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Abstract— Buildings, infrastructure and the environment are 

inextricably linked. Energy, materials, water and land are all 

consumed in the construction, operation of buildings and 

infrastructure. These built structures in turn become part of 

our living environment, affecting our living conditions. It is 

therefore important to explore environmental design and 

development techniques in order to design buildings 

according to be sustainable, healthy and affordable. Until 

recently, much of the development of building materials has 

predominantly focused on producing cheaper, stronger and 

more durable construction materials. The building sector is 

responsible for creating, modifying and improving the living 

environment of humanity. But the basic problem here that 

are construction and buildings have considerable 

environmental impacts, consuming a significant limited 

proportion of resources in the planet including energy, raw 

material, water and land. The main aim of this paper is 

looking at appropriate tools and concepts for the design and 

assessment of the sustainability components and 

technologies used in buildings and their construction. 
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I. INTRODUCTION 

The concept of sustainable building incorporates and 

integrates a variety of strategies during the design, 

construction and operation of building projects. The use of 

green building materials and products represents one 

important strategy in the design of a building. Building and 

construction activities worldwide consume 3 billion tons of 

raw materials each year or 40 percent of total global use. 

Using green building materials and products promotes 

conservation of dwindling nonrenewable resources 

internationally. In addition, integrating green building 

materials into building projects can help reduce the 

environmental impacts associated with the extraction, 

transport, processing, fabrication, installation, reuse, 

recycling, and disposal of these building industry source 

materials. 

II. WHAT IS SUSTAINABLE CONSTRUCTION 

Sustainable Construction is the adoption of materials and 

products in buildings and construction that will require less 

use of natural resources and increase the reusability of such 

materials and products for the same or similar purpose, 

thereby reducing waste as well. Sustainable construction 

also enhances the resilience of the industry as such materials 

are readily available in the world market. Steel, other 

metals, glass and prefabricated parts using combinations of 

these, as well as recyclable substitutes for concrete are 

examples of sustainable materials and products. 

III. PHASES OF BUILDING MATERIAL 

A. Pre-Building Phase: 

The Pre-Building Phase describes the production and 

delivery process of a material up to, but not including, the 

point of installation. This includes discovering raw materials 

in nature as well as extracting, manufacturing, packaging, 

and transportation to a building site. This phase has the most 

potential for causing environmental damage. Understanding 

the environmental impacts in the pre-building phase will 

lead to the wise selection of building materials. 

B. Building Phase: 

The building phase refers to a building materials useful life. 

This phase begins at the point of the materials assembly into 

a structure, includes the maintenance and repair of the 

material and extends throughout the life of the material 

within as or part of the building. 

C. Post-Building Phase: 

The Post-Building Phase refers to the building materials 

when their usefulness in a building has expired. At this 

point, a material may be reused in its entirety, have its 

components recycled back into other products, or be 

discarded. 

 

Fig. 1: Three phases of the building material life cycle 

IV. FEATURES OF SUSTAINABLE BUILDING MATERIALS 

A. Pollution prevention measures in Manufacturing: 

Pollution prevention measures taken during the 

manufacturing process can contribute significantly to 

environmental sustainability. Identical building materials 

may be produced by several manufacturers using various 

processes. Some manufacturers are more conscientious than 

others about where their raw materials come from and how 

they are gathered. While all industries are bound to some 

extent by government regulations on pollution, some 

individual companies go far beyond legal requirements in 

ensuring that their processes pollute as little as possible. In 

effect, they perform their own life cycle analysis of internal 

processes. 

http://www.calrecycle.ca.gov/greenbuilding/Basics.htm
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B. Waste reduction measures in Manufacturing: 

The waste reduction feature indicates that the manufacturer 

has taken steps to make the production process more 

efficient, by reducing the amount of scrap material that 

results. This scrap may come from the various molding, 

trimming, and finishing processes, or from defective and 

damaged products. Products with this feature may 

incorporate scrap materials or removed them for recycling 

elsewhere. Some industries can power their operations by 

using waste products generated on-site or by other 

industries. These options reduce the waste that goes into 

landfills. 

C. Recycled Content: 

A product featuring recycled content has been partially or 

entirely produced from post-industrial or post-consumer 

waste. The incorporation of waste materials from industrial 

processes or households into usable building products 

reduces the waste stream and the demand on virgin natural 

resources. 

D. Embodied Energy Reduction: 

The embodied energy of a material refers to the total energy 

required to produce that material, including the collection of 

raw materials. This includes the energy of the fuel used to 

power the harvesting or mining equipment, the processing 

equipment, and the transportation devices that move raw 

material to a processing facility. This energy typically 

comes from the burning of fossil fuels, which are a limited, 

non-renewable resource. The combustion of fossil fuels also 

has severe environmental consequences, from localized 

smog to acid rain. The greater a material’s embodied energy, 

the greater the amount of energy required to produce it, 

implying more severe ecological consequences. 

E. Use Of Natural Material: 

Natural materials are generally lower in embodied energy 

and toxicity than man-made materials. They require less 

processing and are less damaging to the environment. Many, 

like wood, are theoretically renewable. When natural 

materials are incorporated into building products, the 

products become more sustainable. 

F. Reduction Of Construction Waste: 

Minimal construction waste during installation reduces the 

need for landfill space and also provides cost savings. 

Concrete, for example, has traditionally been pre-mixed 

with water and delivered to the site. An excess of material is 

often ordered, to prevent pouring delays should a new 

shipment be needed. This excess is usually disposed of in a 

landfill or on-site. In contrast, concrete mixed on-site, as 

needed, eliminates waste, and offers better quality control. 

G. Local Materials: 

Using locally produced building materials shortens transport 

distances, thus reducing air pollution produced by vehicles. 

Often, local materials are better suited to climatic 

conditions, and these purchases support area economies. It is 

not always possible to use locally available materials, but if 

materials must be imported they should be used selectively 

and in as small a volume as possible. For instance, the 

decorative use of marble quarried halfway around the world 

is not a sustainable choice. Steel, when required for 

structural strength and durability, is a justifiable use of a 

material that is generally manufactured some distance from 

the building site. 

H. Energy Efficiency: 

Energy efficiency is an important feature in making a 

building material environmentally sustainable. The ultimate 

goal in using energy-efficient materials is to reduce the 

amount of generated energy that must be brought to a 

building site. The long-term energy costs of operating a 

building are heavily dependent on the materials used in its 

construction. 

I. Use of Non-Toxic Materials: 

Non- or less-toxic materials are less hazardous to 

construction workers and a building’s occupants. Many 

materials adversely affect indoor air quality and expose 

occupants to health hazards. Some building materials, such 

as adhesives, emit dangerous fumes for only a short time 

during and after installation; others can contribute to air 

quality problems throughout a building’s life. 

J. Reusability: 

Reusability is a function of the age and durability of a 

material. Very durable materials may have many useful 

years of service left when the building in which they are 

installed is decommissioned, and may be easily extracted 

and reinstalled in a new site. Windows and doors, plumbing 

fixtures, and even brick can be successfully reused. Timber 

from old barns has become fashionable as a reclaimed 

material for new construction. In many cases, the quality of 

materials and craftsmanship displayed by these pieces could 

not be reproduced today. 

K. Recyclability: 

Recyclability measures a material’s capacity to be used as a 

resource in the creation of new products. Steel is the most 

commonly recycled building material, in large part because 

it can be easily separated from construction debris by 

magnets. 

L. Biodegradability: 

The biodegradability of a material refers to its potential to 

naturally decompose when discarded. Organic materials can 

return to the earth rapidly, while others, like steel, take a 

long time. An important consideration is whether the 

material in question will produce hazardous materials as it 

decomposes, either alone or in combination with other 

substances. 

V. RECYCLING OF WASTE MATERIAL 

To enhance sustainability in the construction industry, 

wastes can be turned into resources to reduce disposal. A 

few types of waste are being studied, such as incinerator 

ashes from domestic refuse, spent copper slag fines which 

are residue from sand blasting and waste concrete from 

construction, renovation and demolition (CRD) of old 

buildings. 

A. Copper Slag: 

The application of copper slag in non-structural components 

like partition walls and road has proven its efficiency as a 

sand replacement.  For structural usage, the use of copper 
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slag as partial replacement of sand in concrete is allowed for 

up to 10% by mass. Tests have to be conducted to ensure 

that chloride and sulphate contents in the slag are within the 

allowable limits. Further research is necessary if the 

percentage replacement for sand is to be increased. The 

technology and process will involve the treatment and re-

constitution of the spent copper slag to satisfy all the 

requirements for its use in making concrete. 

 

 

Fig. 2: Precast concrete partition wall and kerb using copper 

slag 

B. CRD Waste: 

Concrete from construction, renovation and demolition 

(CRD) of old buildings can be recycled. However, there is 

difficulty in separating the stone, known as aggregate, from 

the cement for reuse in new structural concrete components. 

The cement-coated old concrete may weaken the new 

concrete if it is not treated properly. There are new 

technologies around the world to separate the old cement 

from the waste concrete. The local researchers are currently 

conducting studies for local usage. Nevertheless, the use of 

waste concrete for non-structural concrete components such 

as partition walls, road kerbs, paving blocks are possible. 

Such application has been proven to be efficient and 

economical. 

 

Fig. 3: Processing of CRD waste 

C. Incinerator Ash: 

Municipal Solid Waste (MSW) is generated everyday and 

the waste is disposed of by incineration. Incinerator ash or 

the MSW ash is the residual from the combustion of 

domestic waste. It is expected to have a variety of chemical 

species, some of which may pose environmental problems if 

it is not disposed off properly. The technology for 

processing the ash involved proprietary systems to remove 

ferrous and non-ferrous metals, screening, removing 

unburned materials, and treatment to mobilize certain heavy 

metals. The aggregate product has been tested to be non-

hazardous and is safe for use. It has been used in diverse 

applications such as trench and backfill, shore protection, 

land reclamation, concrete block, base and sub-base for road 

construction. 

 

Fig.4. Processing of MSW Ash 

VI. SUSTAINABLE CONSTRUCTION METHODS 

A. Structural Framing: 

Besides the use of recycled materials, steel construction and 

dry construction methods also have a great deal to offer in 

sustainable construction. Steel construction is efficient, 

competitive and makes a significant contribution to the 

national economy. It enables the implementation of 

environmental management systems, off-site manufacture, 

noise reduction, waste minimization strategies and recovery 

and reuse initiatives. 

Structural frames for multi-storey buildings consist 

of an appropriate arrangement of slabs, beams, columns, 

foundations and bracings to resist the combined effects of 

vertical and horizontal loads.  Various types of sections such 

as I-section, H-section and Hollow section can be used as 

column. One advantage of using hollow sections filled with 

concrete is that their fire resistance can be improved. 

Beams are commonly made of I and H profiles. 

Sometimes openings are made in the webs of beams to ease 

the installation of horizontal services such as pipes, cables 

and ducts. The openings may be circular or square with 

suitable stiffeners in the web. Alternatively castellated 

beams can be used to achieve this. 

 

Fig.5. Open in the beams ease the installation of services 

 Floors are required to resist vertical loads directly 

acting on them. They usually consist of slabs which are 

supported by steel beams. The most common type of floor 

slab used in conjunction with steel beams and columns is 

composite slab using steel decking. The advantage of using 

steel decking is that less concrete is required as it is used 

mainly as topping up of slab. 
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Fig. 6: Steel decking 

B. Corrosion Protection: 

Barrier protection is perhaps the oldest and most widely 

used method of corrosion protection. Two important 

properties of barrier protection are adhesion to the base 

metal and abrasion resistance. Paint is one example of a 

barrier protection system. Although relatively easy to apply, 

the use of paint system requires maintenance, partial 

repainting and full repainting several times over a building’s 

lifetime. 

Another method of preventing corrosion is hot-dip 

galvanizing. Almost any steel that will be exposed to the 

elements in some fashion (directly or indirectly) is a prime 

candidate for hot-dip galvanizing. The galvanizing process 

involves lowering the cleansed steel into 450
0
C of molten 

zinc where the steel and zinc metallurgically react to form 

three zinc-iron intermetallic layers and one pure zinc layer. 

The three intermetallic layers that form during the 

galvanizing process are all harder than the substrate steel 

and have excellent abrasion resistance. They do not allow 

moisture and corrosive chlorides and sulfides to attack the 

steel. 

 

Fig. 7: Before and after galvanizing 

C. Dry Internal Partition Wall: 

Besides the main structural frame, the various components 

of a building can be constructed using the sustainable 

products and components. One very good example is the use 

of drywalls with plasterboards or fibre cement boards as 

internal walls, which is gaining popularity among the private 

residential projects. The constant improvement in its 

performance means that it now meets high level 

specifications in the areas of acoustic insulation, thermal 

insulation and resistance to fire and damp conditions. 

Drywall is an ecological product, applied dry, generating no 

waste and pollution. 

 

Fig. 8: Partition wall 

D. Glass and Cladding: 

Curtain walls, cladding and glass facades can be used to 

replace the traditional masonry and concrete walls. These 

facade systems offer new dimensions and excitement in 

architectural designs.  

Curtain wall is a lightweight external wall system 

that is hung on the building structure. It is one of the 

favoured systems used in modern architecture and is 

characterized by grids of in filled material such as glass, 

metal, granite or a combination of these. Its flexibility 

allows architects to create striking designs for new buildings 

and refurbishment of old buildings.  

The reduction in weight leads to savings in 

structure and foundation. Coatings on the glass panels can 

enhance the thermal insulation of curtain walls. The use of 

double glazing not only further enhances the thermal 

insulation of curtain walls, but also their acoustic 

performance. 

 
Fig. 9: 4-legged stainless steel spider within a tension truss 

point supported glass walls 

VII. PREFABRICATED CONSTRUCTION TECHNOLOGY 

A. Parapets: 

Parapets and railings can be designed to facilitate ease of 

construction and to achieve higher quality finished products. 

The use of metal railings or glass parapets can achieve 

practical and environmentally friendly design and enable 

effective design and construction work onsite. 

 

Fig.10. Prefabricated parapets 
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B. Staircases: 

To many designers and builders, prefabrication of staircases 

is a preferred option as they are of better quality and easy to 

construct. The prefabricated staircases come in various sizes 

and steps, catering to different building heights. 

 
Fig.11. Prefabricated stairs 

C. Bathroom Units: 

Another good way to reduce our reliance on concrete-based 

construction is to switch to prefabricated 3D components 

such as prefabricated bathrooms made of steel frame and 

boards. 

The walls of the prefabricated bathrooms could be 

steel frame with calcium silicate wall or steel panel walls. 

The floor of these prefabricated bathroom units is concrete 

floor for better performance as a watertight system. The ease 

in maintenance has also allowed the homeowners to enjoy a 

better quality of life. 

 

Fig.12. Prefabricated bathroom unit 

D. Shifting Lifts: 

The steel lift shafts are constructed using steel frame and 

metal claddings. At the lift lobby the current design uses 

concrete slabs. However, to further reduce the dependence 

on concrete, the HDB is looking into using alternative 

materials such as steel plates with cement screed finishing.  

 

Fig.13. Prefabricated shifting lifts 

VIII. CONCLUSION 

Sustainable construction materials by definition are 

materials that are locally produced and sourced (which 

reduces transportation costs and CO2 emissions), they can 

include recycled materials, they have a lower environmental 

impact, they are thermally efficient, they require less energy 

than more modern, conventional materials, they make use of 

renewable resources, they are lower in toxic emissions and 

they are financially viable. 

Methods of sustainable construction and 

technologies can include building with structural frames and 

prefabricated components and recycling of waste materials. 

 Sustainable construction materials should be 

utilized appropriately and contextually in each 

neighborhood development. The use of sustainable building 

materials not only reduces transport costs, carbon emissions, 

and in most cases materials costs, it also provides 

employment and skills development opportunities for next 

generation. 
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