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ASEAN built environment meta-analysis 1 

1. Introduction 2 

 The term built environment refers to the human-made environment designed to provide 3 
space in which people, live, work and recreate on a day-to-day basis (1). The interdisciplinary sciences 4 
of built environment cover urbanism, architecture, civil engineering, building technology, landscaping 5 
and the management of built stocks mutations and operations. More recently, public health research 6 
has expanded the definition of built environment to include mental health, physical health, well-being, 7 
walkability, bikeability, public green spaces and healthy food access (1–4).  8 

 The ASEAN nations are expected to double their historic productivity rates to cope with the 9 
expansion of the workforce from agriculture to the manufacturing sector (5). Three new catalysts are 10 
expected to address ASEAN’s productivity challenges by capturing a more significant share of global 11 
flows, revisioning the built environment to accommodate the continues growth of cities and deploying 12 
disruptive technologies (5). It is expected that by 2030, 45% of the region’s population (~ 90 million) 13 
will live in urban areas which will contribute to 76% of ASEAN GDP (5). Thus, urbanisation-driven built 14 
environment change is regarded as a significant driver of economic growth in the region.   15 

 While the growth of cities across ASEAN is generating economic momentum, enormous 16 
challenges are being posed through income inequality and quality-of-life issues (6). Six strategic areas 17 
of sustainable urbanism were identified in the Master Plan on ASEAN Connectivity (MPAC) 2025 (7). 18 
It included, i) Civic & Social transformation; ii) Health & Well-being; iii) Security; iv) Quality 19 
environment; v) Built infrastructure; and vi) Industry & Innovation (6,7). However, policy challenges 20 
concerning lack of affordable housing programs, transparency in governance, resilience to climate 21 
change, credibility to attract investors and technological leapfrogging should be addressed to achieve 22 
the aforementioned sustainable urbanism strategies (5,8). With the income divide in many ASEAN 23 
cities, expansion of urban sprawls is creating concerns for congestion, economic efficiency and cultural 24 
heritage (6,9). The slum population estimates for the ASEAN region is illustrated in Fig 1. Cambodia 25 
had the highest share of slum population (~55%), while Indonesia had the lowest share (~ 22%) in the 26 
region. 27 

Fig 1. Slum population, 2014 (%) in ASEAN region (data source: (10))  29 
[Note: No data was found for Brunei, Malaysia and Singapore] 30 

 A critical indicator of built environment changes and urbanisation is land use pattern (see Fig 31 
2). Between 2000 and 2010, massive urban expansion took place in Manila, Hanoi and Jakarta 32 
indicating high levels of land consumption and more decentralised form of urbanisation (9). It was in 33 
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contrast to urban expansion in Kuala Lumpur and Bangkok (9). The percentage increase of urban built-34 
up area between 2000 – 2014 is illustrated in Fig 3. Jakarta experienced the highest 80.49% increase 35 
of total built-up area among the ASEAN cities, and the increase ranged from 77.47% in Manila to 36 
40.49% in Hanoi (see Fig 3).   37 

Fig 2. Map of land use change pattern for selected ASEAN cities, 2000 – 2010 (source:  adapted from (11)) 39 

Fig 3. Percentage increase of total built-up urban area in selected ASEAN cities, 2000 - 2014 (data source: (12)) 41 

 Urban environmental health in the ASEAN region is a critical indicator of the effect of 42 
urbanisation on the built environment and ecosystem services. Urban environmental health plays a 43 
pivotal role in the planning efforts on climate change mitigation and adaptation goals (13). Fig 4 44 
illustrates a few critical urban environmental indicators of selected ASEAN cities (after (14)). It shows 45 
that Singapore, Kuala Lumpur, and Bangkok feature the highest CO2 emission per capita measured at 46 
7.4, 7.2 and 6.7 tonnes, respectively (see Fig 4a). Similarly, advanced public transport coverage (km2) 47 

Jakarta, Indonesia Hanoi, Vietnam

Bangkok, Thailand Kuala Lumpur, Malaysia Manila, Philippines
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is highest for Kuala Lumpur (0.27 km2), followed by Singapore (0.21 km2). Hanoi have no such 48 
advanced transport coverage (see Fig 4b). An advanced public transport network includes coverage 49 
by trams, light rail, subway and Bus Rapid Transit (BRT) (14).  50 

Fig 4. Environmental soundness indicators in different ASEAN cities, 2011 (data source: (14)). 52 
[Note: for Fig 4e, Waste = Waste collected and disposed (%); water_leak = Water system leakage (%); Sanitation = Access to 53 

sanitation (%); Wastewater = Wastewater treated (%)] 54 
  55 

Urban green space per capita is highest for Singapore (66.2 m2), followed by Kuala Lumpur 56 
(43.9 m2). Bangkok and Jakarta had the lowest green space per capita, 3.3. and 2.3 m2, respectively 57 
(see Fig 4c). Water consumption per capita was lowest for Jakarta (77.6 litres) and Hanoi (55.0 litres) 58 

a) CO2 emissions per capita (ton) b) Advanced Public Transport coverage (km2)

c) Green space per capita (m2) d) Water consumption per capita (litres)

0

e) Waste management, water and sanitation coverage
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amongst the other cities (see Fig 4d), but lies above the WHO minimum standard (50 litres per 59 
capita/day) (9). Singapore had the highest percentage of waste collected and disposed of (100%) 60 
followed by Hanoi (95.2%) (see Fig 4e). Only 35% of the waste was collected and disposed of in Jakarta. 61 
Water system leakage is an important indicator of water resource management and water supply 62 
system in a city. Fig 4e shows that Singapore had the lowest water leakage (~3%), while Jakarta had 63 
higher water leakage (~50.0 %). Kuala Lumpur (~70.0 %) and Jakarta (~67.0 %) feature a moderate 64 
level of access to sanitation, especially compared to Hanoi (~40.0%) and Manila (~12.0%) (see Fig 4e). 65 
Furthermore, concerning wastewater treatment, Bangkok, Hanoi and Jakarta performed poorly with 66 
weak figures of 12.2 %, 10.0% and 1.0%, respectively (see Fig 4e). Singapore, with 100% figures for 67 
waste collection and disposal, sanitation, and wastewater treatment, provides an excellent example 68 
of improved urban environmental management in the ASEAN region using smart technologies (9,14).  69 

The daily air pollution levels for the ASEAN cities shows Jakarta, Hanoi and Bangkok as more 70 
polluting than Singapore, Manila and Kuala Lumpur (see Fig 5a). Mitigation higher levels of nitrogen 71 
dioxide, sulphur dioxide and suspended particulate matters in the air remains an environmental 72 
challenge in the rapidly urbanising ASEAN cities. In contrast, Singapore, with a much higher urban 73 
built-up area (see Fig 3), remains moderate to low polluting zone in the region (see Fig 5a).  74 

Fig 5. Daily air pollution levels and Environmental Risk Exposure in ASEAN region, 2014 (data source: (9,15))  76 
[Note: NO2 = Nitrogen dioxide (μg/m3); SO2 = Sulphur dioxide (μg/m3); SPM = Suspended particulate matter (μg/m3)] 77 

The Environmental Risk Exposure (ERE) indicates the overall extent of risk of water and air 78 
pollution to human health in the built environment. Higher ERE signifies higher risk and vulnerability 79 
of human health to pollution and vice versa. It ranges between 0 to 1, with ‘0’ indicating lower risk 80 
level in the urban area of water and air pollution to human health (15). Fig 5b illustrates the ERE risks 81 
in ASEAN countries; Malaysia indicates lower risk level with an ERE of 0.32. Myanmar has the highest 82 
risk with an ERE level of 0.76 (see Fig 5b) (9,15).  83 

Six key areas are dedicated to the current scientific research that establishes the inter-linkages 84 
in the urban environment for healthy and sustainable cities. It includes air quality & noise; climate 85 
change & extreme weather; urban heat island & buildings; urban vegetation & ecosystems; water, soil 86 
& waste; energy & transport; and air quality & noise.  We investigate these inter-linkages in the ASEAN 87 
context through a meta-analysis of scientific literature on ‘built environment’ and ‘ASEAN member 88 
states’.  89 

a) Daily air pollution levels in ASEAN 
cities, 2014

b) Environmental Risk 
Exposure (ERE), 2014
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2. Data and Method  90 

The empirical investigation of the linkages of health and sustainable built environment in the 91 
ASEAN context (as aforementioned), we perform a meta-analysis of published literature in the broad 92 
theme of the built environment. The Web of Science (WoS) database was used to search all the 93 
relevant literature from 2000 to 2020 with the keyword ‘built environment’ and ‘respective ASEAN 94 
countries’. This heuristic search discovered around 2086 published documents matching the keywords 95 
(see Fig 6).  96 

Fig 6. Heuristic search result in the Web of Science database (WoS) (n = 2086). 98 

A science mapping technique was used to process the meta-data that consisted of the ‘title’, 99 
‘abstract’, ‘author’s keywords’, ‘cited reference’ and ‘journal classification’ (after (16)). The meta-data 100 
was then filtered to remove redundant terms and topics, which then further analysed using 101 
dimensionality reduction statistical techniques. It included principal component analysis/factor 102 
analysis, multidimensional scaling (MDS) and multiple correspondence analysis (MCA). These steps 103 
were followed as per the best-practice guidelines of (17). The R programming language was used to 104 
perform these analyses using the packages FactorMineR (18) and factoextra (19). The visualisation 105 
was performed using the ggplot2 (20) and plotly (21) libraries in R.  106 

The results are presented in the alphabetical order of the 10 ASEAN member states and were 107 
discussed in accordance with the six linkages of the healthy and sustainable built environment, as 108 
mentioned in Section 1.     109 

3. Built environment analysis and science mapping  110 

Brunei Darussalam 111 

 The common words in the built environment research documents on Brunei Darussalam is 112 
illustrated in Fig 7. Floods, landslides, forest fires and haze continue to inflict significant social, 113 
economic, and psychological toll in the urban built environment of Brunei (22). A significant effort in 114 
Brunei’s urban planning are dedicated to building resilience to frequent flooding and landslides under 115 
the uncertainties of climate change. Supporting topics can be seen in Fig 7a and 7b, of which mangrove 116 
management in the built environment is an active topic to tackle flooding and landslide (22).  117 
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Fig 7. Extracted topic clusters for Brunei Darussalam 119 

In terms of air quality, Brunei has the second least polluted urban areas in the world (23). The 120 
most recent data indicates that the country's annual mean concentration of PM2.5 is 6 µg/m3, which 121 
is below the recommended maximum of 10 µg/m3 (24). As aforementioned, climate and extreme 122 
weather events include frequent flooding, landslide and haze from neighbouring countries (22). 123 
Recent studies on land-use classification in Brunei have shown that there has been a shift in urban 124 
planning strategies since the last 40 years. The first master plan advocated polycentric growth away 125 
from the capital city, Bandar Seri Begawan. Its latest plan, however, currently promotes compact 126 
growth within a predefined urban footprint as a development control mechanism (25). Residential 127 
developments, especially public housing, play a more significant role in driving urban growth in Brunei 128 
Darussalam (25). Large-scale public housing programmes, the Skim Tanah Kurnia Rakyat Jati (STKRJ) 129 
and the Rancangan Perumahan Negara (RPN) have been instrumental in driving much of policies for 130 
decentralised growth through a public housing development. The main housing typology adopted 131 
within these programmes were traditionally detached, single-family dwellings; with, more recent 132 
years seeing increased densities through the development of terrace housing (25,26). However, an 133 
increasingly low-density form of urban land-use in Brunei has since become characteristic of its urban 134 
character.  135 

Public spaces in Brunei are declining and are delineating from its tropical characteristics due 136 
to economic-led growth (27). Sustainable Urbanism initiative in Brunei is planned through the Green 137 
Cities Initiative for the Brunei Darussalam-Indonesia-Malaysia-Philippines East ASEAN Growth Area 138 
(BIMP-EAGA) (6). It also includes high-tech digitalisation of the capital city using 5G and Internet of 139 
Things (IoT) (6, pp 20).  140 

Cambodia 141 

  Cambodia challenges to reach sustainable natural recourse management with declining forest 142 
cover (57% to 47% between 2010 – 2014) and an exponential increase in solid waste disposal in 143 
municipal landfills (318,000 tons to 1.5 million ton per annum) (28). Besides, Cambodia challenges in 144 
access to reliable energy for sustainable economic growth (28). Science mapping for Cambodia’s built 145 
environment research is illustrated in Fig 8, which shows dams and hydropower as high-frequency 146 
terms. Thus, indicating Cambodia’s quest for energy security.  147 

   148 

a) Word cloud b) Topic cluster
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Fig 8. Extracted topic clusters for Cambodia 150 

Fig 9. Phnom Penh shophouse (source: (29)) 152 

 Urbanisation in Cambodia has been largely unplanned and unregulated. Shophouses in Phnom 153 
Penh are characteristics element of the urban built environment of Cambodia that epitomises ‘Asian 154 
values’ (see fig 8a). However, the city’s shortage of housing has in effect cramped its shophouses to a  155 
point of overcapacity and crowding (30). At present, it houses the informal sector workers, which is 156 
about 90% of Cambodia’s workforce (6 pp21). Besides, large scale private oversea developers have 157 
primarily excluded the shophouse design from the contemporary urban built environment.  158 

 It is linked to expanding the urban divide and rise in informality in the city. Phnom Penh gained 159 
a reputation for mass evictions and resident displacement (29,30).  The Master Plan of Phnom Penh 160 
2020 aimed to create new urban centres to prevent urban sprawl and  to  promote  the  development  161 
of  suburban  areas  that  are  able  to  absorb  the  rapid urban growth (30). Recently, further policy 162 

a) Word cloud b) Topic cluster
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variables were added in the Master Plan 2035 to regulate land-use, improve walkability and green 163 
spaces in the city and improve the ‘adaptive capacity and resilience’ of the city to climate change 164 
vulnerabilities (see Fig 8). The city built environment is highly vulnerable to floods (31). Moreover, 165 
there is no formal wastewater treatment system in Phnom Penh that remains a public health hazard 166 
(31, pp 35).  167 

 Improvement in urban management strategies is crucial for sustainable urbanism in 168 
Cambodia. Of which, improving the technical capacity to develop a detailed land-use plan should be a 169 
policy priority (31 pp 55). Investments should be prioritised in urban transport; drainage and flood 170 
protection; sewage and wastewater treatment; solid waste management; affordable housing and 171 
community improvements through digital technologies (6). Moreover, ensuring an inclusive approach 172 
to reduce urban inequality through sustainable infrastructure investment for the poor, improving the 173 
mobility of the urban poor to enable job market access and scaling up job training micro-enterprise 174 
and other programs for the low-income population (31 pp 55).  175 

Indonesia  176 

Fig 10. Extracted topic clusters for Indonesia 178 

 Indonesia is a strategic nation that impacts the growth of the entire ASEAN region, due to the 179 
high rate of urbanisation and flow of foreign direct investments (FDI). Urban inequality has been 180 
consistently high in Indonesia since the 1990s, and it remains a critical sustainability and growth 181 
barrier in the country (32). About 80% of Indonesia’s workforce is employed in informal sectors. This 182 
situation is compounded by gender discrimination in the labour market and high health vulnerabilities 183 
of the informal sector (6 pp 21). Currently, a large emphasis in on promoting and expansion of small 184 
and medium enterprises (SMES) for job creation and capacity buildings (see Fig 10).  185 

 High traffic congestion remains one of the salient characteristics of the urban built 186 
environment. It is estimated that Jakarta’s traffic congestion costs around US$27 billion per year (6). 187 
Current sustainable urbanism efforts in the region are to improve the congestions through smart 188 
mobility technologies (6). The national built environment improvement program includes the Green 189 
Cities Initiatives where green building and sustainable architecture is a critical component (6). 190 
Bandung’s low-carbon city plan is also a part of this national movement.  191 

In the built environment and housing context for low-income communities, self-help housing 192 
represented by the kampong makes a substantial contribution towards accommodating the urban 193 

a) Word cloud b) Topic cluster
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underclass (33). The self-help and local wisdom component is a critical design component of 194 
Indonesian rural and urban built environment (see Fig 10). The Kampong Improvement Programme 195 
(KIP) is a major national policy for self-help housing that had embedded sustainable housing themes 196 
to improve the quality of life of urban poor. The self-help kampongs were upgraded by permanent 197 
materials (like brick/cement walls, tile/terrazzo and cement floors, tile and zinc roofs), access to 198 
electricity and clean water was improved, the indoor environment was renovated to represent 199 
‘healthy homes’, walkability and access to public spaces were improved along with community waste 200 
management (34).  201 

Fig 11. Kampong Improvement Programme in action (1978-80) Source: (35) 203 

The built environment also suffers from widespread solid waste burning in Indonesia, leading 204 
to high air pollution levels. Improving waste management is one of the contemporary challenges of 205 
the country (36) (see Fig 10a). Climate change adaptation and disaster management is a critical urban 206 
resilience agenda in the current built environment of Indonesia. The country is prone to frequent 207 
flooding, which has been aggravated due to climate change (37).  208 

Laos PDR 209 

Fig 12. Extracted topic clusters for Laos PDR  211 
[Note: ‘Malnutrition’ remains a significant problem in the nation, hence frequent occurrence of it in this science mapping 212 

(38 pp 20)] 213 

a) Word cloud b) Topic cluster
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 Urban areas are also associated with many issues, such as growing inequality, migrant 214 
workers, child protection, HIV, child undernutrition among urban families, non-communicable 215 
diseases, pollution and poor sanitation (39). Built environment wise, urban sanitation is generally poor 216 
with the capital city suffering from the lack of adequate drainage and sewerage systems. The 217 
untreated effluent overflows or runs into low-lying areas, posing a threat to public health and the 218 
environment (39,40). Capacity building through the civil society-government partnership is key to Laos 219 
PDR’s sustainable development (see Fig 12) (38). Lao PDR has no slums; however, urban policies and 220 
infrastructure are needed to balance rapid urbanisation and growing inequality (39 pp 15). However, 221 
it was observed that people living in an urban environment in Laos were 3.36 times more likely to be 222 
obese, relative to those living in rural areas. ASEAN governments spend as much as 19% of healthcare 223 
spending to combat obesity (6 pp 25). 224 

 Sustainable built environment strategies include the introduction of advanced transportation 225 
system like the Bus Rapid Transport (BRT) system in the Vientiane Capital followed by improved traffic 226 
management, paid parking systems, and better accessibility for pedestrians and non-motor traffic in 227 
the core of the city (39 pp 45). A distinct characteristic of Laos’s built environment is the presence of 228 
1,200 nature sites, over 600 cultural sites, around 300 historical sites, and two world heritage towns 229 
(see Fig 13). A critical need of the hour is to strengthening management controls of the heritage sites 230 
(see the topic cluster in Fig 12).  231 

Fig 13. Laos’s urban built environment (source: (41)) 233 

 Laos has a wealth of water resources that can be used to produce Green Power for inducing 234 
sustainability in the upcoming building stocks (40). However, sustainable housing and building sector 235 
lack domain knowledge expert. Thus, knowledge transfer is sluggish and are dependent on imported 236 
technologies (40).  237 

 238 

 239 

 240 

 241 
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Malaysia 242 

Fig 14. Extracted topic clusters for Malaysia 244 

 Cities in Malaysia are faced with numerous climate change challenges that threaten the ability 245 
of these urban areas to become viable pillars of sustainable development in the ASEAN region. The 246 
rapid increase in GHG emissions in cities has been further aggravated by rapid urbanisation and 247 
industrialization (7% per annum) (42). The urban built environment is congested with the weak public 248 
transportation system, and the high demand for mobility caused a rapid increase in cars compared to 249 
population growth (42). The cities have relatively high carbon intensity dependence on fossil fuels and 250 
coal, decarbonisation in the face of rapid urbanisation remains a challenge for the country.  251 

   The ASEAN governance aggressively pushes Malaysia’s Smart City Program with a core focus 252 
on energy, transportation and buildings. Sustainability of the built environment, especially the building 253 
stocks, is enforced by the Malaysian Green Building Council and the Green Building Index (GBI) (43). A 254 
large corpus of research on the sustainable built environment (see Fig 6) shows Malaysia’s proactive 255 
actions on improving the environment design and performance of buildings (see Fig 14).  256 

 Science mapping further revealed a significant body of existing research on indoor air quality, 257 
sick building syndrome, thermal comfort, indoor air quality, green building, facilities management, 258 
daylighting and natural ventilation (see Fig 14). The Federal and state government exclusively funded 259 
public housing for the low-income population in Malaysia in the 1970s. Currently, private sector funds 260 
more affordable housing units than the government (44). Besides, low-income public housing has 261 
been growing vertically, indicating an emphasis on high rise/strata living in housing production (see 262 
Fig 15) (44). A similar trend has been observed for slum rehabilitation housing in India (45,46).  263 

Fig 15. Low cost public housing in Malaysia (source: (47)) 265 

a) Word cloud b) Topic cluster
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 Besides, public housing in Malaysia is subsidised at all levels. It worked as a successful slum 266 
rehabilitation impetus that reduced slums in Malaysian cities over the past 30 years (44). The 267 
government affordable housing programmes have raised the expectations of the middle class for 268 
homeownership. It created a fierce competition within the market, state and federal housing 269 
programmes for available land, and funding from the federal government which constrains 270 
implementation (44).  271 

Myanmar 272 

 Myanmar has over 80% of the urban workforce in the informal sector, with around 23% of 273 
adults with a bank account (6). The digital payment was sought as a crucial innovative enabler of 274 
banking services, and waves of initiatives are in place to improve the number of banked people in 275 
cities. It has critical implications in the built environment planning of urban Myanmar (6). The country 276 
is prone to extreme flooding, cyclonic disturbances and landslides. Developing flood management 277 
systems and gender-inclusive disaster risk reduction strategies are the necessity of Myanmar’s climate 278 
change mitigation and urban resilience goals (6,48). 279 

 Around 72% of houses in Myanmar are classified as ‘vernacular housing’ which are primarily 280 
made of bamboo (~37.74%) and timber (~34.22%) (48). It is a distinct characteristic of Myanmar’s built 281 
environment that uses passive design strategies for thermal comfort, indoor air flows, natural 282 
ventilation and climate risk reduction (48) (see Fig 16). These houses are built with the traditional 283 
knowledge of flood resilience that makes them adaptive to the extreme weather conditions of the 284 
country. Sustainable urbanism strategy for Myanmar includes the protection of such local wisdom 285 
through well-formulated conservation laws, zoning plans and building codes (6 pp 97).   286 

Fig 16. Passive strategies of vernacular houses in Myanmar (source: (48)) 288 

 The current challenges in the built environment for Myanmar is to create a modernised formal 289 
housing sector for the middle class and to house a large number of impoverished people (49). Most 290 
of the informal settlements in Myanmar are in Yangon and Mandalay. The informal settlements 291 
around Yangon are productive and law-abiding self-regulated communities. However, they are not 292 
recognised in the urban fabric of the country (49). ‘The challenge, therefore, is for the government to 293 
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provide areas where very poor people can live legally in safe environments with housing and services  294 
that can  be improved over  time as  they become more established; and where they have livelihood 295 
opportunities  and accessibility’ (49 pp 28). 296 

 Philippines 297 

Fig 17. Extracted topic clusters for the Philippines 299 

 The housing demand in the Philippines increases every year by the severity and number of 300 
natural disasters afflicting the country every year (50). Science mapping shows that a large body of 301 
research in the built environment focussed on land-use reforms, climate change adaptation and 302 
mitigation measures, environmental governance and agroforestry (see Fig 17). The Philippines is 303 
classified as a high climate risk area, and the built environment is severely affected by up to 20 304 
typhoons every year (51). Building typhoon-resistant homes, especially in informal settlements, 305 
remains a significant challenge (see Fig 17).  306 

 A surge in interests on using natural materials for the construction of sustainable and resilient 307 
housing for low-income groups (50,52,53). The material of interests included bamboo, soil-cement 308 
block and coconut husk, which can be engineered to cement–bamboo frames, soil–cement blocks and 309 
coconut board-based houses (52). Fig 18 illustrate typhoon-resistant social houses constructed using 310 
cement-bamboo frames in the Philippines.  311 

Fig 18. Sustainable and resilient social housing using bamboo in the Philippines (source: (54)) 313 

a) Word cloud b) Topic cluster
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 A major housing programme in the late 1970s, known as, the Bagong Lipunan Improvement 314 
of Sites and Services (BLISS) was created for housing the poor. Many BLISS housing projects were 315 
completed in Metro Manila in 1983, but these buildings could not match the affordability horizons of 316 
the urban poor and the affordable housing gap widened (55). Affordable housing gap in the Philippines 317 
can be closed through unlocking land for informal settlers and land mobilisation, providing security of 318 
tenure, addressing affordable housing finance and subsidisation and institutionalising participatory 319 
governance (55,56).  320 

 Water pollution through unregulated fish farming practices is a massive built environment 321 
sustainability challenge in the Philippines (see Fig 17). Unregulated fish farming practices that release 322 
massive amounts of unconsumed feed and faecal material into the water bodies results in higher 323 
nutrients concentration that results in algal growth explosion (57).  324 

Singapore 325 

Fig 19. Extracted topic clusters for Singapore 327 

 Built environment research and public housing system in Singapore is one of the best in the 328 
world (58). Fig 19 illustrates the topic clusters from science mapping of the term ‘built environment’ 329 
and ‘Singapore’. A large body of work on the built environment is dedicated to sustainable and green 330 
building-driven planning measures (see Fig 19b). A significant emphasis is placed on thermal comfort, 331 
urban green spaces, the energy efficiency of buildings, mandatory green building certification and eco-332 
city initiatives (see Fig 19b).  333 

Critical built environment innovations in Singapore include advancements in water 334 
management by reuse of reclaimed water, rainwater catchment systems and saltwater desalination 335 
(59). Singapore's government built effective public transportation systems and established regulations 336 
that discourage causal or unnecessary car ownership. Therefore, most citizens walk, bike or use public 337 
transportation to navigate the city. Building Construction Authority (BCA) of Singapore are retrofitting 338 
thousands of buildings to green standards, with a citywide goal to be 80% green by 2030 (59).  339 

Eighty-two per cent of Singapore’s nationals live in state-subsidised apartments and 340 
purchased on 99-year leases from the Housing and Development Board (HDB) (58). These HDB-flats 341 
are high rise buildings which cater not only to the housing needs of low-income families but also the 342 
middle-income groups (see Fig 20). Singapore also has one of the highest homeownership in the world 343 
(92%) (58). However, the HSB flats are sold only to persons who qualify based on citizenship 344 
requirements and income limitations.  345 

a) Word cloud b) Topic cluster
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Fig 20. Public housing (HDB flats) in Singapore (source: (60)) 347 

 The HDB is uniquely placed to help support national objectives such as strong family ties and 348 
racial harmony. Specific policies have been developed to cater to the special needs of couples planning 349 
to get married, singles, siblings without their parents, widows and multi-generational families (58). 350 
The HDB also leases its flats for two years to those who cannot afford to purchase their homes, thus, 351 
making the scheme affordable to even low-income families (58). Urban sustainability is a core agenda 352 
of these public housing, such that these estates are provided with parks and gardens, children’s 353 
playgrounds, jogging tracks and keep-fit corners.  354 

Thailand  355 

Fig 21. Extracted topic clusters for Thailand 357 

 The science mapped topics for Thailand is illustrated in Fig 21. It shows that a significant 358 
corpus of research in Thailand’s built environment focussed on thermal comfort, indoor air quality, 359 
energy saving, natural ventilation, green building governance and sustainable urbanism.  360 

 Bangkok is one of the most populated cities in the world and the capital of Thailand. It is a 361 
combination of a modern and a historical city which suffers from unplanned transportation system 362 

a) Word cloud b) Topic cluster
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and an underdeveloped mass transport network (61). Thus, a critical urban sustainability agenda for 363 
Bangkok is to improve its congested transportation system (6).   364 

 Thailand is a part of ASEAN Growth Triangle (called IMT-GT) to improve smart city planning 365 
and sustainable urbanism (6). As a part of Thailand’s Smart Cities Programs, water authorities have 366 
started to use the Internet of Things (IoT) platform and big data analytics to track supply, losses, 367 
customer use, and water levels during flooding (6 pp 19). However, even with advancements in 368 
sustainable urbanism food security remains a critical concern due to rapid loss of suburban farmland 369 
owing to rapid urbanisation (see Fig 21).  370 

  The National Housing Authority (NHA) of Thailand in 2009 had initiated a scheme of housing 371 
development entitled “PARSUKE Cohousing” in order to create a sustainable community for low to 372 
moderate-income people (62). It had a long-term focus on improving the social sustainability of low-373 
income housing sector by involving potential resident in the design and planning process of the 374 
cohouses (62). Besides, there have been rigorous efforts to launch sustainability rating tools for 375 
residential buildings like the Thai’s Rating of Energy and Environmental Sustainability for New 376 
Construction and Major Renovation (TREES-NC) from Thai Green Building Institute (TGBI). Moreover, 377 
an ECOVILLAGE rating system from the NHA (6,62) (see Fig 21).  378 

 Affordable housing policies for low-income groups in Thailand have ranged from the provision 379 
of public housing in the form of flats, to "sites-and-services" upgrading (63). However, the main 380 
obstacle to providing public housing has been the availability of affordable land on which to build. In 381 
2003, Thailand adopted two approaches to affordable housing: demand-driven Baan Mankong 382 
(‘secure housing’) participatory slum upgrading programme; and supply-driven Baan Ua-Arthorn 383 
(‘caring housing). The Baan Mankong promotes community-driven approaches to housing, by 384 
providing collective loans for land and housing construction, and subsidies for infrastructure, to 385 
organised low-income groups. Whereas, Baan Ua-Arthorn was for a government-driven approach to 386 
the construction of affordable houses and flats, aimed at lower-middle-income groups such as 387 
government workers (63) (see Fig 22). Only Baan Mankong continues to be implemented today. 388 

Fig 22. Affordable housing characteristics in Suan Phlu, Thailand (source: (63)) 390 
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Vietnam  391 

 A third of Vietnam’s population lives in cities, contributing to about 70% of gross domestic 392 
product. However, this growth is uneven. The development of secondary cities is significantly lagging, 393 
which is pose a sustainability concern. In secondary cities, less than 60% of households are connected 394 
to the water supply systems, and many do not have a 24-hour supply (64). Moreover, only 10% of 395 
their urban wastewater is treated by a centralized system, and domestic wastewater treatment relies 396 
heavily on poorly maintained household septic tanks. It remains a public health hazard in the built 397 
environment (64).  398 

  Besides, the lack of proper stormwater management causes frequent flooding in the face of 399 
climate change. Traffic congestion in the urban built environment remains a pressing problem. 400 
Vietnam’s Green Growth Strategy aims to ensure efficient and sustainable growth while addressing - 401 
and mitigating climate change impacts in the built environment (65). Ho Chi Minh City and Hanoi are 402 
being developed as a sustainable city through the development of these four key areas of the built 403 
environment: public transportation, green spaces, green buildings, and smart city initiatives (66).  404 

 The urban built environment of Hanoi has undergone a dramatic physical and social 405 
transformation since the introduction in 1986 of economic renovation policies called Doi Moi (67,68). 406 
There were three main types of accommodation in Hanoi before Doi Moi. The ‘tube houses’ of the 407 
Ancient Quarters, large villas of the French Quarters and state housing which were mainly apartment 408 
blocks from the socialist period with collective kitchens and communal toilets (67,68). The latter 409 
became the most common urban housing type which followed a top-down planning process and was 410 
easy to replicate. However, with the increase in the migrant population, the housing conditions in 411 
Hanoi became both insufficient and inferior. To solve the housing crisis, the government encouraged 412 
market participation in the affordable housing sector after Doi Moi (68). 413 

 The shift to market-driven planning system continues to create social divide as the market-414 
driven housing caters to mainly higher-income groups (67). To solve this divide and foster sustainable 415 
development, the 2006 Housing Law emphasised the need to develop social housing (see Fig 22). 416 
However, these social houses were not aimed at socially vulnerable groups but are specifically 417 
targeted at ‘state employees, officials, government staffs, military officers, professionals in the 418 
defence forces’ and ‘workers working in the economic zones, industrial areas, production areas, high 419 
tech areas’ (67). From 2014, Vietnam Ministry of Construction has brought the model of safe house 420 
and house for workers into the social house classification (69). Currently, communities are 421 
transforming old Socialist Housing into Affordable Housing, setting up examples for community-based 422 
sustainable built environment approach (70).  423 

Fig 23. Socialist public housing in Vietnam (source: (71)) 425 

 426 
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4. Concluding remarks  427 

The ASEAN built environment is under rapid and paradigm changing transformation due to 428 
pressures from urbanisation. Based on the analysis presented in this chapter, concluding remarks can 429 
be made around the six strategic areas of the ASEAN governance:  430 

i) Civic & Social transformation: Meeting the affordable housing deficit to accommodate the 431 
inter and intra-migrant workers. Lessons can be learnt from Singapore’s Housing Policy, 432 
resilience design from self-housing in Indonesia and Philippines and heritage-conscious 433 
planning in Cambodia. The reduction and rehabilitation of informality should be a key focus.  434 
 435 

ii) Health & Well-being: Health burden of migrant workers and informal labourers remains a 436 
significant policy challenge in the ASEAN countries. The design of built environment can 437 
mitigate some parts of it through urban greening, inclusive housing and climate resilient low-438 
income community design (like in Philippines). Use of ICT and smart technologies (e.g., 439 
Singapore and Malaysia) can also foster better health in well-being in the rest of ASEAN 440 
nations.  441 
  442 

iii) Security: Security of tenure, housing and rent control are critical element of the built 443 
environment. In addition, security of the environmental sustainability from rapid degradation 444 
due to forces of urbanisation is critical. Cambodia have done tremendous work in its urban 445 
planning and cultural sustainability which provides critical lessons for other cities (like 446 
preserving the shop house). 447 

 448 

iv) Quality environment: Brunei Darussalam had proved that preservation of traditional 449 
knowledge in city planning can act as a catalyst for environmental sustainability. This nation 450 
has one of the best air quality indices among the ASEAN members. Singapore have used 451 
technology to improve its environmental quality by 100% wastewater recycling and waste 452 
management. However, many ASEAN countries are devoid of strict environmental and waste 453 
handling laws that remain a policy challenge.  454 

 455 

v) Built infrastructure: Enforcing the adaptation of strict building energy efficiency codes and 456 
byelaws are critical for sustainable development in the ASEAN region. Singapore and Malaysia 457 
are setting examples in their built environment energy efficiency and conservation programs 458 
through rapid research and development. 459 

  460 

vi) Industry & Innovation: Innovation in construction and urban planning are critical to the 461 
sustainable development in the ASEAN region. Sector specific industry engagement are 462 
required to improve the built environment design and planning while at the same time 463 
addressing the challenges associated with rapid urbanisation. Singapore is leading with 464 
industry and innovation driven urban planning which are trickling down to other ASEAN 465 
countries. However, future policies should enable and support industries and innovations by 466 
actively engaging government and academic institutions.  467 

  468 
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