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Expected practical improvements in delivering low carbon buildings in high-rise 
high-density cities are still lagging behind those needed to meet global carbon 
reduction targets.  This indicates that there could be a number of commonly prevalent 
constraints that hinder the delivery of low carbon buildings.  Therefore, this paper 
aims to systematically identify and explore these constraints.  The presented outcomes 
are based on a systematic literature review of published journal papers from 2001 to 
2020 and the findings from a questionnaire survey covering seven cities in five 
contexts: namely, UAE (Dubai and Abu Dhabi), Qatar (Doha), Australia (Melbourne 
and Sydney), Singapore and Hong Kong.  The systematic review led to the 
identification of 71 common constraints under 8 categories: namely, 'financial', 
'market structure and supplies', 'policy and regulatory', 'knowledge, awareness and 
information', 'workforce and skills', 'technological', 'behavioural, social and cultural', 
and 'geographical and environmental'.  While identifying the constraints common to 
the contexts of surveyed cities, the paper also presents the constraints specific to each 
context.  The findings should assist decision making at both policy and project levels 
to accelerate the delivery of low carbon buildings by addressing and ameliorating the 
common constraints impeding their development in high-rise high-density cities. 
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INTRODUCTION 
With increased rates of urbanisation, there is a world-wide move towards a low carbon 
urban environment in recent years (UNEP 2019).  The more intensively urbanised and 

developed countries should elevate carbon reduction to a national priority because 
cities as a whole, account for more than 60% of the global greenhouse gas emissions 

and correspondingly consume a significant share (around 80%) of global material and 
energy supplies (Hunt and Watkiss 2011; UN-Habitat 2020).  Among the various 

sectors, the buildings sector is a prime target for emission reduction, as buildings 
worldwide account for about one third of global greenhouse gas emissions and 

consume over one third of total produced energy (Mardiana and Riffat 2015).  
Moreover, research outcomes and energy/ carbon related international organisations 

(International Energy Agency [IEA], Regulatory Indicators for Sustainable Energy 
[RISE]) emphasise the rapid increase of energy demand and carbon emissions from 

building construction and building stock in high-rise high-density cities as a major 
issue.  Many scholars have highlighted that delivering low carbon / zero carbon 

buildings is one of the most significant and 'extremely supporting' strategies towards 
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achieving the environmental sustainability goals in the buildings sector (Isiadinso et 
al., 2011; Shi et al., 2015; Pan and Pan 2018).  Currently, there is a rapid growth in 
the total building floor area globally (GABC 2019).  Most of the developed countries 

with high-rise high-density cities are trying to reduce the energy usage and carbon 
emissions from their new constructions and existing building stock, through various 

micro level and macro level initiatives (Pan and Ning 2015).  Yet, a notable reduction 
of carbon emission and energy usage of buildings is not evident in these countries 

(GABC 2019; IEA 2020).  This establishes that there may be a number of underlying 
constraints which hinder the delivery of low carbon and energy efficient buildings in 

high-rise high-density cities even in well-developed countries with strong economies. 

The relevant literature also reveals that moving towards low carbon buildings has been 

mostly retarded by various socio-technical constraints, rather than purely 
technological barriers or solely societal constraints.  While a number of completed 

studies outline the barriers for energy saving and carbon emission reduction in 
buildings sector, there is a lack of research particularly focusing on the constraints to 

delivering low carbon buildings in high-rise high-density cities. 

A systematic 'identification and analysis' of these constraints is beneficial to 

academics and practitioners to implement strategic efforts to effectively address these 
constraints and uptake the delivery of low carbon buildings in high-rise high-density 

cities.  Hence, this study aimed to identify and assess the constraints to delivering low 
carbon buildings in high-rise high-density cities, with two main objectives: 1.  To 

identify the common constraints to delivering low carbon buildings through a 
systematic literature review and 2.  To assess the above identified constraints and 

specifically identify the constraints to delivering low carbon buildings in high-rise 
high-density cities through a questionnaire survey covering 7 cities in 5 different 

contexts; namely, Hong Kong, Singapore, UAE (Dubai and Abu Dhabi), Qatar (Doha) 
and Australia (Melbourne and Sydney).  In this study, the word 'context' refers to a 

country or a region.  The following sections convey the adopted methodology, 

analysis, results and conclusion. 

RESEARCH METHODS  
Based on the aforementioned aim and objectives, the following methodological 
approach was adopted in carrying out this study (Fig 1).  As one of the most popular 

and comprehensive databases, the "Web of Science" yielded the highest number of 
documents for the keywords search in this study.  Keywords used to search the titles 

of the relevant papers for this review are “(Barriers OR Constraints OR Challenges) 
AND (Energy OR Carbon) AND (Buildings OR Building)”.  To ensure the quality, 

only the published articles in journals were considered for the literature review.  
Subsequently, a questionnaire survey was carried out using the constraints identified 

through the literature review, to capture the significant constraints to delivering low 
carbon buildings in selected high-rise high-density cities.  The respondents were 

requested to complete a survey to rate the level of significance of the constraints 
identified through the systematic review, within the context of their exposure 

according to a Likert scale (from 1 to 5 representing “Insignificant”, “Somewhat 
insignificant”, “Neutral”, “Significant” and “Highly significant”).  A “judgment 

sampling” approach was followed to select the respondents through personal contacts 
in the industry and academia.  Furthermore, a representative sample was obtained, 

considering the targeted professional groups. 
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Fig 1: Research methods 

RESULTS AND ANALYSIS 
Systematic Literature Review 

Fig 2 shows the number of publications from 2001 to 2020 relevant to the selected 

keywords.  The graph shows an increasing trend of the number of publications on this 
topic which indicates that the attention of scholars was increasing over the recent 

years.  Fig 3 shows the bibliometric network of co- authorship links among the most 
productive countries for the selected keywords.  The node sizes are proportionate to 

the number of publications in the respective country.  Accordingly, China and UK had 
22 and 15 articles respectively.  USA, Canada, Australia, Germany, Spain and Sweden 

were the other productive countries.  This highlights an increasing attention towards 
identifying the constraints to delivering low carbon/energy buildings in these 

economically developed countries. 

Fig 2: Number of publications from 2001 to 2020 

 

 
Fig 3: Co-authorship network of countries 

Constraints to delivering low carbon/energy buildings were extracted after examining 
the content of the screened 48 papers from the literature search.  The final list of 71 

constraints under 8 categories are indicated in Table 1. 
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Table 1: List of constraints identified through the systematic literature review 
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Questionnaire Survey Covering Seven Cities in Five Contexts 

From the selected cities, 128 responses were gathered for the questionnaire survey.  

Accordingly, 31, 30, 24, 22, and 21 responses were collected from Hong Kong, UAE 
(Dubai and Abu Dhabi), Australia (Sydney and Melbourne), Qatar (Doha) and 

Singapore respectively.  Among the respondents, 18% were Engineers, 15.6% were 
Educationalists, 14% were Government Officials, 13.2% were Project Managers, 

12.5% were Consultants and 26.5% were from other related professions.  25.7% of the 
respondents had experiences for more than 20 years while 11.7%, 15.6%, 29.7%, and 

17.2% of respondents had 16-20, 11-15, 6-10 and 0-5 years of experiences 
respectively.  According to the adopted Likert scale, the responses 1 and 2 denote that 

a particular constraint is 'not significant' and a response of 3 indicates a 'neutral' view.  
Responses 4 and 5 indicate that the constraint is 'significant' to the context.  Hence, for 

the context specific analysis, the constraints with over 75% of '4 or 5' responses 
(without considering the responses of 3 for the calculation) were identified as 

'significant' to a particular context.  A similar approach was used by Shen et al. (2016) 
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and Gan et al. (2018) in their studies.  Subsequent to the context specific analysis, the 

overall mean ratings of the responses were also calculated for each constraint, taking 
all the 128 responses as the sample to further analyse the overall significance levels of 

the constraints (see Table 2). 

Table 2: Constraints to delivering low carbon buildings in selected 7 cities in 5 contexts 
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Twenty-two constraints out of 71 were identified as 'not significant' to all 5 contexts.  
Seven constraints were identified as 'significant' to only one context.  Table 2 presents 

the remaining 42 constraints which were identified as common to 2 or more contexts.  
Among the constraints represented in Table 2, there are 19 constraints which were 

identified as common to 4 or more contexts.  Only 4 constraints were identified as 

common to all 5 contexts. 

Overall mean ratings of these constraints are also presented in Table 2 for the 
comparative representation of context specific significance and the overall 

significance identified through the questionnaire survey.  Among the 42 constraints in 
Table 2, there are 18 constraints with a mean rating value less than 3.5.  The overall 

mean ratings of these constraints are closer to the value of 3 (neutral) than to the value 
of 4 (significant).  Hence, these constraints were identified as not having an overall 

significant impact on hindering the delivery of low carbon buildings in the selected 

contexts. 

After comparing the findings of both the context wise analysis and the overall mean 
ratings, 52 constraints out of 71 were identified as not common to 4 or more contexts 

and also having a less significant mean rating value.  Accordingly, 19 constraints were 
identified as common to 4 or more contexts and also having an overall mean rating 

value of above 3.5.  Accordingly, the constraints F1, F2, F3, P1, P2, P5, P9, P14, P17, 
P18, K2, K3, K9, W1, T2, T12, B2, B4 and G4 were identified as 'common' and 
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'significant' constraints which hinder the delivery of low carbon buildings in the 

selected 7 high-rise high-density cities in 5 contexts (see Table 2). 

CONCLUSIONS 
High-rise high-density cities account for a significant portion of the global carbon 

emissions.  Despite the various commitments to reduce carbon emissions in the 
building sector, a number of socio-technical constraints still hinder the delivery of low 

carbon buildings in such cities.  The literature review showed that the majority of 
previous scholars have frequently discussed financial, policy and regulatory, 

knowledge, and technological constraints as the most commonly encountered 
constraints to delivering low carbon/energy buildings in general over the past 20 

years.  The recent literature further suggests that the levels of significance of these 
constraints are different from one context to another.  Nevertheless, a majority of the 

referred articles were based on developed countries with high-rise high-density cities.  
Hence it was evident that the identified constraints were affecting the delivery of low 

carbon buildings even in these developed countries in the recent years. 

The findings of the questionnaire survey specifically revealed that some of these 

constraints identified through the literature review still prevail, albeit to different 
degrees, in the selected contexts.  Nineteen constraints were identified as common and 

significant constraints to the selected contexts.  Confirming the findings of the 
literature, financial constraints (such as high initial cost, limited access to capital, less 

/ uncertain financial gains), policy and regulatory constraints (such as lack of: 
mandatory standards, incentives, legal penalties, taxes, etc.), lack of knowledge and 

awareness, lack of skills, lack of motivation, lack of collaboration, and technological 
constraints were commonly identified in the selected contexts.  In addition, 

behavioural constraints and space limitations were also identified as significant to the 
selected contexts.  However, the mean ratings for these 'significant' constraints were 

close to the value of '4' and none of the constraints were rated close to the value of '5' 
which emphasises that these constraints are not rated as 'highly significant' when 

considering the selected contexts together as a one sample.  This implies that as 
developed countries, these countries might have taken considerable efforts to 

overcome these constraints and uptake the delivery of low carbon buildings.  Even 
though the constraints are not rated as critical and highly significant, the respondents 

have concluded that there is still a significant impact of these constraints to delivering 

low carbon buildings. 

Since the identified constraints represent the status of only 7 cities in 5 selected 
contexts, validating the constraints in several other contexts will be beneficial in a 

future stage to further enhance the scope of the findings.  A further exploration of the 
reasons for the context specific constraints will be beneficial to implement customised 

strategies to overcome the constraints.  All the countries selected for the current study 
are economically developed countries.  Testing the significance of these 71 constraints 

in the contexts of a sample of developing countries will provide an opportunity to 
comparatively analyse the relative significance of these constraints to delivering low 

carbon buildings between 'developed' and 'developing' countries.  Meanwhile, the 
findings of this paper would benefit researchers, national policy makers and 

responsible stakeholders in this field by presenting significant common constraints, 
hence enabling them to seek solutions to accelerate the delivery of low carbon 

buildings by addressing the constraints. 
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