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A b s t r a c t

Despite the awareness of sustainability among Singaporeans, the 

designs of public residential high-rises still do not address sustain

able issues. By employing these issues in the designs, high-rises can 

help to effectively reduce the impact of the present ecological 

problems.

This report will identify basic sustainable issues and then explore 

the validity of applying them in Singapore. Using various case 

studies, the following issues will be examined:

1. Users

2. Site Integration

3. Climate

4. Conserve Energy

5. Materials

Finally, Singapore’s HDB high-rises will be analyzed and basic 

sustainable recommended design policies will be defined. The 

recommended policies are intended to help architects understand 

the characteristics of sustainability in Singapore and assist them in 

their design process.
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I n t r o d u c t i o n

Goal

The intent o f this research report is to first survey existing sustainable 

projects and then develop sustainable policy recommendations for 

public residential high-rises in Singapore. This will serve as a set of 

recommended design policies that can be implemented to guide de

signers through the information on sustainable design so as to facili

tate their design decisions.

This report is aimed at exploring the different principles o f sustainability 

and provoking discussion about man’s relationship with the environ

ment.

The Housing Development Board in Singapore is responsible for de

veloping mass housing for the general population. Their focus is on 

creating a quality living environment. This report will try to provide 

the necessary recommended policies for HDB to achieve this goal. 

This report does not contain all the answers but it provides designers 

with information on relevant issues, concepts and principles.

Who is this set of recommended policies for?

It is meant primarily for improving the design of HDB high-rises. 

However, anyone interested in sustainable design can also benefit 

from it.
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P r o j e c t  D e s c r i p t i o n  
a n d  S c o p e

In the world today, buildings account for 1/6 o f the earth’s fresh 

water withdrawal, 1/4 of the wood harvest, and 2/5 o f materials 

and energy.1 This causes disastrous outcomes such as deforestation, 

air and water pollution, ozone depletion and global warming.2 As 

today’s buildings become more removed from ecological principles, 

their aesthetic character has also changed and modern high-rises 

now rarely respond to their context, nor do they give users a sense 

of connection to place.

During this time of uncertainty about ecological problems such as 

resource depletion, the precautionary role is to act today rather 

than react tomorrow.

In Singapore, the trend of urbanization is evident. Modern high- 

rises are being erected daily. However, like many other inventions 

of the industrial age, modern high-rises, although representing an 

extraordinary accomplishment, come with environmental and social 

impacts.

1. Roodman, David Malin. and Nicholas Lenssen. A Building Revolution: How Ecology and Health 
Concerns are Transforming Construction. (Washington. D C :  Worldwatch Institute. 1995), p.5

2. Roodman. David Malin. and Nicholas Lenssen. A Building Revolution: How Ecology and Health 
Concerns are Transforming Construction. (Washington, D C.: Worldwatch Institute, 1995), p.5
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80% of Singapore’s population o f approximately 2.9 million live in 

public residential high-rises3 that were developed by the HDB. This 

number is increasing and in order to accommodate the growing 

need for apartments, more high-rises are built. Designers need to 

start addressing sustainability issues during the designing process in 

order to establish a healthy relationship with the environment.

The report is divided into 3 parts.

Part 1 consists of the first two chapters from which the reader 

gathers a general overview o f sustainable principles. A survey of 

how these principles are incorporated into each design project is 

also presented.

Part 2 consists of the next six chapters where different aspects of 

the principles are presented, specifically with relation to HDB high- 

rises.

Finally, Part 3 consists of the concluding chapter where sustainable 

recommended design policies for HDB high-rises are summarized.

3. Ministry of Information and the Arts. Singapore Facts and Pictures. (Singapore: Tien Wah Press, 
1995), 52

8



Part 1



o1 D e f i n i n g
S u s t a i n b i l i t y  I s s u e s

In order to create sustainable architecture, a building has to embody 

all sustainable characteristics. These characteristics are not new to 

architectural design and many buildings do embody at least one of 

them. However, few buildings have yet to embrace all the various 

characteristics of sustainability.

Principles of Sustainable Design
The following list of principles, complied by environmental archi

tects, Brenda and Robert Vale, address the question of what makes 

a building sustainable.

Principle 1 A building should be designed for the users involved.

Principle 2 A building should be integrated with the site by responding to 

and respecting the natural features, and the existing culture and 

tradition of the people and place.

Principle 3 A building should be designed to work with the natural climate.

Principle 4 A building should be constructed to conserve energy so as to 

minimize the need for fossil fuels.

Principle 5 A building should be designed with materials that have low 

embodied energy and are non-toxic to the users.
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A s p e c t s  o f
S u s t a i n a b l e  P r i n c i p l e s

The principles mentioned on the previous page only provide a 

general outline for sustainable design. They remain as basic broad 

terms. In order for them to be incorporated into design, they need 

to be subdivided into more specific aspects. Hence, the remaining 

part of this chapter is devoted to introducing the specific aspects of 

each principle.
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1-1
Principle 1

Principles for 
Respecting Users

1.1. User Participation

1.2. Healthy 
Environment

Users
The users of the building have to function in the building and 

are the ones who relate to the design of the building. Designers 

have to respect the needs of the users and offer them suitable 

environments in which they can easily perform their activities.

1.1. User Participation

Users should be allowed to participate in the design process so 

that a higher level of user satisfaction with the building design 

can be achieved. Some critics have argued that this is a time 

consuming process. However, most of the projects that have 

used this process have found it to be most satisfying for every

one involved.

1.2. Healthy Environment

The main purpose of the designers should be to help users 

create a building that is suitable for their needs and activities. It 

is essential that the building environment is free from toxic 

elements and alternative methods of detailing should be em

ployed where possible.

12



1-2
Principle 2

Principles of 
Site Integration

2.1. Natural Features

2.2. Cultural Context

Site Integration
Designers should always perform a site analysis before design

ing. This observational process will reveal the important as

pects of the location (i.e., from natural site features to existing 

cultural context.) It is important to respond and respect all 

these elements in order to create a design solution that relates 

to the natural environment.

2.1. Natural Features

It is essential to recognize fragile areas where an existing 

ecosystem is located and designs should be sensitive towards 

them. Minimal disturbance to the site is also preferred. The 

design should respect the natural environment and be influenced 

by the natural conditions.

2.2. Cultural Context

Designers should identify the local culture and traditions of the 

area. Buildings should be designed to complement and sustain 

the local cultural context. This can be achieved in various ways 

from using the local materials and construction methods to 

integrating with the present local social patterns.
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Principle 3

Principles of 
Climate Design

3.1. Shading

3.2. Ventilation

Natural Climate
It is the responsibility of the designers to understand and 

address the climatic factors in each project. The design should 

respond to the basic elements of sun, wind, humidity and 

precipitation. There are two basic design techniques in a tropi

cal climate that a designer deals with - shading and ventilation. 

However, these techniques can be employed only when the 

various climatic issues have been studied and understood.

3.2. Shading

Basically, the main aim is to prevent the internal spaces from 

gaining any unwanted solar heat. A more detailed explanation 

of this can be found in Chapter 6.

3.2. Ventilation

The overall concern is to provide occupants with a healthy 

and comfortable indoor environment all the time. This is 

achieved by reducing excessive humidity and increasing 

cross-ventilation.

14



1-4
Principle 4 Conserve Energy

Principles of 
Energy Conservation

4.1. Roof/Wall 
Insulation

4.2. Heating and 
Cooling

4.3. Lighting

There are many aspects of energy conservation in a building. 

The most basic method of conserving energy is to ensure that 

the building envelope is well designed. Some of the more com

mon aspects to consider are listed below and designers need to 

be aware of these aspects to be able to start creating energy 

efficient designs.

4.1. Roof/Wall Insulation

This is an important aspect in energy conservation as the build

ing envelope can help regulate the comfort level of the occu

pants. The type of insulation used in the wall and roof systems 

will determine the amount o f overall energy savings. Using 

thermal mass to store energy for heat to minimize the usage of 

gas and electricity is another alternative technique.

4 2. Heating and Cooling

Designers should be aware of the energy consumption of 

different systems before specifying them. They should not only 

determine whether the system is energy efficient but also ensure 

a reasonable payback period for the client.
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4.3. Lighting

Designers should incorporate natural daylight into as much of 

the design as possible so as to reduce the amount of artificial 

lighting used. Artificial lighting should be used only when 

absolutely needed. The types of artificial lights specified are 

also important and designers have to be conscious of their 

energy efficiency when specifying them.

16



Principle 5 Materials

Principles for 
Materials Use

5.1. Reuse and Recycle

5.2. Low Energy 
Materials

Materials, which are commonly made from the environment, 

are the building blocks of a building. Unfortunately, there are 

many disastrous impacts of using materials and efforts should 

be increased to reduce these environmental impacts. Designers 

should choose materials that embody low energy and are non

toxic to the users. Designers should also make use of recycled 

materials and buildings should be designed with materials that 

can be reused at the end of a building’s life span. This ap

proach will not only save resources but also have long term 

economic benefits.

5.1. Reuse and Recycle Materials

The designers should be aware of the types o f materials that can 

be reused and recycled and they should specify them whenever 

possible. Clients should also be involved in the process of 

determining what kinds o f materials are being used.

5.2. Low Energy Materials

Basically, the more refined the material, the higher the embod

ied energy. There is an increasing attempt to reduce the use of 

materials that have large energy contents. The American Insti

tute o f Architects, A1A and Environmental Preference Method, 

EPM have compiled a list o f common building materials and are 

summarized in Chapter 8.
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Case Study Analysis

A series of case studies have been examined so as to provide a 

better comprehension o f how these principles can be incorporated 

into the design process. The following ten case studies were se

lected for their clear design responses to the principles of sustain

able design. They represent a range of successful design solutions 

from different parts of the world: the United States o f America, 

Europe, Malaysia and Singapore.
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2-1
Architect:
Design Harmony Inc. 
Completion Date: 
1993
Total Area:
N.A.

Body Shop Headquaters 
Wake Forest, North Carolina

Project Overview
Case Study 1

The Body Shop is a company that manufactures and sells environ

mentally sensitive cosmetics and bath products. The idea of reusing 

an older building was appealing to the owners as it reinforced the 

motto o f the company. As recycling was the key concept, the 

designers also looked into the possibility of using recycled materials 

and creating an environment that was energy efficient.

The designers were also concerned with worker comfort. They 

wanted to create workspaces that had natural daylight to provide 

the employees with a visual connection to the outside.

19
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Design Solution

The owners purchased an existing building on a site with existing 

vegetation. Since the existing building was going to be reused, 

construction was minimal.

The existing building was orientated east to west and this allowed a 

good amount o f daylighting into the building.

The existing trees and vegetation also provided the site with ready 

landscape and shading areas. Additional planting was done between 

the building and the parking lot so as to act as a buffer zone from 

the noise and fumes.

Sustainable Design Response 

Principle 1 Users

1.1. User Participation

The only type o f  user participation came from a post-occupancy 

evaluation preformed within tw o years o f the completion o f the 

project. The designers then made certain changes suggested by the 

staff. One o f the complaints was that the daylight monitors allowed 

too much light into the spaces on the south side o f  the building. 

They resolved this problem by applying a tinted film coating to the 

south monitor to reduce the intensity o f light filtering into the 

space.
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INTERIOR PARKS

O F FIC E  AREA

Partial section.
LEG EN D

1 - Reused cxisim g high efficiency HRS
lights, in warehouse, with group re* 
lamping program

2 - Exposed structure with high
reflectance, non-toxic paint 
m aximizes light quality

3- New openings in interior and exterior
walls admit more tight into 
m ezzanine and warehouse'

4- Energy d lic ien t LED Exit Lights

5- Occupancy sensors in offices.
conference, training and labs turn 
lights o ff when unoccupied

6- Reused existing roof top units with
added econom izer units increase 
efficiency

7- Enclosed offices with clerestories and
interior yvindows admit maximum 
daylight

8- Plants function as natural a ir  filters

V* New day lighting monitors full length
of building maximize natural light 
in office area

10- Hull height exposed ceilings with high 
reflectance paint maximizes 
natural and artificial light in work

11- Indirect, metal halide pendant fixtures

12- 1 ligh efficiency task lights at work
stations

13* Reused workstations from previous 
facility; low partitions maximize 
light dispersion

14- Cnrpct from recycled PET plastics

15- Parking remote from building to
improve a ir quality at operable 
windows

Reprinted from Laura Zeiher, The Ecology o f Architecture, 1996.
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Principle 2

Principle 3

1.2. Healthy Environment

An effort was made to ensure that all interior paints, sealant and 

solvents were not harmful to the occupants. The concern for mate

rial toxicity even extended to  the types o f  maintenance materials 

used to upkeep the building.

Site Integration

2.1, Natural Features

The existing vegetation was left as it was and additional trees were 

planted for shading purposes.

2.2. Cultural Context

The designers used an existing building and the focus was on 

creating an internally energy efficient building.

Climate

3.1. Shading

The existing buildings had trees that shaded some windows. Addi

tional trees were planted on the east and west sides for further 

protection during the summer months.

3.2. Ventilation

Existing systems were kept as they were in workable condition.
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Principle 4 Conserve Energy

41 . RoofTWall Insulation

The existing building already had good thermal insulation so it was 

left as it was.

4.2. Heating and Cooling

The three existing 100% outside air units were modified to recircu

late air and also fitted with economizers so as to utilize outside air 

of 55 degrees F. as a means of free cooling. By using these econo

mizer units, the energy consumption is reduced by 35%.

4 3. Lighting

Daylight monitors were installed to provide sufficient natural light 

in the spaces. These monitors were located along the east-west axis 

of the roof.

The exposed joist and decking 

were painted white in order to 

increase the ambient light 

from the daylight monitors.

Reprinted from Laura Zeiher. The Ecology o f  Architecture, 1996.
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Principle 5

The exposed j oist and decking were painted white in order to 

increase the ambient light from the daylight monitors.

N ew  T-8 bulbs with electronic ballasts were installed as they have 

15% energy savings with an estimated one-year payback.

The existing High Pressured Sodium lamps (BPS) were reused but 

the layout was modified to provide amore efficient lighting level.

Materials

5.1. Reuse and Recycle

A  detailed building analysis was preformed by the general contrac

tor and if  was determined that the building was in relatively good 

shape and only minor repairs needed to be done to return it to 

excellent condition.

The existihg paint was tested for its toxicity and its lead content 

was found to be negligible.

Some o f  the materials removed from the building were donated to 

other projects and even bartered or sold.
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Women’s Humane Society Animal Shelter 
Bensalem, Pennsylvania

Architect:
Susan Maxman 
Architects 
Completion Date: 
1994
Total Area: 
24.500sq.ft.

Project Overview
Case Study 2

According to Susan Maxman, “A good part o f our practice involves 

recycling existing buildings and houses. Our design strategy always 

respects the site surroundings and the client is always an integral

part o f the design process/

The Women’s Humane Society is the oldest 

humane society in the U S They went

- ihrw gh a rigorous process to select an

Reprinted from Michael 
Crosbie, Green Architec
ture, 1994

architect that would be sensitive to the 

society’s concerns. One of the reasons 

Maxman and her design team won the contract was for suggesting 

that a wildlife refuge for animals on the site be developed to im

prove the existing wildlife conditions on the site. Each member on

the team was 

selected for his or 

her commitment to 

sustainable design 

and this was an 

important aspect in 

the final design 

solution.

Reprinted from Michael Crosbie,
Green Architecture, 1994
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Design Solution

The 25,000-square-foot facility is situated on an 11 -acre suburban 

site in Bensalem, just outside Pennsylvania. The facility includes an 

administrative area, management offices, educational, humane and 

cruelty investigation staff offices, conference room, and multipur

pose room. The examination and clinic areas are integrated with a 

shelter facility that can hold up to 100 kennels and 88 feline cages.

Reprinted from Laura Zeiher, The Ecology’ o f  Architecture, 1996.
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Sustainable Design Response

Users

1.1. User Participation

The users were integrated into the design process from the start. 

The objective ofmiaking the huiMing-energy-eifrcient was decided 

upon by both the client and the designers very early in the process. 

(There is no information on whether the users o f  the building 

participated in the design process.)

1.2. Healthy Environment

The designers took care in specifying materials that provided the 

users wjth-a healthy environment. A  non-toxic wall insulation, a 

non-CFC cementitious foam made up o f naturally occurring magne

sium ojpde,-was used instead o f  fiberglass batt insulation.

For the flooring, adhesive-backed carpet is used instead to prevent 

the use p f toxic glues which can emit harmful fumes. Linoleum was 

also suggested to be installed instead o f  vinyl flooring with water- 

based adhesives unfortunately the -cost o f  it washoo high.
i
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• Minimum 50%  recycled rigid Ineutatton free  of CFC ag en ts

• Energy efficient linear and  com pact fluorescent fixtures with high 
frequency ballasts and  T-8 lam ps

• S em l-receseed  am bient light sen so r

• W all-mounted and  sem i-recessed  o ccupancy  se n so rs

• High perform ance Heat Mirror glazing with Low ‘E" coaling

• Adhesive backed carpe t elim inates w et ad h esiv es  linked to Indoor air 
pollution

•  Non-toxic, CFC-free end  form aldehyde-free Insulation a t m asonry

• Toilet partitions com posed  of 65%  recycled high density  polyethylene 
plastic

• Low flow, w ater conserving toilet

Reprinted from Laura Zeiher. The Ecology’ o f Architecture, 1996.



Principle 2 Site Integration

2.1. Natural Features

Much of the site is not buildable because of certain site features. 

Not only does an existing stream run through the site but a third of 

the site is composed o f wetlands where there is existing wildlife. 

The local utility easement further limits the site planning options.

In order to avoid unnecessary disruption to the wildlife on the site, 

the designers decided to cluster the buildings together.

2.2. Cultural Context 

Not Applicable

Reprinted from Laura 
Zeiher, The Ecology o f  
A rch itec lure, 1996.

The rest of the site is 
left untouched to 
maintain a wildlife 
refuge for existing 
wildlife.
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Principle 3 Climate

3.1. Shading

Reprinted from Laura 
Zeiher. The Ecology o f  
Architecture, 1996.

The building orientation optimizes solar heat 

gain in winter.

The windows on the north, south and east 

permit higher light levels into the spaces 

than on the west sides which are mainly 

designed for solar shading.

Michael Crosbie, Green Architecture, 1994

Heat Mirror insulating glass is used for all the 

exterior windows. During the summer months, 

the coating on the glass reflects the heat while 

allowing the natural light to enter into the 

internal spaces.

Overhangs and vegetation are strategically 

placed by windows to reduce solar gain in 

spaces during the summer months. Deciduous 

trees are also planted on the east and west 

facades to provide additional shade and to reduce the solar gain in 

summer.

3.2. Ventilation

Natural ventilation is not sufficient to ventilate the shelter areas. A 

recovery wheel was installed to increase ventilation. (Pg. 31)
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Principle 4 Conserve Energy

4.1. Roof/Wall Insulation

It was essential to provide the correct insulation in the walls and 

roofs to reduce heat loss. The R-values of R -19 for the wall and 

R-24 for the roofs is used because an increase of the R-values 

would not have increased the overall energy savings.

4.2. Heating and Cooling

A gas-fired absorption chiller/boiler is used because of its low 

operating cost and it emits no CFCs or HCFCs.

A dessicant-coated energy recovery wheel was installed in the 

shelter areas because of the need for the high level o f ventilation 

in these areas.

ENERGY RECOVERY WHEEL (SUMMER)

■ Energy Recoveiy Wheel used only in kennel and clinic areas Reprinted from Michael

■ Latent energy and 80% of sensible energy are always returned 
to where they cam e from

where there are 8-10 air changes per hour Crosbie, Green Architec
ture* 1994
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4.3. Lighting

SURGERY PREP LABORATORYCORRIDOR

DAYLIGHTING IN CLINIC AREA

The designers designed spaces that are 

mostly lighted by daylight. They employed 

the use of clerestory glazing, rooftop light 

monitors and ridge skylights to increase 

the natural lighting.

The amount of artificial lighting is kept to 

a minimum and the designers were careful 

in specifying the types o f lighting to be 

used. Compact and linear florescent and
Reprinted from Laura 
Zeiher, The Ecology o f  
Architecture, 1996

The clerestory is 
designed to increase 
natural daylight 
entering the building 
during the winter 
months and preventing 
it from entering during 
the summer months.

metal halide lamps are used instead of the traditional incan

descent lamps because they are more energy efficient. Dimmable 

photocell-controlled ballast enables artificial light to be automati

cally adjusted in direct proportion to the daylight in the space.

Task lighting is also provided 

and used when a greater 

amount of illumination is 

required.

Interior view of clerestory 
Reprinted from Michael Crosbie, 
Green Architecture, 1994 BJj i'ey#:."'
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Principle 5 Materials

5.1. Reuse and Recycle

_ Using recycled materials was a big part o f  this project. Floor tiles

were produced from glass manufacturing by-products.

Rubber floor mats were made from recycled tires.

Benches and bathroom partitions are composed o f  65% recycled 

high density polyethylene plastic.

5.2. Low  Energy Materials 

Refer to Figure on Pg. 31

33



NMB Bank
Amsterdam, The Netherlands

Architect:
Albertus and Van Hunt 
Completion Date:
1987
Total Area:
78,000m2

Project Overview
Case Study 3

In 1978, the NMB Bank decided to build a new corporate head

quarters to accommodate 2,000 staff in a suburb in the southeast of 

Amsterdam. The building design is the result o f the involvement of 

all the participants in the design process. From the start, the archi

tects, Alberts and Van Huut, did not assume the central role but 

worked in collaboration with the engineers, landscape architects, 

interior designers and acoustic designers in a team. The users were 

also constantly involved in the design process and hence an inte

grated scheme was achieved.

Reprinted from Dorothy MacKenzie, Design for the Environment. 1997

The ten office buildings are linked together internally by a street at ground level. The appearence 
of each block is very distinctive an vary in height, plan, color and orientation.

34



Design Solution

The designers broke down the building into a series of ten 

office buildings linked together by a “S” shaped internal 

street. Each of these buildings is designed around a natu

rally lit central circulation tower. Each tower consists of 

stairs and elevators, which serve as the vertical connection 

between the different floors. The circulation towers are 

then connected to each other on the ground level by an 

internal street. Located off this internal street are various 

shared facilities such as meeting rooms, restaurants and 

even a cinema. The offices are located above this street 

level. Although all the office spaces are designed for 

intimate working groups of about twenty people, the
a entry 
b restaurant 
c meeting room 
d public recreation center 
e post room 
f  print room

aesthetic appearance o f each block is very distinctive. They vary in 

color, height, plan, orientation and each have different views over 

the landscape gardens. Although separating these buildings creates

Reprinted from Robert and 
Brenda Vale. Green 
Architecture, 1991

Located off this internal 
street are various shared 
facilities such as 
meeting rooms, restau
rants and even a cinema 
that encourages social 
interaction.

a visual organizational structure of the bank, a social relationship 

between the staff is maintained internally by the enjoyable circula

tion experience, which helps to increase social interaction through 

common facilities.
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Principle 1

Principle 2

Sustainable Design Response

Users
1.1. User Participation

Throughout the design, the designers were constantly trying to 

create spaces that the individual can identify with. The aim was to 

create spaces that the individual user can personalize and yet 

convey the sense o f  being a part o f  the larger whole.

Probably the most important aspect o f this design is the continuous 

involvement o f the users throughout the whole design process. 

From the start, the staff was asked to vote on the site location and 

the majority favored a site that was easily accessible.

Users were consulted on the space relationships. The design o f the 

offices were developed from how the users preformed their activi

ties. This resulted in spaces that complemented the activities in

volved and the users felt more a part o f the new building which 

made relocation easier.

1.2. Healthy Environment

The designers were careful in specifying materials that were non

toxic to the occupants. The aim was to provide the users o f the 

building with a safe and healthy environment for working.

Site Integration

2.1. Natural Features 

Not Applicable
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2.2. Cultural Context

The designers made a conscious effort to reduce the impact of 

introducing such a large building into the neighborhood. They 

divided the building into ten different towers hence creating an

illusion o f ten different buildings. Each 

block is detailed slightly differently from 

each other and this helps to create a sense 

o f variety between the forms.

The sloping walls are designed to tie the 

building to the ground and to reduce the 

impact of the height o f the building on its 

Reprinted from Dorothy surroundings by gradually tapering away.
MacKenzie, Design fo r  . .
the Environment, 1997 This also helps to deflect the wind and traffic noise away from the 

building.

Principle 3 Climate

3.1. Shading

The designers wanted to create workspaces with good natural light 

and ventilation without causing excessive heat gain or loss in the 

building.

To ensure good energy performance, the external facade is installed 

with a computerized sun blind system that controls the amount of 

solar gain.
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Individually controlled internal blinds are also provided for the 

users to further satisfy their individual comfort levels.

3.2. Ventilation

Individual users also control the amount o f natural ventilation of 

their workspace. Windows can be opened and simple controls are 

provided to allow the individual to adjust the amount of ventilation 

of their immediate surroundings.

A section through the wall showing the window system. 
Reprinted from Robert and Brenda Vale. Green Architecture. 1991

Principle 4 Conserve Energy

The NMB Bank is considered to be one of the most energy efficient 

buildings in the world.

4.1. Building Envelope

The floors and walls are o f reinforced concrete and are wrapped 

with 100mm mineral fiber insulation with a cavity of 30mm on the 

external face and an outer skin of brick finish. This high mass acts 

as storage by absorbing heat in the day and releasing the heat at 

night.
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4,2. Heating and Cooling

A heat-recovery air-circulation system was used instead of the 

conventional air-conditioning system.

Pentagonal glazed areas on the roof are used to collect solar en

ergy This is then used to heat the ventilation air to the building so 

that at an external air temperature of 7 degrees C, an internal 

temperature of 21 degrees C can be maintained without using 

additional energy from a boiler plant.

Water storage tanks of 100 cubic meters are used to provide heat 

storage. These tanks are heated by the wastes generated by the 

bank and it can be used when required in the buildings.

Reprinted from Robert and Brenda Vale, Green Architecture, 1991
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4 3. Lighting

Typically, in order to provide sufficient natural 

lighting in a building, large windows are used 

which causes unnecessary heat gain and loss. The 

designers solved this problem by creating a win

dow design that enhanced natural light. Louvers 

are used to reflect light onto the ceiling which is 

then further reflected into the back of the 

workspace. This required the designers to ensure 

the workspaces were no more than 7 meters from 

a window.

Natural light is filtered into the internal circulation 

towers by means of a glazing system on the roof.
Reprinted from Robert 
and Brenda Vale. Green 
Architecture, 1991

This is important as it reduces the 

need for artificial lighting resulting 

in increased energy savings and 

cost.

Natural light is filtered into the 
internal circulation towers by means 
of a glazing system on the roof.

Reprinted from Robert and Brenda Vale, 
Green Architecture. 1991
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Principle 5 Materials
51. Reuse and Recycle

Not Applicable

5.2. Low Energy Materials

The advantage of creating a complex of individual buildings is that 

the structural system is simplified. A reinforced concrete frame is 

used because the spaces are now much smaller. The energy content 

of concrete and brick are also relatively low and this adds to the 

energy efficiency of the building.

Reprinted from Robert 
and Brenda Vale. Green 
Architecture, 1991

The use o f local materials also contribute to energy savings.

By finishing the external facade in brick, the buildings reflect the 

local Dutch building tradition o f brick craftsmanship.
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Frankfurt Daycare Center 
Frankfurt, Germany

Architect:
William McDonough 
Completion Date:
1993
Total Area: -

Project Overview
Case Study 4

This daycare complex is conceived from an integrated notion of 

respecting the needs of the users and site characteristics.

The designers used a tree as a symbolic model for the center to 

reflect on how a building could function like a tree. The center 

would be designed to rely mostly on the environment and it will not 

be designed to contribute to the present consumption of energy but 

to use the sun’s energy to heat the building instead. This is what 

McDonough calls a low-entropy design.

The goal was to create a design that would enhance the site and 

elements such as gardens and a runoff stream were incorporated to 

add to improving the site instead of taking away from it.

Reprinted from AIA, AIA Resource Guide Subscription, 1993
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Design Solution

The complex is comprised of three interconnected buildings that 

stretch east to west. A winding stone wall runs down the center 

of the buildings providing an internal reference point for the 

users. This wall supports the roof deck of each building, which 

is made up of two parallel peaked roofs of glazed aluminum 

frames separated by a concrete deck roof garden. The roof 

garden stretches the full length of the building.

A winding stone wall runs dow n the center of the buildings providing an internal reference point for the
users.

Reprinted from AIA, ALA Resouree Guide Subscription. 1993
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Sustainable Design Response

Principle 1 Users

1.1. User Participation

Before the start o f the design, teachers and children were consulted 

about their daily routines. The resulting scheme was a response to 

the daily activities and the needs of the users.

The interior plan is worked around organizing spaces that are 

practical for the users and will make way finding clearer. The main 

entrance leads into a large skylit space that is overlooked by the

staff room. The kitchen is ac

cessed from the street by the 

staff so as to allow for little 

classroom disruption. The group 

rooms are centered to the east 

for easy access.

A clear but soft division between 

public and private spaces was 

provided in the overall design 

scheme. The curved interior wall 

acts as a screen for the private 

areas and also defines the circu

lation path.
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The scale o f  the interior spaces was also kept at a child’s level. The 

children have their own access to the site and play areas and can 

physically interact with the building in various ways such as indi

vidually opening and closing the windows in their activity areas.

1.2. Healthy Environment

The designers were careful in specifying materials that are non

toxic for children such as paints.

Principle 2 Site Integration

2.1, Natural Features

There was a conscious effort to integrate the neighborhood with the 

daycare center. The site plan takes advantage o f  the surrounding 

area and connects the children to the existing playground to the 

northwest o f  the site. Caution was also taken to preserve the 

existing trees and other natural features on the site.

The designers also made use o f  the dense existing forest to the west 

o f  the site to help provide a separation from the activities on the 

street.

2.2. Cultural Context 

Not Applicable

Principle 3 Climate

3.1. Shading

Inside the peak joint o f  the roofs, two adjustable shutters are



installed against the glass for the users to control whenever addi

tional shading in needed is the spaces.

Sliding panels that double up as chalk

boards and mural areas can also cover the 

vertical windows on the lower floors for 

further protection.

3.2. Ventilation

Reprinted from AIA, 
AIA Resource Guide 
Subscription, 1993

Windows can be operated by the users to 

control the amount of ventilation required for individual comfort. 

An air-to-heat exchanger is also installed to allow fresh air to enter 

the building. It can also recapture 80% of the heat and distribute it 

throughout the building.

Principle 4 Conserve Energy

4.1. Roof/Wall Insulation

The stone and concrete in the walls act as thermal mass storage to 

regulate the internal temperature.

4.2. Heating and Cooling

The center incorporated a theoretically tested solar system that 

produces thermal energy over the course o f a year. This system 

heats water for the domestic hot water system at 140 degree F and 

also helps to heat the building itself.
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4 3. Lighting

The glazed roof ridges provide shelter, heat, light and 

insulation when needed.

During the summer months, hanging panels cover south 

facing windows to prevent unwanted solar gain while the 

north windows let in daylight. During the winter months, 

highly reflective aluminum panels cover the north win

dows so that when low-angle daylight enters the building 

through south facing windows, the light will be reflected 

off the aluminum coated panels and the internal spaces 

will be filled with light and heat.

Reprinted from Michael Crosbie, 
Green Architecture. 1994

Principle 5 Materials
5.1. Reuse and Recycle 

Not Available

5.2. Low Energy Materials

Stone and concrete are used in the building. Both have a relatively 

low energy content and add to the energy efficiency of the building.
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The Datai
Pulau Langkawi, Malaysia

Architect:
Kerry Hill Architects 
Completion Date:
1993
Total Area:
30,000m2
Cost:
70,000,000 M. Ringet

Project Overview
Case Study 5

The Malaysian government has been rapidly developing the island 

to increase the tourism market. Over the last ten years, several

resorts have been constructed but were not sympathetic to the

environment.

A Singapore based architectural firm Kerry Hill Architects designed 

this resort to respond and respect the landscape and climate of the 

region. It is set in 1800 acres of rainforest on the northwestern tip 

of the island, Pulau Langkawi. The area consists o f several impor

tant natural features such as the sea, beach, rainforest and existing 

ecosystem and conserving them became the top priority in the 

design.
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Design Solution

The resulting complex was a loose collection of 

buildings dispersed around the site inter-linked 

by an organic network of paths, terraces and 

timber bridges.

The designers also drew on the traditional 

building forms to produce a synthesis of tradi

tion and modernity.

Reprinted from Architecture Review, 1994
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Sustainable Design Response

Principle 1 Users

22 . User Participation

The designers were concerned about creating spaces that the users

can relate to. The concept was to design small clusters of buildings

to project an illusion o f being on a small scale and not be dominated

by the huge complex.

1.2. Healthy Environment 
Not Available

Principle 2 Site Integration

21. Natural Features

The hotel is located on a ridge 300-m inland and 40-m above sea 

level to avoid disruption the sensitive wildlife along the sandy 

beaches.

Reprinted from Architecture Review, 1994

The complex extends horizontally, weaving the forest into the 
design. This prevents it from imposing on the existing natural
landscape.
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Reprinted from Miehael 
Crosbie, Green Architecture, 
1994

' ' ' ■ '

Reprinted from Miehael Crosbie, Green 
Architecture, 1994

The designers chose to design the complex 

in clusters of buildings instead of a massive 

structure imposing on the landscape.

The main hotel is situated on a ridge above 

the public activity areas which are located 

on a man-made plateau below.

The guestrooms are grouped around the 

forest below the ridge and connected to the 

public areas by pathways that weave around 

the forest.

22 . Cultural Context 

The designers reinterpreted the traditional 

Malay Kampungs in this design. This can be 

seen in the use o f the local materials and the layout o f the plan. In 

traditional kampungs, the courtyard was a place where the commu

nity gathered to socialize and 

preform activities. It was centrally 

located so as to allow for easy 

access. In this complex, the main 

activity area is also to function in 

the same way as the traditional 

courtyard hence, it is situated in the 

heart of the complex reflecting the 

traditional concept.
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The overall the complex has a local aesthetic appearance. This was 

achieved because the designers designed with respect to the sur

roundings and used materials that were mostly local. The entire 

complex is also naturally ventilated and this resulted in open corri

dors, large extended overhangs and louvered windows which were 

typical of traditional buildings.

Principle 3 climate

3.1. Shading

Roofs have large overhangs 

to provide adequate shading 

and shelter.

Windows are deeply recessed 

and are attached with hori

zontal louver shutters to 

allow for better shading of 

interior spaces.
Michael Crosbie. Green Architecture, 1994

3 2. Ventilation

The guestrooms and walkways are naturally ventilated. The rooms 

designed with courtyards to encourage cross-ventilation in the 

rooms and the breeze encourages cooling.
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Principle 4 Conserve Energy

4.1, Building Envelope 

Not Available

4.2. Heating and Cooling

There is no need for extensive heating and cooling systems because 

the climate supports naturally ventilated spaces which are simply 

covered areas opened to the outdoors.

4 3 Lighting

The designers wanted to maximize the use of natural lighting 

wherever possible. Skylights and large recessed windows are used 

to filter in the light.

Principle 5
Materials

51. Reuse and Recycle

The cluster of thatched roof pavilions was built 

with the timber (Balau timber) salvaged from the 

site excavation.

5.2. Low Energy Materials 

Locally mined Langkawi stone and marble is 

used in the project to reduce transportation cost.

Materials are all obtained locally. The counters are of 
landkawi stone adn roof and beams are of Balau timber.

Reprinted from Michael Crosbie, Green Architecture, 1994
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Sarimbun Scouts Center 
Singapore

Architect:
Akitek Tenggara 
Completion Date: 
1986
Total Area:
N.A.

Project Overview
Case St udy 6

The motto o f the Scout Movement is to give the campers the 

opportunity to commune with nature, to respect all living things, to 

learn how to survive and live from the environment. The designers 

developed a center that not only embodied this motto but also 

created a challenging and fun environment for the campers.

Powell, Inti ova live 
Architecture, 1989

Design Solution
The heart of the center is the 20-m high 

assembly hall. It is a column free circular 

space. The enclosed space is 22-m in 

diameter with a pyramidal roof. This 

structure is in direct axis with the main 

entrance of the complex.

Two dormitories are situated one on each side of the assembly hall. 

Simplicity and being one with nature was the main aim.

Photographed by Emmeline Yeo. 1997
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Sustainable Design Response

Principle 1 Users

1.1. Healthy Environment 

Not Applicable

1.2. User Participation

The whole design was based on creating a place for the users to be 

close with nature. The materials chosen were also based on creat

ing this experience. For example, one of the reasons for using a 

metal roof was to ensure that the campers will be able to hear the 

sound o f the falling rain when they are in these spaces thus height

ening the outdoor experience.

The lack of air-conditioning was also another response to the 

design goal. Being able to continuously smell the sea breezes and 

forest air is important to the campers.

Photographed by Emmeline Yeo, 1997

The complex was designed to provide the scouts with an experience of being with nature.
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Principle 2 Site Integration

2.1. Natural Features

The roofs o f the buildings are painted green to blend in with the 

surroundings. The timber columns and beams are left in their 

natural color to create an illusion of trunks.

The dormitories are also situated along the contours o f the site.

This resulted in them being situated halfway below the ground level 

of the main assembly hall. This makes it seem like the building is

growing out of the earth instead of 

imposing on the landscape.

The designers were careful to locate the 

different buildings in naturally cleared 

areas instead of destroying the natural 

forest.

2.2. Cultural Context 

The materials used reflect the local 

building traditions of the Malays in 

Singapore.

Photographed by
Emmeline Yeo. 1997
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Principle 3 climate

3.1. Shading

All the roofs have huge overhangs that provide sufficient shade.

3.2. Ventilation

All the spaces are naturally ventilated. All the rooms are installed 

with horizontal glass louvered windows to allow for cross ventila

tion. The adjustable louvers also allow for the airflow to be directed 

towards the occupants.

DM

Reprinted from Robert Powell, Innovative Architecture, 1989
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Principle 4 Conserve Energy

4.1. Building Envelope 

Not Available

4.2. Heating and Cooling

The entire complex is opened to the environment. Due to the 

climatic characteristics o f the region, it is unnecessary to artificially 

heat or cool the building.

4 3. Lighting

Skylights are used to help bring in natural light into 

the different spaces. This reduces the need for 

artificial lighting and contributes to the feeling of 

being outdoors and one with nature.

Photographed by Emmeline Yco, 1997

Both pictures are of the corridor area leading to the activity rooms. 
Skylights are used to help bring in natural light into the corridor as well a 
into the different spaces.

Photographed by Emmeline Yeo, 1997
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Principle 5 Materials

5.1. Reuse and Recycle 

Not Applicable

5.2. Low Energy Materials

The floor is made of beaten earth and columns are faced in rough- 

hewn vertical timber boarding and coils of thick rope protect the 

bases.

Photographed by Emmeline Yeo. 1997

The roof structure is constructed with timber 

trusses giving the building a rugged outdoor 

quality.

The roof deck is made up of corrugated metal and 

is painted green so as to further blend in with the 

surroundings.
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Pasir Ris Community Center 
Singapore

Architect:
William Lim Associates 
Completion Date:
1989
Total Area:
N.A.

Case Study 7

Project Overview

A community center is located in every town center. It provides 

facilities such as childcare, adult education, recreational facilities 

and various other activities which are geared towards creating an 

active community.

The design of the complex strives to produce a distinctive charac

ter for the community by creating a landmark for the community.

The government’s goal of enhancing the quality o f life is reflected 

in the physical form of the building, which is aimed at inspiring the 

users to also strive towards attaining this goal.

Photographed by Emmeline Yeo, 1997
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Design Solution

The building is located on a rectangular site at the corner of a major 

crossroad The building is three-stories high and is defined by a 

perimeter frame that the designers call a “circulation frame”. This 

framework is simply a frame with regularly spaced twin columns 

and encloses a collage of assorted colors and shapes that form the 

individual spaces within. The seemingly haphazard forms are a 

metaphor for the multi-cultural society in Singapore.

a car park 
b basketball court 
c sepak takraw court 
d sitting room 
e games room 
f  hall 
g stage
h changing rooms 
i health and fitness 
j home crafts 
k lounge 
1 sand pit 
m kindergarten 
n reading room 
o upper hall 
p committee room 
q dance studio 
r squash courts 
s dark room 
t music room 
u store room 
v bathrooms

Reprinted from Architecture 
Review, 1994
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Sustainable Design Response

Principle 1 Users

1.1. User Participation

The different forms are grouped together according to activities for 

the purpose of making way-finding easier.

™ The pathways radiate from the entrance area

to join with the circulation frame on the other 

side. Meandering paths are created for the 

users to provide them with a more natural 

environment. Most o f the outdoor spaces are 

shaded by the forms which effectively create 

comfortable surroundings for the users.

1.2. Healthy Environment 

Not Available

Photographed by Emmeline Yeo, 1997

Meandering paths are created for the users to 
prov ide them with a more natural environment.

Photographed by Emmeline Yeo, 1997
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Principle 2

:>

Site Integration

2.1. Natural Features 

Not Applicable

2.2. Cultural Context

The designers wanted to respond to the tradi

tional vernacular architecture of Singapore. In the 

past, a public circulation path was defined by a 

‘five-foot-way’ that acted as a buffer between the 

street and private areas. Here, the designers 

adopted this concept by reinterpreting that idea. 

The result is reflected in the three storey ‘circula

tion frame’

Photographed by Emmeline Yeo, 1997

In the past, a public circulation path was 
defined by a ‘five-foot-way’ that acted as a
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Principle 3 Climate

3.1. Shading

The frame acts as a sunscreen to 

help shade the internal circula

tion path.

The different forms of the build

ing are positioned close together 

to help shade the internal court

yard as well as each other.

3.2. Ventilation
Photographed by Emmeline Yeo, 1997

The windows have louvered shutters to 

allow cross-ventilation in the spaces.

The major spaces are naturally ventilated 

by the horizontal louvered windows 

above.

Photographed by Emmeline Yeo, 1997
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Principle 4 Conserve Energy

41 . Roof/Wall Insulation

^ ■ j l  office areas where air-conditioning is used. All the other

rooms are installed with fans to increase air circulation to

Most of the room are designed with windows to allow 

natural light to fill the spaces.

Photographed by Emmeline Yeo, 1997

Principle 5 Materials

5.1. Reuse and Recycle 

Not Available

5.2. Low Energy Materials

Concrete is used and contributes to the energy efficiency of the 

building, (refer to Chapter 8 for detailed explanation)

sad r

En
Reprinted from Architecture Review, 1994

65



Nanyang Technological Institute, Hall V 
Singapore

Architect:
Akitek Tenggara 
Completion Date: 
1989
Total Area:
N.A.

Project Overview
Case St udy 8

This building is to serve as a residence hall for college students. The 

goal was to create spaces that are of intimate human scale where 

people can gather to socialize just as in the traditional kampungs 

(Malay villages) of the past.

Design Solution

The designers came up with the idea of layered spaces with shaded 

linkages that tie these spaces together. The design of the plan is 

relatively simple. There are four rectangular blocks situated in the 

four corners of the rectangular site. In the center o f these blocks are 

the master’s house, multipurpose center and administration area.
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t̂ > 0 A=
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?: C
BD bedrooms 
C courtyard 
D dining area 
K kitchen 
ME entry 
CN master house 
OF office 
PS corridor

Reprinted from Robert Powell. Innovative Architecture, 1989
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Sustainable Design Response

Principle 1 Users

1.1. User Participation

The multipurpose center represents the heart of the 

hall where the focus o f all activities takes place. This 

center is also the cafeteria and provides the opportu

nity for all the students in the different blocks to 

congregate together at least once a day.

Concrete seats are built in with the corridors to allow 

the students to sit and talk. Huge steps are also 

located at the entrance of each block to encourage 

students to sit and socialize. This area is hoped to 

function like the “Piazza di Spagna” in Rome.

Ycot0i997hed lV KmmCline 12 Healthy Environment 

Not Applicable

Principle 2 Site Integration

2 1 Natural Features 

Not Applicable

2.2. Cultural Context

The layout of each block follows a typical courtyard design. The 

blocks are four storeys high and all the rooms look down into the 

central courtyard below. It is from this courtyard that the students

67



enter their rooms. Places to sit and gather are also created within 

these blocks to create intimate spaces where the students can 

socialize.

Each block is color coded to aesthetically create a sense of being on 

a smaller scale and to give the students a further sense of connec

tion to their own block.

Photographed by Emmeline Yeo, 1997

The blocks are four storeys high and all the rooms look down into the central courtyard below. Each 
courty ard is color coded to give the students a sense of being on a smaller scale and allowing them to 
individually identify with their ow n block.
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Principle 3 Climate
3.1. Shading

Photographed by Emmeline Yeo. 1997

The translucent space frame protects the 
corridors from rain while alowing light to 
enter.

All the corridors in the hall are open to the 

outdoors. They are covered to provide shad

ing and protection from rain.

The entire courtyard is open to the sky and is 

shaded by the surrounding rooms.

Windows are also set behind the concrete 

walls to further shade the rooms.

3 2. Ventilation

The deeply recessed windows also allow air to 

circulate freely. The louver type windows 

allow the direction of airflow to be adjusted by 

the individual occupants to areas where it is 

most needed.

Principle 4 Conserve Energy

4.1, Roof/Wall Insulation

Not Applicable

4.2. Heating and Cooling

Not Applicable
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Principle 5

4.3. Lighting

Light wells are located in every block to allow natural daylight to 

filter into the courtyards and decreased the need for artificial 

lighting. Skylights are strategically positioned on the roofs o f these 

corridors to provide natural daylight instead o f  needing artificial 

lights.

Materials

5.1. Reuse and Recycle 

Not Applicable

5.2. Low Energy Materials

The entire hall is constructed with concrete frame with each module 

being that o f  a typical student room.
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2-9
Architect:
Ian lander 
Completion Date: 
1985
Total Area: -

Singapore Polo Club 
Singapore

Project Overview
Case Study 9

Polo has been associated with the region since the colonial times. 

The Singapore Polo Club was established in 1895 and moved to 

this new location in 1937. The game attracts both expatriates and a 

large number of locals. The main focus of activities is in the polo 

field where matches are regularly played.

Photographed by Emmeline Yeo. 1997
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Design Solution

The clubhouse has an open plan with main rooms, a bar, lounge and 

restaurant all facing the polo field. The designer wanted to draw on 

the historic architecture of the region and settled on design as a 

response to the European and traditional Malay architecture. In this 

sense, the building will be a hybrid architecture drawing from the 

past, vernacular buildings but rooted in modern Singapore society.

D dining area
K kitchen * •
LG Lounge 
ME Entry
SQ squash courts 
SW pool
m/f changing rooms

Reprinted from Robert Powell, Innovative Architecture, 1989
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Sustainable Design Response

Principle 1

Principle 2

Principle 3

Users

1.1. User Participation

The users are able to easily move from inside to outside. A sense of 

openness is achieved in the layout of the different spaces hence, a 

relaxed atmosphere is created where everyone can enjoy and 

mentally participate in the activities that are happening outside.

1.2. Healthy Environment 

Not Applicable

Site Integration

2.1. Natural Features 

Not Applicable

2.2. Cultural Context

The building responds to tradition. The form of the building, shaded 

porches and response to the climate are not new to the area. The 

use o f traditional materials is a reflection o f the past but it also 

integrates new technological ideas. The resulting design is one that 

is comfortable for the users in the hot-humid climate.

Climate

3.1. Shading

The external porch is shaded by wide overhangs which provide the
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users continual use o f the space during rainstorms.

Additional retractable vinyl covers are also installed at the edges of 

the overhangs to further protect from the occasional wind swept

rain.

Photographed by Emmeline Yeo, 1997

‘Chick’ blinds can be lowered for additional shading 

whenever needed.

3.2. Ventilation

The entire porch area is naturally ventilated and 

breezes are allowed to flow freely through the 

spaces.

^  Retractable vinyl covers 
are also installed at the 
edges of the overhangs 
to further protect from 
the occasional wind 
swept rain.

Photographed by 
Emmeline Yeo, 1997
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Principle 4

Principle 5

Conserve Energy

4.1 RoofTWall Insulation 

Solar panel are installed on the 

pitched roofs for heating 

water.

4 2 Heating and Cooling 

Not Applicable 

4,3 Lighting 

Not Applicable

Photographed by Emmeline Yeo, 1997

Materials

5 1 Reuse and Recycle

Not Applicable

5.2. Low Energy Materials

The entire building uses traditional materials. The designer used red 

brick, richly stained and polished timber and brass fittings exten

sively in the building to reinforce a sense of local atmosphere.

Photographed by Emmeline Yeo, 1997
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2-10 Crescent Girls’ School 
Singapore

Case St udy 10
Architect:
Public Works. Ministry of 
Education 
Completion Date: - 
Total Area: -

Project Overview

The government has recently taken on the task o f designing school

section through Pared* »

buildings. This complex was 

built to replace a school 

building from the 1960’s. 

The new building offers 

larger facilities and is de

signed to encourage an 

informal learning environ

ment for the students.

Reprinted from Architecture Review, 
1994
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Design Solution

TT°TT

1 pone cocueie
2 entrance
3 administration

5 Parade Square
6 dance
7 nail
B home economy 
9 laboratory

10 classroom
11 laboratory

13 cafeteria
14 workshops 
16 arts and crafts 
ie  computers

^-vvrn ’ ii

The 3.2 ha site is located on the 

southeast corner junction of Alexan

dria Canal and Prince Charles Cres

cent. The plan is loosely ordered 

around a series o f courtyards that are 

connected by a north-south circulation 

axis. This horizontal circulation path is 

terminated at each end by a stair 

tower. South of this circulation path is 

the central assembly area where 

students gather every morning for 

assembly. Classrooms surround this 

area and look down into it creating a 

visual connection to the courtyard at 

all times.

The north stair tower leads to two 

wings of classrooms. These class

rooms are also organized around a 

courtyard.

Reprinted from Architecture Review, 1994
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Sustainable Design Response

Principle 1 Users

1.1. User Participation

The designers created a hierarchy of spaces from public to semi 

public to private.

Intimate spaces were designed to provide students with semipublic 

areas where a handful of students can get together to study and

socialize. These spaces are scattered throughout the 

complex and can be found on every storey.

Stairs are designed to be wide enough for students to 

gather, sit and interact.

1.2. Healthy Environment 

Not Applicable

Photographed by Emmeline Yeo, 1997

Intimate spaces were designed to provide 
students with semi-public areas where a 
handful of students can get together to 
study and socialize.
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Principle 2 Site Integration

2 1. Natural Features

The plan of the complex is internalized and classrooms look into 

the courtyards instead of the street. The building acts as a buffer to 

the outside activities thus creating a screen for the private activities 

within the school compound.

Photographed by Emmeline Yeo. 1997
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2.2. Cultural Context

This school was formed by the Chinese and 

embodies Chinese traditions. The architecture of 

the complex reflects this idea and can be seen in 

the form and color of the school. One obvious 

response is the painting of the major columns 

Chinese red which visually reminds the users of 

the school’s Chinese origins.

Photographed by Emmeline Yeo, 1997

A second more relaxed courtyard 
is provided for students to 
encourage social gathering.

Photographed by Emmeline Yeo, 1997
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Principle 3 Climate

3.1. Shading

Photographed by Emmeline Yeo. 1997

The classrooms are protected by a curtain wall 

which provides shade. The windows are also 

recessed to allow daylight to enter without the 

internal spaces gaining unwanted solar heat. 

Corridors have large overhangs to ensure that the 

spaces are shaded and protected from wind swept 

rain.

The classrooms are protected by a curtain wall which 
provides shade.

Overhangs extend out to provide 
shade for the open corridors that lead 
to the classrooms.

Photographed by Emmeline Yeo, 1997
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3.2. Ventilation

The stair towers act like wind catchers and help to naturally 

ventilate the internal areas.

The classrooms have louvered window panels so as to allow the 

airflow to be adjusted to the right level.

Reprinted from Architecture Review, 1994

Horizontal louvers provide shade 
to corridor below but alos allow 
light and breeze to filter through.

Photographed by Emmeline Yeo, 1997
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Principle 4 Conserve Energy

4.1. Roof/Wall Insulation

Not Applicable

4.2. Heating and Cooling

The building is orientated to face north and south to minimize heat 

gained in the internal spaces.

4 3. Lighting

Walls of the stair towers are punctured to allow 

natural daylight to filter through. Glass blocks are 

also used to further diffuse the light in the towers.

Photographed by Emmeline Yeo, 1997

Principle 5 Materials

51 Reuse and Recycle

Not Applicable

5.2. Low Energy Materials

Concrete and timber are used. Both have low energy content and 

contribute to the energy efficiency of the project.
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C o n c l u s i o n  o f  C a s e  S t u d i e s

It can be seen from the ten case studies that there are various 

advantages in integrating the 5 sustainable design principles into the 

design. The following is a summary the advantages o f each prin

ciple:

Principle 1— Users
— it is useful to have user participation so that the goals 

o f both the user and architect are clarified right from 

the start

— the architect is then better able to create spaces that the 

user can identify with and design areas that will im

prove overall activities

— conducting POE studies allow the architects to identify 

problems and to correct them

Principle 2 — Site Integration
— lessen negative ecological impacts

— the existing conditions o f the site is improved

— by designing with respect to the local people and 

culture, the local community spirit, identity and culture 

is reinforced
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Principle 3 — Climate
— ecological benefits

— the overall comfort o f the people are improved

— better relationships between indoor and outdoor spaces 

are designed

Principle 4 — Conserve Energy
— fossil fuels are not wasted and overall energy savings 

are increased

— there are obvious economical benefits to saving energy 

. — overall savings for the clients

Principle 5 — Materials
— lessen negative ecological impacts

— by using local materials and building traditions, the 

local crafts and building traditions are reinforced 

the local flavor o f  the place is further reflected
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3-0 A S u s t a i n a b l e  A p p r o a c h  for  
P u b l i c  H i g h - r i s e s  in S i n g a p o r e

Sustainable Approach

There is great potential for the integration o f the sustainable design 

principles in Singapore’s high-rise designs.

Before guidelines can be suggested on how this can be achieved, it 

is essential to first understand the present design o f HDB high-rises. 

Only then can the present design be analyzed according to the five 

sustainable design principles. As seen in Chapter 2, designers have 

successfully incorporated these five principles into their design 

process. Although each solution was very different from the others, 

the essential elements were the same.

Singapore
Location

Singapore lies north of the equator near latitude 1.5 degree north 

and longitude 104 degree east.
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General Climate Charateristics
The climate o f  Singapore is divided into 4 main seasons:

North-East Monsoon Season (December-March)

•Prevailing winds can reach up to 20km/hr 

•Winds in Jan- Feb can reach up to 30km/hr 

•Cloudy conditions with frequent showers in the 

afternoon. Heavy rains can last up to 3 days at a 

stretch

Pre South-West Monsoon (April-May)

•Light and variable winds with afternoon and early 

evening showers

South-West Monsoon (June-September)

•Isolated to scattered late morning and early evening 

showers

•Hazy periods (caused by slash and burning agricul

tural land in Indonesia)

Pre North-East Monsoon (October-November)

•Light winds

•Scattered showers with thunder in the late after

noon and early evening
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HOUSING & 
DEVELOPMENT 
BOARD

“We are the public housing authority 
We provide affordable housing o f  a high cpiality 

We also help to build communities ”
(“Our Mission "-HDB 1997)

Project Overview

The Housing Development Board (HDB) was established in 1960. 

Its primary task then was to solve the problem of accommodation 

shortages for the general public. Having already solved the problem 

of housing shortage, the goal of the HDB has now shifted slightly 

Their task is to not merely provide public housing, but to respond 

to the challenge of planning an environment suitable for community 

living and improving the quality of life.

The HDB programs are entirely financed from government loans. 

According to statistics taken in 1985, the cumulative amount of 

subsidy received amounted to S$684 million4. By 1985, 81% of the 

population of approximately 2.6 million live in HDB flats5.

4. Lam, Khee Poll. High-rise Public Housing Development in Singapore. (New York, Berkshire. Victoria 
and Ontario: Van Nostrand Reinhold. 1988), p. 448
5. Lim. Bill. Social and Environmental Factors of High-rise Living. (New York. Berkshire. Victoria and 
Ontario: Van Nostrand Reinhold. 1988), p. 59
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Goals and Objectives of the HDB
1. To plan and develop new towns, upgrade and redevelop older 

estates to meet the needs of the population

2. To provide cost effective and efficient services in the allocation 

and management o f HDB properties

3. To formulate and implement housing policies which support the 

building of communities

4. To advance construction technology and estate management

5. To build an effective organization that develops and motivates 

people to give their best.

Present Design Solution
The master plan of the housing estate is largely based on a proto

type new town model developed in the 1970’s by the HDB. The 

estates or new towns are provided with a hierarchy of centers. The

Reprinted from HDB

Shows the various new towns in Singapore
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entire estate is divided into neighborhoods o f about 6,000 flat units 

depending on the size o f the estate6. Each neighborhood is then 

further divided up into districts o f  four to eight residential blocks. 

Each block usually averages 100 to 200 families7. Facilities can be 

found within each division.

The town center is usually located in the center o f  the estate. Here, 

facilities such as cinemas, shopping centers and supermarkets can 

be found. Small-scale services such as banks and medical clinics are 

found within each neighborhood. Facilities such as playgrounds and 

small shops are also found in the districts and help to serve the 

residential blocks. In addition to these facilities, schools, commu

nity centers and sports complexes are integrated into the scheme to 

create a self-sufficient town.

6. Lam, Kkee Poh. High-rise Public Housing Development in Singapore. (New York, Berkshire, Victoria 
and Ontario: Van Nostrand Reinhold, 1988), p. 454-455
7. Lam, Khee Poh. High-rise Public Housing Development in Singapore. (New York, Berkshire, Victoria 
and Ontario: Van Nostrand Reinhold, 1988), p. 454-455
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Facilities in a New Town center: cinema, public pool, shopping center

Facilities in a neighborhood: florist, bakery, market

Facilities in a residental area: park, provision shop, playground

All photographs reprinted Iron HDB website, 1996.
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Basic Flat Layouts

The designs o f the apartments are constantly changing to meet the 

ever changing and increasing needs of the public. The HDB offers a 

choice of nine basic flat designs. There are three layouts for the 

three-room and four-room flats, two layouts for the five-room flats 

and one layout for the executive flat.

U*l-A N K *  M *H

Executive Flat

These are the lastest modified plans for a four-room 
flat, five-room flat and an executive flat. Due to the 
various housing needs of different people, the HDB 
has varied the floor plans so that residents can be 
assured that is a wide choice of flats to cater for their 
changing needs.

All plans reprinted from HDB website, 1998

The basic flat unit comes unfinished and it is left to the occupant to 

renovate it according to his or her own taste. The kitchen and
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bathroom areas are the only areas that are finished with wall 

and floor tiles and furnished with built-in cabinates.

Basic Block Design

There are two typical HDB high-rise block designs. They are the 

point block and the slab block. Currently, most high-rises are simple 

slab blocks of 10 to 13 storey high and served by a single corridor 

lift. The point blocks are usually taller, 20 to 25 storey high. They 

have a central core with lifts and staircase that serve four units on 

each floor.
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Each o f  the following chapters will discuss each o f  the 5 principles 

in detail. They are organized into five sections:

1. Definition -

general definition o f  the principles mentioned in Chapter 1.

2. Present situation in Singapore -

a general overview o f  how the principles relates to the 

present situation in HDB high-rises in Singapore.

3. Concept -

detailed discussion o f  the concept o f  each o f  the aspects o f  

the principles mentioned in Chapter 1.

4. Analysis of HDB high-rises -

analyzing the present HDB high-rises in terms o f the aspects 

discussed.

5. How can this be incorporated into HDB high-rises -

summarizing how the sustainable principles relate 

to the present design response and suggesting ideas to 

improve it.
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4-0 P r i n c i p 1 e 1 
U s e r

Definition

A  greater respect for human needs is evident in two separate ways. 

For the designers, it is essential to specify the materials and finishes 

that are not harmful to the users and the environment. They have to 

ensure that a healthy environment is provided. The other need to be 

considered is the positive participation o f the users in the design 

and construction process. They have to ensure that the environmen

tally building meets their user needs.

Present situation in Singapore

A  prototype high-rise model is designed and repeated throughout 

the estate. Over recent years, there has been a significant increase in 

the demand for larger flats due to greater economic wealth. Hence, 

the HDB offers a variety o f  floor plans to meet the various needs o f  

the population.

Not only was there an effort to change the plans o f  the flats to 

accommodate the various needs o f  the residents, the HDB also 

wanted to foster a sense o f  community among them In 1988, a 

town council was introduced into the new estates so as to “help 

Singaporeans forge a stronger community spirit and identity.” 

(Ministry o f National Development 1988, P g .l)
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Analysis ofHDB 
high-rises

l.lU ser  Participation

Concept

There are two ways in which a user can participate in the design 

process.

a) Participation in design and construction process 

By allowing the users o f  the building to participate in the design 

and construction process, a more efficient design response can 

be achieved. A  successful example o f this process can be seen in 

the design o f the NMB Bank (Case Study 3).

In this project, a team o f  professionals collaborated with the 

users to design the building. The users were consulted on how  

they preformed their activities and each office was designed to 

complement their tasks. Considerations were also given to the 

comfort levels o f the users and this was accomphshed through 

the provision o f skylights to increase good natural lighting and 

individual controls for adjusting temperature levels in the 

different offices.

A  major problem with this process is that it is very time con

suming and if  there are too many participants involved, the 

resulting design will be difficult to achieve.

This is the case in Singapore. The HDB is planning for a large
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number o f  people and this involves not only a single block but 

the planning o f  an entire estate. Both time and money becomes 

more o f  a driving force than the overall satisfaction o f  the 

residents. What results is that a prototype model is used and 

the users are not usually consulted on the design and layout o f  

the flats. However, the residents can present any ideas to the 

town councils where their ideas are reviewed before submission 

to the HDB. If these ideas are accepted by the HDB, it will only 

be seen in future designs. This type o f user integration in the 

project after the design process is called Post Occupancy 

Evaluation and is discussed below.

The most important issues to consider is that most o f the 

changes made to the layout o f  the flats are driven by the overall 

economic need for luxury flats and not for the needs o f users.

How can this 
aspect be 
incoporated in 
HDB high-rises?

For reasons stated above, it is not feasible for the HDB to 

incorporate this into its design process. However, the HDB can 

still include user participation in its design process if  it carefully 

considers the POE studies and uses it to improve the overall 

design in future estates.

b) Post Occupancy Evaluation (POE)

This is usually carried out one or two years after the users have 

occupied the building and have had a chance to evaluate if  the
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design is suitable. This gives the designers a chance to correct 

any overlooked issues and be able to improve a similar design 

project in future. The advantage o f conducting a POE study can 

be seen in the Body Shop Headquarters project (Case Study 1). 

The designers there managed to correct design mistakes and 

improve the employees’ working environment.

Analysis of HDB 
high-rises

A  number o f  independent researchers have completed various 

Post Occupancy Evaluation (POE) studies over the last decade 

on the new HDB towns in order to understand if  the designs o f  

the HDB high-rises are suitable for the residents. The following 

show the results o f  one such study.

POE by Wong, Ooi and Ponniah, 1985/

The aim o f  this study was to understand the residents’ view o f  

community life in a new town and in their HDB flats. The 

residents were interviewed and usually gave verbal descriptive 

answers. The following is a summary o f  the research done.

•  Reference was made to the ‘central’ or town center where 

larger shops and transportation terminals were located.

•  Residents made less use o f  the town facilities as compared to 

those in the neighborhood center but they were familiar with the 

facilities in the town center.

7. Yeoh, Brenda and Lily Kong, ed. Portraits o f Places. (Singapore: Times Edition, 1995), p. 173-175
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•  Depending on the amount o f  time spent in the estates, the 

residents experienced different degrees o f familiarity with the 

place. The housewives, elderly and young children appeared to 

have greater visual familiarity than working adults who traveled 

mainly to and from their place o f  work.

•  The day to day routines o f  the higher income families such as 

those occupying the larger 5 room flats were less estate based 

and hence, they were less familiar with the place.

•  N ew  town facilities and various features found in high-rises 

such as the lift, corridor, void deck, and other neighborhood 

facilities provided opportunities for frequent exchanges and 

have fostered better relationships with other residents resulting 

in a stronger sense o f  community. For example, the task o f  

taking children down to the void deck to wait for their school 

buses or to the playground are also activities that provide the 

opportunity for frequent exchanges among housewives and the 

elderly.

Overall, the residents did not comment much about the layout 

o f  the flats and the most commonly raised issues were about 

their relation to the community and estate as a whole. Thus one 

can conclude that the level o f  residential comfort in flat design 

has been successfully achieved but the overall estate design still 

needed improvements. This observation should be taken into 

consideration when designing for a new estate.
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How can this 
aspect be 
incoporated in 
HDB high-rises?

HDB has to start thinking about how it can foster better a commu

nity spirit among the residents o f  the estates.

1.2Healthy Environment

Concept

For the designer, it is essential to specify the materials and 

finishes that would be healthy for the users and the environ

ment. In Chapter 8, the toxicity o f  various materials will be 

further discussed.

An example o f how alternative materials can be used is seen in 

the Women’s Humane Society Animal Shelter project. There, 

the designers took care in specifying insulation that was non

toxic and avoided using paints and adhesives that emitted 

harmful fumes. A  lot o f  the time these alternative materials are 

more costly than the regular materials used but in the long term, 

it maintains a healthier environment for the users. Designers 

should take the effort to educate the users o f  the advantages o f  

using these alternative materials.
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Analysis of HDB in HDB high-rises, the occupants are given a basic shell without 
high-rises

any finishes. A basic flat unit comes with an untiled floor and 

unplastered walls except for the kitchen and bathroom areas. 

Essential amenities such as kitchen sinks, water closets and wash

basins are provided and it is up to the occupants to ensure that their

How can this 
aspect be 
incoporated in 
HDB high-rises?

Designers should carefully specify non-toxic finishes for the bath

room and kitchen. Paints and sealants that are natural and hypo

allergenic. However, the best way to ensure that the flats are totally

free of toxic materials is to educate the occupants about sustainable

materials. The criteria for sustainable materials are discussed in

Chapter 8.

HDB also maintains a list o f private contractors to provide the 

finishes fo the flats. Thses contractors should also be educated 

about the sustainable materials.
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P r i n c i p l e  2
S i t e  I n t e g r a t i o n

Definition

There are no size limitations to site design. It can focus on a spe

cific site or extend over a large area such as in the HDB estates.

The issues addressed usually concern orientation, vegetation, 

location and cultural context. The main reason behind site design is 

to minimize disturbances to the natural site and enhance the planned 

communities.

Present situation in Singapore

In the 1960’s, the HDB responded to the need for housing by 

rapidly clearing sections o f  the rural areas o f Singapore and build

ing high-rises. In order to maintain some local identity, the HDB 

usually retained the name o f the village to help the uprooted villag

ers identify with their new living area. Due to economic reasons, it 

was easier to destroy and rebuild existing structures. This gave the 

HDB opportunity to plan arid create a new estate that was self- 

sufficient and efficiently designed.

2.1. Natural Features

Concept

It is the existing nature o f  the site that usually influences de

signs.
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a) Orientation

This usually deals with issues such as solar orientation and 

will be discussed in detail in Principle 3 under the section 

3.1., Shading.

b) Vegetation

Areas rich with vegetation should be preserved as they 

sustain existing wildlife habitats. It is also essential to  

integrate built-up areas with green spaces so that a more 

natural setting is created. One way that this can be achieved 

is by linking these green spaces together with paths and 

landscaping. The designers o f the Women’s Humane Society 

Animal Shelter successfully maintained and improved the 

existing natural site. Three-quarters o f the site was left 

untouched and the building design respects the existing 

landscape and tries to  preserve a wildlife refuge for the 

existing animals.

Analysis of HDB 
high-rises

Typically, maintaining existing trees and vegetation will be 

more economical in the long run. However in Singapore, 

the immediate need for mass housing meant that it would 

not be economical to do so. The allocated site is usually 

flattened and new landscape is then weaved into the master 

plan o f  the new estate. The landscaped parks and recre-
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7-0 P r i n c i p l e  5
S i t e  I n t e g r a t i o n

Traditional Culture Colonial Culture Consumer Culture Eco-culture

Historical Era

;}

Before Raffles founded Singapore Singapore was establish as a British trading post Singapore became self governing state in 1957 : • Present times

Early industrial (start of machine based technol-

Technological Era : Pre-industrial (craft based) ogy) Late industrial (automation and information Post industrial (computer and network based)

/

based)

Heterogeneous (exposed to various secondary V

Cultural Homogeneous (highly integrated and localized) cultures due to increase in migration from all Homogeneous (West is best) Aim was to suc Heterogeneous (based on reciprocal cultural .

Differentiation over) ceed and prosper as a united whole exchanges)

Native Malay influences Huge European influences (British colony)

' :

;

External Influences : ‘Think global and act locally’ (search for indi

vidual identity and separation from whole that

was set up in the previous culture)

Limited to local trade and migrations Global but slow (limited to sea and land)

External Global and speedy (air and telecommunications) Global and instantaneous (universal access)

Communication

Tradition governs all Sporadic leaps (when officially sanctioned) Continuous but centralized (focus is on the

Level of Innovation technology and research of the west) Continuous and decentralized (one solution does

not answer all problems)



Traditional Culture Colonial Culture Consumer Culture Eco-culture

Social Roles Stable and specialized (lifelong trades) Specialized but changeable (promotions/ over- Specialized but changeable (promotions, retrain Multiple roles (changing skills and increasing

seas postings etc) ing for advancement) education and universal knowledge)

Decision Structures Generally hierarchic with notable exceptions Hierarchy and patriarchic (dependent on British Corporate, democratic and market-led systems Participatory with a mix of global and local

(Malay peasant society) regulations) (short term goals) structures (gender equality and sustainable goals)

Decentralized, flexible manufacturing systems

Production Systems Self-sufficient, limited to local systems and labor Centralized with large, capital and labor intensive Mass production for mass consumption (capital

intensive sectors (large surplus for export) intensive)

Increasing concern for the dying planet

Use of local natural materials, limited to family Use of new materials but limited to local crafts Use of pre-manufactured materials (uniform mass

crafts manship housing)

' Predominately urban or ‘exurban’ based on

Settlement Patterns Rural and village based Urban and rural (although divided into ethnic Urban or suburban (government planning and public/private transportation (search for local

communities, it was for organizational purposes; HDB development of new. towns) identity and communal awareness)

the major differentiation is between city core and
i

countryside)

Customized for place, purpose and climate

Built Forms Responded to social needs and climate Mix of functional and hybrid forms partly shaped Ambiguous/flexible forms independent of climate (reflect search for identity)

by climate (products of cross-cultural exchanges) (forms a symbol of the times; ease of production,

efficiency and functionality)



t

ational areas are well designed and help to soften the harsh

ness o f  the concrete high-density developments. Buildings 

that are on both sides o f  the street are designed to compli

ment each other. Blocks are also aligned to curve with the 

roads and vegetation is strategically placed between blocks. 

Pedestrian pathways are interwoven within the estate to 

provide the residents an opportunity to casually meet . 

neighbors and socialize.

How can this 
aspect be 
incoporated in 
HDB high-rises?

Land shortage is a major problem faced by HDB. Singapore is an 

island with a population o f  approximately 3 million. The economi

cal way to provide housing for the public is to build high-rises that 

are in proximity to each other. In order to build an estate o f high- 

rises, HDB had no choice but to clear the land. In order to replace 

the destroyed natural vegetation, landscaping and parks were 

incorporated into the master plans.

2.2 Cultural Context

Concept

The table on the left is an adaptation from Chris Abel analysis o f  the 

relationship between built form and economic and cultural develop

ment in Southeast Asia8.

8. Able, Chris. Architecture and Identity. (Singapore: Architectural Press, 1997), p. 211-213.
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With reference to this table, it can be seen that throughout 

Singapore’s development, a clear relationship between the built 

form and its economic and cultural development can be seen. The 

built forms o f  the first three categories were a clear expression o f  

the relationship to economic and cultural changes. Presently, the 

housing type is still based on a prototype o f the consumer culture 

and has not yet evolved from the present cultural state. The high- 

rise is representative o f the ideology o f mass production, efficiency 

and functionality. Because o f  the shift in the society, economic and 

cultural changes have taken place.

From the table, it is evident that there is a change in the decision 

structures. Local designers now do not continue to follow western 

designs and solutions but have begun to innovate their own which 

are more compatible with local circumstances.

According to the table, Abel termed traditional culture as the pre

existing culture before colonization. Before the British colonization, 

the Malays were the original natives o f Singapore and they were 

not affected by western technology and cultures. Their built form 

reflected their beliefs and social structures.

When the British colonized Singapore, they brought over European 

ideas. Singaporean culture became a mixture o f  traditional and
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Analysis of HDB 
high-rises

European ideas. As Singapore grew, migration increased and 

people came from all over bringing their beliefs and social behaviors 

to Singapore. Society became multi-racial and the various cultures 

began to integrate as a result o f the sudden influx o f  people. The 

built form thus reflected this new culture. The houses became based 

on European concepts but because o f limited transportation abili

ties, materials and craftsmanship remained local resulting in the 

interweaving o f  local and foreign ideas.

The end o f  World War II brought about a baby boom. After Sin

gapore was given independence, the government faced problems o f  

overcrowding, poverty and disease. There was a concern for the 

economy and growing population. The government studied western 

models and decided that mass modernization would solve their 

problems. The housing policies reflected this newly developed 

culture o f  efficient mass-production and progress. The prototype 

for housing became blocks o f  high-rises with a typical floor plan 

and replicated throughout the island.

After following this policy for approximately two decades, the 

policy has shifted from copying western ideas to one that is trying 

to search for answers locally. Singapore has realized that there is no 

perfect solution and the solution has to stem from within. The HDB 

thus incorporated this new policy into the design o f high-rises.
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thus incorporated this new policy into the design o f high-rises. 

However, instead of redesigning existing flats, they attach on false 

elements to try to bring about individual characteristics. As a result, 

existing high-rises still do not reflect local culture as the ‘mass- 

produced’ designs are still evident. Attaching on fake elements are 

not going to genuinely reflect the culture and is in fact a bad at

tempt at doing so. What needs to be accomplished is a new design

All following photographs for the present culture and not to simply embellish an old solution.
are reprinted from HDB
web site, 1996.

Hill
I I J

These are examples of what a typical block of flats 
look like
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High-rises evolved as a form o f  low-cost housing for the masses in 

a society that was not economically strong. Over the past few  

years, the economy has strengthened and stabilized and Singapore 

now has the resources and money to develop new design solutions. 

People are wealthier and can afford to pay for this. Thus the new  

prototype design should encompass these new cultural characteris

tics. Design issues have been discussed in Chapter 4 and they can 

aid the HDB to understand the new culture developing in Sin

gapore.
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P r i n c i p l e  3 
C l i m a t e

Definition

Climate is considered to be the dominant influence on the ecosys

tem.

The different types o f  shelters used since the beginning o f  civiliza

tion shows an evolution o f  diverse design solutions to meet differ

ing challenges o f various locations and climates. This illustrates the 

early recognition o f the need to have regional climatic adaptation in 

design solutions.

Understanding the climate o f  a specific location is usually the 

greatest challenge faced when working with the environment. Many 

different factors are involved and each location is unique, requiring 

specific considerations. For example, in tropical regions, climatic 

design must address the need for shading, protection from the 

rain and the need to provide comfort from the humidity. Thus 

the exterior wall should act as a filter in order to protect inhabitants 

from rain and sun without impairing ventilation.

Types of tropical climate
Designing for a tropical climate is very different from designing for 

a cool climate.. One o f  the major differences is that in a warm 

climate, the focus is on keeping heat out o f  the internal spaces 

whereas in a cool climate, it is on keeping heat inside. The design



requirements for fulfilling indoor comfort are therefore also differ

Repnnted from Ken Yeang 
Bioclimatic Skyscraper. 
1994.

ent.

The tropics range from approximately 23.5 degrees N. and 23.5 

degrees S. o f the equator and within this region, two basic types o f 

tropical climates can be identified.

Hot, Humid Climate
This type of climate is found in areas near or at the equator such as 

Indonesia, Brazil, Malaysia, India and Singapore. The temperatures 

are generally around 80 degrees F but due to the high humidity 

levels, the conditions are usually more uncomfortable than condi

tions in hot, dry climates.

Since the humidity is so high, the skies are usually cloudy. This 

increases the chance of clouds reflecting the sunshine and causing 

an increase in the intensity o f solar radiation. The sky and not the 

sun is the main source o f heat in this climate. The sky is bright and 

glaring when thinly overcast but rather dark when thickly overcast.
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Evaporation is relatively slow in these conditions and winds are 

always welcome as they help the evaporation process.

The common characteristic o f  a house in a hot, humid region is 

openness. Houses are designed to optimize any potential breeze. 

The building envelope is also designed to aid the removal o f heat 

that is generated within the spaces by activities such as cooking.

Hot, Dry Climate
This type o f  climate is found in areas between the latitudes o f 15 -  

20 degrees north and south o f  the equator, such as Mexico, Paki

stan and Australia. The temperatures in this region is much higher 

than in the hot, humid region and can reach up to 110 degrees F or 

greater.

This region usually has strong sunlight, dust storms and cloudless 

skies due. to the absence o f high humidity levels.

The most common characteristic o f  a house in this region is the 

thick building envelope with small openings to reduce glare and 

keep the heat out.

Comfort Level
Climatic characteristics affect human comfort levels through four 

variables: temperature, radiation, air movement and humidity.

A relationship exists between temperature and radiation. If comfort 

levels are to be maintained both the temperature and radiation
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levels have to remain low. Temperature is also related to humidity 

because as temperature rises, humidity drops.

Air movement is related to both temperature and humidity. As 

temperature and humidity rises, wind can help to increase the rate 

o f body evaporation.

Hence, it is possible to eliminate discomfort due to high tempera

tures by increasing air movements, lowering radiant heat and 

lowering moisture levels.

For persons in hot regions, the comfort level is between 66-76 deg. 

F with an optimum o f 69 deg. F.9

Climatic Characteristics of Singapore
Singapore is situated at latitude 1.5 degrees N  and longitude 104 

degrees E, approximately 85 miles north o f the equator and it falls 

within the hot, humid region.

There are basic climatic characteristics that affect the architecture 

o f this region: the temperature, humidity, wind, cloud formation, 

precipitation and solar radiation.

9. Ooi, Jin Bee and Chia Lin Sien. The Climate of West Malaysia and Singapore. (London: Oxford Press, 
1974), p. 213
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The temperature o f Singapore ranges between 78-85 deg. F 

throughout the year. From the graph on the left, December 

and January are the coolest months because of the Monsoon.

MEAN UkYHULB TEM UR ATUR> AND RELATIVE tiUMiUlTY tO K  SJ>LiAJtME AJKPOKT

Jew. Art! Mar. A p r i  M a y  J u n e  J u ly  Aug. S e p t.  Oe r iVov. fl*.'. 
■ degrees b ahrenhe it)

Mean d r> b u J t) tern peta l uie

Mean relative humidity

78 7 0  HO SI Kl HI 81 81 »t> 8 0  7 9  ?8

fper cent}
8 S  8 3  K4 8 5  85 8 1  8 4  84  «4 84  8 6  87

The table above show the relative humidity for the different months. 

It often exceeds 90% at night and in the early mornings. The 

average relative humidity is 84.4%.

The wind generally blows from the north or northeast during the 

Northeast Monsoon season (December -  March) and from the 

south or southwest during the Southwest Monsoon season (Janu- 

ary-September). The mean speed is below 12 miles per hour.

The water vapor content in the atmosphere is relatively high 

throughout the year. This causes the skies to be cloudy and over

cast most o f the time. There is also a significant amount of glare 

throughout the day and it is the sky that mostly contributes to solar 

radiation.
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Rainfall is most abundant from November to January. The table 

below show the average rainfall in Singapore and the annual rainfall 

averages between 88-95 inches depending on the Monsoon season.

COMPARISON Ot TLMfi:NATURES AND WIND SPEEDS EO* SlNGAPORl; 
AND CNANCI AIRPORTS

*4’.an 24-hour dry buib temperature Maut 24-hour wet-butb lemprmtort
Jan. Apr. duly Oct. Jan Apr. July Oct.

(degrees Fahrenheit)
Singapore Airport 809 80.6 80.1 75.0 T7.5 76 8 76.6
Cihangj Airport 78J  81.7 60.7 80.7 75.0 77J  76.4 76.3

-Vaarr 24 hour wind tpeed Mean 24-hour effective temperature
Jan Apr July Oct. Jan. Apt. My Oct.

I knots f /degrees Fahrenheit)

Singapore Airport 3.9 2 0 2.7 2.1 71.] 76.1 74.9 7S.D
C hiny Airport 6 5  3.7 4  4 4.1 68.H 74.6 73.1 7 J ^

The table above also shows the average number o f hours of sun

shine per month. Although this number is high, the U-V rays are 

low because of the water vapor in the air that helps to absorb it.

In conclusion, solar radiation, high humidity and moderate winds 

and temperatures are typical climatic features of Singapore. To 

overcome thermal discomfort, it is essential to provide a constant 

airflow around the body so as facilitate heat loss through evapora

tion. After several research studies, a temperature o f 77 degrees F 

was found to be optimum for a person. Basic climatic design 

issues in Singapore are therefore to shade from sun and rain 

and ensure cross-ventilation in a building.
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3.1. Shading

Concept

The amount o f  solar radiation received varies from building to 

building, depending on the orientation o f  the building, the extent o f  

external shade provided and the amount o f  reflection from sur

rounding buildings. Thus the main task is to control the amount o f  

sun entering the internal spaces.

a) Orientation

Designing a building according to the orientation o f  the sun is a 

basic technique. This is the simplest way to ensure minimal 

exposure o f  the building’s surface area to the sun.

HDB high-rises have a long axis and are best orientated with 

the axis east-west so as to minimize the intensity o f received 

solar radiation. The HDB’s main priority is to exclude as much 

heat as possible from the living areas and a simple way to 

achieve this is by laying out the living spaces with respect to the 

sun path.

Analysis of HDB 
high-rises

When the HDB first started designing in 1960, the primary 

concern was to adhere strictly to the solar orientation rule. All 

o f  the high-rises designed during this time had their long axis 

east-west. As planning for road systems and land use started.
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the HDB realized that maintaining this orientation issue was 

economically inefficient and unrealistic in the long term. They 

thus became more flexible with this rule. Most o f the high-rises 

are presently orientated and designed with respect to the shape 

o f  the site and meandering o f  the roads and occasionally orien

tated east-west whenever possible.

How can this 
aspect be 
incoporated in 
HDB high-rises?

There is not much the HDB can do to control the orientation o f  

high-rises as zoning and transportation system plans have 

already been decided by the government even before design 

starts. One way to compensate for bad orientation is to provide 

the building with external shading devices such as overhangs. 

Overhangs can help to protect the interiors from receiving too 

much solar radiation. This external shading technique is dis

cussed further in the following section.

117



TYPES 6F= 
3HAPtH<5f 
peviCES

\
,b) External Shading

Shading a building is an important way of keeping it cool. 

^  Shading techniques include using trees and shrubs as well as 

overhangs and louvers.

O verhangs are one of the more common external shading

Ho r iz o n t a l .

r SFEeonpE when 
SUN IS HAStH Irt 
-rttesK Y .

devices used. In most cases, they are either fixed or adjustable 

horizontal or vertical projections which extend beyond the wall 

surface. Vertical projections are used to exclude the sun from a

VtsR-ncAv 
LOUVBRo 
, GM=gcrwe: iNtte-N 

SUN IS LOKI IN 
TrteSKY.

direction normal to the wall surface.

Freestanding screens such as curtain walls are placed in front of 

a building to shade the building wall totally. It absorbs the heat 

form the sun without transmitting it directly to the structure. 

This method can be seen imPasir Ris Community Center (Case 

Study 7) where the designer incorporated a curtain wall into its 

design. The wall shields the corridors from direct sunlight and 

this helps to lower the indoor temperature.
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How can this 
aspect be 
incoporated in 
HDB high-rises?

Designers working in tropical regions have to understand that 

shading devices used depend on the way each facade faces the sun. 

The following table shows the effectiveness of different types of 

shading devices that can be used in the tropics.

Percentage Percentage Percentage Approx. 
Type of Control reduction efficiency of natural average

in total to ensure light resul- efficiency 
heat gain cross- ting from as means 

ventilation control of control

Curtains 10-20 5-25 30-50 35
Metal Venetian blinds 20-30 5-90 50-75 64
Heat resisting glass 60 70 40 57
(coloured)

Roof or corridor 75-80
(presumed) 
80-100 40 69

overhang
Concrete hood and fins 70-80 80-100 45 70
Louvred hood 85 80-100 77 84
Vertical louvres 70-80 10-50 45-65 54
Horizontal louvres 70-80 15-50 45-70 53
Suspended louvres 80-85 80-100 70-80 82

Reprinted from HDB website, 1998.

Example of horizontal projections on a 
HDB high-rise.
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How can this 
aspect be 
incoporated in 
HDB high-rises?

a) North and South orientation

R oof overhangs and horizontal projections should be designed 

to keep out direct sun light while allowing diffused light to filter 

through. Light shelves can be used as they help minimize glare. 

Vertical louvers which are fixed perpendicular to the wall can 

also be installed to provide shade.

b) East and West orientation 

These two faces o f  a building receive the highest intensity o f  

solar radiation. Openings on these two sides need to be kept to  

a minimum. A  combination o f  vertical and horizontal louver 

system can prevent unnecessary solar gain. However such a 

system can restrict the amount o f daylight entering internal 

spaces even when the sky is overcast. This problem can be 

solved by using adjustable louvers that can allow light to filter 

through when desired.

Employing the use o f  vertical landscaping in high-rises can 

further help provide shade for individual units.

Residents in these fiats often place various potted plants along 

the common corridors. However due to the different orientation 

o f high-rises, the corridors do not all face the same direction 

and occasionally, the plants block out necessary daylight needed 

along these corridors and other internal spaces. Therefore the 

HDB should regulate planting lots for the various residents and
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provide planter-boxes in areas where vertical landscaping is 

suitable.

Most blocks are designed with precast cantilever horizontal 

overhangs for shading purposes. Corridors also help to shade the 

individual flats from unwanted solar gain.
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3.2. Ventilation

Concept

It was previously discussed that in hot, humid regions, air move

ment is required to increase the rate of sweat evaporation so as to 

satisfy human comfort.

Natural air movement can be induced internally in a building by two 

ways: winds and stack effect.

Winds

Winds occur when there are pressure 

differences. This is illustrated in the 

figure on the left where the windward 

side of a free standing building experi

ences high pressure. Openings on this 

side of the building are referred to as 

inlets because air will be forced 

through them. On the leeward side, 

pressure is lower and the building experiences a resulting effect 

called wind shadow. Openings on this side are referred to as outlets.

Stack Effect

The stack effect depends on temperature differences between 

indoor and outdoor air. If indoor air temperature is higher than

building
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outdoor air temperature, it will rise and escape through openings 

and the cooler outdoor air will replace it. The larger the tempera

ture difference, the greater the height between the inlet and outlet 

and the greater the size of them will determine the rate of the stack 

effect.

In hot, humid regions, this effect is commonly experienced in the 

evenings due to the significant fall in outdoor temperature. The 

diagram below illustrates the phenomenon of the stack effect.

Reprinted from B. Givoni, Man, Climate and Architecture, 1976

The rate at which air change takes place is 
determined by the ditference between inside and 
outside air; site, location and design of the 
openings; and the distance between inlets and 
outlets.

The main aim is to keep the ceiling cool and 
remove the warm air.

The advantage of the stack effect is to remove 
warm air from the underside of the roof.

■trapped air

>-......-

Warm air trapped under the surface of the roof 
which is higher that the highest ventilator.

123



The rate o f  airflow in a building depends on the position o f win

dows, it’s size and types o f  windows used.

a) Orientation

It is commonly believed that windows should directly face the wind 

to receive optimum ventilation. However, this should not be a strict 

rule to follow. Research by B. Givoni, in 1969, has shown that 

better ventilation can be achieved when the direction o f  the wind is 

oblique to the inlet windows. This study also showed that when the 

inlet faced in the direction o f  the wind, the air mainly flowed 

straight from the inlet to the outlet. However, when the inlet was 45 

degrees from the prevailing wind direction, most o f  the air flowed 

in a circular fashion around the room, increasing the airflow within 

the building.

The table below shows the results o f Givoni’s study.

The table clearly shows 
that the velocity of the 
wind increases when the 
direction is oblique to 
the window.

Effect o f window location and wind direction on average air velocities 
(per cent o f external velocity)

Inlet
width

Outlet
width

Windows 1  ^ 
in opposite walls

Windows 
in adjacent walls

Wind
perpend.

Wind
oblique

Wind
perpend.

Wind
oblique

1/3 1/3 35 4 . f ) 42 45 37
1/3 2/3 39 J 40 39 40
2/3 1/3 34 43 51 36
2/3 2/3 37 51 — ____

1/3 3/3 44 44 51 45
3/3 1/3 32 41 50 37
2/3 3/3 35 59 — —

3/3 2/3 36 62 — —

3/3 3/3 47 65 — —
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b) Size

The size o f a window has no effect on internal airflow when there is 

only one opening in a room. Size only becomes an influencing 

factor when the room is cross-ventilated. To increase internal 

airflow, the designer may enlarge the size o f inlets and outlets 

simultaneously.

The table below shows the results o f another study by Givoni in 

which the average air velocity o f  a square room was measured with 

different openings. It can be seen that the air velocity in rooms with 

only one opening is relatively low compared to the rooms with two 

openings.

The table clearly shows 
that the size of the 
opening has an affect on 
the velocity of the wind 
entering a space.

Effect o f cross-ventilation on indoor average air velocity 
( % o f outdoor velocity)

Cross
ventilation

Location of 
openings

Direction 
of wind

Total width of openings 
2/3 of the wall 3/3 of the wall

Av. Max. Av. Max.

Single opening in 
pressure zone

Perpendicular 13 18 16 20

Oblique 15 33 23 36

None Single opening in 
suction zone

Oblique 17 44 17 39

Two openings in 
suction zone

Oblique 22 56 23 50

Two openings in 
adjacent walls

^  Perpendicular 45 68 51 103

Provided -
Oblique 37 118 40 110

Two openings in 
opposite walls

Perpendicular 35 65 37 102

Oblique 42 83 42 94
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c) Location

The positioning o f  the inlet is critical to the amount o f  airflow and 

the velocity o f wind can be reduced by as much as 25% when the 

inlet is placed below the average windowsill level.

Cross-ventilation is used to provide occupants with a more com

fortable environment. Airflow should be directed toward human 

activity and it should be increased when necessary to obtain opti

mum level o f  comfort. The location o f  the outlet and type o f inlet 

used are variables that will determine the airflow pattern in a room.

In most cases, the maximum velocity o f air in a room occur when 

the outlet is larger than the inlet (note: for cooling, maximum 

velocity is more important than maximum airflow which is achieved 

when both openings are the same size.). It is not necessary to locate 

the inlet and outlet opposite each other in order to induce airflow.

Another way to achieve the maximum cooling effect is to direct the 

inlet either upwards or downwards. So long as airflow is unob

structed, the height and depth o f a room has no direct effect on 

airflow occurring.

An illustration o f the how position, size and use o f  overhangs affect
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the rate of airflow can be seen in the diagram below.

(a) roof slab flush with wall: one window (e) addition of sun hood over window leads 
only. Since there is no outlet there is to still air condition at body zone 
virtually no air movement in the room

(b) roof slab flush with wall: inlet and outlet (f) very little improvement over (c) is 
positioned as shown and same size. Air offered by the provision of a lower out-
movement good in body zone, improved let in addition to upper
if outlet enlarged

(c) window placed at high level outlet at 
normal window height creates a pocket 
of still air in body zone

(g) the provision of a gap between the sun
shade and wall improves air movement 
in body zone

(d) large inlets and outlets reaching low in (h) the use of a louvred sunshade offers 
the room give excellent air movement further improvement over (f) and (g)
conditions

7 4  Work carried out on model houses in wind tunnels by the Texas 
Engineering Experiment Station has widened our knowledge of 
the behaviour of air flow within buildings. The positioning of 
inlets and outlets, their size, and the presence, positioning, or 
absence of roof overhangs or sunshades all effect the rate and flow 
of air. Knowledge o f how they affect it is particularly important 
to the designer for warm humid conditions where comfort air 
movement is a design requirement

Reprinted from B. Givoni. Man, Climate and Architecture, 1976
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c) Types o f Windows

The following summary of a study that was done by T  R. Holleman 

on the internal airflow patterns using different types of windows is 

taken from The Skyscraper Bioclimaticallv Considered by architect 

Ken Yeang.

In this particular study, it was proven that when the wind strikes a 

vertical wall, it tends to move parallel to the surface. When an 

opening is located in the wall, the force of the air entering the space 

will depend on the pressure inside the building as well as its speed 

when travelling parallel to the surface of the wall.

£>oue?ue tturt<5|

Double Hung / Horizontal Sliding

Condition: One sash opened; either the top or bottom.

Both sashes open halfway. 

Result: Airflow is at a horizontal level.

Location: Located where effect is desired.



PIVOT
Casement / Folding / Pivot

Condition: Either sash open

Result: Airflow could be adjusted to flow right or left. The

vertical flow cannot be changed.

Location: Height at which effect is desired.

Projected / Awning / Pivot 

Condition: Opened fully

Result: Airflow is directed at horizontal level when sash is

opened fully.

Airflow is directed upwards when sash was less than 

fully opened.

Location: Below the level where effect is desired.
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d) Subdivision o f Internal Space

The effect o f subdividing an internal space into two parts was 

studied by Givoni and is illustrated in the diagram below.

From the diagram, it can be deduces that the velocity of air is at the 

lowest when the partitions are nearer and in front of the inlet.

Better results are achieved when the partitions are nearer the outlet. 

It was concluded in Givoni’s study that for satisfactory ventilation 

in the apartments to occur, the connections between rooms have to 

remain open where ventilation is required. It is also preferred that 

the upwind room is larger than the others.

Analysis of HDB 
high-rises

The following is a study how the HDB subdivided the internal 

layout o f a typical 4-bedroom, 5-bedroom and executive flat.
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Analysis of HODB 
high-rises

How can this 
aspect be 
incoporated in 
HDB high-rises?

The HDB was aware o f  the results o f  this study and conducted 

some o f  their own studies to determined how Givoni’s findings can 

be effectively incorporated into the HDB designs. A  study in 198410 

concluded that the typical HDB block could provide wind velocity 

coefficients o f  between 0.12 and 0.36 at the first storey and 0.24 

and 0.40 at the seventh storey when the wind direction is perpen

dicular to the building. But the overall wind velocity coefficient was 

increased to values o f  between 0.17 and 0.45 at the first storey and

0.31 and 0.51 at the seventh storey when the wind direction was at 

a 45 degree angle to the building. This result was incorporated into 

recent design and planning policies implemented by the HDB.

The HDB has already incorporated this idea into the design o f high- 

rises. However, whether this concept is successful has yet to be 

determined.

10. Lim, Bill. Social and Environmental Factors o f High-rise Living. (New York: Van Nostrand Reinhold 
1988), p. 72-73.



P r i n c i p l e  7 
C o n s e r v i n g  E n e r g y

Definition

There are different ways o f  conserving energy. The following 

aspects discussed are o f concepts that are applicable to Singapore.

Present situation in Singapore

There is little effort to conserve energy in Singapore and the 

projects that so attempt to do so are usually privately funded. HDB 

has yet to address fully this issue and incorporate it into high-rise 

designs.

4.1 Roof/Wall Insulation

Concept

Solar radiation that falls on a surface is partly absorbed and 

partly reflected away. Different types o f surfaces reflect and 

absorbs different amounts o f radiation. Surfaces that are shiny 

and light in color reflect best while darker colors absorb the 

most.

Radiation is usually absorbed into the material and is either 

stored as heat or reradiated into spaces with lower tempera

tures.

In hot, humid climates, the problem is maintaining low indoor
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Analysis of HDB 
high-rises

How can this 
aspect be 
incoporated in 
HDB high-rises?

temperatures. The designers can achieve this by understanding 

the time it takes for materials to warm up and cool down. This 

also depends on thickness, weight, density and thermal charac

teristics. Selecting suitable materials is an important consider

ation for the building envelope.

Materials with a high thermal capacity usually warm up and 

cool down at a slow rate and when used in buildings, they tend 

to reduce the effects o f  temperature changes indoors.

This concept can be seen in the Frankfurt Daycare Center 

project (Case Study 4). There the designer uses stone and 

concrete in the walls to absorb heat during the day and radiate 

heat at night so that less electrical power is used to heat the 

building.

As in the case o f HDB high-rises, the walls and floors are 

entirely made out o f reinforced concrete, brick and hollow 

concrete blocks. The foundations, columns, floor slabs, beams 

and stairs are reinforced concrete and are formed on site. The 

bricks and hollow blocks are then used as non-structural infills. 

The bricks are normally used for gable-end walls and the hollow 

blocks for partitions and in kitchen and toilet areas.

There is no need to provide heating thus the walls are left bare 

and the main method for cooling the building is through ventila

tion.
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4.2 Heating and Cooling

Analysis of HDB 
high-rises

a) Water and Water Heating

Heating water for bathing and washing clothes is one o f the 

main use o f energy.

The most common form o f solar energy used is for heating 

water. The average household uses large amounts o f energy to 

heat water. A solar water heating system can be installed to 

conserve a good deal o f  the energy used. Although the solar 

water heating system will most likely not be able to supply all o f  

the hot water required, it can supply enough hot water for 

significant reductions in energy usage.

The most common type o f  system is a solar panel mounted on a 

south facing slope o f  the roof and is connected to the homes’ 

existing water heater. The system should be adjusted so that the 

heater will not use conventional power unless the solar heater 

fails to meet the demand. I f  the solar collector is not sufficient, 

the thermostat will automatically activate and will turn on the 

conventional power source. This type o f  system is used in the 

Singapore Polo Club (Case Study 9).

The roof water storage tanks and the water distribution system 

in HDB high-rises are sized and designed in accordance with 

Singapore code o f  Practice for Water Services.

N o central heating system is provided for HDB fiats and resi-



deuce are required to install their own heater within their unit. 

N o cooling system is provided for the flats as well.

How can this 
aspect be 
incoporated in 
HDB high-rises?

HDB should research into how energy efficient system can be 

installed.

b) Cooling Systems

Low-speed ceiling fans is an economical method to aid cooling. 

Ceiling fans are basically used to expel warm indoor air and 

draw in cooler outdoor air. When left on all night, it can cool 

down indoor temperatures so that during the day, the spaces 

will not rise to extreme temperatures.

Ceiling fans usually run at low speeds and are relatively quiet. 

Exhaust fans may be also installed to help remove the heat 

generated from activities such as cooking and bathing.

4.3 Lighting

a) Natural Daylight

In hot, humid regions, the main source o f daylight is usually 

from the bright and cloudy sky. The main problem with this is 

that a great contrast is created between the bright outdoors and 

the dark indoors. Since openings in walls are required to in

crease ventilation in the interior spaces, the best solution to 

reduce glare is to ensure that there is no direct view o f the sky.
/ / / / / / / / /  / / / / / / /  7/
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widely used for this purpose.

All daylighting designs are based on two factors: the sky com

ponent and the reflected, component.

A good, design needs to take into consideration different issues 

such as the orientation of the window, the window location, the 

room dimensions and the availability of daylight. Most of these 

issues are related to previous principles discussed and should 

complement their responses.

OR. -rW -f MA'-f H£>T. )

Analysis of HDB 
high-rises

Most of the public spaces in HDB high-rises are naturally lit. 

The stairs and corridors are naturally lit by daylight to allow 

heat to escape easily and reduce the need for artificial light The 

void decks are open spaces and allow light and ventilation to 

flow freely.

How can this 
aspect be 
incoporated in 
HDB high-rises?

Most o f the high-rises are opened to the outdoors. Windows in 

the individual flats are standardized and are the only openings 

for light to filter through. Since it is only through windows that 

natural light can filter through, they should be designed accord

ing to the internal activities performed in the flats, 

b) Artificial Light

Lighting systems are the second greatest users of electric power
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after cooling systems. In most houses, there are two different 

types o f  lighting that are installed: incandescent and fluorescent. 

Incandescent Lighting

These consist o f  common light bulbs, such as quartz and tung

sten-halogen lights and most high-intensity reading lights. 

Incandescent lighting is the least expensive and gives off a soft, 

yellow tint. The problems with incandescent lighting is that it 

gives far less light per dollar than other types o f  lighting and the 

incandescent bulbs do not usually last as long as other types o f  

lighting.

Fluorescent Lighting

These systems use long, cylindrical shaped lamps and emit light 

from phosphorescent coating on the surface o f the lamp. Fluo

rescent lighting provides several times as much lighting per 

dollar (lumens/watt) as incandescent lighting but they have a 

higher initial cost. One common problem with fluorescent 

lighting is that it can sometimes flicker and cause a person’s 

eyes to become tired or irritated. This effect is more prominent 

in areas where there are other sources o f  light. Another consid

eration for fluorescent lighting is the color o f  the light emitted. 

The most common and cheapest type emits a slightly bluish 

tone. The light-white (daylight) fluorescent lamps are usually 

the most expensive. Fluorescent lamps last longer than incan

descent and this helps offset its initial cost.



For interior lighting, fluorescent lighting is by far the most 

efficient lighting source giving 4-6 times more light per dollar. 

After considering the efficiency o f  the various types o f  lighting 

used, it is important to ensure that they are installed in the most 

advantageous location and used only when needed. It is impor

tant to use the appropriate lighting for different activities 

required.

Fluorescent lighting is usually best for lighting a large area and 

incandescent lighting is often best for lighting specific areas.

As for using fighting only when necessary, it boils down to 

remembering to turn off the fights when they are not needed. 

One device that can help is called the sensor switch. This device 

consists o f  a normal single pole fight switch but also has a built 

in infrared sensor which is used to sense if  the room is occu

pied. I f  it senses that the room is unoccupied, the fights will 

automatically turn off. This type o f switch can be used to 

control an area up to 400 sq.ft.. And can save enough money to  

pay for itself in about 1 -2 years if  frequently used.

Lighting is only provided in public spaces and it is left up to the 

occupants to install their own lighting in the flats. The HDB
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Analysis of HDB 
high-rises

uses fluorescent lamps and tubular lamps along the public 

corridors and ground floors and they range from 20 to 40 watts. 

The color rendering o f the lamps are warm-white.

How can this 
aspect be 
incoporated in 
HDB high-rises?

Lighting in public spaces are designed according to the appro

priate lighting requirements. Overall energy savings can be 

made if  the occupants are taught to use the different types o f  

energy saving systems. HDB can inform and educate home 

owners about this and increase knowledge on minimizing 

energy wastage.

t'
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P r i n c i p  1 e 5 
M a t e r i a l s

Definition

According to architect William McDonough, “ the things we make 

must not only rise from the ground but return to it, soil to soil, 

water to water, so everything that is received from the earth can be 

freely given back without causing harm to any living system... This 

is good design.”11

In other words, there must be a conscious effort to not only become 

aware o f the effects o f using different materials but to also be 

responsible for the effects o f  using them on the environment. The 

impact materials have on the environment has to be considered 

according to their whole life cycle, i.e. during the extraction phase, 

processing phase, distribution phase, construction phase, mainte

nance phase and decomposition phase. The criteria o f evaluating 

the impact o f  each phase varies and is further explained below.

Excavation Phase
Is there a shortage o f  raw materials?

Some materials will be depleted within the near future if  mining 

continues. For example, zinc, lead and gravel will soon be depleted 

if  the present scale o f  mining continues.

11. William, McDonough. Design, Ecology, Ethics, and the Making of Things. (New York: Princeton 
Press, 1996), p. 400
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Is there environmental damage caused by the extraction o f raw 

materials?

Mining often causes damage to nature and even endangers both 

human and animal life. For example, coal mining releases harmful 

emissions into the air which causes lung disease.

Processing Phase
How much pollution is created?

Harmful elements are often emitted into the environment when raw 

materials are processed. As materials are refined, impurities and 

chemicals are disposed and if  there is no proper method o f disposal, 

pollution occurs.

How much energy is consumed?

For example, the manufacturing o f  aluminum is very energy inten

sive. It produces heavy metal sludge and waste waters.

Distribution Phase
Does the materials need to be transported internationally or is it 

used locally?

Processed materials are usually transported long distances from 

country to country. Various modes o f transport employed are 

usually the cause o f air and water pollution, such methods o f  

transport also requires large amounts o f fuel.

144



Construction Phase / Maintenance Phase
Does the installation o f  material cause pollution?

Waste and pollution is always inevitable during construction and 

maintenance. Noise, dust and materials discarded are the main 

cause o f  pollution at this stage.

Does the material contain any toxic chemicals that can affect 

indoor air quality?

Usually chemicals in materials such as paint and adhesive emit toxic 

gases and cause occupants to suffer from “Toxic Building Syn

drome”.

Does the product contribute to water and energy consumption? 

Occupants should always try to minimize additional waste after 

construction is completed.

How durable is the product?

The life span o f  the materials used versus the life span o f the build

ing.

Decomposition Phase
Is the product reusable or recyclable?

In instances where the building components can be reused in either 

the same building or in other buildings, designers should do so. This 

requires minimal reprocessing and is less harsh on the environment. 

For recycling, it is important to keep the material separate and 

clean.
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How is the waste disposed of?

Pollution to air, water and soil is also caused by methods o f waste 

disposal such as incineration and landfills.

Criteria for selecting materials.

1. Materials must conserve natural resources. Buying them must 

not add to the depletion o f  the resources, harm the ozone layer or 

cause the extinction o f  species.

2. They should be water conserving and energy efficient.

3. Mining and manufacturing them should not result in excessive 

air, water and soil pollution and waste production.

4. They should not pollute the air inside the building and should 

produce less pollution than conventional products.

5. They should be reusable, recyclable and biodegradable. Ideally, 
they should be locally produced.

The following sections on common building materials and their 

environmental effect is based on the Environmental Resource Guide 

and the Handbook o f Sustainable Building Materials.



Concrete

Components: Approximately 53% gravel, 26% sand, 14% cement

and 7% water.

General Concerns

•  Mining activities affect the natural environment and causes 

habitat loss.

•  Substantial air and water pollution from excavation and 

processing.

•  Water quality is affected due to the improper disposal o f rinse 

water from excavation and processing.

Energy Consumption

• The embodied energy in concrete itself is low due to its cement. 

N ote that the production o f  Portland cement requires consider 

able more energy than blast furnace cement. Reinforced concrete 

comprises a larger part o f  the embodied energy due to the larger 

amounts o f  concrete and the steel reinforcement used.

Waste and Pollution

• Production o f cement releases carbon dioxide and sulfur diox

ide.

•  Dust is emitted into the air in all phases o f  concrete life cycle.

•  The demolition debris from structures causes great concern. 

Concrete may account for most o f the weight and volume o f  

demolition in the world.
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Indoor Air Quality

• Concrete is a stable substance and has minimal indoor impact

• It is low  maintenance and requires minimal or no finishing 

Recyclable and Reusable

• Little has been done to recycle concrete from demolished sites 

but considerable effort is made to separate steel from concrete.

•  Recycled concrete is used as road bed materials for highway 

construction. It can save up to $161,000 per km ($ 100,000 per 

mile) (Lauritzen 1991 Construction and Demolition Waste as a 

potential Resource. Proceedings from Recycling o f  Construc

tion and Demolition Waste. Sept. Essen, Germany, 1991)

Solid Stone / Synthetic Stone

General Concerns

•  Damage to natural environment.

•  Distribution o f materials causes problems.

•  Releases o f harmful elements into air, water and soil.

Resource Depletion

Stone is presently mined in large quarries and is considered 

to be a infinite resource.

Waste and Pollution

Dust is released into the air during mining.

Quarries are usually left behind after mining and cause a loss

|  149

>
&



o f  habitat for the natural species.

Recyclable and Reusable

Stone can be reused in other buildings as materials.

Sand-lime Brick

Components: 5-8% lime and 92-95% sand 

Resource Depletion

Many types o f sand may be used and thus the more abun

dant types o f  sand can be used in the processing o f brick. 

The raw materials will also be substituted with other 

materials such as fly ash.

Energy Consumption

The energy content comes from burning the lime and the 

high pressure compression in forming the bricks.

Waste and Pollution

Minimal emissions are produced during the processing 

phase.

Recyclable and Reusable

Recycled brick is unsuitable for reuse as reclaimed aggre

gate for concrete but it can be used in low-grade applica

tions such as filler or foundation material.

Ceramics

Components: Clay with additives.
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Due to previous excavation, there is a scarcity o f raw 

materials.

By products such as fly ash can replace the raw materials. 

Energy Consumption

There is a large amount o f embodied energy due to the high 

temperatures needed for firing the clay 

When ceramics is used with cement, the embodied energy in 

cement has to also be accounted for.

Recyclable and Reusable

Presently, ceramics are converted into aggregate and used in 

concrete but it is mostly used as filler or foundation mate

rial.

Aluminum

Resource Depletion

Bauxite strip mining causes some loss o f  tropical forest. 

Although reclamation can reduce environment effects some 

species will be lost.

Bauxite comprises approximately 8% o f  the earth’s crust 

and is considered to be a finite resource.

Energy Consumption

The embodied energy is very high and accounts for 1.4% o f

R esource D epletion
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the annual world energy consumption.

Recycled aluminum saves about 80% of total energy 

consumption. ,

Waste and Pollution

Large amounts of mud containing traces o f hazardous waste 

are produced in processing phase. For every pound of 

aluminum, 0.02 pounds o f spent pot liner is produced 

during processing.

Harmful elements such as carcinogenic hydrocarbons escape 

during incineration.

Recyclable and Reusable

Aluminum is highly recyclable. Doing so produces less 

pollutants and saves energy while retaining the quality o f 

primary aluminum.

152



Life Cycle Summary: Aluminum
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Steel

Iron is one o f  the most abundant materials in the earth. 

Energy Consumption

Compared to other metals, the embodied energy per kg o f  

material is relatively low.

Waste and Pollution

There are large amounts o f dust and combustion emissions 

from ore refinement and other operations.

Major risks to water quality resulting from the improper 

disposal o f processing waters.

Recyclable and Reusable

Steel is suitable for reuse and this continues to rise. 

Recycled steel accounts for almost 2/3 o f  new steel shipped 

in the United States.

Resource Depletion
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Zinc

According to current information, zinc is expected to be 

depleted within decades.

Waste and Pollution

The emission o f cadmium is damaging to the environment. 

Large quantities o f  waste with traces o f  heavy metals are 

produced.

Zinc corrodes easily when exposed to the weather. 

Recyclable and Reusable

Recycling is a possibility but is currently too expensive to 

do.

Lead

Resource Depletion

Lead is extremely limited in supply.

Waste and Pollution

Lead is a hazardous material.

Recyclable and Reusable

Most lead sheet is recycled.

Copper

Water and Pollution

Copper kills water organisms.

Resource Depletion
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Recyclable and Reusable

Copper forms its own protective coating and resists weather 

well.

The life span o f  copper is relatively long.

Copper can be recycled and reused for its aesthetic 

appearances.

Glass

Components: 60% silver sand, 20% sodium carbonate, 20% 

sulfates.

Resource Depletion

Raw materials are finite resources but adequate for future 

demands.

Energy Consumption

Large amounts o f  energy are needed in the processing phase 

but technology is developing to increase energy savings. 

Waste and Pollution

During the processing phase sulfur dioxide and fluoride is 

emitted and causing pollution.

Indoor Quality

Glass is inert and has little impact on air quality.

Recyclable and Reusable

During the processing phase, scrapes o f  glass are reused and
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recycled.

In Netherlands, all production waste is recycled and reused. 

Glass waste removed after demolition can only be recycled 

into low-grade glass.

PVC (Polyvinylchloride)

Components: Petroleum and salt in the form o f  chloride.

Waste and Pollution

Chloride is extracted from salt through electrolysis and this 

releases harmful elements such as mercury and asbestos.

The extraction from ethylene and chloride releases mu

tagenic materials that may cause further emissions o f harm

ful elements.

Wastes that contain organic chloride is also produced. 

Because o f the chloride content in PVC, incineration will 

release harmful elements such as HCL, dioxin and 

polychlorbiphenyl (PCB).

Recyclable and Reusable

PVC can be successfully recycled. However the quality may 

decrease with recycling.
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Bitumen

Bitumen is obtained from specific petroleum types and it 

embodies a high energy content.

Waste and Pollution

Blown asphalt bitumen releases molecular compounds o f  

hydrocarbon and vapor but not sulfur dioxide o f hydrocar

bon.

Recyclable and Reusable

Bitumen is easily reused but not yet recycled because o f  its 

polluting qualities.

Energy Consumption

Wood

Wood is considered to be the most important renewable raw 

material.

There are usually two categories to environmentally friendly 

wood..

1. Sustainable Wood - these type o f woods are harvested 

from plantations or forest under sustainable forestry 

management. Wood is marked by Forest Stewardship 

Council (FSC)

. 2. Durable Wood - woods that contain no preservatives. 

Generally all woods are divided into 3 categories and their
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characteristics are listed below:

1. Tropical Wood

- found in the tropical regions and transporting can be a 

problem

- felling o f trees causes depletion

- few plantations are under sustainable forestry management

2. North American, Siberian and Australian Wood

- usually comes from plantations that are not well managed

- FSC recognizes some plantations

3. European Wood

- forestry management is relatively advanced

- woods are sustainable managed

(One o f  the most common type o f tropical wood used in Singapore 

is timber. Various studies have been done on Timber and the debate 

on whether it is considered sustainable or not is still going on. 

Included in the appendix are some relevant articles that presents 

both sides o f  this argument.)

Paints

Resource Depletion

Most paints are produced from finite resources such as

160



petroleum substances.

Energy Consumption

33,034 BTU/# (76,837 kJ/kg) is used in producing conven

tional water based paint.

41,642 BTU/# (96,859 kJ/kg) is used in producing conven

tional organic solvent based paint.

Waste and Pollution

Paints release organic hydrocarbons during applications that 

are harmful to the occupants.

The waste generated in the processing phase can be recov

ered and reused in other products.

Indoor quality

Some paints emit substances that are irritating and hazard

ous. N ew  paints that are natural, hypo-allergenic and con

tain low-biocide have been developed to reduce these 

emissions.
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Sealant

Chemical compositions differ in all types o f  sealant but most are 

based on petroleum derivatives.

Waste and Pollution

Many additives are toxic and during the processing phase, 

harmful hazardous wastes are released.

Indoor Quality

Some sealants have lower emission rates than others such as 

oleoresinous, acrylic emulsion latex, polysulfide and silicone 

sealants.

Ventilation should increase when using sealant.



Exhibit A - Major constituents of pommonly Used Categories of Sealants

latex Sealant
Constituents P arts  by Weight %
Acrylic latex

@ 55% solids poly (methyl methacrylate) 40-420
Surfactants 1-1.2
Plasticizer 7-8.0
Ethylene glycol 1-2.0
Ground calcium carbonate 46-50.0
Mineral spirits 1-2.0
Miscellaneous fillers 1-3.0

Sutyi Rubber Caulk
Constituents - P arts by Weight. %
Polyisobutylene 25.0
Butyl rubber, 50% solution in mineral spirits " 20.5
Talc powder 30.0
Calcium carbonate filler 20.0
Titanium dioxide pigment 3.0
Adhesion resin 4.0
Polybutene 10.0
Plasticizer 2.0
Thixotropic agents 2.0
Drying catalysts 0.05
Mineral spirits 6.0

Oil-Based Caulks
Constituents P arts  by Weight %
Boiled linseed oil 25-30.0
Ground calcium carbonate 45-50.0
Polybutene 5-10.0
Colorants 3-5.0
Thixotropic agents 2-4.0
Paint dryers 0.1-0.3
Mineral spirits 10-12.0

Silicone Sealants
(Medium Modulus Formulation)
Constituents P arts by Weight %
Silanol polymer (80 mcs) 60-80.0
Silicone plasticizer 5-20.0
Fumed silica (treated and/or untreated) 2-6.0
Calcium carbonate (treated and/or untreated) 20-30.0
Oxime crosslinker 5-7.0
Tin catalyst 0.05-0.1

Solvent Acrylic Sealant
Constituents Parts by Weight %
Acrylic solution polymer (83% NV) 62.8
Xylol 10.3
Pine oil 0.6
Ethylene glycol 1.0
Calcium carbonate,, fine 18.7
Fibrous talc 0.7
Talc 0.7
Silica,, pyrogenic 1.6

Urethane Sealant (Two Compound)
Constituents Parts by Weight %
Component A

Polyethylene glycol-
isocyanate pre-polymer
(26% free isocyanate) 100.0

Component B
Antioxidant 0.5
Polypropylene glycol ,.
(MW=2000) 47.3
Titanium dioxide-rutile 6.0
Calcium carbonate filler 37.2
Nonsag agent 8.0
Tin catalyst 20

PolysulfidQ-Sealant
Constituents.
Polysulfide liquid polymer (LP-32) 
Epoxidized soya oil 
Pyrogenic silica
Calcium carbonate, surface treated 
Titanium dioxide, rutile 
Hydrated lime 
Synthetic zeolite 
Calcium peroxide 
Phthalate plasticizer 
Gamma-aminopropyltriethoxy silane 
Toluol

Parts by Weight %
50.0
4.0
2.0
5.0
22.0 
2.0 
2.0
4.0 
20
1.0 

4-6.0'

'F o r m u la t io n s  in  th is  e x h ib i t  w e r e  f o u n d  in  K i r k - O th m e r  1 9 8 4 ,  

P a n e k l 9 8 4 ,  a n d  P r o n e  1 9 9 0 .

Reprinted from AIA, AIA Resource Guide Subscription, 1993



Analysis ofHDB 
high-rises

How can this 
aspect be 
incoporated in 
HDB high-rises?

The flats are prefabricated with an external precast facade. The 

cement floors and walls are not finished. This keeps construction 

cost to a minimum and shortens construction time. It is up to the 

occupants to renovate their individual flats according to their own 

taste.

Windows and doors are standardized in material and color so as to 

reflect a uniform overall fagade. This maintains a visual uniformity 

in the high-density environment.

Designers should be aware o f  the different life-cycles o f  different 

materials and should constantly try to specify sustainable materials 

whenever possible. In the past, it was more economical to use 

prefabricated materials but now, home owners are more affluent 

and can afford to pay for sustainable materials. The most efficient 

way to ensure that sustainable materials are used is to educate the 

occupants HDB contractors on how these materials can improve 

the overall quality o f  buildings and the environment.
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9-0 Basic Sustainable Design Policy 
Recommendations for HDB High-Rises

Practical policies o f how to incorporate the five sustainable design principles into the 

present design o f HDB high-rises were discussed in Chapters 3 to 8. The following con

clusions were arrived at for each o f  the principles.

Principle 1 Users

Basic Concerns:

1. There is no user participation in the design process

2. There is no control o f the quality o f indoor environments since 

residents are renovating the flats themselves.

Policy Recommendations

1,1 User Participation

Idealistically, all the residents should be allowed to participate in the 

design and construction process o f their own fiat. However, due to 

the reasons discussed in Chapter 4, it was concluded that this type

o f full user participation is not possible but only partial user partici-
/

pation in a Post Occupancy Evaluation is possible. In order for this

to be successfully carried out, HDB should follow the following 

recommended policies:

1. A  special department has to be formed to conduct POE studies 

on all the new towns regularly.

2. This department should also branch out into the new towns to 

be in charge o f  promoting community awareness. They should 

also be responsible for encouraging and handling o f any sugges
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tions from the residents on how their neighborhoods should be 

improved.

3. The department should formulate constructive ideas and re

search into how the POE studies and the residents’ suggestions 

can be successfully integrated into the new design ofH D B high- 

rises.

1.2 Healthy Environment

As discussed in Chapter 4, it is the occupants themselves are 

responsible for their indoor environment.

The only areas that are finished by the HDB are the kitchen and 

bathrooms. Hence in order to ensure that the indoor environment is 

healthy, the HDB should follow these policies:

1. The HDB should take the initiative in understanding the impacts 

o f  using different types o f  finishes such as paints so as to help 

educate the homeowners and HDB contractors about non-toxic 

materials and provide suggestions to replace commonly used

toxic materials. A list o f non-toxic materials can be referred to
- ■ \

in the appendix.

2. HDB should provide incentives for using non-toxic materials 

such as paints and sealant. One type o f incentives could be to 

provide discounts on non-toxic materials.

3. HDB should monitor the air quality in the public areas so as to
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ensure a healthy environment at all times.

4. Adding oxygen elements such as plants can help improve 

the air quality in and around the block o f  flats.

Principle 2 Site Integration

Basic Concerns:

1. All the natural vegetation is destroyed

2. Community identity and culture are lost when all site 

features are demolished.

Policy Recommendations

It was mentioned before that the population growth is subsiding 

and slowing down. Providing immediate mass housing is thus not 

necessary anymore. HDB should hence devote their time and utilize 

the money in developing a new design that would enhance the 

existing environment instead o f  simply demolishing everything.

2.1 Natural Features

In Chapter 5, the general site conditions were discussed and it was 

found that it was appropriate, in the 1960’s and 1970% that HDB 

cleared the entire site for the construction o f  high-rises. However, 

the aim o f  meeting the housing shortage has already been satisfied 

and there is no need to clear an entire site today. The following 

recommended policies should be followed to protect natural fea-
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tures:

1. To practice building on sites which have no significant existing 

features.

2. HDB should preserve the natural vegetation especially old trees 

and replant them on the new site and increase the landscaping 

so that it would improve and enhance the existing site.

2.2 Cultural Context

Presently, HDB is trying to create a community identity among the 

residents. The methods employed by them were discussed in Chap

ter 5 and were found to be inauthentic. The following are recom

mended policies that HDB should follow in order to enhance the 

local community:

1. Residents should be allowed to modify the exterior fagade o f  

their fiats. In this way, individual residents can personally 

identify with the built environment and a sense o f  belonging to 

the place can be established.

2. A new prototype model that encompasses the new cultural 

characteristics has to be developed. Research into this matter is 

now possible because o f  the overall increase in economic 

wealth.

3. To set up neighborhood organizations that make decisions on 

how to improve the neighborhood and other activities that
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would increase participation among residents.

Principle 3 Climate

Basic Concerns:

1. There is too much solar gain and glare from the overcast sky.

2. There is not enough natural ventilation within the flats.

Policy Recommendations

3.1 Shading

1. During planning, HDB needs to consider the ratio o f the dis

tance between buildings and their heights.

2. Another method o f  decreasing direct solar gain is to rotate the 

building so that it is orientated away from direct east-west sun.

3. Instead o f  having all the windows uniform in size, the windows 

should be sized according the orientation and room use.

4. Facade surfaces should be designed to help reflect radiant heat

5. Appropriate shading devices such as louvers should be strategi

cally placed and planned for.

6. To further increase shading in the individual flats, residents 

should be educated about the use o f  appropriate interior control 

devices such as blinds and curtains.
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3.2 Ventilation

1. Each block o f flats should be orientated at an angle o f 45 

degrees to the wind direction to help induce airflow.

2. HDB should size the inlets and outlets in each flat appropriately 

to help to increase airflow.

3. The position o f the inlet and outlet should be considered in 

order to improve cross ventilation. (Refer to Chapter 6 for 

detailed explanation o f  this theory)

4. The floor to ceiling partitions in each flat should be kept to a 

minimum so as to allow for free air movement. (The subdivision 

o f internal spaces is discussed in Chapter 6)

Principle 4 Conserve Energy

Basic concerns:

1. A  majority o f the flats need to be artificially cooled.

2. Too much electrical power is wasted.

Policy Recommendations

4,1 RoofrWall Insulation

1. Materials that can better conduct heat should be used. An 

example being concrete. It has a high thermal capacity and tends 

to reduce the effects o f  indoor temperature change. (Refer to 

Chapter 8 other suggested materials)

2. Fagade surfaces should be modified to better reflect radiant heat.
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Principle 5

3. The distance between buildings should be taken into 

consideration to increase ventilation.

4.2 Heating and Cooling

1. HDB should educate residents on the various energy efficient 

cooling systems available.

4.3 Lighting

1. Different methods o f increasing natural light in indoor spaces to 

reduce use o f artificial fighting should be considered such as a 

window location, size, orientation and the individual room size.

2. Artificial light should be limited to task specific fighting. A  

method o f achieving this result is to educate the residents about 

the different types o f artificial fighting and provide them with 

incentives on using energy saving ones.

3. In the public areas, installing o f  automatic fighting control 

systems should be considered as an alternative to standard 

fighting, which is kept on all night.

Materials
Basic concerns:

1. Natural resources are being depleted.

173



/

9

2. There is a significant increase in the harmful ecological impacts 

such as pollution, destroying o f  natural environment and global 

warming

Policy Recommendations

5.1 Recycle and Reuse

1. HDB should design with the intention o f recycling and 

reusing materials.

2. HDB should educate residents on the advantages o f  reusing 

materials from their previous fiats. Tiles are an example o f a 

material that can be reused.

3. Recycling bins should be located within each block o f flats 

to promote recycling awareness and encourage this habit.

5.2 Materials

1. Residents should also be educated about sustainable materials 

and incentives for the residents should be created to increase 

the use o f  these materials.

2. Locally produced materials should be chosen instead o f im

ported materials.

3. Materials should be chosen according to sustainable criteria. 

(Refer to Chapter 8 for criteria)
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The Next Step

This study and the developed policy recommendations are an initial 

step in the process o f achieving total sustainable design. The next 

step should be to do further research and testing o f  each individual 

principle. Detailed guidelines on how to implement these recom

mended policies can then be established. It is hope that this initial 

research will be useful in giving the designers in Singapore who 

want to practice sustainable design, a starting point.

The most effective method o f  ensuring that these recommended 

policies are carried out is through the development o f a new 

department within the HDB. This department will be responsible 

for the following:

1. Further research towards the development o f  these recom

mended policies into specific design guidelines.

2. The introduction o f these guidelines to contractors, developers 

and users.

3. The implemention o f these guidelines in actual new town 

projects.

4. Conducting Post Occupancy Evaluations and evaluating them on 

a regular basis.
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Appendix
The following materials are included for further reference:

1. Copy of the power-point presentation of Masters Report that was 
presented on May 1, 1998

2. List of toxic chemicals and hazardous substances

3. Articles on timber as a sustainable material
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Goal

• Gain an understanding of sustainable issues
• Develop principles for sustainable design
• Analyze the public high-rises in Singapore
• Develop basic policies on how to integrate 

the sustainable design principles into 
present public high-rise design



What is Sustainability?

Principles of Sustainable Design

Principle 1 -  USERS
-  user participation in design and construction
-  post occupancy evaluation

Principle 2 -  SITE INTEGRATION
-  natural features
-  cultural context

Principle 3 -  CLIMATE
-  shading
-  ventilation



Principle 4 — Energy Conservation
-  roof and wall insulation
-  heating and-cooling systems
-  lighting

Principle 5 — Materials
-  recycle and reuse
-  low energy materials

Case Studies



Women’s Humane Society Animal Shelter
Bensalem, Pennsylvania

Architect: Susan Maxman 
Area: 24, 500 sq. ft. 
Completed in 1994

Goal was to respect the 
site surroundings and have 
the client participate in the 
design process.

The facility is situated on an 11 acre 
site. It includes an administrative area, 
management offices, conference 
room, educational, humane and 
cruelty investigation staff offices and 
multipurpose rooms. The examination 
and clinic areas are integrated with a 
shelter facility that can hold up to 100 
kennels and 88 feline cages.
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How do the 5 principles relate to the project ?

Principle 1 USERS

• The clients were 
integrated into the design 
process right from the 
start. It was agreed that 
the objective was to make 
the building energy 
efficient.

• The architects and client 
worked together to specify 
materials that promoted a 
healthy indoor 
environment.



Principle 2 SITE INTEGRATION
*  ^  
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• Much of the site is not buildable because of existing site 

features.
-  A stream runs through the site and a third of the site is composed 

of wetlands where there is existing wildlife
-  There is a local easement that further limits the site planning 

options

• It was decided that the building was to be clustered 
together so as to avoid unnecessary disruption to the rest 
of the site

Principle 3 CLIMATE

• The building is orientated to 
optimize solar heat in winter
-  The windows on the north, south and 

east are designed to permit higher 
light levels into the spaces

• Heat mirror insulating glass is used 
for all exterior windows

• Overhangs help to reduce the solar 
gain in interior spaces.

• Vegetation such as deciduous trees 
are also strategically placed to help 
increase shading



Principle 4 CONSERVE ENERGY
ENERGY RECOVERY WHEEL (SUMMER)

HOT Ain
(SENSIBLE ENERGY) 
MOIST AIR 
(LATENT ENERGY)

COLO

EXHAUST

DESSICANT
COATED

• Latent energy and 60% o< sensible energy are always returned 
to where they came from

e Energy Recovery Wheel used only in kennel and clinic areas 
where there are 6-10 air changes per hour

• A desiccant-coated energy 
recovery wheel was 
installed in the shelter 
areas to increase 
ventilation

• A gas-fired absorption 
chiller/boiler is used 
because of its low 
operation cost and it does 
not emit any CFCs or 
HCFCs

0AYUGWT1NG IN CLINIC AREA

• Clerestory was designed 
to increase natural 
daylight entering the 
building during winter 
months and preventing it 
from entering during 
summer months



Principle 5 MATERIALS

• Using recycled materials was a big part of this 
project. ,
-  floor tiles were produced from glass manufacturing by

products
-  rubber floor mats were made from recycled tires
-  benches and bathroom partitions are composed of 65% 

recycled high density polyethylene plastic

• Principle 1— Users
-  it is useful to have user participation so that the goals of both the user and 

architect are clarified right from the start.
-  the architect is then better able to create spaces that the user can identify 

with and design areas that will improve overall activities
-  conducting POE studies allows the architects to learn from their mistakes 

and gives them opportunity to correct them

• Principle 2 — Site Integration
-  lessen ecological impacts
-  the existing conditions of the site is improved
-  by designing with respect to the local people and culture, the local 

community spirit, identity and culture is reinforced •

• Principle 3 -  Climate
-  ecological benefits
-  the overall comfort of the people are improved
-  better relationships between indoor and outdoor spaces are designed



• Principle 4 ~  Conserve Energy
-  fossil fuels are not wasted and overall energy savings are increased
-  there are obvious economical benefits to saving energy
-  overall savings for the clients

• Principle 5 — Materials
-  lessen ecological impacts
-  by using local materials and building traditions, the local crafts and 

building traditions are reinforced
-  the local flavor of the place is further reflected

Public Residential High-rises in Singapore



S i n g a p o r e

Location in Asia 
Climate

Population Density

Location

Singapore lies north of the equator near Lat. 1.5 
degree N and Long. 104 degree E.



Location of towns in Singapore

Climate
The climate of Singapore is divided into 4 main seasons:

North-East Monsoon Season (December-March)
•Prevailing winds can reach up to 20km/hr
•Winds in Jan- Feb can reach up to 30km/hr
•Cloudy conditions with frequent showers in the afternoon. Heavy
rains can last up to 3 days at a stretch
•Drier periods are from Feb - Mar

Pre South-West Monsoon (April-May)
•Light and variable winds with afternoon and early evening showers

South-West Monsoon (June-September)
•Isolated to scattered late morning and early evening showers 
•Hazy periods

Pre North-East Monsoon (October-November)
•Light winds
•Scattered showers with thunder in the late afternoon and early evening



Temperature

Range of temperature : Min 23 to 26 deg C
Max 31 to 34 deg C

Extremes : Min 19.4 deg C 
Max 35.8 deg C

Population Density

The current population is 3 million and the total land area is of present at 
639 sqkm (1995).
Population per sqft is approximately 4800 persons.
78% Chinese, 14% Malays, 7% Indians and 9% Others
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“We are the public housing authority 
We provide affordable housing of a high quality 

We also help to build communities”
(“Our Mission”-HDB 1997)

Housing and Development Board
(HDB)

Brief Background 
Goals and Objectives 

Future

Brief Background

•In 1960, the Housing and Development Board (HDB) was established and it is a 
subdivision of the Ministry of National Development of Singapore.

•One of the main tasks of the HDB is to plan new towns and town centers as well as 
to design and construct offices, shops, industrial buildings, sports facilities, 
community centers and parks.

•The HDB program is entirely from government funded loans. The development 
loans to HDB are approximately 4%-5% of Gross Domestic Product and more than 
30% government estimates. (Lim, William. Mimar, June 1988 no.28 p. 17-23)
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Goals and Objectives
• To plan and develop new towns, upgrade and redevelop older estates to meet 

the needs of the population

• To provide cost-effective and efficient services in the allocation and 
management of HDB properties

• To formulate and implement housing policies which support the building of 
communities

• To advance construction technology and estate management expertise

• To build an effective organization that develops and motivates people to give 
their best

(taken from HDB objectives’ 1997)

The Future

The emphasis has now shifted from simply providing shelter to that of a 
QUALITY LIVING ENVRONMENT.

The HDB is determine to provide the best products and services to serve the 
needs of the people.
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Physical Planning and Design

Flat Design 
Building Block Design 

Site Planning 
New Town Planning

Flat Design

• Affordability

• T o  maintain a level of quality in terms of 
optimizing room size, spatial planning and 
construction



Flat D esign

p  i
1 Room Improved
Area: 33 m2

LIVING

G—
2-Room Improved
Area: 45 m2

Flat D esign

3-Room Improved
A rea : 60 m2

I

A

4-ROOM MODEL A' (CORRIDOR)
. . . .  0 I 9 1 4 METRE



Flat Design

5-ROOM IMPROVED (CORRIDOR END)
5-ROOM IMPROVED (POINT BLOCK END)

«CAU:*____*___ L ..
AREA: 130 mZ

Flat Design



Guidelines for Internal Room Area of Flat Designs (m*)
<fl$uic* /Wm* 1985)

i 4-room  M od d  
! 'A 1

5-room ", Executive 
Improved Api/Mais

- ^  Flat Type
Room

2 8 -3 3 18 -23  2 2 -3 0
(1 13 13-16

Living R oom / 
D ining Room

14.4 -16 15.5-17 { 16-18 M ain  B edroom

13-14 13 -14  | 13-14.5 B edroom  1

12- 1.1 1 2 -1 3  | 1 2 5 -1 4 B edroom  2

— U - 12 j II -1 2 S tu d y

1 4 -1 6 1 4 -16  13-16 K itd ic n

— 5.5 - 6.5 j 7 -8 .5 Balcony

3 .2 -3 .7 3.2 - 3.7 .17 -4 .5 B a t h /W O  (M ain  
b edroom )

2.7 - 3.2 3.2 - 3.7 1 7 -4 .5 B a lh /W C  2 (C om m on)

— — 1 .4 -2 0 W C 3 (M a i» . only)

1 .8 -2 .2 1.8-2 .2 1.8-2.2 S tore

9 7 -9 9 112-114 . . . T o ta l In te rn a l F loor A rea  
(Net)

105 123 ± 0.5 in1 145 £ 1* A llow able D eviation  from  
S ta n d a rd  F lo o r A rea

Flat D esign

Typical Kitchen
Built-in cabinets and countertops are common.
Kitchen sink, ceramic wall tiles and floor, steel hangers on the ceiling for 
bamboo poles
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Are HDB high-rises sustainable?



3 Features in Block Design

Corridors along each floor

Lift Lobbies

Void Decks



Lift Lobbies

Usually stops at alternate floors. This promotes interaction with a greater 
cross-section of residents.

The lobby on the ground floor acts as an entrance.

It is while waiting for the lifts that the residents start to recognize their 
neighbors and establish a sense of security and familiarity with each other. /



Site Planning

New Town Planning

To provide a town that is independent from the city 
and other major centers.

. /
By providing facilities that support the community '





Design with respect to the climate

• In the early 60’s when HDB first started, the main design 
factor was to respect the hot humid climate of Singapore. 
All the block of flats were orientated with the axis east 
west to reduce the solar gain on those sides. However, 
because of other factors such as road layouts, adhering to 
this rule did not prove to be possible. •

• Instead of positioning the building according to the 
orientation of the sun, external shading devices were used 
to help reduce solar gain.



Construction of high-rises

• The flats are prefabricated with an external precast facade
• Walls and floors are not finished and it is up to the 

occupants to renovate their own flats
• Windows and doors on the fagade are standardized to 

reflect a uniform appearance



How to integrate the 5 principles into 
HDB high-rises?

Principle 1 USERS
• Basic concerns:

-  no user participation hence no idea of user needs
-  indoor environments are not healthy

• Need to integrate residents into design process
-  In order to integrate the residents in the design process, it is necessary for 

HDB to form a new department to encourage residents to present their 
ideas for improvements.

-  HDB should also conduct POE studies to ensure that the prototype works 
well and this will help to improve the overall designs

-  within each estate there should be a branch that is incharge of promoting 
community awareness and encouraging residents to make constructive 
comments on them living conditions

• Promote healthy indoor environments
-  educate residents on different non-toxic materials
-  provide at a discounted rate the supply of these materials



Principle 2 SITE INTEGRATION
• Basic concerns:

-  destroying of natural vegetation
-  loss of community identity and culture

• new prototype that better respects the surrounding features
-  build on sites that have no significant existing natural features
-  if need to bulldoze everything, then HDB needs to replant the natural 

vegetation and landscaping needs to surpass what was there before
• To strengthen community identity

-  create a basic high-rise structure and allow the individual residents to 
paint their facade or alter any non-structural detail

-  needs to let residents freely alter their flats no rules to create a personal 
connection with the built environment

-  allow local residents to run their local community centers and promote 
community awareness

-  To help set up neighborhood organizations that make decisions on how 
the neighborhoods are run

Principle 3 CLIMATE
• Basic concerns :

-  too much solar gain and glare caused by overcast sky
-  not enough natural ventilation

• To cut down solar gain and glare
-  consider the ratio of distance between buildings and their height
-  rotating the building to decrease direct solar gain
-  size windows according to use and orientation
-  planning for suitable surfaces to help reflect radiant heat
-  plan for using appropriate shading devices such as louvers
-  educate residents about the use of interior control devices such as blinds 

and curtains to allow for further shading
• To increase natural cross ventilation

-  plan for landscaped spaces and streets to allow movement of air
-  rotate the building to proper direction to help induce air flow
-  to consider the appropriate size of the inlets and outlets
-  consider the position of the inlet and outlet to improve cross ventilation
-  minimize full height interior partitions so as to allow for free air 

movement



Principle 4 CONSERVE ENERGY
• Basic concerns:

-  most of the flats are artificially cooled
-  electricity is the main source of power

• Need to naturally cool internal spaces mors efficiently
-  use of materials that can better conduct :eai - concrete has a high ±ermal 

capacity and tend to reduce the effects ocf hndoor temperature charge
-  modify surfaces to better reflect radiant hear
-  consider the distance between buildings 33 allow for bener versiladon

• To reduce use of electricity
-  consider different methods of increasing taamral light in indoor spaces to 

reduce use of artificial lighting - a winces* location, size, orieccahon and 
the room size has to be taken into consideration

-  limit use of artificial light to task specific lighting - educate the residents 
about the different types of artificial Hgrrmg and provide them wdi 
incentives on using energy saving ones

-  consider the use of automatic lighting cotnrrol systems

• Basic concerns:
-  depletion of natural resources
-  increasing harmful ecological impacts — pollution, destroying isf iamral 

environment, global warming
• Conserve natural resources and reduce ecological impacts

-  reusing materials
-  recycling
-  using locally produced materials
-  using materials with low embodied energy
-  design with the intention of recycling and reusing materials
-  educate residents about the various materials and create incentives for 

them for using sustainable materials
-  locate within each block recycling bins to promote recycling asauczness 

and encourage this habit

Principle 5



The Next Step

6 This research was just a tip of the ice berg and there is just 
so much more to the concept of sustainable design. It is 
hope that this initial research will be useful in giving those- 
designers in Singapore who want to practice sustainable 
design , a stating point. •

• Further researching and testing of each individual principle 
should accomplished so as to provide more detailed 
methods on how to better integrate the sustainable 
principles



v TO XI C  CHEMICALS A N D  H A Z A R D O U S  SUBSTANCES

Chemical Name HS

Acciv.tphthene X
Acenaphthylene X
Acer.iklehyde
Acetamide; aka:
Ethanamide
Acetone
Acetonitrile
Acetophenone
2-Acetylaminofluoiene
Acn *lein X
Acrylamide;
aka: 2-Propenamide
Acrylic acid
Acrylonitrile X
Aldrin X
Allyl chloride
Aluminum (fume or dust)
Aluminum oxide
1- Amino-2-methyl- 
anthraquinone
2- At i unoanthraquinone
4-Av, tinoazobenzene 
4-Aminobiphenyl 
Ammonia X
Ammonium nitrate 
(solution)
Ammonium sulfate 
(solution)
Aniline; aka:
Ben zenamine X
O-Anisidine 
p-Anisidine
O-Anisidine 
hydrochloride 
Anthracene X
Antimony X
Ant imony 
compounds 
Antimony tris 
(iso octyl mercapto- 
acetate) aka:
ATOM 
Am mite
Arsenic X
Arsenic compounds 
Asbestos X
Asl »estos (asbesti- 
fbrm varieties of 
chi ysotile (serpentine); 
crocidolite (rieeckitc); 
am. >site (cummin 
gtonitegrunerite); 
amliophyllite; 
tremolite; and 
acimolite)
Ati .tzine X
Auramine
Barium X
Barium compounds X 
Benzal chloride; 
aka: Benzene, 
didiloromethyl- 
Benzamrde

TC HAP CAS #

83329
208968

X X 75070

X X 60355
X X 67641
X X 75058

X 98862
X X 53963
X X 107028

X X 79061
X X 79107
X X 107131
X 309002
X X 107051
X 7429905
X 1344281

X 82280
X 117793
X 60093
X X 92671
X 7664417

X 6484522

X 7783202

X X 62533
X ■ X 90040
X 104949

X 134292
X 120127
X 7440360

X X —
X 27288444

X
X
X X

140578
7440382

X
X 1332214

1912249
X 492808
X 7440393
X —

X 98873
X 55210

Chemical Name HS 

Benzenamine,
2-nitro-; aka: 
2-Nitroaniline.or
o-Nitroaniline X
Benzenamine,
3- nitro-; aka:
m-Nitroanilinc X
Benzenamine,
4- chloro; aka:
4-Chloroaniline X
Benzene (HAP X
includes benzene 
from gasoline)
Benzene, bromo- 
Benzene, 
chloromethyl- 
Benzene, 1,2-dinitro-; 
aka: o-Dinitrobenzene 
Benzene, 1,3-dinitro-; 
aka: m-Dinitrobenzene 
Benzene, 1,4-dinitro-; 
aka: p-Dinitrobenzene 
Benzene, methyldinitro-; 
aka: Dinitrotoluene 
(mixed isomers) 
Benzene,
608935 
pentachloro- 
Benzene, 1,2,3- X
trichloro-; aka: 1,2,3- 
Trichlorobenzene
1.2- Benzehedi- X
carbox>4ic iicid, 
dicyclohexyl ester 
1,4-Benzenediol; 
aka: Hydroquinone 
Benzidine; aka: X
[1,1’Biphenylj- 
4-4-diamine
1.3- Benzodioxole, 
5<l-propenyl>; 
aka: Isosafrole 
Benzo [a] anthraceneX
Benzofb] X ■
fluoranthene 
Benzo(k) X
fluoranthene 
Benzo[g,h,il X
perylene
Benzo [a] pyrene X
Benzoic acid X
p-Benzoquinonc; 
aka: or 2,5-Cyclo- 
hexadiene-1,4-dione, 
or Quinone 
Benzotrichloride; 
aka: Benzene, 
trichloromethyl- 
Benzoyl chloride 
Benzoyl peroxide 
Benzyl alcohol 
Benzyl chloride 
Beryllium X

88744

TC FLAP CAS #

99092

106478
X X 71432

X 108861

X 100447
X 528290

X 99650

X 100254

X ;■ 25321146

X

X 108907

84617

X 122319

X X 92875

X 120581

56553
205992

. 207089

193395

50328
65850

X X 106514

X X 98077

X 98884
X 94360
X

X
100516
100447

X 7440428
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Chemical Name IIS

Beryl 1 ium compounds 
Biphenyl; aka:
1,1-Biphenyl
Bis(2-etliylhcxyl) adipate 
Boron X
Boron compounds X 
Bromochlorodifluoromcthane; 
aka: Halon 1211 
Bromoform; aka:
Methane, tribromo- X
1- Bromo-4-
phenoxybchzenc X 
Bromotrifluoromcthanc; 
aka: Halon 1301
1.3- Butadiene X
1.3- Butadiene.
2- chloro-; aka:
Chloroprene X
Butyl acrylate; aka:
2-Propenoic acid, 
butyl ester X
n-Butyl alcohol; aka:
Butanol
sec-Butyl alcohol 
tcrt-Butyl alcohol 
Butyl benzyl phthalatc; 
aka: 1,
2-Benzenedicarbo- X 
xylic acid, 
butyl phenyltnethyl 
ester; Benzyl butyl 
phthalate; or BBP 
1,2 Butylene 
oxide; aka:
1,2-Epoxybutane 
Butyraldehyde; aka:
Butanal
Cadmium X
Cadtum compounds 
Calcium cyanamide 
Caprolactam 
Captan
Carbaryl; aka: Sevin X 
Carbon disulfide X 
Carbon tetrachlorideX 
Carbonyl sulfide 
Catechol 
Chloramben 
Chordane 
Chlorine 
Chlorine dioxide 
Chloroacetic acid 
2-Chloroacetophenone 
Chlorobenzene 

.. Chlorobenzilate 
Chlorodibcn- 
zodioxins X
ChlorodibenzofuransX 
Chlorodifiuoro- 
methanc X
Chloroform; aka:
Methane, trichloro X 
p-Chloro-m-cresol X 
Chloromethyl 
methyl ether; aka:

TC HAP CAS *

X X -

X X 92524
X 103231

7440428

X 421012

X X 75252

101553

X 75638
X 106990

126998

141322

X 71363
X 78922
X 75650

X 85687

X 106887

X 123728
X 7440439
X X -

X X 156627
X 105602

X X 133062
X X 63252
X X 75150
X X 56235
X X 463581
X X 120809
X X 133904
X X 57749
X X 7782505
X 10049044
X X 79118
X X 532274

X 108907
X X 510156

75456

X 67663
59507

Chemical Name IIS

Methane,
chluromethoxy-
Chlorophenols 
2-Chlorophcnol X 
4-ChIorophcnyI 
phenyl X
Chloroprene 
Chlorothalonil 
Chromium X
Chromium compound 
Chrysene X
C.I.Acid Blue 9,
diammonium salt
C.I.Acid Blue 9,
disodium salt
C.I.Acid Green 3
C.I. Basic Green 4
C.I. Basic Red 1
C.I. Direct Black 3«:
aka: 2,7-NaphthalcncdisuI-
fonic acid, 4-amino 31
[4’-[ (2,4-diaminophcnyl)azoj
ll,l'-biphenyl]-4-yl|
azo]-5-hydroxy-6-( phe nylazo)-,
disodium salt
C.I. Direct Blue 6; aka:
2,7-Naphthalcnedisulfonic
acid, 3,3’- [[1, V-biphenyl]-
4,4’-diylbis(azo) ]l-is(5-
amino-4-hydroxy-.
tetrasodium salt
C.I. Disperse Yellow 3
C.I. Food Red. 5
C.I. Pood Red 15
C.I. Pigment Green 7
C.I. Solvent Orange 7
C.I. Solvent Yellow 3
C.I. Solvent Yellow 14
C.O. Vat Yellow 4
Cobalt X
Cobalt compounds X
Coke oven emissions
Copper X
Copper compounds
Copper, [1,3,8,16,18,
24-hexabromo-
2,4,9,10,11,15,17,22,
23,25-decachloro-29H,
3 11 IH-phthalocyaninat o 
(2->N(29),N(30), 
N(31),N(32)]-,(SP-4-l>; 
aka: C.I. Pigment 
Blue 15
Creosote X
p-Cresidine 
Cresoles Creslylic 
acid (isomers and 
mixture); X
aka: Phenol, mcthyl- 
m-Cresol; aka:
Phenol, 3-methyl- 
o-Cresol; aka: Phenol, 
2-methyl- X
p-Cresol; aka:
Phenol, 4-methyl- X

TC HAP CAS*

X X 107302

X
95578

7005723
X 126998

X 1897456
X 7440473
X X -

218019

X 2650182

X 3844459
X 4680788
X 569642
X 989388

X 1937377

X 2602462

X 2832408
X 3761533
X . 81889 '
X 1328536 -
X 3U8976
X 97563
X 842079 .-
X 128665
X 7410484
X X -

X -

X 7440508
X ■

X ' 147148 
X : 8001589 
X 120718

X . X:. ... 1319773

X X. _  108394

X . : X - 95487

X X 106445
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Chemical Name HS TC HAP CAS fP Chemical Name HS TC HAP CAS #
Cumene X 98828 (mixed isomers)
Cumene hydroperoxide; m-Dichlorobenzcne; aka:
aka: Hydroperoxide, X 80159 Benzene, 1,
1-methyl-1- 3-dichloro- X X 541731
phenylethyl- o-Dichlorobenzcne;
Cupfcrron X 135206 aka: Benzene, 1,
Cuprate(2-), [5-[ 2-dichloro X X 95501
[4’-[2,6-dihydroxy-3- p-Dichlorobeuzene;
f (2-hydroxy-5 aka: Benzene, 1,
jjuItbphenyOazo] 4-dichloro- X X 106467
phenyl] 1,4-Dichlorobenzenc(p) X 106467
azo] [1,1'-biphenyl]- 3,3-Dichloro-
4-yl]lazo]-2-hydroxy benzidine X X X 91941
benzoato Dichlorobromomethane;
(4 ) ]-, disodium X 16071866 aka: Methane, X X 75274
Cyanide X X 57125 bromodichloro
Cyanide compounds X X - Dichlorodifluoro-
Cyclohexane X 110827 methane; aka:
Cyclohexane, 1,2,3, CFC-12 X X 75718
4,5,6-hexachloro-, X 319846 1,2-Dichlpro-
(1 alpha, 2alpha, ethylene X X 540590
3beta,4alpha, cis-l,2-Dichlovo-
5bera, 6beta> ethylene X 156592
Cyclohexanone X 108941 Dicliloroethyl
Cyclonite; aka: ether; aka:
RDX X 121824 Bis(2-chloroethyl) X X . X 111444
DDb X 3547044 Dichloroisopropyl
4,4’DDE, ether; aka:
DDT, DDD X 72559 Propane, 2,2’- X 108601
Dcvabromodiphenyl oxybis[l-chloro-;
oxide; aka: aka: Bis(2-chloro-l-
Dccabromodiphenyl ether X 1163195 methylethyOether,
Diallate X 2303164 or Bis(2-chloroisopropyl)
2,4-Diaminoanisole ether Dichloro-
sulfate; aka: X 615054 methylethcr; aka:
1,3 licnzenediamine, Bis(chloromethyl)
4-mcthoxy-; or ether X X X 542881
m-Phenyienediamine, * 2,4-Dichloro-
4-methoxy- phenol X x 120832
2,4-Diaminoanisole 2,4-D;aka:2,4-
sulfate; uka: 1,3- X 39156417 Dichlorophenoxy-
Benzcnediamine, acetic acid X X X 94757
4-methoxy-, sulfate (1:1) (HS includes salts
4,4' Diaminodiphenyl and esters)
ether X 101804 1,3-Dichloro-
2, i-Diaminotolucne; aka: propene X 542756
2,4- roluene diamine, X X 95807 cis-1,3 Dichloro-
or 1,3-Benzenediamine, propene X 10061015
4-mv(hyl-, of 1,3-Diamino- trans-l,3-Dichloro-
4-methylbenzene propene X 10061026
Diazomethane X X , 334883 Dichlorotetrafluoro-
Dibenzo[a,h] ethane; aka: CFC114X 76142
anthracene X 53703 Dichlorvos ' X X 62737
Dibcivzohirans X X X 132649 Dicofol X 115322
Dil)mmotetrafluoro Dicldrin/aldrin X 60571
ethane; aka: lialon 2402 X 124732 l:2,3:4-Dicpoxy- - y . . ■■

.14645331,2-Dibromo- butane; aka: 2,2'-Boxir^ne ■ ■ X '
3-chloro.propane X 961281 Diethanolamine 111422
Dibuiyl phthalate; Diethyl sulfate X 64675
aka: 1,2-Benzene Di(ethylhexyl)
dicai box>'lic X X ’ X 84742 phthlate;aka:
acid, dibutyl ester; l,2-Bis(2-ethyl- ,

or Di n-butyl phthalate hexyl) X X X 117817
Dichlorobcnzenc; phthalate; or
aka: Benzene, dichloro X 25321226 Bcnzenedicarboxylic
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acid, bis(2-ethylhexyl) 
ester, or DEHP 
Diethyl phthalate; 
aka: 1,2-Bcnzcnc-
dicarboxyJic X X 846627
acid, diethyl ester
3,3'-Dimethoxy

Chemical Name HS TC HAP CAS #

benzidine X X 119904
Dimethyl amino- 
azobenzene; aka: 
4-Dimethyl- X X 60117
aminoazobenzene 
N,N-Dimethylaniline; 
aka: N,N-DimethyI 
aniline X X 121697
3,3’-Dimethyl- 
benzidine; aka: 
o-Tolidine X X 119937
Dimethyl- 
carbamyl chloride X X 79447
Dimethyl formamide; 
aka: DMF, or 
Formamide, X X 68122
N.N-dimethyl-
1,1-Dimethyl-
hydrazine X X 57147
2,4-Dimethyl-
phenol X X .105679
1,2-Dimethyl 
phthalate; aka: 
Benzene-
dicarboxylic X X X 131113
acid, dimethyl 
ester; or Dimethyl- 
phthalate 
Dimethyl sulfate • - X 77781
4.6- Dinitro-o- 
cresol; aka:
4.6- Dinitro-2-
methyl- X X X 534521
phenol (HAP 
includes salts) 
2,4-Dinitro- 
phenol X X ■ X 51285
2,4-Dinitro- 
toluene X X X 121142
2,6-Dinitro- 
toluene X X 606202
Di-n-octyl
phthalate; aka: X • X 117840
carboxylic acid, 
dioctyl ester 
Di-n-propylnitro- 
samine; aka:
1-Propanamine, X X 621647
N-nitroso-N-propyl;
or Nitrosodipro-
pylamine
1,4-Dioxane;
aka: 1,4-Diethyl-
eneoxide; or
Dioxane X X X 123911
1,2-Diphenylhy-
drazine; aka:
Hydrazine, 1,2- X X X 122667

Chemical Name HS 

diphenyl-; or 
Hydrazobenzene 
Disulfoton X
Endosulfan;aka:

TC HAP G 4S#

298044

Alpha, beta, sulfate X 
Endrin aldehyde/

115297

endrin X
Epichlorohydrin; aka:

' 7221934

Oxirane, chloromethyl-, 
or l-Chloro-2, 
3-epoxypropane) 
Ethanamine,
N-ethyl-; aka:

X x  ■ 106898

diethylamine 
Ethane, 1, 
l-dichldro-;aka: 
Ethylidene

X 109897

dichloride X
Ethane, 1,1’-

X 75343

[methylenebis 
(oxy) ]bis[2- 
chloro-; X 111911
aka: Bis(2-chloro- 
ethoxy)mcthane 
Ethanol, 2,2’- 
iminobis-; aka:

'

Diethanolamine 
Ethene, (2-

X 111422

chloi-oethoxy); aka:
2-Chioroethyl X 110758
vinyl ether 
Ethene, 1,2- 
dichloro-, (E>;
aka: 1,2-trans- X 156606
Dichloroethene 
Ethyl acrylate; -

aka: 2-Propenoic 
acid, ethyl ester X X 140885 .
Ethyl benzene; aka:
Benzene, ethyl- X X X 100414 -
Ethyl carbamate; aka: 
Urethane X 51796
Ethyl chloride; 
aka: Ethane, chloro X X X 75003
Ethyl chloroformate . X 541413
Ethylene X 74851
Ethylene 
dibromide; aka:
1,2-Dibromo-
ethane, X X X 106934
orEDB 
Ethylene 
dichloride; aka:
Ethane, 1,2- 
dichloro- X X X 107062
Ethylene glycol 
Ethylene glycol 
monoethyl etlier;

X X X 107211

aka: X 110805
2-Ethoxyethanol 
Ethyleneimine; 
aka:Aziridine, or ; x. X 151564
Ethylene imine 
Ethylene oxide; 
aka: Oxirane X X X 75218
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Chemical Name HS

Ethylene thiourea
Fluometuron
Fluoranthene
Fluorene X
Fluorides/fluorine/
hydrogen fluoride X
Fluorotrichloro-
methane; aka:
Trichloro- X
fluoromethane, or
CFC-11
Formaldehyde X
Freon 113; aka:
Ethane, 1,1,2-
trichloro-1,2,2,- X
trifluoro-, or Chlorinated
fluorocarbon
Glycol ethers
Heptachlor
(heptachlor/
Heptachlor
epoxide X
under HS)
Heptachlor
epoxide X
Heptane X
Hexachloro-
benzene X
Hexachloro-
butadiene; aka:
1,3-Butadiene, X
1,1,2,3,4,4-
hexachloro-
Hexachloro
cyclopentadiene;
aka: 1,3- X
Cyclopentadiene,
1,2,3,4,5,5-hexa- 
chioro-
Hexachloroethane; 
aka: Ethane, 
hexachloro- X
Hexachloro 
naphthalene; 
aka: Naphthalene, 
hexachloro- 
Hexamethyl- 
phosphoramide 
Hexane X
Hydrazine X
Hydrazine sulfate 
Hydrochloric acid 
Hydrogen cyanide; 
aka: Hydrocyanic acid 
Hydrogen 
fluoride; aka: 
Hydrofluoric acid 
Hydrogen sulflde X 
Hydroquinone 
Indeno [1,2,3- 
cd] pyrene X
Isobutyraldehyde 
Isophorone; aka:
2-Cyclohexen-l- 
one, 3,5,5- X

TC HAP CAS#

X
X
X

X 96457
2164172

206440
86737

16984488

X 75694

X X 50000

X 76131

X X -

X X 76448

1024573
142825

X X 118741

X X 87683

X X 77474

X X 67721

X 1335871

X X 680319
X 110758

X X , 302012
X 10034932
X X 7647010

X 749008

X X 7664393
X 7783064
X 123319

193395
X 78842

X 78591

Chemical Name HS 
trimethyl- 
Isopropyl alcohol; 
aka: Isopropanol or 
2-Propanol 
4,4 '-Isopropylidene- 
diphenol; aka: Phenol, 
4,4'-(l- methylethyii- 
dene)bis-; aka: 
BisphenolA 
Lead X
Lead compounds 
Lindane (HAP 
includes all isomers) 
Malathion ( X 
Maleic anhydride; 
aka: 2,5- 
Furandione 
Maneb
Manganese X
Manganese compounds 
MBI; aka: 4,4'- 
Methylenebis (N,N- 
dimethylbenzenamine) 
Melamine
Mercury X
Mercury compounds 
Methane,
bromochloro- X
Methane,
dibromochloro-;
aka: X
Chlorodibro momethane
4,4'-Methylenebis
(N,N-dimethyl-
benzenamine)
Methylene bromide; 
aka: Methane, dibromo- 
Methylene chloride; 
aka: Methane, 
dichloro-, or X
Dichloromethane
4,4-Methylenedianiline; 
aka: Benzenamine, 4,4'- 
methylenebis-, or MDA 
Methanol X
Methoxychlor X
2-Methoxyethanol 
Methyl acrylate; 
aka: 2-Propenoic acid, 
methyl ester 
Methyl bromide; aka: 
Btomomethane, or X 
Methane, bromo- 
Methyl n-butyl 
ketone; aka: 2- 
Hexanone X
Methyl chloride; aka: 
Methane, chloro- X 
1-Methylethylben- 
zene; aka: Cumene, or 
Benzene, (l-methylethyl> 
Methyl ethyl ketone; 
aka: 2-Butanone 
or MEK X
Methyl hydrazine;

TC HAP CAS #

X 67630

X 80057
X 7439921
X X -

X X 58899
121755

X X 108316
X 12427382
X 7439965
X X

X 101688

X 108781
X 7439976
X X

•; 74975

124481

X 101611

X . 74953

X X ... 75092

X X 101779

X X 67561
X X 72435
X 109864

X 96333

X X 74839

591786

X X 74873

X 98828

X X 78933

257



Chemical Name HS TC HAP CAS# Chemical Name HS TC HAP CAS#
aka: Mcthylhydrazinc X X 60344 Nitrogen mustard; aka:
Methyl iodide; aka: Mechlorethamine X X 51752
lodomethane X X 74884 Nitroglycerin X 55630
Methyl isobutyl 5-N i t ro-o-an isid i ne X 99592
ketone; aka: 2- Nitrophenol X 25154556
Pentanone, X ■ x X 108101 2-Nitrophenol X X 88755
4-niethyi-, or Hexone 4-Nitrophenol;aka:
Methyl isocyanate X X 624839 p-Nitrophenol X X X 100027
4-4 ’-MethylenebisX2- 2-Nitropropane X X 79469
chlorobenz- N-Nitrosodicthylaminc X 55185
enaminc); X X X 101144 N-Nitrosodimeth-
aka: 4,4?-Mcthy- ylamine X X X 62759
ienebis (2-chloro- N-Nitrosodiphen-
aniline), or MBOCA ylamine X X 86306
Methylene diphenyl p-Nitrosodiphen-
diisocynate; aka: ylamine X 156105
Benzene, X X 101688 N-Nitrosodi-n-
1,1 '-methylene- butylamine; aka:
bis[4-isocyanato-, 1-Butanamine, X 924163
Methylenebis, N-butyl-N-nitroso-;
(phenylisocynate), or Nitrosodibutylamine
or MDI Methyl N-Nitroso-N-ethylurea X 759739
methacrylate; aka: N-Nitroso-N-mcthylurea X 684935
2-Propenoic acid. X X X 80626 N-Nitrosomethylvinylamine X 4549400
2-methyl-, methyl ester N-Nitrosomorpholine X X ' 59892
2-Methylnaph- N-Nitrosonornicotine X , 16543558
thalene X 91576 • N-Nitrosopiperidin X 100754
Methyl tert-butyl Octane X 111659
ether; aka: Propane, X X 1634044 Octachloronaphthalenc;
2-methoxy-2-methyl- aka: Naphthalene, X 2234131
Micliler’s ketone X 90948- octachloro-
Mineral fibers Ostnium tetroxide X 20816120
(includes mineral fiber X - Oxirane, ethyl- X 106887
emissions from Parathion; aka:
places manufacturing DNTP X X X 56382
or processing glass. PCBs-Aroclor 1016 X 12674112
rock, slag, or other PCBs-Aroclor 1221 X 11104282
mineral-derived PCBs-Aroclor 1232 X 11141165
fibers, avg. under 1 PCBs-Aroclor 1242 X 53469219
micrometer) PCBs-Aroclor 1248 X 12672296
Mirex X 2385855 PCBs-Aroclor 1254 X 11097691
Molybdenum X- 7439987 PCBs-Aroclor 1260 X 11096825
Molybdenum Pentachloronitro-
trioxide; aka: benzene; aka:
Molybdenum X 1313275 Quintozene X X 82688
oxide ■ orPCNB
(Mono)chloropent- Pentachlorophcnol;
afluoroethane; X 76153 aka PCP X X X 87865
aka:CFC115, n-Pentane X 109660
Mustard gas; aka: Peracetic acid X 79210
Ethane, 1,V- Phenathrene X 85018
thiobisf 2-chloro- X X X 505602 Phenol X X X 108952
Naphthalene X X X 91203 p-Phenylenediatnine;
alpha-Naphthylamine; ' aka: 1,4-Benzenediamine, X X 106503
aka: 1-Naphthylaminc X ■ 134327 p-Diaminobenzenc, or p-PDA
beta-Naphthylamine X 91598 2-PhcnylphcnoI X 90437
Nickel X X 7440020 Phosgene X X X 75445
Nickel compounds X X - Phosphine X 7803512
Nitrates/nitrites X 14797558 Phosphoric acid X,. X 7664382
Nitric acid X 7697372 Phosporous
Nitrilotriacetic acid X 139139 (yellow or white) X 7723140
Nitrobenzene; aka: Phthalic anhydride X X 85449
Benzene, nitro- X X X 98953 Picric acid X 88891
4-Nitrobiphenyl X X 92933 Plutonium-239 X 15117483
Nitrofen X 1836755 Polybrominatcd
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Chemical Name HS

biphenyls; aka:
PBBs X
(brominated biphenyl 
molecules having the 
molecular formula 
CC(12)H(x)Br(y), 
where x +y = 10 and 
y ranges from 1 to 10) 
Polychlorinated 
biphenyls; aka: PCBs 
(any
chemical substance 
that is limited to the 
biphenyl molecule that 
has been chlorinated 
to varying degrees, or 
any combination of 
substances which 
contains such 
substances), or 
Archlors Polycyclic 
organic matter 
(organic matter with 
more than one benzene 
ring, with a boiling point 
at or above 100°C) 
Propane, 1,2-dibromo- 
3-chloro- X
1,3-Propane sultone; 
aka: Propane 
sultone, or 1,2- 
Oxathiolane, 2,2- 
dioxide 
Propane, 1,2,3- 
trichloro X
2-Propen-l-ol; aka:
AIM alcohol 
1-Propene, 1,3-dichloro-; 
aka: 1,3-Dichloro- 
JH'ppylene. ,
1- Propene, 2,3-dichloro-
beta-Propiolactone 
Propionaldehyde 
Propoxur; aka: Baygon 
Propylene; aka: Propene 
Propylene dichloride; 
aka: Propane, 1,2- 
dichloro- X
Propyleneimine; aka:
1,2-Propylenimine, or
2- Methyl aziridine 
Propylene oxide; aka: 
Oxirane, methy- 
Pyrene; aka: Benzo 
Idef) phcnanthrenc X 
Pyridine 
Quinoline 
Radionuclides 
(including nidon)
Radium X
Radium
compounds X
Radon and its 
compounds 
(HAP under X

TC HAP CAS #

X -

X X 1336363

X '

X 96128

X X 1120714

96184

X 107186

X 542756

X 78886
X X 57578
X X , 123386
X X 114261
X 115071

X X 78875

X X 75558

X X 75569

129000
X 110861
X V  X 91225

X
7440144

X 10043922

Chemical Name HS

Radionuclides, above) 
Saccharin (manufacturing) 
Safrole
Selenium X
Selenium compounds 
Silver X
Silver compounds 
Sodium sulfate 
(solution)
Strontium X
Styrene; aka:
Benzene, ethenyl- X 
(Styrene monomer)
Styrene oxide; aka: 
Oxirane, phenyl- 
Sulfur dioxide X 
Sulfuric acid X
Sulfuric acid, 
diethyl ester; aka: 
diethyl sulfate 
Sulfuric acid, 
dimenthyl ester 
Terephthalic acid 
2,3,7,8-Tetrachloro- 
dibenzo-p-
dioxin; aka: X
tetrachlorodibenzo-
p-dioxin
1,1,2,2-TetrachlOro- 
ethane; aka:
Ethane, X
1,1,2,2,-tetrachloro- 
Tetrachloroethylenc; 
aka: Perchloroethylcne, 
or Ethene, terachloro- 
Tetrachiorvinphos 
Tetrahydrofuran X
Thallium X
Thallium compounds 

- Thioacetamide 
4,4’-Thiodianiline 
Thiourea
Thorium X
Thorium
compounds X
Thorium dioxide 
Tin X
Titanium dioxide 
Titanium tetrachloride 
Toluene; aka:
Benzene, methyl- X
Toluenediamine; aka: 
Benzenediamine, 
ar-methyl-; or 
Diaminotoluene 
Toluene diisocynate 
(mixed isomers); 
aka: X
Benzene, 1,3- 
diisocyanatomethyi- 
Toluene-2,4- 
diisocyanate 
Toluene-2,6- 
diisocyanate; aka:
Benzene,

TC HAP CAS #

X 81072
X 94597
X 7782492
X X -

X 7440224
X -

X 7757826
7440246

X X 100425

X X 96093
7446095

X 7664939

X 64675

X 77781
X 100210

X 1746016

X X 79345

X X 127184

X 961115
109999

7440280
X
X 62555
X , 139651
X 62566

7440291

X 1314201
7440315

X 13463677
X X 7550450

X X 108883

X 25376458

X 26471625

X X 584849

X 91087



Chemical Name HS TC HAP CAS# Chemical Name HS TC HAP CAS#

l,3<liisocyanato-2- Uranium
methyl-oToluidine; compounds X -
aka: Benzenamine, Vanadium
2 methyl- X X 95534 (fume or dust) X X 7440622
o-Toluidine Vinyl acetate; aka:
hydrochloride X 636215 Acetic acid, ethenyl
Toxaphene; aka: ester X X X 108054
Chlorinated Vinyl bromide; aka:
camphene X X X 8001352 Ethene, bromo- X 593602
2,4,5-T X 93765 Vinyl chloride
2,4,5-TP acid; (monomer) X X X 75014
aka: Silvex X 93721 Vinylidcne
Triaziquone X 68768 chloride; aka:
Trichiorfon X 52686 1,1-Dich loro-
1,2,4-Trichloro- ethylene, X X X 75354
benzene; aka: or 1,1-Dichloro-
Benzene, X X X 120821 ethene Xylenes;
1,2,4-trichloro- aka: Benzene,
1,1,1-Trichloro- dimethyl- (Total X X X 1330207
ethane; aka: Methyl xylenes-HS;
chloroform; X X x 71556 isomers and
or Ethane, 1,1,1- mixturc.s-HAP)
trichlqro-l, 1,2-Tri- m-Xylene; aka:
chloroethane; aka: Benzene, 1,3-dimcthyl- X X 108383
Ethane, 1,1,2- o-Xylenc; aka:
trichloro- X X X 79005 Benzene, 1,2-dimethyl- X X 95476
Trichloroethylene; aka: p-Xylenc; aka:
Trichloroethene X X X 79016 Benzene, 1,4-dimcthyl- X X . 106423
2,4,5,-Trichloro- 2,6-Xylkline X 87627
phenol X X X 95954 Zinc (fume or
2,4,6-Trichloro- dust) X X 7440666
phenol X X X 88062 Zinc borate
Triethylamine X 121448 hydrate; aka: ZBi2335 X 12513278
Trifluralin X X 1582098 Zinc compounds X -
1,2,4-Trimethyl- Zineb X 12122677
benzene; aka:
Benzene, X 95636
1,2,4-trimethyl-
2,2,4-Trimethyl-
pentane; aka:
Pentane, X X 540841
2,2,4-trimethyl- ,

1,3,5-Trinitro
benzene X 99345
Trinitrophenyl-
mcthylnitramine X 479458
2,4,6-TrinitrotolueneX 118967 Key
Tris (2,3-dibromo- HS — Hazardous substances
propyl) phosphate X 136727 TC = Toxic chemicals
Tritium X 10028178 HAP = Hazardous air pollutants
Uranium X 7440611 aka = also known as; used when material has alternate name(s)

Sources: Chemicals on Reporting R ules (CORR) Database, 6/30/90, com piled  by the  Office o f  Toxic Substances (OTS), 
Existing Chemical A ssessm ent Division, Chemical Screening Branch. A lso Clean A ir  A ct o f  1990; available in U.S. 
Environm ental Law s (Bureau o f  N ational A ffa irs, 1991)•
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Critics believe the use of softwoods is preferable to hardwoods as they can be re-used.
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the Environment
By Birgitte Maurice-Jones

The m ateria ls  used and the m ethods em ployed on 
construction sites at present can have a detrimental effect 
on our urban and natural environment. But there are 
solutions available now which could dramatically improve 
the situation.

p  nvironmental pollution, in all its forms, 
L  is largely caused as a direct result of 

the ‘ivory carver's syndrome’: man's 
™  inability to see further than the 
oursuit of his own material wealth, with 

' -isuIt that there is a sudden 
u;,availability of materials.

When we consider the business of 
construction, from the design stage 
through to the application of a building’s 
cladding material, we can identify areas in

which architects, contractors and interior 
designers alike could modify their work in 
favour of a more environmentally friendly 
approach. It is, however, necessary for 
governments, who tend to control many 
construction  pro jects, to openly 
acknowledge the need for change and to 
draw up legislation which calls for 
sa tisfactory building practices and 
penalises the wastage of valuable natural 
resources.

Work on the foundations of a building 
is normally the most noisy part of the 
construction process. This is particularly 
the case where hammers are used to 
drive piles into the ground. At times the 
use of these machines can be avoided; a 
soil investigation is always carried out on 
a site to determine which methods of 
foundation construction are appropriate. 
Ground treatment is often suitable using 
some form of impact or v ibratory

This material may be protected by 
copyright law (Title 17 Lf.S. code).19



techniques, especially for granular soils 
such as sands, gravels or cobbles with a 
low silt content and where low-rise 
structures are to be built. Here the noise 
pollution is minimal. A typical example of 
the implementation of these methods is 
on land reclamation sites, which tend to 
be remote anyway.

The most serious damage to the 
environment occurs at this stage in the 
form of noise and air pollution when steel 
piles are driven into the ground using a 
diesel hammer. As the hammer s weight 
comes down on the pile there is an 
explosion as the gases are compressed. 
This effectively forces the hammer back 
up again, creating a large cloud of 
poisonous fumes in the process. The use 
of a hydraulic hammer is preferable in all 
respects. No gases are used; instead, 
hydraulic jacks on the sides of the 
hammer lift it into the air. When the 
pressure is released on the jack, the 
hammer is simply dropped. Though the 
noise created by both types of hammer is 
virtually the same, the added sound of 
gas escaping and the associated rattle is 
what makes the diesel hammer so

The environmentally friendly Vital Life Centre. One of the more efficient hydraulic hammers.

disturbing. As Rod Buckell, former 
chairm an of the Construction 
Association's Environmental Committee, 
says, “it's not a nice clean, crisp bang". 
Neither can a silencing box be built 
around the diesel hammer since it would 
simply catch fire as a result of the 
explosion.

In spite of the advantages of hydraulic 
hammers, and the fact that many 
contractors in Asia have experimentad 
with them successfully, they cannot 
always be used. In Hong Kong, for 
example, “though the Environmental 
Protection Department has encouraged 
the use of less noisy equipm ent, 
con tractors have to com ply with 
antiquated governm ent build ing 
regulations, and unfortunately these 
actually favour diesel hammers," says

Buckell. In places such as Singapore, 
Thailand and Malaysia where design 
rules have been modified in line with 
modern equipment, it has been seen that 
even though the initial cost of a hydraulic 
hammer is greater than a diesel one, it 
works far more efficiently and hence its 
use can be justified.

As things stand, it is difficult for 
contractors  to opt for the most 
environmentally friendly methods of 
construction when they end up absorbing 
the extra costs involved themselves. 
Usually the contractor who offers the 
lowest bid wins a job. So, as Buckell 
says, “it’s difficult for contractors to come 
up with environmentally sound methods 
of construction alone, since they just get 
a pat on the back but no extra profit from 
it themselves".

The immediate effects of air and noise 
pollution caused by piledriving work is 
something of which all urban dwellers are 
aware. However, the number of people 
who stop to consider the long-term effects 
of the consumption of rainforest timber 
products, for example, is relatively few. 
These products continue to be exported 
from the rainforest regions of Thailand, 
Malaysia, Indonesia and Burma, despite 
the desertification of the land and the 
floods and famine resulting from the 
clearfelling of trees. The disastrous 
effects of over-logging in tropical regions 
are enormous. When monsoon rains hit 
the cleared topsoil of a previously 
forested area they wash away the mud, 
leaving behind a barren wasteland. As 
interior designer David McDowell points 
out, “we cannot remove one major

20



Hong Kong appears to be lagging behind poorer neighbours in environmental protection in con
struction.

stabilising element of the environment 
and expect it to remain the same".

The m onocu ltura l cropping of 
softwood plantation pines is a much 
more efficient type of venture than the 
felling of trees in tropical rainforests; 99 
per cent of the materials cleared from 
plantations are used, compared to just 30 
per cent of the material cleared from the 
rainforests. The reason for this is that 
tropical trees are cut into long, even logs, 
the outside of the trunk and branches 
being discarded and left to dessicate in a 
pile together with smaller trees, which 
cannot survive without the forest canopy, 
and ones not useful for timber.

Certain trading companies, even in 
Hong Kong, have a lready stopped 
importing tropical wood products. It 
makes good business sense, says Jon 
Thompson of E & V International, which 
supplies laminated softwood beams for 
concrete form use, oriented strand 
boards (OSBs) and medium-density fibre 
boards (MDFs). OSBs are used for wall 
sheathing and hoardings surrounding 
construction sites and are cheaper than 
hardwood plywood. Thompson says it is 
just a case of getting people to change 
their traditional methods of working: “It's a 
very traditional industry and getting 
people to change is not easy. No one

wants to be first, especially when projects 
have such a tight time schedule.”

Fibre and particle boards can be better 
than rainforest timber products: though 
they are five per cent weaker in terms of 
load-bearing properties, they provide for a 
much better laminate or veneer finish 
because they have a smooth surface and 
consistent thickness.

Fibreboard is made from quick
growing pine. There are many mills 
operating this kind of venture; they plant 
five or six trees in place of one. Of these, 
two to three survive, and the rest are 
pulverised to make MDF or chipboard. 
Thompson recognises a real need to 
make contractors aware of the versatility 
of these products: "They are not going to 
use them unless they are readily 
available, and similarly, suppliers are not 
going to stock them unless there is a real 
demand."

One of the drawbacks of softwoods is 
the knots they have due to the relatively 
high frequency of branches along the tree 
trunks. This can be overcome by taking 
shorter lengths of wood and making a 
complicated dovetail join. The result is a 
virtually clear length of lumber.

Permacrib is a company making 
retaining walls from plantation pines to 
prevent soil movement. Soft plywoods

can also be covered in a phenolic film 
paper coating and can be used for 
shuttering. Because the surface is hard, 
it is easier to remove from concrete, and 
can be used many times.

Thompson says: “I don’t believe in no 
wood at all, but certain types have 
different uses. Sometimes, of course, 
tropical hardwoods are perfect, but 
unfortunately they do not have renewable 
plantation programmes, it’s just a case of 
slash and burn."

McDowell claims that all it would take 
is for bodies such as the Hong Kong 
government to recognise that these 
plantation timbers are already labelled as 
‘British standard’, and specify their use as 
a valuable alternative to traditional 
materials for joining and carpentry 
purposes.

All the interiors David McDowell 
Design Consultants create are designed 
with reusable products. In tne case of the 
International Body Shop chain, he has 
overseen the redesign of the detailing to 
suit local construction methods; fixtures of 
modular design can be transported easily 
when a shop’s location is changed. 
McDowell recommends the application of 
reusable natural materials in all areas. He 
says designers should, for example, allow 
stonework for flooring or cladding to be 
easily removed and reused either in its 
original form or as a composite stone. As 
for interiors, they are never built for 
posterity: "These environments have to 
change frequently and should do so 
efficiently," says McDowell. One of his 
most recently completed projects is Hong 
Kong’s Vital Life Centre. Needless to 
say, he proceeded w ith an 
environm enta lly  conscious design 
concept, where all fixtures employed are 
reusable non-rainforest plantation timber 
products.

The best a lternative to trop ica l 
rainforest wood products for shuttering is 
steel formwork supported by steel props. 
Of course certain mould shapes such as 
cylindrical columns are difficult to achieve 
with steel, and architects tend to design 
irregular-shaped buildings in the name of 
art; unfortunately this lends itself to 
hardwood timber formwork. Designs 
really have to be rectilinear to justify the 
use of steel, so contractors are restricted 
to a certain extent in their choice of 
materials. If, for example, buildings in a 
modern housing developm ent are 
constructed on a modular pattern, steel 
formwork can be employed economically, 
the same moulds being used many times.
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The World Wide Fund for Nature has asked architects to take 
the initiative in specifying timber from sustainable sources
BY DEBORAH SINGMASTER

auditorium. Below: 
new reception desk, 
with graphics designed 
by the architect

The EC has yet to include mandatory direc
tives on the use of timber from sustainable 
sources. The UK government is also dragging 
its heels on the issue. Meanwhile, the world’s 
forests are being ‘plundered at a potentially 
disastrous rate’, says the World Wide Fund 
for Nature (WWF), which is pleading with 
architects to take the initiative.

‘The time has come for architects to take 
a more responsible line when specifying 
timber in buildings,’ says Jean-Paul Jean- 
renaud of the WWF. ‘The threat is no longer 
confined to tropical forests, temperate and 
boreal forests are now also in jeopardy.’

In a recent statement, the WWF warned: 
‘The purchasing policies of companies, 
county councils, city councils, architects 
and specifiers have a direct impact on the 
world’s forests.’

The architect is at .present faced with a 
dilemma. He or she may specify renewable 
tim ber as a m atter of course, but a client may 
want certain joinery features -  a teak bath, 
hard wood flooring -  at a time when sup
plies of this particular wood may be limited 
and of dubious provenance, thus tempting 
architect and contractor to turn a blind eye 
to the source of the desired timber.

In cases where client and architect both 
insist on sustainability, the contractor p u r
chasing the timber may be misled by the 
supplier, the supplier in turn  may be misled 
by the merchant, or all three may be fooled 
by dishonest labelling.

But the situation is changing. Last O cto
ber in Toronto the WWF launched the Forest 
Stewardship Council (FSC). The FSC’s aims 
are to prom ote principles of good forest 
management and to set in place a global tim 
ber certification and labelling program m e 
which will do away with the present plethora 
of misleading labels and unsubstantiated 
claims of sustainability which make verifica
tion virtually impossible. It is currently 
adding the finishing clauses to a global 
labelling system.

Once this is in place, certification bodies 
can apply to the FSC for accreditation, to 
confer FSC approval on logged timber. 
Potential certifying companies are: SGS Sil- 
viconsult (UK), the Soil Association (UK), 
the Scientific Certification System (US) and

the Rainforest Alliance, Smartwood Pro
gram (US).

When this labelling scheme comes into 
force later this year, it will, in theory, be pos
sible to trace any piece of timber back to its 
source. It will replace all previous labels, and 
suppliers and buyers will no longer be able 
to plead ignorance of a product’s origin.

Coherent labelling will help, not only 
architects but also pioneer members of the 
1995 Group, formed by the WWF in 1991 
with the aim of phasing timber from non- 
sustainable sources out of the UK market by 
1995, an ambition to which the Dutch gov
ernm ent is also committed.

So far. membership of the group has been 
drawn almost entirely from timber retailers 
and a few construction companies. The sig
nificant names on the list are the big DIY 
retailers B&Q, MFI and Texas Homecare, 
accounting for 10 to 15 per cent of UK tim 
ber consumption. So far 22 companies have 
joined the group.

Jeanrenaud, a founder member of the 
FSC, believes that the time has now come for 
architects and specifiers ‘to start drawing up 
environmental policies that will have some 
teeth and be in place for 1995’. Some of the 
possible steps the profession as a whole 
might consider are:
•  inclusion of sustainability in every item 
of timber specified, even plywood
•  inclusion of sustainability in any tender 
docum ent
•  inclusion of ‘sustainability’ as an inter
view question at tender stage
•  discussion with clients and the proposal 
o f (a) softwood equivalents where threat
ened hardwoods are proposed (chosen cor
rectly soft wood can perform as well as 
hardwood in most situations) and (b) sal
vaged wood from specialist firms
•  joining the WWF 1995 Group
•  requesting the incorporation o f ‘sustain
ability’ in BREEAM schemes
•  requesting the incorporation o f ‘sustain
ability’ in relevant Codes of Practice and
Building Regulations.__________________ □
For further information about the 1995 Group and 
FSC contact Alison Lucas at WWF on 0483 426444, 
fax 0483 426409.
My timber, page 58
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lumber is often seen as one of the ‘greenest’ materials. But a Friends 
I of the Earth report sees this sector as currently unsustainable

Timber -  not green enough?
by BARRIE EVANS

The simple notion that timber is a 
renewable resource and therefore a 
desirable part of an ecologically sus
tainable future has not stood up to 
recent close scrutiny by Friends of 
the Earth.*

FoE does not see other materials, 
such as concrete or steel, as greener; 
but believes that our current use of 
timber needs to change for the bet
ter. Its main arguments are that:
•  the rate of world consumption of 
timber is unsustainable
•  the UK consumes an unsustain- 
ably large proportion of the world's 
current and potential timber pro
duction
( importing rather than farming 
our own timber is inefficient. How
ever, building up an indigenous 
industry would take well into the 
next century. We need to reduce our 
timber demand, through addressing:
•  pre-consumer waste -  preven
tion, minimisation and recycling
•  post-consumer waste -  reclama
tion, re-use and recycling
C use of substitute renewable 
materials
•  specification for durability and 
reduced use of timber.

Sustainable demand
There is estimated to be enough 
space to produce 2.3 billion mVyear 
of timber against a demand project
ed by the UN for 2010 of 2.7 billion 
mVyear (other forecasts cited range 
from 1.75 to 4.0). Not a bad match 
of supply to demand, you might 
think. But FoE’s view is that con
sumption will increasingly, and 
ought to, be spread more equitably 
across the world. To achieve such 
equity, countries like the UK which 
have a high annual consumption -  
nearly lm J per person per year, close 
to three times the current world 
average -  need to make major cuts 
in demand.

For those who do not accept the 
figures or the ethical imperative of 
global equity, there is at least the 
fact that while demand for con
struction timber in the UK is rela- 

t 4 May 1995

Workshops framed in 
forest thinnings. In the 
foreground the two 
inclined thinnings are 
drawn together at the 
top, demonstrating how 
the main roof arches are 
made. The workshops 
are part of the John 
Makeoeace-inspired 
School of Woodland 
Industry which aims to 
fund new uses for green 
thinnings. The 
workshops are by ABK, 
Frei Otto and Buro 
Happold (A) 20.11.85,
AR September 1990)
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tively static, it is growing elsewhere, 
especially in less industrialised 
countries. And that demand is 
already ahead of sustainably man
aged supply. Not to mention the fact 
that the UK imports 90 per cent of 
its timber demand.

Pre-consumer waste
While use of thinnings from forests 
for the likes of fence posts and 
board-making is said to be well man
aged, there are many other stands of 
trees less actively managed. For 
example, there are many small 
stands on farmland. And there are 
six million trees in 65,000 stands in 
London. One pioneering scheme 
run by the London Borough of Croy
don processes its own and citizens’ 
garden timber waste, turning it into 
fence posts, charcoal, compost, etc.

Processing of timber in the forest 
and at the sawmill are seen as rela
tively efficient, but the furniture 
industry, particularly small firms, is 
inefficient in minimising and recy
cling waste.

Post-consumer waste
A lot of timber is wasted in con
struction and in demolition work. 
The scale of this problem suggests 
big opportunities, but the report is 
sanguine about improvement. 
Because of the dispersed and tem
porary nature of construction sites, 
setting up systems to reclaim, re-use 
or otherwise recycle construction

timber is difficult. The report cites 
transport costs, storage costs, avail
able sizes and stress grading, physi
cal defects, rot, infestation and 
intermittent supply.

Architectural salvage is seen as a 
bright point, but of limited conse
quence in terms of national con
sumption volume.

Natural timber substitutes
There are opportunities to use agri
cultural wastes as partial or com
plete substitutes for some 
constituents of timber-based prod
ucts. Examples include Stramit, 
long-established in the UK, which 
creates a strawboard (to BS 4046) 
through the application of heat and 
pressure. Linseed and flax straw are 
being used in particleboard-making 
on the continent, used for example 
as the cores of doors available from 
the John Carr Group.

The potential of substitutes is 
believed to be extensive.

Specification
Conservation opportunities arise in 
using more durable timbers, 
notably in window and door join
ery, and in specifying the use of tim
ber more tightly. In fully structural 
applications like timber-framing, 
use of new Eurocodes is said to offer 
the chance of 10-20 pe- rent
of material. Specifiers should make 
themselves more familiar with 
other structural-timber technolo
gies and components such as 
stressed-skin panels and timber I- 
beams (solid flanges, ply webs) and 
with less often used composite 
materials such as small-scale glulam 
for floor joists and rafters, parallel- 
strand lumber and laminated- 
veneer lumber.

Overall, the report (which is half 
on construction, half on the paper 
and packing-materials industry) is 
a bit shaky on some of the details 
and thus the conservation opportu
nities of the industry. However, the 
most important part is the strategic 
view, seeing the industry in a new 
light, and this the report does well. 
Timber is a green material. But 
green is a comparative term. Could
be greener.____________________D
Out of the woods: Reducing wood con
sumption to save the world’s forests: A 
plan of action in the UK. T im  R ice  ( e d i

tor). Friends o f  th e Earth (0171  4 9 0  

1555). 152pp. £ 1 5
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