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Abstract. Even though a significant emphasis is placed on carbon emission reduction in buildings, several constraints
continue to hinder its practical implementation in buildings. Over the past 25 years, much research has been conducted
to explore the constraints of delivering low-energy/ carbon buildings in different sectors. However, those constraints
have not been organized properly, requiring a detailed and comprehensive approach to identifying and listing the
constraints to deliver low-energy/carbon buildings. Furthermore, a systematic review has still not been conducted to
explore these studies, which have identified and discussed constraints. Therefore, this paper aims to systematically
explore the previous literature to identify and list the constraints to delivering low-energy/carbon buildings. The
presented outcomes are based on a review of published journal papers from 2001 to 2024. According to the findings of
the literature review, 92 constraints were identified under 9 categories. It was revealed that the adaptation of low-
energy/ carbon buildings in developed countries has gradually increased over time, while there is no significant
movement in developing countries.
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1. Introduction

Climate change and resource scarcity have increased the awareness of sustainable practices
worldwide during the past two decades (Pérez-Navarro et al., 2023). With the rapid development
of industrialization and urbanization, the world has been shifting towards low-energy/carbon
buildings over the last few years (Hafez et al., 2023). Since one-third of global greenhouse gas
(GHG) emissions and one-third of energy consumption are accounted for by buildings, the
building sector is one of the main targeted industries to reduce greenhouse gas emissions and
energy consumption (Dino & Meral Akgtl, 2019). The buildings cause negative impacts on the
environment during different stages in their life cycle, such as the processing of raw materials,
transportation of raw materials, construction, operation and maintenance, and demolition (Zou
& Couani, 2012). In addition to that, global GHG emissions and energy consumption are
increasing continuously due to higher population growth rates, changes in lifestyles and
increasing building stocks (Urge-Vorsatz et al.,, 2013). This continued increase in energy
consumption has affected the global temperature increase, leading to severe climate changes in
future (McCarthy et al., 2010). In addition to that, international organizations related to energy/
carbon such as the International Energy Agency [IEA], Regulatory Indicators for Sustainable
Energy [RISE], and the findings of much research have emphasized the impact of the rapid
increase of energy demand and carbon emissions from building construction industry and
existing building stocks.

Many scholars have emphasized that low-energy/carbon buildings are the more significant and
highly supportive strategy for achieving environmental sustainability goals in the building
industry (Isiadinso et al., 2011; Li et al., 2023; Sartori & Hestnes, 2007). Low-energy carbon
buildings can be interpreted as buildings which have low GHG emissions and less energy
consumption using energy efficiency improvement measures throughout their lifecycle (Li et al.,
2023). Low-energy/ carbon buildings aim to reduce carbon emission and energy consumption in
different stages of the building life cycle, such as planning, designing, construction, operation,
demolition and recycling (Sartori & Hestnes, 2007). Currently, building floor area is rapidly
increasing globally due to the higher growth rate of the population. However, most countries are
trying to reduce the carbon emissions and energy consumption of new constructions and existing
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building stock through various macro-level and micro-level carbon reduction and energy-saving
initiatives (Pan & Ning, 2015). Further, accepting the adverse impact of rapid urbanization, the
entire world is taking action to shift urban areas towards low-carbon cities (Ng et al., 2013).

Nevertheless, a significant reduction in carbon emissions and energy consumption cannot be
seen despite several efforts taken. It is also important to note that delivery and development of
low energy/ carbon buildings require advanced technologies in construction and building
operation, sustainable building materials, reliable simulation analysis, complex architectural
designs, strong policy support, consumer acceptance, higher capital, proper supply chain, skilled
labour, proper awareness, education and training, etc... Therefore, delivering low energy/ carbon
buildings have become challenging than that of conventional buildings (Olanipekun et al., 2017).
This emphasises that there may be multiple constraints which hinder the development and
delivery of low-energy/ carbon buildings. There may be several factors, obstacles and conditions
that reduce the effectiveness of the delivery of low-energy/ carbon building projects and
adaptation strategies (Huang et al., 2018). Several studies reveal that the approach of moving
towards low-carbon buildings has been retarded due to several socio-technical factors, rather
than solely social Barriers or solely technical barriers. According to Osmani & O'Reilly (2009),
challenges to the delivery of low-carbon buildings can mainly be identified under legislative,
cultural, financial and technological factors.

However, Zou et al. (2018) identified the availability of previous pilot projects, demand in the
construction market for low-carbon buildings, construction technologies, support from the
government, awareness, knowledge and training regarding sustainable practices as the factors
which hinder the development and the delivery of low-carbon buildings. From a financial
perspective, Baek & Park (2012) discussed that higher capital costs for low energy/ carbon
buildings and prolonged payback periods for the initial investment adversely affect investment
decisions in the low energy/carbon buildings. When considering the financial risk associated with
low-carbon/energy buildings, the cost of projects is highly uncertain and therefore, it is
unpredictable in the long-term and medium-term. Chan & Grace (2006) identified that the lack
of financial incentives for low-energy/ carbon projects is another main constraint. Lack of public
awareness and knowledge regarding carbon emission and energy consumption, and high-
energy-consuming lifestyles have been identified as social barriers by Afshari et al. (2016). Liu
et al. (2010) identified four major problems in low-carbon building projects, such as a lack of
social participation, a lack of regulatory support and mechanisms, and a lack of low-carbon
techniques and funding sources. In addition to that, the behaviours of the occupants, cultural
backgrounds, and consumer choices directly affect the effectiveness of low-carbon building
projects. Zhang & Wang (2013) emphasise that different types of legal, administrative, financial,
non-governmental and social factors restrict the implementation and promotion of low-carbon
buildings in the construction industry. Moreover, lack of information, lack of required skills and
geographical barriers are some of the issues identified to reduce the effectiveness of law carbon
building projects (Du et al., 2014; Rock et al., 2019).

Even though several studies have been conducted to outline barriers to the implementation of
low energy/ carbon buildings, there is no proper systematic review to explore all the barriers in
different dimensions. Since there is a growing trend towards low-energy/ carbon buildings, it is
important to ensure that these projects are delivered more efficiently and effectively. Therefore,
identification of constraints is essential for academics and professional practitioners to set
strategies to overcome these constraints in planning and implementing low-energy/carbon
building projects. To contribute to fulfilling this requirement, this study aimed to identify and
categorize the constraints to delivering low energy/ carbon buildings through a systematic
literature review of published journal papers from 2001 to 2024. This paper presents the list of
the constraints and categorization of the constraints to delivering low-carbon buildings.
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2. Review methods

Peer-reviewed journal papers were reviewed to conduct the systematic review to explore the
previous publications to identify the constraints affecting the delivery of low energy/ carbon
buildings. According to Pickering & Byrne (2014), a systematic review differs from a traditional
literature review which involves a small and often incomplete number of publications because a
systematic review involves a stand-alone piece of research that explores the existing knowledge
in the field and provides insights into quite specific areas.

The steps which were outlined by Hu et al., (2013) and Moher et al., (2009) Were used to present
this study and to conduct the intended review. Related papers were identified through one of the
most popular and comprehensive databases which is called the ‘Web of Science’ electronic
publications repository. “(Barriers OR Constraints OR Challenges) AND (Energy OR Carbon) AND
(Buildings OR Building)” are the keywords used for the database search. The articles were
searched by its title and the journal articles which were published from 2001 to 2024 were
considered for the study. Only the published articles in journals were considered to ensure the
quality. Book reviews, editorials, and papers for conference proceedings were excluded from the
review. After applying the above search strategy, 220 publications were found in the database.
After the manual screening, 115 publications were utilized to explore the constraints of delivering
low energy. The data retrieval process from the selected journal articles was conducted using a
manual data extraction approach by carefully reviewing each article and manually recording
relevant data in an Excel spreadsheet. Finally, collected data were manually analyzed to identify
identical constraints and to categorize them accordingly.

3. Results and Analysis

This section presents the overview of the review of the 220 reviewed articles through the
keyword search as mentioned in the methodology. Even though 220 articles were received by
the keyword search, 34 publications were removed from that list after the abstract screening.
Further, 8 articles were removed from the list after assessing the full text for eligibility. In addition
to that, 11 articles were removed due to issues in retrieving full-text articles. Finally, 167
publications were reviewed for this study. Among them only 115 papers were used to identify
the constraints that hinder the delivery of low energy/ carbon buildings. The primary target of
this section is to present the trend of the publications and highlight the identified constraints
that hinder the delivery of low energy/ carbon buildings and time series analysis of the identified
constraints. Figure 1 shows the article retrieving process.

Articles Identified through database
searching (n=222)

Articles after reading the abstract
(n=188)

records after excluding publications not
fully available (n=177)

full text articles assessed for eligibility
(n=169)

set of relevance publications (n=115)

Figure 1: Article retrieving process
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3.1 TRENDS OF PUBLICATIONS

Throughout the past 25 years, a notable increase can be seen in published studies on low-
energy/ carbon buildings. The evolution was started in 2012 and gradually increased thereafter.
A little attention has been given by scholars to studies related to low energy/ carbon buildings
during the years 2001-2011. Accepting the rapid urbanization, increasing building stocks and
associated climate changes, more countries have started to focus on decarbonization in the built
environment over the past two decades. The amount of research on exploring the constraints
hasincreased in line with the escalation of global commitments to delivering low-energy/carbon
buildings. Figure 2 shows the number of publications related to low-energy/carbon buildings over
the last 25 years.
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Figure 2: Number of publications from 2021 to 2024

When considering the geographical distribution of the papers, publications have been spread all
over the world. Figure 03 shows the geographical distribution of articles.
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Figure 3: No of papers published in different countries

Accordingly, China and the UK had 31 and 17 articles respectively. The USA and European region
had 8 publications each, Canada, Sweeden and Norway had 7 publications each, Australia and
Spain had 6 publications each, Germany had 5 publications, UAE had 4 publications, Iran, New
Zealand, Hong Kong, Nigeria, and Brazil had 2 publications, and remaining countries had 1
publication focusing on specifically exploring the constraints to delivering low carbon and low
energy buildings. This highlights that the attention towards delivering low-carbon buildings has
gradually increased over time in economically developed countries. Most of the developed
countries have proactively planned to include carbon emission reduction and energy-saving
initiatives in their future action plans to reduce the adverse impact on the environment. Hence
there could be more concern about researching potential constraints to implement the planned
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initiatives aiming to achieve the intended sustainability development goals in those countries by
overcoming the prevailing issues. However, there were few publications from developing
countries highlighting their backward approach to delivering low-energy/ carbon buildings. Most
of the developing countries focus on economic prosperity and enhancing sociological aspects,
thereby most of the time environmental aspects are deprioritized neglecting the opportunities
to pursue sustainability and overcome the climate change issue (Khosla et al., 2017). However,
numerous socio-technical constraints can be identified in developing countries which restrict the
effective uptake of delivering low-energy/ carbon buildings due to regulatory barriers, unstable
economic conditions, and low levels of technical adaptation (F. Liu et al., 2010). Therefore,
constraints in delivering low/carbon energy buildings in developing countries would be beneficial
for rapid uptake of implementing suitability initiatives while achieving economic prosperity to
overcome climate change issues.

In addition to the aforementioned trends, a brief emphasis on the productive journals in this
specific area will be beneficial for future researchers to focus and explore more on the related
publications. A total of 115 journals have contributed to this particular research area of
identifying the constraints to delivering low-energy/carbon buildings. Among these journals,
‘Energy and Buildings’, ‘Buildings’, ‘Energies’, and ‘Sustainability’ had 13, 12, 11 and 8
publications respectively. ‘Building and environment’, and ‘Energy policy’ had 7 publications each
while ‘Journal of Cleaner Production’ and ‘Energy’ had 6 publications each. ‘Sustainable cities
and society accounted for 5 publications each while 'Building research and information’ had 3
publications under this specific topic. These journals can be identified as the most productive
journals in this area. All the other journals had 2 or 1 publications under their names.

4. Discussion

According to the geographical distribution of the identified 115 papers, China has published the
highest number of papers accounting for 31 publications followed by the UK had 17 publications.
European countries had 25 publications while Scandinavian countries had 23 publications
including, Norway, Sweden and Canada. In addition to that, the USA had 11 publications. It is
noteworthy that 85.40% of the publications originated from developed countries with stable
economies. It highlights that higher consideration for sustainability practices by delivering low-
energy/carbon buildings can be seen in developed countries. A few numbers of publications have
been published in developing countries highlighting their backward uptake of delivering low-
energy/ carbon buildings. Only 20 papers among the identified papers originated from
developing countries (India, Malaysia, West Indies, Sri Lanka, Bangladesh, Tanzania, Iran,
Nigeria, Zimbabwe, Kazakhstan and Thailand). This implies the slow uptake in delivering low-
energy/ carbon buildings in developing countries.

The total floor area of buildings in developing countries is rapidly growing in developing countries.
More than 3 billion m?, the majority being from the developing countries were built in 2018 with
neither governing /oversight policies, nor mandatory energy and carbon performance
requirements (IEA, 2019). This critical situation is a sign of very slow energy and carbon policy
progress, demonstrating that the evolution of building energy usage and carbon emission
reduction initiatives in particular is not keeping up with the rapid growth in developing countries
(Madhusanka et al., 2020). Nevertheless, sufficient attention from scholars was not evident in
doing research focusing on the contexts of developing countries. Therefore, there is a timely
research requirement to explore the constraints which hinder the development and delivery of
low-energy/carbon buildings in the contexts of developing countries and to determine feasible
strategies to overcome these constraints.

Considering the publication years, most of the publications (136 papers) were published during
the years 2020-2024. Articles published in early years from 2001-2012 focus on constraints
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related to more generic aspects such as green buildings, sustainable buildings, policy-related
issues, organizational issues etc. However, in recent years research on more specific and low
energy/ carbon focus has been published. Along with that, more scholars have focused on
identifying the barriers, challenges, constraints, issues and obstacles in life cycle carbon
emission, adaptation of technology, energy/ carbon calculations and information management
in energy/ carbon reduction programs. In addition to that, in recent publications, many
researchers have studied more net zero energy/ carbon buildings focusing on different
perspectives. Therefore, according to the review findings, research had been started with a broad
area and gradually it has broken into more specific areas.

4.1 LIST OF CONSTRAINTS IDENTIFIED THROUGH LITERATURE REVIEW

Constraints to deliver low energy/carbon buildings were extracted after examining the content
of the 115 screened papers (out of 220) from the literature search. The final and summarized
list of 92 constraints under 9 categories is indicated in Figure 5 below. Constraint categories
were also determined through the literature review. Different literatures had covered different
categories and after retrieving data from each article, 9 different constraint categories were
identified. When there was no indication of the category of a particular constraint, the most
suitable one was selected from the identified list of categories and grouped accordingly.

Among the above-identified constraints, policy-related constraints, economic-related
constraints, knowledge-related constraints, and technology-related constraints are the most
highlighted categories of constraints. Accordingly, most scholars have proven that the overall
progress and delivery of low-energy/ carbon buildings are significantly affected by these
constraints. According to Yeatts et al., (2017) and Kangas et al., (2018) most of the micro-level
constraints come under those categories. Concerning the present study, the radar chart (Figure
5) shows the number of studies which reported the constraints under each category, as well as
the number of specific constraints reported under each category. Most scholars have paid
attention to financial constraints, policy-related constraints, technical constraints, knowledge,
skills and awareness-related constraints. Accordingly, 74 studies have reported from the financial
area of constraints, 65 studies on policy-related constraints, 61 studies from knowledge, skills
and awareness-related constraints, and 55 studies focused on technology-related constraints.
Figure 04 shows the number of studies that have been conducted under each category of
constraints.
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Figure 4: Constraint categories

Figure 5 shows the illustration of all the identified constraints under each category.

Figure 5: List of constraints identified through the systematic review
List of citations for the respective numbers of publications:

1- (Cattano et al., 2013), 2- (Afshari et al., 2016), 3- (Zhang and Wang, 2013), 4-(Du et al.,
2014), 5- (Sudhakara Reddy, 2013), 6-(Baek and Park, 2012), 7-(Wang et al., 2016), 8-
(Tuominen et al., 2012), 9-(Gerrish et al., 2017), 10-(Persson and Gronkvist, 2015), 11-
(Olazabal and Pascual, 2015), 12-(Bertone et al., 2018), 13-(Andri¢ et al., 2019), 14-(Zhang et
al., 2012), 15- (Abdellah and Masrom, 2018), 16-(Cherrafi et al., 2017), 17-(Iwaro and Mwasha,
2010), 18-(Rock et al., 2019), 19- (Bieksa et al., 2011), 20-(Ucci and Yu, 2014), 21-(Jiang and
Tovey, 2010), 22-(Attia et al., 2017), 23- (Thollander et al., 2016), 24- (Williams and Dair, 2007),
25-(Pitts, 2017), 26-(Shen et al., 2018), 27-(Hakkinen and Belloni, 2011), 28- (Li et al., 2019),
29- (Zhang et al., 2017), 30- (Nizeti¢, 2016), 31-(Oregi et al., 2015), 32-(Ng et al., 2013), 33-
(Paiho and Ahvenniemi, 2017), 34- (Dadzie et al., 2018), 35-(Geissler et al., 2019), 36-(Kangas
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et al., 2018), 37-(Pan et al., 2019), 38-(Yeatts et al., 2017), 39-(Alam et al., 2019), 40-(Szumilo
and Fuerst, 2017), 41-(Gupta et al., 2017), 42-(Yu et al., 2016), 43-(Masrom et al., 2017), 44-
(Yu et al., 2015), 45-(Cagno et al., 2014), 46-(Vogel et al., 2015), 47- (Xing et al., 2018), 48-
(Zhao et al., 2015), 49-(Palm & Bryngelson, 2023), 50-(Prieto et al., 2024), 51-(Pérez-Navarro
et al., 2023), 52-(Kazemi & Kazemi, 2022), 53-(Carvajal Quintero, 2022), 54- (Carvajal
Quintero, 2022), 55-(Khafiso et al., 2024), 56-(Cabeza et al., 2021), 57-(Y. Chen et al., 2022),
58-(Formolli et al., 2021), 59-(Madhusanka et al., 2022), 60-(Huang et al., 2023), 61-(Ohene
et al., 2022), 62-(Ceri¢ & Ivi¢, 2023), 63-(X. Chen et al., 2024), 64-(Xi & Cao, 2022), 65-(Brown
et al., 2024), 66-(Liu et al., 2023), 67-(Bui et al., 2023), 68-(Pan & Pan, 2021), 69- (Antoniou
& Mageiropoulos, 2024), 70-(Ala-juusela et al., 2021), 71-(Gluckman & Bardsley, 2022), 72-
(Mustaffa & Kudus, 2022), 73-(Unuigbe et al., 2023), 74-(Rauniyar et al., 2024), 75-(Himeur et
al., 2021), 76-(Moudgil et al., 2023), 77-(Attia et al., 2022), 78-(Ghasemi et al., 2024), 79-
(Jaradat et al., 2024), 80-(Lane et al., 2024), 81-(Le Dréau et al., 2023), 82-(Blomqvist et al.,
2022), 83-(Kazemi & Udall, 2023), 84-(Cristino et al., 2021), 85-(Mapfumo et al., 2024), 86-
(Banfi et al., 2024), 87-(Nair et al., 2022), 88-(Vimal et al., 2022), 89-(Carlander & Thollander,
2023), 90-(Osuizugbo et al., 2024), 91-(Kumaraswamy et al., 2023), 92-(Kamel, 2022), 93-
(Simo-Solsona et al., 2021), 94-(Alabid et al., 2022), 95-(Poyyamozhi et al., 2024), 96-(Mir et
al., 2021), 97-(Zahir et al., 2023), 98-(Akbarinejad et al., 2023), 99-(Gabrielli et al., 2023), 100-
(Ohene et al., 2023), 101-(Keser & Kerestecioglu, 2024), 102-(Rostami & Heravi, 2022), 103-
(Cielo & Subiantoro, 2021), 104-(Cielo & Subiantoro, 2021), 105-(Albrecht & Hamels, 2021),
106-(Noh et al., 2024), 107-(Taylor et al., 2021), 108-(Gajaba & Dissanayake, 2024), 109-
(Xiaoxiang et al., 2024), 110-(Chen et al., 2024), 111-(Hafez et al., 2023), 112-(Gholami et al.,
2021), 113-(Siddique et al., 2021), 114-(Lassandro et al., 2024), 115-(Imran Khan et al., 2024)

The absence of mandatory standards at the national level and lack of regulations for carbon
emission reduction and energy management in buildings have been identified as key policy and
regulatory constraints caused by mitigation of the adaptation of low energy/ carbon initiatives
(Afshari et al., 2016). The lack of incentives from the government and financial institutions for
the owners and the investors of low-energy/ carbon projects has reduced the motivation of those
parties to adopt the low-energy/ carbon initiatives (Andri¢ et al., 2019).

The high initial cost is another significant factor that hinders the delivery of low-energy/ carbon
buildings, and it has been highlighted by several authors. Therefore, investors do not tend to
invest in low carbon/ energy projects due to uncertainty of the return on investment for their
investment (Andri¢ et al., 2019; Du et al., 2014). In addition to the high capital cost, varied
expenses, different responsibilities and time taken to low energy/ carbon compliance,
documentation and reporting cost, high operational and maintenance cost of low carbon
emissioning and energy saving equipment, labour cost and expenses for experts to consult on
the implementation and management of low energy/ carbon buildings are some of most
highlighted expenses that hinder the delivery of low energy/ carbon buildings (Shen et al., 2018;
Wang et al., 2016).

In addition to that, the absence of technical advancements and innovations for convenient
operation and implementation of low-energy/ carbon buildings is another significant barrier that
has been identified by many researchers (Gupta et al., 2017; Vogel et al., 2015). The lack of
production technologies to produce products cost-effectively has caused the unavailability of low-
energy/ carbon products in the market. In addition to that, the complexity of technologies to
install energy-efficient equipment and the incompatibility with other technologies restrict the
opportunities to implement low-energy/ carbon buildings (Masrom et al., 2017; Rock et al.,
2019).

Lack of customized research and inability to effectively transfer the research outputs into
practical scenarios are some of the reasons for slowing down the adaptation of low energy/
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carbon initiatives and reducing the effectiveness of implemented projects (Vogel et al., 2015).
Lack of knowledge, awareness and expertise of the project management and facilities
management professionals in this area is another significant issue which hinders the delivery of
low energy/ carbon buildings. Due to a lack of technical understanding of low energy/ carbon
initiatives, many projects lose the opportunity to adapt these sustainable practices (Du et al.,
2014; Wang et al., 2016; Yeatts et al., 2017). Lack of training and knowledge-sharing programs
restricted industry professionals from improving the skills required to work with low-energy/
carbon buildings (Afshari et al., 2016). Due to the lack of collaborative design practices, industry
professionals have reduced the chance to share the knowledge and experience of these
technologies (Hakkinen & Belloni, 2011).

According to the findings of the study, constraints to deliver low-energy/ carbon buildings vary
with the economic condition of the country. Many scholars highlighted that lack of finance to
invest in low energy/ carbon projects, outdated laws and regulations and unavailability of raw
materials to implement energy efficient programs as challenges to achieving energy efficiency
in buildings in developing countries (Gajaba & Dissanayake, 2024; Mapfumo et al., 2024). In
addition to that, a lack of access and awareness related to technological integration and
innovation has restricted the delivery of energy-efficient initiatives in developing countries
(Osuizugbo et al.,, 2024). However, low electricity costs, split incentives, lack of standard
procedures, conservatism in the industry and lack of information have been identified by scholars
as challenges to implementing low energy/ carbon initiatives in developed countries ( Palm &
Bryngelson, 2023).

During the early years from 2001 to 2012, there were no significant studies that have been
conducted on low-energy/ carbon buildings. In that period, the lack of awareness of the
stakeholders on environmental sustainability, knowledge barriers and lack of research are the
most highlighted challenges between 2001 and 2012 (Williams & Dair, 2007). Lack of finance,
regulatory constraints and challenges related to market structure and the supply chain are the
most identified challenges during 2013-2015 ( 2013; Du et al., 2014; Zhang & Wang, 2013).
Organizational constraints such as lack of coordination and alignment of strategic goals with
sustainable goals, behavioural challenges, and higher expectations of the building occupants
have highly identified constraints during 2015-2020 (Gupta et al., 2017; Masrom et al., 2017).
However, informational barriers such as data security, unavailability of reliable information,
technological barriers such as lack of cost-effective technologies and lack of compatibility of
different building systems with new energy-efficient systems can be identified during 2021-2024
(Lassandro et al., 2024; Siddique et al., 2021).

5. Conclusion

In recent years, low-energy/ carbon buildings have gained considerable attention worldwide as
a more effective solution to reduce energy consumption and carbon emissions. However, a
systematic review on identifying constraints in delivering low-energy/carbon buildings is still
lacking. Therefore, this paper aimed to review relevant journal publications from 2001 to 2024
and identify the constraints in delivering low-energy/ carbon buildings.

Primarily 220 papers published in journals were identified and after the screening process, 115
papers were selected for the review. Among them, 95 papers were from economically developed
countries while only 20 papers were from developing countries highlighting the greater focus of
developed countries to deliver low energy/carbon buildings to achieve sustainable development
goals. After reviewing papers, 92 constraints were identified under 9 categories such as financial,
market and supply constraints, policy and regulatory, knowledge, skills and awareness related,
technical, information related, organizational, behavioural, geographical and environmental
related constraints. In recent years more research has been conducted on advancement in
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technology and innovation, system integration in low energy/ carbon buildings, net zero energy
buildings and information management in energy management systems.

Policy and regulatory impact assessment and development of a context-specific strategical
framework to overcome the identified issues are suggested as future research directions.
Moreover, the provided list of constraints will be useful for relevant stakeholders such as
policymakers, managers, government institutions and so on to implement strategies to
overcome the constraints to promote low energy/ carbon buildings.
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