highly competitive market. Meanwhile, it has been
clearly established that the major economic benefits of sustainable retrofit of buildings are majorly reduced operation and utility
costs, reduced maintenance costs, and an overall improvement in the buildings' performance and efficiency [67,68]. This creates an
imbalance between the high initial cost of the retrofit and the low cost of running the retrofitted housing. This often drives the deci-
sion of investors to prioritise having cheap initial costs rather than the overall economic sustainability which comes with the low op-
erating cost.

Another major economic barrier facing the sustainable structural retrofit of old buildings is the unavailability of public funding
and equity loan schemes for old buildings from the government which essentially impede the economic viability of sustainable retro-
fit models. For instance, in the UK, the government have an equity loan scheme in form of help to buy. This help to buy is an equity
loan from the government to potential homebuyers and it is around 20%-40% of the cost of a newly built home depending on the lo-
cation within the UK [69]. This equity loan is interest-free for the first five years, and it is only available for newly built homes which
impacts the market for retrofitted old buildings. As a result, property developers are not willing to invest so much in old houses and
thus target the acceptable standard for the retrofitting scheme instead of prioritising sustainability. In addition, the fear of higher in-
vestment costs for sustainable structural retrofit of old buildings and the risks of unforeseen costs compared to traditional newly
buildings are often addressed as barriers to sustainable structural retrofit [70].

3.3. Technical barriers to sustainable building retrofit

Lack of adequate technical knowledge in dealing with old buildings is another obstacle that is hampering the attainment of sus-
tainability in the structural retrofitting of old buildings. The component has 17.174% value in percentage of variance and integrates
four different factors. This component revealed that inadequate knowledge of sources and properties of sustainable materials, insuffi-
cient understanding of the structural behaviour of old buildings and adoption of certain retrofit techniques without proper knowledge
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and skills to implement such complex solutions imperilled the attainment of sustainability in the structural retrofit solution. The start-
ing point of any structural retrofit project is to understand the building in terms of both existing conditions and performance during
use [71]. This means a detailed consideration of the current structural performance and the subsequent future responses due to the in-
tended retrofit application is a key part of retrofitting process. However, if the technical knowledge and skills to do this are lacking, it
will be difficult to implement a balance retrofit solution that will encompass all the key elements of sustainability.

The outcome of this study buttressed the earlier submission [71] which implied that lack of professional knowledge has been
recognised as a great challenge in the implementation of sustainable structural retrofit solutions within the built environment. This
particular point was also raised in the report [72] submitted to the UK Department for Business, Energy and Industrial Strategy. The
key submission from Ref. [72] is that structural retrofit works in social housing are being hampered by limited knowledge about some
materials to achieve sustainable housing retrofit either by the housing provider or their suppliers. In addition, the development of sus-
tainable building retrofit requires the active and integrated engagement of all stakeholders which will allow everyone to contribute to
the solution. Therefore, to overcome the technical knowledge barriers identified in this study and other previous related studies, there
is a need to develop an education & skills programme for the entire property and construction supply chain about all aspects of sus-
tainable refurbishment and retrofit market [71].

3.4. Regulatory barriers to sustainable building retrofit

Regulations are mainly put in place by certain approved authorities to either promote or discourage certain actions. In terms of
structural retrofitting of old buildings, this study identified the lack of some incentive policies to encourage old building retrofit from
the government and decision-makers as the main regulatory barrier that impacted the realisation of sustainability in structural retro-
fit of old buildings. This is interrelated with the economic barriers such as the provision of help to buy schemes for new buildings in
the UK [69] which impacted negatively on dealing with old buildings. This component also has four factors with a percentage of vari-
ance value of 16.480%.

While this study generally suggests that regulatory barriers are not the leading barrier to sustainable structural retrofitting of old
buildings with the least value of percentage of variance, the responses definitely indicate that enabling regulatory frameworks and
policies will encourage potential homeowners to consider investing in the sustainability of old buildings. To this effect, Carbon action
2050 White papers from the chartered institute of building [71] recommend key action points around the revision of the Building
Regulations to encourage sustainable structural retrofit and introduce more rigorous requirements for works to existing buildings and
introduce the Code for Sustainable Homes for refurbishment and retrofitting work.

4. Conclusion

This paper presents a study to investigate the barriers that impede achieving sustainability in structural retrofitting of old build-
ings. The study adopted a mixed method of data collection involving a critical review of pertinent literature and administration of a
questionnaire that was responded to by 126 professionals within the built environment sector in the UK. The main mode of data col-
lection is electronic through an online survey platform and sharing the links to questions to professional groups via email, LinkedIn,
Web and even WhatApps which make it possible to collect data from different locations around the UK. The collected data were sub-
jected to reliability analysis and exploratory factor analysis using the SPSS IBM Statistics version 24.

The findings of this study substantiated that 18 out of the pre-identified 21 significant impediments hinder the attainment of sus-
tainability in structural retrofitting of old buildings. Through the exploratory factor analysis, the results after the extraction and rota-
tion of the factors produced four different components which are named based on the common theme that emerged from each compo-
nent. Cultural barriers involving factors that are characterised by human behaviour, interaction, perception, interest, awareness, and
individual way of life is revealed to be the most significant barrier with the highest value of percentage of variance (18.233%). This is
then closely followed by economic barriers with a 17.722% value of percentage of variance. The third barrier identified in this study
is the technical knowledge barrier with a 17.174% percentage of variance. This component established that there is need for proper
development of education & skills programs in every phase of refurbishment and retrofitting. In the last category, i.e regulatory bar-
rier with 16.480% percentage of variance are factors that showed that the absence of encouraging regulatory frameworks and policies
to promote interest in old buildings impacted sustainable structural retrofit of old buildings. The key finding from this study is that
there is no wide margin in terms of which barrier has the most damning impact because all four categories are within 10% variation.

However, it is important to point out that the main limitation of this study is the relatively small sample size, which can affect the
results and the interpretation deduced from the study results. Therefore, this study recommends a future study where much more
sample sizes can be collected and possibly grouped into two categories of data from developing and developed countries. This could
reveal much insight into the specific barriers to sustainable structural retrofit of old buildings in developing and developed countries.
Besides, with a relatively larger sample size, other parametric analyses could be employed to explore the relationship between these
barriers. Also, questionnaires should also be administered to homeowners, property investors and possibly housing authorities to un-
derstand the issue from their perspective. This is because the sample collected in this study were from only professionals and experts
within the built environment sector in the UK.

Albeit this limitation, this study still contributes to significant issues on attaining sustainability targets within the built environ-
ment by increasing awareness on current practices and concerns about attaining sustainable structural retrofitting in building pro-
jects. The study outcomes cover the main impediments to sustainable structural retrofit of old buildings by highlighting both well-
publicised and also lesser-known issues that have not been the subject of widespread coverage. In practical terms, this study high-
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lights the key barriers to overcome to promote sustainable cities and communities which is goal 11 of the Sustainable Development
Goals of the United Nation.
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