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Abstract 

An affordable sustainable town can now be built that will recycle its own water, grow its 

basic food needs, generate its own power, and manage all the forms of waste.  

It will also recover energy from the waste, generate compost (fertilizer) for the 

agri/aquaculture, thus reducing the need for eco-toxic fertilizers. A sustainable town would 

also centralize general utility requirements, which would drastically reduce the pressure on 

centralised resources such as electricity, water and fuel. 

This needs to be implemented in a way that is also socially sustainable and has a sense of 

place. 

As developing countries such as Malaysia upgrade lifestyles and urbanize, a significant 

opportunity exists to do so in a smart way and curtail the rise in consumption and wastes 

which have historically tracked with that shift while developing new revenue streams from a 

green economy.  Early adopters are the winners here, and Malaysia happens to be in the 

ideal phase of development to future-proof the economy through smart, sustainable 

development. 

This paper will cover such topics as what is sustainability and why it is important; what 

advances are being made; and what types of technology are now available in the market.  
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The conclusion will present a proposal on how to integrate this technology in a holistic 

manner in the form of Eco-Towns for Asia. 

Introduction 

What is Sustainability? 

In simple terms sustainability is about providing for our needs without compromising the 

abilities of future generations of meeting their needs.  In essence this is a lifestyle which can 

be sustained for the foreseeable future.  Currently, we are not living this way, and the 

problem continues to deepen, which carries risks. 

A more comprehensive definition of sustainability looks at component parts of social 

sustainability, economic sustainability, and environmental sustainability, or put simply: 

people, profit, and planet.  When all three components are met, then the solution can 

sustained over time.  If, for example, economic drivers are not in place, then a piece is 

missing and the solution will falter. 

Globally, there is a tendency towards this triple-bottom-line analysis, and a permanent shift 

toward sustainable solutions.  This market shift is a win-win, offering enormous economic 

opportunities while improving people’s lives and those of our children. 

What areas should we be focussing our efforts on? 

The IChemE (Institution of Chemical Engineers) commissioned a report in 2007 [1,2,3], a 

roadmap for the 21st century. It highlights Sustainable Technology, Water, Food and Drink, 

Biotechnology and Energy (Fossil and Alternative) as the main areas the profession needs to 

focus on.  This paper presents a scenario that these areas can be applied into a development 

or Eco-Town that is truly sustainable. 

What can we do about it? 

Let us take a fresh look at how we plan our work, look at basic resources and needs of 

households and communities and map them out looking for new opportunities to improve 

them.  Here in Malaysia new developments are being built in the countryside. Complete 

Greenfield projects are ideal to apply the latest thinking and start to close the loop. 
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So how do we convert this normal development turn into a sustainable development? 
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Figure 1 

Figure 1 shows a typical urban model imports heavily and generates a similarly large volume of 

wastes, which is then discarded.  An eco-town model extracts value from by-products, thus reducing 

volumes of in-coming consumables and outgoing wastes.  Nature works in a similar way, as there is 

no waste in nature.  

Let us start from basics: what does a development need and what does a development 

generate? Once we have this data we can start to piece and join them together. It is a 

complex model. 
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 Figure 2 

Figure 2 shows a simplified representation of a town. 

For the basis of this paper, it is a mixed-use residential development with built-in district-

scaled utilities (with or without industry).  It houses 1000 to 100,000 people who may or 

may not work there, and will most likely have mixed housing types, for different income 

households. 

From a simplistic point of view what services does this town need? 
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Figure 3 

Figure 3 represents a typical list of services this town needs 
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Generally it needs water, electricity, natural gas, food, goods, but just think if this could be 

generated locally or even better if it could become a net exporter of some of these services. 

What does the residential part of this town generate? 

 

Waste Water (Grey)

Waste Water (Black)

Waste – Organic (Biodegradable)

Waste – Organic (Non Biodegrabale)

Waste (Inorganic) - Recyclable

Waste (Inorganic) – Non Recyclable

House
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Shopping centre

Park

Station

Figure 4 

Figure 4 represents the waste streams a town generates 

This town generates waste, a lot of it whether it be sewerage, packaging, plastic bags and 

bottles, glass jars or detergent.  Where does that waste go?  

Generally most of these services for generation or collection of these streams is currently 

centralised or just goes to landfill. Landfill has many problems with rodents, emissions of 

greenhouse gases (methane), risk of contaminating ground water, and misses economic 

opportunities in the inherent value of the stream. 

 If we investigate a decentralised model, the picture looks quite different. 

Let us start by separating with waste streams and looking at them individually to see what 

they comprise of and if anything can be done to turn them into an opportunity. 
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Waste Water – Grey 

Let us step back and look at where the water goes, and what it is used for, from there we 

can see where savings can be made on water use. Grey water is the water that may have 

been used during a shower, or from rinsing out a cup etc.  It is still clean but ends up in the 

in the public sewer system to be contaminated and then treated.   If this grey water can be 

harvested safely then it can be used for cleaning the car or flushing the toilet thus reducing 

the overall demand and the majority of use. 

In Hong Kong [20], 80% of the water for flushing the toilets is now using sea water. This has 

reduced the demand on drinking water by 20%, imagine how much more this could be 

reduced further by implementing grey water harvesting. 

The impact on an Eco-Town would be to reduce the net drinking water consumption 

drastically.   

In terms of increased building services provision, this would require a dual pipe system in 

each home, but can become an integral part of the design.  

Waste Water - Black 

This is sewerage in a polite form.  This must be treated to remove many toxins and prevent 

contaminating water courses.  Anaerobic digestion plants can be used to create energy 

(electricity and heat) from processing this waste. These are becoming common place in the 

region.  Countries that have extremely limited fresh water resources also recover drinking 

water using MBR (Membrane Bioreactor) technology, although this would not be applicable 

in Malaysian, given the abundant rainfall.  

Interestingly, the Japanese at Tokyo University [10] is researching carbonising the waste 

sludge in a form that can be fed into a coal fired power station. This isn’t cost effective yet, 

but with another change in fuel prices, this may become a viable fuel source of the future.  

This illustrates that many entities are exploring different directions to extract value for the 

stream while reducing polluting waste – a win-win. 
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Waste Organic (Biodegradable) 

This can be waste food as well as waste from the garden or farming.  Let’s look at what can 

be done if this can be collected and processed. 

 Figure 5 

As can be seen from the figure 5, there is a lot that can be done with this stream.  Using the 

latest Anaerobic Digestion process, new products and revenue streams are developed. We 

now have compost (soil conditioner) which can be used on the land, which in turn leads to 
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improved food production. Now we have turned a waste stream into a revenue stream that 

is both environmentally and economically sustainable. Let us look at some of these in a little 

more detail. 

We have liquid nutrient rich effluent which is ideal for use in aquaculture and agriculture; 

that can enhance productivity in growing vegetables, fish or items such as duckweed which 

can in turn be used to create animal feed.  It also removes many of the nutrients which if 

released directly into a river or stream would cause big problems with algae and excessive 

uncontrolled growth.  

The solid waste from the digester is good as compost and soil conditioner extending the life 

of valuable top soil. The liquid waste is high in Nitrates and Phosphates as can also be fed to 

the land to regenerate the nutrients in the soil as a fertiliser. 

This aquaculture area can also be integrated as part of the recreational areas as people like 

to walk by or cycle by rivers and ponds. Suddenly this starts to change the view of the town, 

and becomes part of the master plan.  It handles the by-products of the waste processing 

we suddenly add agriculture and aquaculture and recreation to the list of what components 

are needed in an Eco-Town.  

Organic Non-Biodegradable 

This includes plastics, some of which can be recycled and some of which cannot. Also add 

items like newspaper in here, which are not easy reprocess.  Technology like RDF (Refuse 

Derived Fuel) is coming on the market now. The first trial plant is been commissioned in 

Thailand at the moment and is claiming to reduce landfill burden, generates steam, 

electricity and drinking grade water. It also creates ash that can be used in building 

materials. This is still to be proven, but an interesting option to explore. 

Other processes still in the research stage to recover oils from waste plastic are also being 

developed which will lead to potential new products not yet identified. This a good area to 

be focussing research efforts on.  
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Inorganic Recyclable 

A good example to learn from is Switzerland where waste segregation and recycling are part 

of everyday life.  Good access to recycling facilities is provided by locating them by 

supermarkets. People take their waste to the shop reusing the shopping bag, drop off the 

waste, then buy the next few day’s food. This then becomes a habit which engrains recycling 

and waste segregation into the culture. There is also a move to organic and inorganic bins.  

It is heavily enforced by bin inspectors and high fines for non-compliance. 

By 2007 [19], the Swiss were achieving recycling rates of for these key items. 

Material Recycled Percentage of total waste recovered / recycled 

Iron 80% 

Aluminium 90% 

Glass 96% 

Batteries 66.4 

PET 76% 

Textiles (Cloth) 18,500 tonnes 

Electronics / Electrical items 98,700 tonnes 

Figure 6 

Look at the benefits of Aluminium alone; it takes approx 1kWh/kg to recycle Aluminium 

compared to approx 14kWh/kg to extract it from Bauxite [21]. 

Move to recycling is not easy in large cities, as it requires a real culture change, but in more 

rural and poorer areas, the culture is already inherently much more sustainable and reuse 

and smart use of used items can be very innovative. Why not build on this culture and allow 

people to continue these good habits rather than moving to a throwaway society? 

Look at these as new revenue streams. Many of these items once collected would then need 

to be sent to a centralised recycling centre or even sold on the international market. Metals 
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currently have a definite value and more techniques are coming on stream to recover 

precious metals from electronics.   

In terms of a development, an area would need to be set aside to collect and store the 

materials, and means for each household to separate their goods is essential too. Financial 

incentives like deposits on bottles and cans have had success in many countries. 

Inorganic Non Recyclable 

This needs to be split into inert and toxic. 

The inert waste can be used in foundations, as hardcore, it is likely to be used building 

material like old concrete, bricks etc.   

Inorganic – Inert should not be considered, non recyclable, but should be developed into 

new materials used in building and infrastructure. Malaysia has a good opportunity to 

develop a new business here as it is using a lot of experience the country already has. 

Inorganic Toxic waste should be collected and disposed of using a licensed contractor so as 

not to contaminate the land or water courses. 

Summary on waste 

As can be seen, by segregating and processing the domestic waste, new revenue streams 

appear, reducing the burden on landfill and exploitation of virgin resources by over 80%, 

providing for higher security by reducing dependence on imports, and also reducing the 

carbon footprint. CO2 emissions to the atmosphere are reduced and new industries are 

started which in turn will help employment which in turn will help rejuvenate poorer areas 

and develop new regional micro economies. 

Energy 

We have now seen the tremendous opportunities in waste; now let us move on to energy. 

About 90% of the electricity in Malaysia is generated from fossil fuels [20]. This will be more 

costly as when fuel prices increase and reserves decrease. 
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A lot can be done at a development level to reduce the burden. In figure 5, from the organic 

biodegradable waste, electricity and heat are generated. This is locally produced energy 

using organic matter.  

Where is electricity used? It is used for lighting, refrigeration of food, fan-cooling, or air 

conditioning units and powering computers and television.  

If we look at this slightly differently, a lot of the electricity is used for cooling. This on a 

household basis is inefficient. Let us consider if the cooling function could be centralised by 

using a district cooling system. Large energy savings can then be made thus reducing the 

pressure in fossil fuel use. 

District Cooling  

District cooling has a number of advantages.  

By centralising the chillers, the refrigerant losses to atmosphere can be cut drastically. 

Energy savings of >50% can be achieved by the use of district cooling over the use of 

localised Fan Coil Units.  

Energy from Waste 

Adsorbent type chillers can be used to recover and convert heat energy into chilled water 

energy. This is ideal from the energy to waste plant which generates excess heat. 

It is better to recover this heat rather than just released to atmosphere using a cooling 

tower.  For security of this supply a look at mixed fuel usage is required, where a multi fuel 

boiler is also key to ensuring a reliable supply. 

The energy from waste plant should be integrated with the district cooling plant to have the 

biggest impact and most efficient use of equipment. This should be combined with mixed 

fuel equipment so the eco-town can run on biogas, natural gas and biodiesel and any 

combination of the three.  
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Green energy sources 

Renewable energy resources availability vary by region.  Let’s review technologies available 

and applicability to the Malaysian case. 

Solar - Harnessing the power of the sun. 

Solar comes in different forms, Photovoltaic (PV), water loop, and solar concentrators which 

are becoming popular, but are currently not very effective. Take Solar – PhotoVoltaic (PV), 

you are currently looking at payback periods of 15-20 years. The ROI is expected to come 

down to 2-5 years within the next 3-4 years, as more manufacturing streams come on line, 

like REC in Singapore and Sunpower in The Philippines.  

According to Dr Aaron Danner [24], Associate Professor at NUS, Solar Concentrators are 

effective in desert regions, but for a country like Malaysia, it is too cloudy to be effective.  

Solar Cooling [11,12], is an interesting concept, use the sun to cool your house. This is 

currently at prototype level looking to commercialise, but if can be put into practice, is 

claiming that it may be able to reduce the power requirements to cool an apartment by up-

to 90%.  This is not proven, but one of the interesting developments to watch out for in the 

near future.   

Wind 

Depending where you live wind is a good technology. Wind requires minimal maintenance, 

but optimally needs average wind speeds approaching 12m/s is not really viable except in 

windy areas.  They are very unsightly, and it is not known yet what effects wind farms have 

on the local environment.  A proper technical evaluation should be made before making a 

decision to select wind power to ensure it is effective and will meet the expectations.  

Bio Diesel 

Locally produced biodiesel for local use has benefits of not transporting fuel long distances 

and as part of multi fuel system has its place in an Eco-Town in Malaysia. 

It is important to balance land use for food production, fuel production and maintaining the 

natural habitat within the development. 
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Other bio-fuels 

Algae, chickweed, duckweed to diesel, gasification of carbonaceous wastes and subsequent 

Fischer Tropshe (FT) technologies to synthetic petrol and diesel, methanol, hydrogen, 

plastics ammonia, fertiliser etc are being developed now, but many are not commercially 

viable yet. Once the research and economic viability of this is progressed in time may 

become part of the local industry for the Eco-Town. 

Hydro-Electricity 

Store water at a high level, using a Dam; drain it through turbines to generate electricity on 

demand.  This is already accounts for ~9% of the power generated in Malaysia [20]. 

Depending on the location may be applicable on a town level, especially in remote locations 

where it would give water and power stability for those communities.  

It has an advantage of controlling and storing water which as climatic change occurs may 

bring some stability to certain regions.  Countries like Norway, which are also oil rich 

generate 99% of their electricity by hydroelectricity [18], a mixture of large and small 

systems.  

It is important that an assessment of the impact to biodiversity and the environment is 

made before implementing this as an option. 

Energy Conservation 

This is the area the architects, engineers and material scientists come in. 

Intelligent use of green build techniques / materials is very important part of the 

development.  

Consider using insulating materials to reduce heat gain into a building.  

Consider the use of green roofing and/or shading to reduce solar gain. 

Use natural ventilation and high ceilings to reduce the need for air-conditioning. 

Consider window shading and reflective glass to reduce the heat input into a building. 
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Many green-building rating systems such as LEED, BREEAM and Green Mark give advice on 

passive design. This is crucial to achieving large energy savings.  An eco-town must reduce 

energy consumption and good design can make significant differences here.  Reducing 

energy consumption on the demand end with good passive design, integrated teaming, and 

proper operations and maintenance provisions, is the most cost-effective approach toward 

energy independence. 

Simple features, like low energy light bulbs, low energy refrigerators, low energy televisions, 

should be incorporated, rated and marked. 

 

Use better building materials 

Consider looking at selecting the construction materials closely. They have a significant 

impact on the total carbon footprint. 

Portland cement is a huge emitter of Carbon Dioxide emissions; 700kg CO2 per tonne of 

cement produced [22].  Fly ash, a by-product of the coal power energy, can substitute 

cementitious content of concrete, greatly reducing embodied energy in the building 

material while generating a revenue stream from a waste stream. 

Look to recover, recycle or reprocess building materials this is an area that a real difference 

can be made. 

There is a need to move to using mixed recycled materials.  

Consider specifying a higher grade cement to make the mean the columns thinner, which 

may actually be cheaper. Can more recycled material be used in the aggregate, thus 

reducing the amount of material that needs to be mined? 

There is a move in building codes, such as the Singapore Green Mark to include a minimum 

requirement of recycled materials, thus in turn to reduce the amount of cement used. 

Malaysia is in an ideal position to take a lead on technology / material that reduces the 

carbon footprint using such ideas as including recycled glass into rendering to act as an 
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insulating material and reduce the bulk Portland cement used. There are many possibilities 

to be explored here. 

There are many other materials needed too, and there is a big market for new, cost 

effective materials. Many of the Eco-Towns could specialise in a particular process and 

which would create new jobs locally for local people. 

This means moving away from the copy & paste design and challenging the design down to 

component levels.  There is a need to carry out sustainability risk assessments and key 

stages throughout the design cycle. Engage engineers, material scientists to work with the 

architects and developers to understand what can actually be achieved.  

Water Conservation 

Using low water shower heads, dual flush toilets, low flow taps, can drastically reduce the 

need for building bigger water generation plants or distribution systems. 

By implementing all of these will have a drastic effect on water usage. Combine this with 

grey water and storm water harvesting, the impact on the whole development is significant.  

The aim is to conserve not completely restrict use, but this has the effect of making the way 

we live truly sustainable.  
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Integrating it all together 

Putting all of this together and maximising the new product streams the eco-town now 

makes the town plan look more like this. 

Figure 7 

Within the town overall plan, we have the centralised infrastructure which is key to making 

this town function and balance correctly which includes the waste sorting and segregation. 
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As can be seen, to make the eco-town function sustainably is more complex, but new 

revenue potential is available which will help rejuvenate and upgrade these areas.   

Location of Infrastructure 

The centralised infrastructure can be housed in an industrial park at the edge of the 

development and hidden from view. This location can only be assigned once scale of the 

development is known and an assessment made based on the layout of the development to 

make best use of the land at the planning stage. 

Economic (Financial) Sustainability 

An Eco-Town is a productive vibrant town. 

It will boost innovation and allow the younger generation to be close to nature and to have 

new opportunities ahead. 

New Revenue Streams 

As can be seen, by analysing the streams in and out of the town, there are many new 

products and revenue streams that will come from an Eco-Town, this will become part of 

the lifeblood of the country.  

Malaysia is in an ideal position to become the food belt for Asia, with a climate suited for 

growing a high variety of food items.  How will the cities of the future feed themselves?  

The United Nations Department of Economic and Social Affairs (UNDESA), Population 

Division forecasts the population reaching 9 billion by 2050, those placed to feed the masses 

will help bring stability to the region. 

By providing and upgrading the rural communities to Eco-Towns. At the same time the rural 

population wants and deserves a higher standard of living, but currently thinks they can only 

get this by moving to a city. What can be done to reverse this, can we design a town that 

people want to live in, that people can walk to work, has offices with good internet access to 

allow remote learning and working and moving away from the use of cars for every day to 

day function. 
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Cottage industries can be built into these towns that specialise in certain areas. This is a way 

to rejuvenate an area, and create opportunities.  Local businesses, creating materials locally, 

reduce the need for net imports or even better become a net exporter. 

Retail 

Retail is still an important part of a development, but it doesn’t have to be shopping mall. 

Mixed-use development is key here.   A walkable city with cafes and shops are a formula for 

vibrant street-scapes and are central to social sustainability and the sense of place which 

contribute to the health, well-being, and pride of the residence.  These are the 

characteristics of a liveable city guided through good urban planning principles which will 

attract residence and create a place of higher value. 

Transport 

Many countries are now looking at low carbon transport [6], but this doesn’t address 

removing the need to travel by car.  Making an eco-town walkable will make a big impact on 

the use of transport.  

With good urban planning, with adequate density, access to amenities close by, the Eco-

Town should be walkable and avoid the pitfalls of the suburban development model. Move 

away from parking in every building and make people have to walk to their car. Make the 

amenities closer than the car and in time residents dependency on cars will reduce. 

Scalability 

No town is the same and many parts of this model can be scaled up or down, but it must be 

done allowing for the limitations of the technology. It may be that 1 district cooling system 

is good for 5000 homes, where the water treatment plant may be best to be sized for 5 

clusters (towns) and 25,000 homes.  This is why technology needs to be built in at the 

concept stage so that it is integral and optimised in the design, so it is not a late fit at the 

end that works poorly or inefficiently. Planning for growth of a development needs to be 

taken into account too and ensure scalability is put in place from the start. 
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Investment 

Some of the technology is simple and cheap to build and maintain, some is more complex 

and needs to be automated.  Areas such as energy optimisation require good automation to 

make significant cost savings, whereas simple water technologies generally balance 

themselves out. The investment costs have to be balanced back to maintaining and building 

new infrastructure and the drive to remove the burden away from fossil fuels to a more 

sustainable future. Life-cycle costing is central to producing sustainable outcomes, such that 

once new revenue streams are considered, payback cycle on investment is short, and long-

tem benefit significant. 

Conclusion 

To summarise an eco-town can be built that will drastically reduce the demand on 

centralised infrastructure for energy, water and landfill.  To achieve this some key features 

are required including:- 

¶ District cooling to reduce power required by air-conditioning by 50% 

¶ Waste segregation is needed to generate new revenue streams and reduce landfill 

by over 80% 

¶ Good building techniques, selection and use of insulating materials must be used to 

reduce waste domestic energy by up to 70% 

¶ Biodegradable organic waste must be recovered and processed to generate power, 

heat and nutrients for agriculture and aquaculture 

¶ Techniques to be explored to recover and utilise other waste streams 

¶ Infrastructure of a development to be centralised and integrated to get the best 

efficiencies and ensure it is maintained properly and monitored 

¶ Embrace cost effective energy / water efficient technology in the households 

¶ Reduce the burden on centralised resources and fossil fuels 

By using proven technology combined with good passive design, an eco-town can be built 

and proven to work. It is high impact project.  
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Much of the technology discussed can be added to existing towns / cities, but is best to 

apply it in an eco-town. Remember that an Eco-Town is not a just town with a few extra 

trees planted, but it is a town that will be sustainable for future generations. 

 

End Note 

It is not possible for us to live without consuming resources or generating waste, but we can 

work towards optimising this by generating less waste and look for new ways to use it, to 

conserve energy and water and integrate it into new developments that will make a real 

impact. To do this requires closing the loops and examining what we use and what we 

generate in detail. When we stand back and apply a fresh view on this it can be 

demonstrated that using current proven technology we can go a long towards achieving a 

much more sustainable way of living. 

We now know we can build a true eco-town for Asia; the tools and technology are now 

available and the benefits considerable. 

The next step is to get the will and backing from the top to make this happen. 

Whoever applies this concept fastest can prove to the world that improving and upgrading 

peoples lives can now be done in an economically, environmentally, socially and technically 

sustainable way giving people access to safe drinking water, sanitation, energy and food 

whilst creating new opportunities a new economy at the same time. It allows people who 

are inherently sustainable to maintain their good habits and upgrade their lives. 

Who is willing to take up the challenge and show the world that Malaysia is Truly Asia?  
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