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Abstract. Growing concerns over high energy consumption and CO, emissions from residential
buildings have boosted the adoption of passive design strategies (PDS) globally, for their
promising solution to address these issues, and also positively influencing occupant productivity.
As such, many governments and organizations have developed relevant codes and procedures to
encourage and enforce the adoption of PDS. Despite the increased focus, the adoption of PDS is
still trailing behind in developing countries, particularly in a hot, dry and humid climate zone.
This paper examines the current state of PDS adoption in such climates, and extracts relevant
motivators, and challenges. The data was gathered through a structured review of literature.
Initial results show the extraction of thirty-five motivators and forty-six challenges to PDS
adoption. The key motivators include reduction in energy consumption and energy bills, while
key challenges include high initial investment and lack of awareness. These are expected to
generate a general awareness among stakeholders and allow a better understanding of the
underlying issues for non-adoption of PDS. Future research will examine the extracted sets of
motivators and challenges through a questionnaire survey in a hot, dry and humid climate zone.

Keywords: carbon emission, challenges, energy consumption, motivators, PDS adoption

1. Introduction
Rapid increase in development led to a boom in construction activities, hence increased the negative
impact of the sector on the environment [1]. Reportedly, the construction industry is responsible for a
considerable amount of energy consumption and CO; emissions, specifically from residential buildings
[2]. Additionally, buildings are responsible for about 40% of total energy consumption and nearly one-
third of total global CO, emissions, which is a clear evidence of the devastating impact on the
environment [3]. This energy consumption and CO, emissions might double or even triple in the next
centuries, particularly in countries with either a hot-dry (e.g. Middle Eastern countries) or hot-humid
climate (e.g. countries like Brunei, Malaysia and Indonesia), which further affects climate change [4].
Consequently, it is important to find a way to reduce energy consumption and CO, emissions. In
order to alleviate the issues, it is widely accepted that the adoption of passive design strategies (PDS)
will greatly reduce energy consumption and CO, emissions while maintaining indoor thermal comfort
[5, 6]. PDS are features intrinsic to the form and design of a building that works on the basis of two
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natural phenomena, i.e. sun/sunlight and wind, and is used in combination with factors like orientation
and aspect ratio (i.e. length to breadth ratio of building), shading and many others as underlying
situations for architectural and/or structural designs. [7]. Due to its considerable positive impact on
energy consumption and CO, emissions, many governments and organizations have developed relevant
codes and procedures to encourage and enforce the adoption of PDS [7]. The benefits of adopting PDS
have also been reported, e.g., in terms of reduction in energy use and CO, emissions; savings in
maintenance and repair costs; and improved comfort and productivity of occupants [8, 9]. In recent
years, research on PDS concepts has increased globally, particularly in hot-dry and hot-humid countries
[10-12].

Despite all these benefits and increased focus on the adoption of PDS into practices, such countries'
actions and practices are not being widely adopted. So, to address these gaps, this study aims to
investigate what exactly motivates or discourages the industry and occupants from incorporating PDS.
The findings will form the basis for further analysis and subsequent inclusion in a questionnaire survey
designed to investigate the perceptions on motivators and challenges to PDS adoption. The outcomes
are also expected to update existing literature, raise awareness among construction industry
practitioners, and document necessary feeding materials for future research. The following sections of
the paper discuss the methodology adopted for this paper, the findings of the research done so far, and
finally, the conclusions.

2. Methodology

The structured literature review was conducted from academic listings of Science Direct, Taylor and
Francis, and Emerald Insight, published within the last two decades, i.e. from 2001 to 2020. The
following five keywords were first used individually: "residential building," "energy efficiency," "low
carbon building," "passive design," and "optimization."; and then together, to identify 1,713 papers. This
was further reduced to 261 papers after removing publications with the same title and repetition caused
by the keywords during the first stage. Next, the abstracts and the remaining contents of papers were
scanned to ensure that the papers primarily deal with reduction of energy consumption and low carbon
emissions, and to ensure that they are related to PDS, which further reduced to 195 papers, with 156
papers from hot, dry and humid climates. These 156 papers were considered for review, which includes
papers that are published in countries with a hot-dry climate (i.e., Saudi Arabia and Nigeria) and a hot-
humid climate (i.e., Malaysia, Singapore, Indonesia, and India).

3. PDS adoption
The first movement of PDS (Passive Design Strategies) adoption struck the construction industry in
developed countries, such as the USA, which held its first passive design conference in May 1976 as a
means to overcome huge energy consumption and other obstacles that were encumbering innovation
[13]. Numerous studies indicate that the PDS market would be huge, but its adoption is slow in many
countries, such as Malaysia, Indonesia, and Pakistan [14-16]. According to the report in 2020, China is
in the early stage of PDS adoption. Many people are not familiar with the concept of PDS [17]. China
currently attaches great importance to energy conservation and CO; emission reduction, and targets to
reduce energy consumption and CO; emissions by 25% over the next decade [18]. Accordingly, there
are numerous publications and research results for PDS adoption in China [19]. China's first publication
on guidelines for adopting PDS appeared in 2015 [20]. However, there was no clear vision or definition
of when the adoption of PDS should be achieved. Also, some provinces and cities in China have just
put policies in place that make it easier to adopt PDS, but have not done much to promote it [21].
Then, adoption of PDS concept in Malaysia's construction industry can be traced back to a decade or
earlier [22]. However, in the past five years or so, the interest in PDS adoption has intensified among
numerous stakeholders in the construction sector [23]. As part of improving PDS adoption, Malaysia
has introduced the guidelines for PDS adoption for their residential buildings [24]. Nonetheless, the
guidelines for PDS adoption have been initiated in the country since 2017 by the government but are
only limited to their internal projects [25]. It was then known that the progress of PDS was then
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dominated by the non-residential sector from 2017 onwards [26]. Since then, Malaysia has taken a
number of steps to make it easier for people to use PDS [27]. However, only 5% of the residential sector
uses PDS every year [28]. While, adoption of PDS in Indonesia's construction industry can be traced
back to a decade or earlier [29], in the last five years or so, there has been a surge in interest in PDS
adoption among a wide range of construction stakeholders [30]. It was found that Indonesia was highly
aware of PDS in the construction industry, however, the usage of the technology in the country was low
[31]. Studies found very high awareness of PDS among the surveyed population of construction
stakeholders, compared to the low adoption rate of only 4% [32, 33]. This might be due to the absence
of any general standard and regulation for PDS adoption in Indonesia, where only large projects have
started using PDS, mostly in commercial buildings, in the last few years [32, 34].

In addition, the PDS adoption in India is still at an early stage, with growth of 5.0% each year [35].
Furthermore, PDS is not mandated across all the states yet, although energy efficiency was prioritized
over all other concerns, and it is expected to grow significantly [36]. In India, the support for the adoption
of PDS from governmental bodies is still poor [37]. There are no uniform PDS standards and guidelines
regarding the implementation of PDS [34, 36]. Also, the present studies indicate that there is a potential
for adopting PDS in India [37]. Moreover, private sectors have just started to evaluate the value and cost
of adopting PDS [38]. As compared to other countries, Pakistan's adoption of PDS is very slow, with
only private individuals and a few fragmented public initiatives fully embracing it [39]. However,
unfortunately, PDS adoption in Pakistan has neither been made mandatory by the Pakistan government
nor been widely adopted by construction organizations [40]. The construction activities in Pakistan are
still using old and outdated construction equipment. The government has issued several policies, yet
most of the policies are not clearly defined on PDS standard [41]. Furthermore, the industry is facing
numerous problems, like a lack of both skilled and unskilled workers, expensive building materials, and
low standards of health performance [42].

4. Motivators
The literature search extracted 35 motivators in six groups that drive the adoption of PDS, which are
tabulated in table 1 and briefly discussed below.

4.1. Financial benefits

The ability to reduce energy consumption and energy bills have been identified as the key motivator for
PDS adoption. The reduction of energy comes from the incorporation of natural phenomena, which
reduces the need for mechanical cooling or heating [43]. Energy reduction can bring financial benefits
to users or owners, as users can save money on energy bills, which in the long run can actually pay off
the initial installation costs and save even more [44, 45]. A study reported that the financial benefits
from reduced energy consumption are 10 times higher than the additional construction costs required to
practice PDS [46], and energy consumption can be reduced by 25% — 60% [47].

4.2. Social benefits

The adoption of PDS enhances the quality of life of occupants, which then improves occupant health
and comfort [46, 47]. These come from user-friendly design that leads to better indoor air quality (i.e.,
lower concentration of CO, emissions). Besides, PDS components implemented in the building, such as
insulation, solar shading, and green walls, contribute to an improved quality of life for individuals [48,
49]. These were observed in Singapore, Hong Kong, and Malaysia [50, 51]. Furthermore, the occupants
of the PDS building used about 45%—62% less electricity [49, 52]. This results in the improved
satisfaction and well-being of building occupants.

4.3. Environmental benefits

According to studies in Hong Kong and Singapore, one of the primary motivators for adopting PDS is
environmental benefit [49, 53]. Due to the enforcement of environmental policies and regulations,
clients' demand to adopt PDS also increased, as the adoption resulted in a healthier work and living
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environment [54]. Also, adoption of PDS could protect biodiversity and ecosystems. This is supported
by studies in India, China, and Malaysia stating that the environmental benefits are driving the adoption
of PDS, resulting in an increase in the PDS adoption rate [50, 55]. Clearly, these factors make a positive
contribution to the adoption of PDS [56].

4.4. Reliance on climate

The adoption of PDS conserves natural resources, which is one of the main motivators for adopting PDS
[57]. Studies in Singapore and Hong Kong reported that the reliance on climate on PDS adoption helps
to reduce a building’s environmental impact by decreasing its contribution to CO, emissions [58]. The
use of natural phenomena for PDS adoption also anticipates the stakeholders' adoption of PDS, which
decreases the reliance on mechanical systems to provide heating and cooling energy demands [59]. This
led to less of an effect on climate change, which further drive the stakeholders to adopt PDS.

Table 1. Motivators to PDS.

Group 1: Financial — Energy conservation in structural design, energy conservation in

Benefits architectural design, high return on investment from rental and
property values, reduces energy consumption and costs/bills, reduces
maintenance and repair costs of buildings, attract premium
clients/increased building value

Group 2: Social
Benefits

Group 3:
Environmental
benefits

Group 4: Reliance
on climate

Group 5: Cliental
demand

Group 6:
Consultant
influence

User friendly design, provide better health for occupants due to
improved indoor air quality, improve comfort, satisfaction and well-
being of building occupants, improve the quality of life for
individuals; improve occupant’s productivity

Reduce material use and use low impact PDS materials, healthier
work and living environment, improved air and water quality,
enforcement of environmental policies and regulations, protecting
biodiversity and ecosystems

Reduced impact on the climate change, decrease use of natural
resources, reduced in the environmental pollution, improved visual
amenity, reduced impact on the environment for CO, emission

Market competition, high awareness and knowledge of client, better
image through PDS, recognition from the industry, promotion of
successful PDS project as case examples, personal commitment due
to awareness of environmental concerns, availability of PDS
suppliers, government incentives schemes for PDS adoption

Clients have better public image, public awareness to PDS initiatives,
client collaboration towards PDS initiatives; business commitment to
adopt PDS, lack of client knowledge, professional accreditation for
PDS adoption, consultants have good reputation of using PDS

4.5. Cliental demand

Clients or owners, who play a major role in the construction process, are motivated to meet PDS
standards since they are aware of the benefits of adopting PDS [58]. Also, since clients are the key
decision makers for PDS adoption, it is easier for a project team to adopt PDS practices once a client
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expresses interest [59]. This shows that clients are aware of the potential benefits and knowledge of
PDS, which leads them to show interest and consequently demand for PDS adoption. Also, market
competition is one of the main reasons Australia and Singapore adopted PDS in their construction sector
[60].

4.6. Consultant influence

Consultant influence as a motivator was reported in Australia, Singapore, and India [57, 61]. Due to
clients' uncertain knowledge and awareness of PDS, consultant service providers play the key role in
explaining, suggesting, and persuading them to adopt PDS [46]. Furthermore, consultants’ professional
accreditation and knowledge of PDS allow them to maintain their reputation and create a superior image,
which further motivates the client to adopt PDS [55]. This is supported by studies in Malaysia, Hong
Kong, and Australia stating that consultant influence drives their adoption of PDS [53, 61].

5. Challenges
In addition to the aforementioned motivators, the literature search extracted 46 challenges in six groups,
which are shown in table 2 and briefly discussed below.

5.1. Financial issues

The most common challenge mentioned in the literature is ‘high initial cost’ [62-64] across many
countries, like Malaysia, Singapore, Indonesia, Nigeria, and Saudi Arabia. This is attributed to the actual
and perceived high investment costs for PDS, which are 25% higher than the costs/fees for traditional
design, and the risk of unanticipated costs related to the use and practice of PDS [65]. Most of the extra
cost comes from the detailed analysis done by consultants based on the underlying climate, the choice
of appropriate building materials that costs 3% - 4% more than traditional materials, lack of experts’
experience with PDS and relevant materials, and their skill levels [66]. The high cost of investment also
affects the rate of adoption, particularly where the PDS technology is not available in the local market,
so requiring their import [67]. Indeed, high costs drive potential stakeholders away from adopting PDS,
irrespective of the need to address high energy consumption in buildings [68].

5.2. Government issues

The government issues are key challenges that prevent the adoption of PDS [69]. They refer to the
absence of rules, regulations, and guidance documentation and the limited policy framework provided
by the government for the adoption of PDS [51, 70]. Due to the lack of these rules and regulations, PDS
are not widely used in such countries [71]. Previous studies have found that the lack of rules and
regulations is the biggest problem with PDS adoption in Thailand, Indonesia, Pakistan, and India [42,
72].

5.3. Management issues

The process of adopting PDS in buildings itself can create some challenges [55]. The complexity of
PDS adoption entails practical difficulties in defining specific design requirements [57]. Since PDS is
diverse, it necessitates not only full collaboration and effective communication among project team
members but also close collaboration with suppliers, experts, and owners [60]. PDS design is prone to
failure in the absence of close interaction and effective communication among project team members.
This is also backed up by studies from Vietnam, Malaysia, Nigeria, and Saudi Arabia that stated gaps
between all stakeholders' collaboration and decisions could make it hard for PDS to be adopted [71].

5.4. Technical issues

The lack of training has resulted in inadequate knowledge and information on PDS [72]. Therefore, the
number of qualified people to adopt PDS is still insufficient. In addition, the enforcement by the
government to adopt PDS is still low, which causes hesitation among clients and developers to adopt
PDS due to insufficient awareness about PDS technology and its potential [65, 73]. Hence, a lack of
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technical abilities of PDS, including overestimates of the initial cost premium, hinders the adoption of
PDS.

Table 2. Challenges to PDS.

Group 1: Financial
issues

Group 2:
Government issues

Group 3:
Management issues

Group 4: Technical
issues

Group 5: Socio-
cultural issues

Group 6:
Knowledge issues

High initial costs of PDS adoption, lack of government incentives and
grants, technical difficulty in design due to unfamiliar with PDS
concepts, cost of passive technologies and materials are expensive,
increased cost pressure without the benefits of scale economies, long
pay back periods from PDS practices, lack of financial
resources/capital to support PDS, risk of unforeseen costs in adopting
PDS

Absence of guiding policy to improve technical capability of
consultants, lack of enforcement from government for the
construction of PDS, lack of relevant laws and regulations to drive
PDS adoption, ineffective government programs focused on PDS,
lack of environmental enforcement for PDS, absence of an official
sustainable design body, lack of government support concerning
PDS, lack of training provided by the government focused on PDS

Unwillingness to change the conventional way, lack of
communication and collaboration across all stakeholders, lack of
expertise within the organizations, conflict of interest, lack of
empowerment to support PDS, weak organizational structure to
support PDS, lack of support from the senior management on PDS
adoption

Lack of easily accessible resource and documentation, lack of access
to external PDS technical support, lack of technical ability within the
project team, limited availability of PDS suppliers locally, poor
supplier commitment towards PDS, lack of skilled personnel, lack of
exemplar “demonstration project”

Lack of client demand to adopt PDS, lack of marketization of PDS
specifications, existence of attitude and perception issues regarding
PDS, weak public pressure towards PDS technology, lack of
environmental concerns, lack of culture on PDS concepts, cultural
change resistance by stakeholders, tendency to maintain current
practices by the owners

Lack of awareness of expertise, lack of awareness of benefits on PDS
adoption, lack of professional knowledge, uncertainty with PDS
technology and materials, lack of awareness of clients, lack of
education and knowledge in PDS technology, society’s inadequate
awareness regarding passive building, perception about PDS
technology (e.g. distrust)

5.5. Socio-cultural issues
Socio-cultural factors largely prevent PDS adoption in hot-dry and hot-humid countries [35, 44].
According to a study covering Malaysia and Indonesia, occupant/client behaviours and culture are the
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main factors that prevent the adoption of PDS [53, 62]. Such behaviours are related to cultural attitudes,
such as not believing the positive benefits of PDS adoption and the resistance to change from traditional
design. In addition, there is a lack of awareness of the positive benefits of PDS adoption within the
construction sector in hot-dry and hot-humid countries where market demand does little to motivate
clients or owners to adopt PDS [68, 72]. Hence, society is not fully aware of successful PDS adoption
in such countries, hence the low demand for PDS adoption.

5.6. Knowledge issues

The lack of awareness of PDS is another key challenge that prevents the adoption of PDS [72-74]. Due
to the uncertain knowledge and awareness, clients reject or avoid adopting PDS, as the adoption of PDS
may result in extra costs [75]. Also, a lack of awareness among stakeholders appears to be the key
challenge of PDS adoption in Vietnam [73]. This is supported by studies in Indonesia, India, Pakistan,
Iraq, and Malaysia stating that the low level of awareness among people working in client organizations
and stakeholders' organizations is obstructing the adoption of PDS [32,74]. Therefore, it may affect
adoption behavior due to the minimal principal knowledge and understanding.

6. Conclusion

With rapid development, the building sector is, and will continue to be, a major energy user. The
adoption of PDS is one way to reduce such energy consumption and consequent CO» emissions. Despite
many diverse benefits, PDS adoption is still relatively low in hot-dry and hot-humid countries. As such,
this paper attempted to explore the current state of PDS adoption in such countries and extracted various
motivators and challenges to PDS adoption, through a structured literature review. A list of 35
motivators and 46 challenges were identified. These motivators and challenges will be examined in the
next phase of this research through a questionnaire survey of contractors, consultants, and
developers/clients in the Brunei construction industry, before devising a set of strategies and/or
framework for wider adoption of PDS. The overall results are expected to help and improve the use of
PDS in construction industries in general, and in hot-dry and humid countries in particular. The
outcomes are also expected to benefit a number of parties, such as financial institutions, investors,
developers, and policymakers.
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