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ABSTRACT
ÄÃÈÉÇÊ¸É¾ÄÃ¶Ã¹¹ºÂÄÁ¾É¾ÄÃÌ¶ÈÉºÇºÅÇºÈºÃÉÈ¶È¾¼Ã¾Ĳ¸¶ÃÉÌ¶ÈÉ¶¼ºÄ»Ã¶ÉÊÇ¶ÁÇºÈÄÊÇ¸ºÈ¶Ã¹
energy while also contributing to air pollution. Measures to reduce construction waste include
¶¸½¾ºË¾Ã¼ĳºÍ¾·¾Á¾ÉÎ¾Ã¹ºÈ¾¼ÃÄ»ÃºÌ·Ê¾Á¹¾Ã¼È¶Ã¹Çº¸ÄËºÇÎÄ»Â¶ÉºÇ¾¶ÁÈ¶Ã¹¸ÄÂÅÄÃºÃÉÈ»ÇÄÂ
existing buildings or adaptation of existing buildings to new uses. Although prolonging the
building life through designing for adaptation can reduce the rate of demolition, the low rate of
building renewal means that material recovery and whole building reuse are equally important
in minimising construction waste. While the quality of recovered material/component depends
on the original design and recovery process, there is a lack of measures to promote the use
of recovered materials. Changes in decision-making on how buildings are designed, demolished
¶Ã¹ÇºÊÈº¹¸¶ÃÉ½ºÇº»ÄÇºÈ¾¼Ã¾Ĳ¸¶ÃÉÁÎ¾ÂÅÇÄËºÉ½ºÇºÈ¾Á¾ºÃ¸ºÄ»·Ê¾Á¹¾Ã¼ÈÉÄ¸À¶Ã¹Çº¹Ê¸ºÉ½º
adverse impacts. While theoretical underpinnings of designing for deconstruction or adaptation
of existing buildings are well established, their practice depends more on location, policy issues
¶Ã¹ ¾Ã¸ºÃÉ¾ËºÈ ©½¾È Å¶ÅºÇ ¹¾È¸ÊÈÈºÈ É½º ÅÇºÁ¾Â¾Ã¶ÇÎ ĲÃ¹¾Ã¼È »ÇÄÂ ¶ ÇºÈº¶Ç¸½ ÅÇÄ¿º¸É Ì½¾¸½
¶¾ÂÈ ÉÄ ¹ºËºÁÄÅ ¶ ÈºÉ Ä» ¼Ê¾¹ºÁ¾ÃºÈ ÄÃ ¹ºÈ¾¼Ã¾Ã¼ ·Ê¾Á¹¾Ã¼È »ÄÇ ĳºÍ¾·¾Á¾ÉÎ ·¶Èº¹ ÄÃ Á¾»ºÉ¾Âº
ºÃË¾ÇÄÃÂºÃÉ¶Á¶Ã¹ĲÃ¶Ã¸¾¶ÁÅºÇ»ÄÇÂ¶Ã¸ºÄ»¶ÁÉºÇÃ¶É¾ËºÈÉÇ¶Éº¼¾ºÈ¶Ã¹¼ºÃºÇ¶Éº¹¶É¶ÄÃÇºÁ¶É¾Ëº
environmental performance of recovered construction materials/components compared with
virgin alternatives used in Singapore.

BACKGROUND
Buildings are central to the fabric of everyday life, embedded in the spatial form, character and skyline
of a location. However in some extreme cases, buildings are being replaced only 10–15 years after
construction (Building Construction Authority, 2010). This not only removes any traces of heritage,
it is also wasteful in terms of large volumes of resources embodied in buildings and construction
Ì¶ÈÉºÉ½¶ÉºÃ¹ÈÊÅ¾ÃÁ¶Ã¹ĲÁÁÈÄÃÈÉÇÊ¸É¾ÄÃÌ¶ÈÉº¾È¼ºÃºÇ¶Éº¹·Î¶¸É¾Ë¾É¾ºÈÈÊ¸½¶È¸Áº¶Ç¾Ã¼·Ê¾Á¹¾Ã¼
È¾ÉºÈ¶Ã¹¸ÄÃÈÉÇÊ¸É¾ÄÃÄ»·Ê¾Á¹¾Ã¼È¶Ã¹¾Ã»Ç¶ÈÉÇÊ¸ÉÊÇºÅ¶ÇÉ»ÇÄÂ¸ÄÃÈºÇË¾Ã¼Á¾Â¾Éº¹Á¶Ã¹ĲÁÁÈÅ¶¸º
construction waste minimisation is also helpful in safe-guarding limited natural resources, reducing
energy use for manufacture of building materials and products, and reducing hazardous emissions
released as a result of product manufacturing and building demolition processes.
The quality and the quantity of construction materials recoverable at the end of the useful life
Ä»¶·Ê¾Á¹¾Ã¼½ÄÌºËºÇ¹ºÅºÃ¹ÄÃÉÌÄ»¶¸ÉÄÇÈÉ½ºÄÇ¾¼¾Ã¶Á¹ºÈ¾¼ÃÄ»É½º·Ê¾Á¹¾Ã¼¶Ã¹É½º¹ºÂÄÁ¾É¾ÄÃ
process employed. While the demolition waste recovery rates vary depending on the construction
material, and may even be more energy-intensive compared with the use of new materials (Brown
{ ÊÇ¶Ã¶À¶ÇÃ  ~ É½º ¼ºÃºÇ¶Á ÅºÇ¸ºÅÉ¾ÄÃ Ä» ¹ºÈ¾¼ÃºÇÅÊ·Á¾¸¹ºËºÁÄÅºÇ É½¶É ĨÃºÌ ¾È ·ºÉÉºÇĩ
together with uncertainty on the suitability of the recovered material for the intended purpose are
barriers to wider uptake of recovered materials. This suggests that decisions on sustainability of the
building sector should extend beyond design, construction and operation phases and selection of
low impact materials and systems to include designing for deconstruction and adaptive reuse, and
strategies to recover and manage demolition waste.
While using a life cycle perspective can promote waste minimisation through matching
construction material properties with intended building use and useful life, designing for deconstruction
or adaptation can reduce demolition waste by enhancing the potential for reuse of buildings or
building components. Although the concept of deconstruction and design principles to facilitate it are
ÌºÁÁ¹Ä¸ÊÂºÃÉº¹}½¾Ã¾ ÇÄÌÉ½ºÇ ÄÊ¼Á¶È  ¾·ºÇÉ ~É½ºÈº¶Çº¸ÊÇÇºÃÉÁÎ
Ãº¾É½ºÇ¸ÄÃÈ¾¹ºÇº¹ÃÄÇÅÇ¶¸É¾¸º¹¾ÃÉ½º¹ºÈ¾¼ÃÅÇÄ¸ºÈÈÊÃÁºÈÈÉ½ºÇº¾È¶ÈÅº¸¾Ĳ¸ÇºÆÊ¾ÇºÂºÃÉ¾ÃÉ½º
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design brief to do so, generally for economic reasons. With the rate of renewal of buildings reported
ÉÄ·º¶ÈÁÄÌ¶È¶ÇÄÊÃ¹z}ÄÁÃºÈÈ §¶ËºÉÏ ¬¾ÁÀ¾ÃÈÄÃºÉ¶Á ~¸ÄÃÉ¾ÃÊº¹ÊÈº
of existing building stock by maintaining, refurbishing, and adapting to new uses could be far more
effective in reducing construction waste than any measures to reduce waste from new buildings.
Adaptation of buildings should also receive focus in attempts to achieve a more sustainable building
stock, as the reuse of buildings could save as much as 95% of the energy embodied in the existing
building stock as reported by an Australian study (Australian Government, 2004), in addition to social
¶Ã¹ºÃË¾ÇÄÃÂºÃÉ¶Á·ºÃºĲÉÈ¨ÉÊ¹¾ºÈ¾ÃÉ½ºª ½¶Ëº¶ÁÈÄÈ½ÄÌÃÉ½¶ÉÇº¼ºÃºÇ¶É¾Ã¼¶Çº¶È·Î¸ÄÃËºÇÉ¾Ã¼
disused buildings to be multi-functional activity centres can improve sustainability through increased
activity levels during day and night times and use of sustainable modes of mobility to support local
economy (Bromley et al., 2005).
With this background, this paper focuses on building adaptation as a measure to minimise
¸ÄÃÈÉÇÊ¸É¾ÄÃÌ¶ÈÉº¾ÃÁ¶Ã¹¶Ã¹ÇºÈÄÊÇ¸ºÈ¸¶Ç¸º¨¾Ã¼¶ÅÄÇº©½ºÅ¶ÅºÇÅÇºÈºÃÉÈÅÇºÁ¾Â¾Ã¶ÇÎĲÃ¹¾Ã¼È
from research investigating the current building adaptation practices in Singapore using two case
ÈÉÊ¹¾ºÈÉÄ¹ºÉºÇÂ¾Ãº»¶¸ÉÄÇÈ¾ÃĳÊºÃ¸¾Ã¼É½º¶¹¶ÅÉ¶É¾ÄÃÈÉÇ¶Éº¼ÎºÂÅÁÄÎº¹©½ºÅ¶ÅºÇ¾ÈÄÇ¼¶Ã¾Èº¹¶È
»ÄÁÁÄÌÈ¾ÇÈÉÉ½º¸ÊÇÇºÃÉÀÃÄÌÁº¹¼º¾Ã·Ê¾Á¹¾Ã¼¶¹¶ÅÉ¶É¾ÄÃ¾È¹¾È¸ÊÈÈº¹¶Ã¹É½ºÃÉ½ºÈÉÊ¹ÎÁÄ¸¶É¾ÄÃ
Singapore is introduced along with unique characteristics of the location and relevant development
policies. Then the selected case studies are presented, along with the drivers applicable to each case
and the adaptation strategy employed. Results on waste minimisation and sustainability achieved by
the projects are then presented and conclusions are drawn.

BUILDING ADAPTATION – CURRENT STATE OF KNOWLEDGE
©½ºÉºÇÂĨ¶¹¶ÅÉ¶É¾ÄÃĩ¹ºÈ¸Ç¾·ºÈ¶ÃÎÌÄÇÀÄÉ½ºÇÉ½¶Ã¼ºÃºÇ¶Á·Ê¾Á¹¾Ã¼Â¶¾ÃÉºÃ¶Ã¸ºÌ½¾¸½¸¶Ã¸½¶Ã¼º
performance, capacity and function of a building (Wilkinson et al., 2014). While adaptation can
facilitate reuse of a building either for same (in-use adaptation) or a different (across use adaptation)
use, it can also delay demolition of buildings due to obsolescence. However, age and condition are
¾ÂÅÄÇÉ¶ÃÉ ¹ºÉºÇÂ¾Ã¶ÃÉÈ Ä» ÈÊ¾É¶·¾Á¾ÉÎ »ÄÇ ÇºÊÈº Ì½¾Áº ĳºÍ¾·¾Á¾ÉÎ Ä» ¹ºÈ¾¼Ã ÁÄ¸¶É¾ÄÃ ¸½¶Ç¶¸ÉºÇ¾ÈÉ¾¸È
local policy and market forces play an important part in reuse of buildings (Ball, 2002). The level of
adaptation necessary prior to reuse depends on the in-built adaptability of existing buildings (Kincaid,
2000). A Norwegian study (Arge, 2005) investigating in-built adaptability of buildings found that
level of in-built adaptability depended on the time frame of interest in the building, i.e., whether the
building is for sale or own use. This could be expected as a high degree of adaptability was reported
ÉÄ¶¹¹ zÉÄÉ½ºÉÄÉ¶Á¸ÄÈÉÄ»¶ÃÄ»Ĳ¸º·Ê¾Á¹¾Ã¼¶Ã¹Ì¾É½ÄÊÉ¶ÁÄÃ¼ÉºÇÂ¾ÃÉºÇºÈÉ¾ÃÉ½º·Ê¾Á¹¾Ã¼
developers would be unwilling to bear the additional expenditure. The most commonly used adaptive
measure according to this study was elasticity, the least expensive, which allows the building to be
divided to parts which could be rented or sold separately.
In developed countries where the majority of the future building stock is already in existence,
due to low renewal rates, the expenditure on building adaptation as a percentage of the total
spent on construction is high at 42% in the UK and close to 18% in Australia (Goodier & Gibb,
 ¬¾ÁÀ¾ÃÈÄÃºÉ¶Á ~¬½ºÇºÉ½ºÇº¶ÇºÁÄÌ¼Ç¶¹º·Ê¾Á¹¾Ã¼ÈÉ½¶É¹ÄÃÄÉÂººÉÉ½º¸ÊÇÇºÃÉ
regulatory environment or modern performance expectations, adaptations can be an alternative
to new constructions. The drivers for building adaptation could be as diverse as, conservation of
½¾ÈÉÄÇ¾¸·Ê¾Á¹¾Ã¼ÈÄÇÇºÉÇÄĲÉÄ»¹¾ÈÊÈº¹·Ê¾Á¹¾Ã¼È»ÄÇÇº¼ºÃºÇ¶É¾ÄÃÄ»¹ºÇºÁ¾¸É¶Çº¶È¶Ã¹½ÄÇ¾ÏÄÃÉ¶ÁÄÇ
ËºÇÉ¾¸¶ÁºÍÅ¶ÃÈ¾ÄÃÄ»ºÍ¾ÈÉ¾Ã¼·Ê¾Á¹¾Ã¼ÈÉÄÂ¶Í¾Â¾ÈºÉ½º¶ÁÁÄÌ¶·ÁºĳÄÄÇÈÅ¶¸ºÌ½¾Áº¶¸¸ÄÂÂÄ¹¶É¾Ã¼
contemporary building demands. Reuse of derelict buildings in a precinct augmented by some new
buildings can provide variety and character, which is not feasible in an entirely new development,
and thereby attract people and businesses to an otherwise abandoned area. Nonetheless, anecdotal
evidence suggests that adaptation of contemporary buildings for same or different uses is uncommon
in Singapore.
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SINGAPORE CONTEXT
¨¾Ã¼¶ÅÄÇº¾È¶½¾¼½ÁÎÊÇ·¶Ã¾Èº¹É½Ç¾Ë¾Ã¼¸¾ÉÎÈÉ¶ÉºÌ¾É½¶Ã¶»ĳÊºÃÉÅÄÅÊÁ¶É¾ÄÃ¶ËºÇÎ½¾¼½ÅºÇ¸¶Å¾É¶
GDP (SGD 71,000 in 2014) but with no natural resources and limited land mass to accommodate her
5.5million population (Department of Statistics Singapore, 2015). Although Singapore has increased
its land area by almost 25% over the years through land reclamation, the population has also steadily
¾Ã¸Çº¶Èº¹Ì½¾ÁºÉ½º¹ºÂ¶Ã¹»ÄÇĳÄÄÇÈÅ¶¸º¸ÄÃÉ¾ÃÊºÈÉÄ¼ÇÄÌ¹ÊºÉÄº¸ÄÃÄÂ¾¸¼ÇÄÌÉ½ÈÈÊ¸½
urban planning and land use policies of the government are critical to the liveability and sustainability
of the built environment of Singapore. Due to the land scarcity the government of Singapore takes
a long-term approach to optimise the use of land, thereby determining the land requirements for
various development needs along with the pace of development.
The main policies governing land use and development controls in Singapore are, Concept Plan
and Master Plan. While the Concept Plan guides long-term (over 40 to 50 years) broad development
Ä·¿º¸É¾ËºÈ É½º ĲËºÎº¶Ç ¢¶ÈÉºÇ ¥Á¶Ã ÅÇÄË¾¹ºÈ ¹ºÉ¶¾Áº¹ ÈÉÇ¶Éº¼¾ºÈ »ÄÇ ¾ÂÅÁºÂºÃÉ¶É¾ÄÃ }¾º Á¶Ã¹
use zoning, intensity for each land parcel, etc.) over short-term (over 5 to 10 years). In order to
address the increasing demand for land for development activities, the government releases new and
reclaimed land through government land sales (Urban Redevelopment Authority Singapore, 2015). To
ease the pressure on the old Central Business District (CBD), government released the land reclaimed
¾Ã ÈÉÄ¸ÄÃÈÉÇÊ¸ÉÉ½º¢¶Ç¾Ã¶¶Î¾Ã¶Ã¸¾¶ÁºÃÉÇºÌ½¾¸½Ì¶È¸ÄÂÅÁºÉº¹¾Ã ©½º½¾¼½¸ÄÈÉ
of land reclamation and land scarcity means that development controls such as building heights and
ÇÄÈÈ¥ÁÄÉ§¶É¾Ä}¥§~¶Çº¸ÄÃÉ¾ÃÊ¶ÁÁÎÇºË¾Èº¹ÉÄÂººÉÉ½ºÂ¶ÇÀºÉÉÇºÃ¹È¶Ã¹¹ºÂ¶Ã¹»ÄÇĳÄÄÇÈÅ¶¸º
É½ÇÄÊ¼½¾ÃÉºÃÈ¾Ĳ¸¶É¾ÄÃÈ¶ÇºÈÊÁÉºÍ¾ÈÉ¾Ã¼·Ê¾Á¹¾Ã¼ÈÂ¶ÎÃÄÉ·ºÊÉ¾Á¾È¾Ã¼É½ºÂ¶Í¾ÂÊÂ¶ÁÁÄÌ¶·Áº
¼ÇÄÈÈĳÄÄÇ¶Çº¶¹ÊºÉÄ¸½¶Ã¼ºÈ¾ÃÉÇÄ¹Ê¸º¹·Î¢¶ÈÉºÇ¥Á¶ÃÈ¾Ã¸ºÉ½ºÉ¾ÂºÄ»É½º¾Ç¸ÄÃÈÉÇÊ¸É¾ÄÃ

ËºÃÌ¾É½É½º½º¾¼½ÉºÃº¹ÅÇºÈÈÊÇº»ÄÇ¾ÃÉºÃÈ¾Ĳ¸¶É¾ÄÃÉ½º¶ËºÇ¶¼º¶ÃÃÊ¶Á·Ê¾Á¹¾Ã¼ÇºÃºÌ¶ÁÇ¶Éº
in Singapore is only marginally higher at 5% (Building Construction Authority, 2010), compared with
2 to3% of other developed countries such as UK, USA and Australia. As such, while the perception is
É½¶É¨¾Ã¼¶ÅÄÇº·Ê¾Á¹¾Ã¼È¶ÇºÇºÃºÌº¹¶É¶½¾¼½ºÇÇ¶ÉºÉ½ºÂ¶¿ÄÇ¾ÉÎÄ»É½º·Ê¾Á¹¾Ã¼ĳÄÄÇÈÅ¶¸º¶É¶ÃÎ
given time comes from existing constructions. A study (Hwang & Yeo, 2011) considering perceived
·ºÃºĲÉÈÄ»¸ÄÃÈÉÇÊ¸É¾ÄÃÌ¶ÈÉºÇº¹Ê¸É¾ÄÃ¾Ã¨¾Ã¼¶ÅÄÇºÇºËº¶Áº¹É½¶ÉÌ¶ÈÉºÂ¶Ã¶¼ºÂºÃÉ¾ÈÅºÇ¸º¾Ëº¹
ÉÄ·º·ºÃºĲ¸¾¶Á»ÄÇÁ¶Ç¼ºÅÇÄ¿º¸ÉÈ¶Ã¹É½ÄÈºÊÈ¾Ã¼ÈÉººÁ¸ÄÃÈÉÇÊ¸É¾ÄÃ·ÊÉÃÄÉ»ÄÇÈÂ¶ÁÁºÇÂ¶¾ÃÉºÃ¶Ã¸º
and renovation projects, or for concrete constructions. In 2014, construction and demolition waste
contributed 17% to the total solid waste generated in Singapore (National Environment Agency,
2013). Although the rate of construction waste recycling in Singapore is reported to be 99%,
recycling process also uses limited natural resources while anecdotal evidence suggests that currently
reuse of recycled materials in building or other projects is relatively low. Therefore, continued use
of existing building stock by adapting to new uses should receive focus in attempts to minimise
construction waste and to achieve a more sustainable building stock.

POLICY MEASURES GOVERNING BUILDING ADAPTATION IN SINGAPORE
Despite an initial lack of emphasis, employing mass demolition to facilitate urban redevelopment
}ÄÃºÈ{¨½¶Ì ¡Ä½ ~È¾Ã¸ºÁ¶Éº È¸ÄÃÈºÇË¶É¾ÄÃ½¶È·ººÃ¶Ã¾ÃÉº¼Ç¶Á¶ÈÅº¸ÉÄ»
¨¾Ã¼¶ÅÄÇºĩÈ ÊÇ·¶Ã ÅÁ¶ÃÃ¾Ã¼ ¬½¾Áº ¸ÄÃÈºÇË¶É¾ÄÃ ¾È Çº¸Ä¼Ã¾Èº¹ ¶È ¾ÂÅÄÇÉ¶ÃÉ ÉÄ ÇºÉ¶¾Ã É½º ¾Ã½ºÇºÃÉ
values that the heritage buildings possess, the process of conservation involves some degree of
intervention which results in changes to the historic fabric. Given the land scarcity, conservation
¼Ê¾¹ºÁ¾ÃºÈ ¶ÁÁÄÌ ÂÄ¹¾Ĳ¸¶É¾ÄÃÈ ¾Ã¸ÁÊ¹¾Ã¼ Çº¸ÄÃĲ¼ÊÇ¶É¾ÄÃ Ä» ¾ÃÉºÇ¾ÄÇ ÈÅ¶¸ºÈ ¶Ã¹ ¾ÃÉºÃÈ¾Ĳ¸¶É¾ÄÃÈ ÉÄ
accommodate modern uses so that the conserved building remains relevant in present times. The
focus of conservation policies has been that all buildings remain in use and those which are not
religious buildings remain economically sustainable as well. According to the latest policy document,
É½º ÁºËºÁ Ä» ÂÄ¹¾Ĳ¸¶É¾ÄÃÈ ¶ÁÁÄÌº¹ ¹ºÅºÃ¹È ÄÃ ½¾ÈÉÄÇ¾¸¶Á È¾¼Ã¾Ĳ¸¶Ã¸º ¸ÄÃÉºÍÉ Ä» É½º ÈÊÇÇÄÊÃ¹¾Ã¼È
and long-term development goals for the area (Urban Redevelopment Authority Singapore, 2011).
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However, the studies suggest that there is wide disparity between the intentions of the conservation
¼Ê¾¹ºÁ¾ÃºÈ ¶Ã¹ ¶¹¶ÅÉ¶É¾ÄÃÈ É½¶É ½¶Ëº ·ººÃ ¶ÁÇº¶¹Î ¸ÄÂÅÁºÉº¹ }ºÁÁº ºÉ ¶Á   ®ºÄ½ { ÄÃ¼
 ~¶ÈºË¾¹ºÃÉ»ÇÄÂÄ¶É¦Ê¶Î¶Çº¶¾ÃÉ½ºĨ¾ÈÉÄÇ¾¸¾ÈÉÇ¾¸ÉĩÌ½ºÇº·Ê¾Á¹¾Ã¼È¶ÇºÉÄ·ºÇºÉ¶¾Ãº¹
and restored.
The focus of guidelines on adapting contemporary buildings for modern use published by
the Building Construction Authority (Building Construction Authority, 2010) remains on energy
¶Ã¹ Ì¶ÉºÇ º»Ĳ¸¾ºÃ¸Î Ì¾É½ ËÄÁÊÂº Ä» ¼ºÃºÇ¶Á Ì¶ÈÉº ¶Ã¹ Ã¹ÄÄÇ ÃË¾ÇÄÃÂºÃÉ ¦Ê¶Á¾ÉÎ ·º¾Ã¼ É½º
ÄÉ½ºÇ¸ÄÃÈ¾¹ºÇ¶É¾ÄÃÈ¬½¾ÁºÉ½ºÊ¾Á¹¾Ã¼§ºÉÇÄĲÉ¼Ê¾¹ºÉÄÊ¸½ºÈÄÃÉ½ºÇº¶ÈÄÃÈ·ºÃºĲÉÈ¶Ã¹ºËºÃ
Ãº¸ºÈÈ¾ÉÎÄ»ÇºÉÇÄĲÉÉ¾Ã¼¶ÃÄÁ¹·Ê¾Á¹¾Ã¼Ì¾É½¼ÇººÃÈÎÈÉºÂÈ¾ÉÅÇ¾Â¶Ç¾ÁÎ¹º¶ÁÈÌ¾É½½ÄÌÉ½ºÈ½ºÁÁÄ»
the building is kept intact while its old systems are replaced with new, greener systems. However,
careful examination of Urban Redevelopment Authority (URA) procedures (URA, 2013a) reveals that
measures to facilitate changes to the shell are incorporated into the implementation measures. This
indicates that the need for buildings to remain economically sustainable by facilitating new uses
takes precedence over preservation of original structure.

©ÌÄ¸¶ÈºÈÉÊ¹¾ºÈÄ»·Ê¾Á¹¾Ã¼¶¹¶ÅÉ¶É¾ÄÃÈĤ¶È½ÄÅ½ÄÊÈº¶Ã¹¶¸ÄÃÉºÂÅÄÇ¶ÇÎÄ»Ĳ¸ºĤ¾ÃÉ½º
CBD of Singapore, that come under the above adaptation guidelines are presented to discuss the
sustainability implications of the building adaptations practised in the Singapore context. The main
methodology used in this research is deductive reasoning based on published information on the two
buildings selected.

BUILDING ADAPTATION AS A MEASURE TO MINIMISE CONSTRUCTION WASTE –
CASE STUDIES
Traditional Shophouses in Singapore are a building typology that is subjected to conservation
guidelines. The selected case study, the former Lucky Book Store, now a private residence (in Joo
Chiat Place in the east of Singapore), is a conversion project that won URA Architectural Heritage
Award in 2013 (Urban Redevelopment Authority Singapore, 2013). The current owners, having
¼ÇÄÌÃÊÅ¾ÃÉ½º¶Çº¶½¶Ëº¶Ã¶»ĲÃ¾ÉÎÉÄÉ½ºÁÄ¸¶É¾ÄÃ©½¾È¾ÈºË¾¹ºÃÉ¾ÃÉ½ºÇºÈÊÁÉÌ½¾¸½¾ÈÂÄÇº
sympathetic to the original design. The façade which was covered in several layers of paint has been
exposed and preserved with clear sealant, unlike the joyful colours of certain other adaptations,
ÈÊ¸½ ¶È Ä¶É ¦Ê¶Î ÁÉ½ÄÊ¼½ É½º ¾ÃÉºÇ¾ÄÇ ¾È ÂÄ¹ºÇÃ ¾É ÇºÉ¶¾ÃÈ ¾ÉÈ ÄÇ¾¼¾Ã¶Á ¸½¶Ç¶¸ÉºÇ ¶Ã¹ ¹ºÉ¶¾ÁÈ Ä»
the building. However, some internal partition walls and service area of the original building have
been demolished to accommodate modern living requirements along with connectivity with a new
Èº¸É¾ÄÃ¸ÄÃÈÉÇÊ¸Éº¹¶ÉÉ½ºÇº¶ÇÄ»É½ºÅÇÄÅºÇÉÎº¾Ã¼ÁÄ¸¶Éº¹¾Ã¶Ã¶Çº¶¸Á¶ÈÈ¾Ĳº¹¶ÈĨÈº¸ÄÃ¹¶ÇÎ
ÈºÉÉÁºÂºÃÉÏÄÃºĩ·ÎÉ½º¸ÄÃÈºÇË¶É¾ÄÃ¼Ê¾¹ºÁ¾ÃºÈ}ªÇ·¶Ã§º¹ºËºÁÄÅÂºÃÉÊÉ½ÄÇ¾ÉÎ¨¾Ã¼¶ÅÄÇº ~
the focus is on preserving the streetscape and new rear extensions with a maximum four-storey
height are permitted. However, the rear section, in this case is single-storey so that the spirit of
shophouse living – which is urban liveability at low-resource cost involving natural ventilation and
lighting achieved through the use of courtyards or air-wells – is preserved.
The contemporary adaptation case study selected is the former East Asia Bank building also
known as 137 Market Street (137MS). Originally constructed with pre-stressed RCC in 1970s style
Ì¾É½¶Â¶ÈÄÃÇÎ»¶á¶¹ºÉ½ºÈÉÄÇºÎ·Ê¾Á¹¾Ã¼Ì¶È¹ºÈÉ¾Ãº¹»ÄÇ¹ºÂÄÁ¾É¾ÄÃ¶ÈzÄ»É½ºĳÄÄÇÈÅ¶¸º
was vacant while the M&E system and the façade were also outdated (Ho, 2014). While enlarging
É½º Á¾»É ¸ÄÇº ÉÄ ¶¸¸ÄÂÂÄ¹¶Éº ÂÄ¹ºÇÃ Ä»Ĳ¸º ¹ºÂ¶Ã¹È Ì¶È ¸ÄÃÈ¾¹ºÇº¹ ¾ÂÅÇ¶¸É¾¸¶Á É½º ºÍ¾ÈÉ¾Ã¼
»ÄÊÃ¹¶É¾ÄÃÈÌºÇºÃÄÉÈÊ»Ĳ¸¾ºÃÉÉÄÈÊÅÅÄÇÉÉ½º¶¹¹¾É¾ÄÃ¶ÁĳÄÄÇÈÅ¶¸ºÉ½¶ÉÌ¶È¶ÁÁÄÌº¹·ÎÉ½º¢¶ÈÉºÇ
Plan revisions since the initial construction. Located in the CBD with the building occupying the
whole site, demolition and reconstruction was considered to be not only disruptive to neighbouring
premises but also lengthy due to the need to schedule construction work during off-peak times.
Adaptation used a load-balancing strategy of replacing four levels of the heavy concrete
structure with six levels of lighter steel structure. The use of steel in the expansion also enabled offBuilding Today - Saving Tomorrow Conference Proceedings Unitec 2016
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site fabrication of entire sections of the building which were hoisted into place overnight. This was
valuable as space for storage of construction materials was very limited on site. The new façade uses
staggering high performance bay windows with low-e double glazing, which can remain open even
during rainy weather. The adapted building which used 50% of the existing structural elements, high
use of green concrete, recycled materials and a pre-engineered building system in addition to 25%
lower than the target energy use achieved only Green Mark GoldPlus rating rather than Green Mark
Platinum rating.

DISCUSSION AND CONCLUSIONS
Currently efforts to minimise construction waste in Singapore seem to focus on the management
of end-of-life waste from buildings. With building renewal rate being as low as 5%, measures to
adapt and reuse existing buildings can be much more effective in reducing construction waste,
while eliminating the need to recover and recycle construction waste, and can therefore be more
sustainable.
While motivation for adaptation is generally the desire to reuse buildings with historical
È¾¼Ã¾Ĳ¸¶Ã¸º¾ÃÉ½º¨¾Ã¼¶ÅÄÇº¸ÄÃÉºÍÉÌ½ºÇºÁ¶Ã¹¶Ã¹ÇºÈÄÊÇ¸ºÈ¸¶Ç¸¾ÉÎ¹Ç¾ËºÈÉ½ºÅÄÁ¾¸Î¹º¸¾È¾ÄÃÈ
É½¾È¾È¹Ç¾ËºÃÂ¶¾ÃÁÎ·ÎÉ½º¹ºÈ¾ÇºÉÄÂ¶Í¾Â¾ÈºÉ½º¶ÁÁÄÌ¶·ÁºĳÄÄÇÈÅ¶¸ºÈ¼Ê¾¹ºÁ¾ÃºÈ¶Çº»Ä¸ÊÈº¹
on heritage buildings being relevant to current times and also economical, if in prime locations,
historic buildings are often treated primarily as shells with façades preserved while the interiors
¶ÁÂÄÈÉ¸ÄÂÅÁºÉºÁÎ¼ÊÉÉº¹¶Ã¹Çº¸ÄÃÈÉÇÊ¸Éº¹Ì½¾Áº¾ÃÉºÃÈ¾Ĳ¸¶É¾ÄÃÄ»ÊÈº¾È¶¸½¾ºËº¹·ÎËºÇÉ¾¸¶Á¶Ã¹
horizontal additions. As seen from previous adaptations, the desire to achieve economic sustainability
¸¶Ã¶ÉÉ¾ÂºÈ¸ÄÃĳ¾¸ÉÌ¾É½¸ÄÃÈºÇË¶É¾ÄÃ¼Ê¾¹ºÁ¾ÃºÈÊÃÁºÈÈÉ½ºÇº¾ÈÅºÇÈÄÃ¶Á¶ÉÉ¶¸½ÂºÃÉÉÄÉ½ºÅÁ¶¸º
as seen from the shophouse case study presented here. Evidence suggests that this is generally the
exception rather than the norm.
Although adapting existing buildings to modern requirements could be more sustainable than
reconstruction, current development policies and building rating scheme in Singapore do not appear
to promote adaptive reuse. Currently, the focus of Singapore building rating system Green Mark is
ÄÃºÃºÇ¼Îº»Ĳ¸¾ºÃ¸ÎÌ¾É½ÈÊÈÉ¶¾Ã¶·ÁºÂ¶ÉºÇ¾¶ÁÊÈº·º¾Ã¼Á¾Â¾Éº¹ÉÄ¶ÇÄÊÃ¹ zÄ»É½ºÉÄÉ¶ÁÈ¸ÄÇº»ÄÇ
any variation of the Green Mark scheme. As evident from the contemporary case study of 137MS,
which achieved only Green Mark Gold Plus rather than Green Mark Platinum, measures to adapt and
reuse buildings are currently not rewarded by the rating scheme.

©½ºÂ¶¾ÃĲÃ¹¾Ã¼ÈÄ»É½¾È¾ÃËºÈÉ¾¼¶É¾ÄÃ¶Çº

• Waste minimisation needs to cover all life stages of a building and different measures



ÈÊ¸½¶ÈÂ¶Ã¶¼ºÂºÃÉ¶ËÄ¾¹¶Ã¸ºÇº¸ÄËºÇÎ¶Ã¹ÇºÊÈº

• Adapting existing building stock for modern uses is more important compared with
ÈÉÇ¶Éº¼¾ºÈÉÄÇº¹Ê¸º¸ÄÃÈÉÇÊ¸É¾ÄÃÌ¶ÈÉº»ÇÄÂÃºÌ·Ê¾Á¹¾Ã¼È

• ÄÃÉºÍÉÈÅº¸¾Ĳ¸¹Ç¾ËºÇÈ¹ºÉºÇÂ¾ÃºÉ½ºÁºËºÁÄ»ÈÊ¸¸ºÈÈÄ»Âº¶ÈÊÇºÈ¶Ã¹
• Building rating tools and incentives can promote more sustainable practices.
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