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ABSTRACT
We currently live in a world where depletion of resources is beyond control.  The call for sustainable development both environmentally and economically is spelt out loud and clear.  Hence, the current and future generations must ensure that all resources shall be preserved, fully utilized and well managed. Waste generation has been part and parcel of mankind’s pursuit for development, be it in social or economic activities. Municipal Solid Waste (MSW) is an example of socio-economic activities that entails with waste generation. Generation rates of MSW vary according to the economic and social standing of a country.  This in return will also affect the management style of the MSW generated.  Generally, the higher income countries generated more waste, recycle more and have the money to employ new technology to treat their waste.  As for the lower income countries, the waste generated is more organic in nature, which calls for lesser recycling, whereas disposal is by open dumping.  The effects of this naturally would mean that in the lower income countries pollution to the water and air is huge as compare to the more developed countries.  However on the other hand, does waste alone generate harmful gasses that pollute the world or does manufacturing, transportation and power production, which is rampant in the more industrialized countries contributing more towards pollution?  This subject is argumentative and could be discussed at length.  However, the environment cannot wait for the population to debate on the above matter.  Action needs to be taken in a world where economic power determines the treatment method.  Hence, the idea of recovering all ‘wealth’ in the waste is essential to ensure that even the poorest countries could benefit from all waste management technologies. For this to work, recycling, reuse and recovery of energy is essential in an integrated approach towards waste management. This would also mean that many environmental disasters could be avoided.  However, an even more pertinent matter to be advocated is that do we need to generate so much waste or are we generating too much waste?  Many technology managers are working towards ‘Zero Waste’ these days but how far away is it? Malaysian Institute for Nuclear Technology Research (MINT) has ventured into waste management technologies, be it nuclear or non-nuclear related. From its experience in the treatment and handling radioactive material, the knowledge gained is currently being employed to solve problems raised by other types of waste.      
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INTRODUCTION

Waste, regardless of its kind (either in solid or liquid form) is produced since the dawn of human existence and it is not excessive to say, waste is the first thing generated before people are able to contribute to the betterment of lives.  Indifferent of the various definitions, the problems regarding the disposal and management of waste have then never been out of the issues of open discussion. This controversial subject has become more severe when the growth of waste has reach to its critical condition due to the increasing demands on the consumption of natural resources and raw material in the creation of products to enrich people’s lives [1,2].  Due to the continual increase of waste generation and its ever-changing composition, people are constantly expose to all kinds of risks in their daily lives i.e. under ground water pollution, methane gas emission, exploration of new landfill site, air pollution and many others human health problems. Unfortunately as society becomes more advanced, simple expedient solutions are no longer sufficient to solve the ever-growing disposal problems. The solution for these problems is the continued thinking of an Integrated Waste Management (IWM), which includes the reclamation of useful material.  

These recovery possibilities not just merely open a new era in converting waste to wealth.  This would call for waste to be recycled and then converted to energy and finally reduce the dependency of landfills. Further, as energy cost rises, landfills become more difficult and costly to site and as more stringent regulations make landfill disposal more expensive, the popularity of resource recovery is certain to grow, in line with the growth in generation rates of waste. 

WASTE GENERATION RATES

Municipal Solid Waste (MSW) could be considered to be produced in proportion with the economic productivity and the consumption rate of the population of the countries resources. Countries with higher incomes produce more waste per capita and per employee, and their waste generally contains more packaging material and recyclable items.  

Table 1 : Global Perspective of Municipal Solid Waste Generation Rates and The Respective Management Costs [3]

	
	Units
	Low Income
	Middle Income
	High Income

	Mixed Urban Waste – Large City
	kg/cap/day
	0.50 to 0.75
	0.55 to 1.10
	0.75 to 2.20

	Mixed Urban Waste – Medium City
	kg/cap/day
	0.35 to 0.65
	0.45 to 0.75
	0.65 to 1.50

	Residential Waste Only
	kg/cap/day
	0.25 to 0.45
	0.35 to 0.65
	0.55 to 1.00

	Average Income from GNP
	USD/cap/yr
	370
	2,400
	22,000

	Collection Cost
	USD/ton
	10 to 30
	30 to 70
	70 to 120

	Transfer Cost
	USD/ton
	3 to 8
	5 to 15
	15 to 20

	Open Dumping Cost
	USD/ton
	0.5 to 2
	1 to 3
	5 to 10

	Sanitary Landfill Cost
	USD/ton
	3 to 10
	8 to 15
	20 to 50

	Tidal Land Reclamation Cost
	USD/ton
	3 to 15
	10 to 40
	30 to 100

	Composting Cost
	USD/ton
	5 to 20
	10 to 40
	20 to 60

	Incineration Cost
	USD/ton
	40 to 60
	30 to 80
	70 to 100

	Total cost without Transfer
	USD/ton
	13 to 40
	38 to 85
	90 to 170

	Total cost with Transfer
	USD/ton
	17 to 48
	43 to 100
	105 to 190

	Cost as % of Income
	%
	0.7 to 2.6
	0.5 to 1.3
	0.2 to 0.5


    * Income based on 1992 Gross National product data form the World Development Report, 1994

In low-income countries, the commercial and industrial activity is limited; thus recycling activities are limited. Table 1 reflects the generation rates as compared to the economic level and the management cost. It gives a good picture of the management cost that is involved in the different types of countries.  However, managing the MSW generated has more relevant impact on the environment. In most low income countries, land availability, due to lack of economic value, makes it easier to operate open dumps as compares to developed countries where land cost is too high due to economic and residential demands which calls for more sophisticated management methods such as incineration, refuse derived fuel, composting, material recovery facilities and others.  At the same time, the generation rate with the related disposal cost alone does not reflect the MSW management condition in most countries. Many other factors, such as land availability, public opinion, political, economical and legal conditions too do govern over the decision made to tackle the MSW management problem in a country. 

Mostly, when waste generation is considered, many reflect on the quantity of the waste that is generated, forgetting the quality of the waste that is disposed off.  Table 2 reflects some of the generation rates, the country income and the composition of the MSW generated. Indications from Table 2 shows that in the lower income countries generation rates are lower. At the same time the recyclable items such as plastic, paper and glass are low as compared to the higher income nations.  This goes to show that the socio economic status of a country has adverse effect on the generation rates and also the recycling rates, not to mention the fact that the population does not get to enjoy the product of the modern world such as excessive packaging.

Table 2 : Socio-economic data, generation rates and major waste components in some countries [4,5]

	City 
	Country
	Socio-economic factors

W    T      PD   P/DW    GNP   POP 
	Municipal Waste

MW
	Major waste components (% by weight)

Paper   Plastic  Food    Metal   Glass

	High Income

	New York

Sydney

Tokyo

Paris

Rome
	 USA

Australia

Japan

France

Italy
	1000  15     450   4.2    12 800   9.12

 620  25      30   4.2     4 100   3.23  

 700  15  40 694   7.0     4 910  11.60  

1250  10   4 000   2.5    18 400   2.18 

 580  14     700   4.9     7 000   2.88
	720

690

400

590

460
	35       10       22     13     9

38        0.1     13      11    18

38       11       23      4      7

30        1       30      4      4 

18        4       50      3      4

	Medium Income

	Madrid

Singapore

Manila

Taipei

Kano
	Spain

Singapore

Philipines

Taiwan

Nigeria
	410   14     290   4.2     5 000   3.19

440   29  26 472   3.9     4 000   2.44 

 64   27     983   5.0       807  1.63

220   22   1 250   4.2        -    2.50

70    30     200   4.5     2 000   1.00 
	390

-

-

-

-
	21        -       45       3      4

43       6         5       3      1

17       4        43       2      5

8        2        25       1      3

17       4        43       5      2

	Low Income

	Banglore

Dacca

Karachi

Jakarta

Rangoon
	India

Bangldesh

Pakistan

Indonesia

Burma
	 50   24   1 300   7.0       320   2.91

 25   26   3 750   6.0       200   1.31

340   29   1 300   5.5     1 890   5.10

45    24     700   8.0       474   6.50

32    26     200   6.0       120   2.60     
	-

-

-

-

-
	3        0.5      65       0.4     0.2

2        1        40       1      9

0.5       0.5      56       0.5    0.5

2        3        82       4      0.5

1        4        80       3      6


W= monthly wages in US$

T = annual average temperature, ◦C

POP = total population in millions

PD = population density, persons/km2 

P/DW = persons /dwelling

GNP=gross national product, US$

MW = kg/capita/yr

As for Malaysia, the capital city of Kuala Lumpur is usually the center of attention for waste management problems due to the congestion and over production of MSW.  It is reported that on average, the daily collection is about 18,000 to 25,000 tons/day [6,7].  The average composition as shown on Figure 1 is that the organic content is around 40% with another 20% being inorganic.  This high organic content translates to high moisture content of about 55% to 60% and a low calorific value waste.  However, the amount of plastic waste is around 25%, and the paper is about 15%. Malaysia is a country, which is blessed with a tropical climate and also a multi racial community, which has an adverse effect on the quantity and quality of MSW that is generated.  There might be some similarities in the generation and composition data as compared to Table 2.  However, the causes over the similarities or the differences could not be put forward as there is a great deficiency in proving these arguments. Nevertheless, among the possible causes could be due to the change in lifestyle, increased or lowered income, difference in sampling method and so on.

Figure 1: Composition of MSW generated in Kuala Lumpur [6,7]
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WASTE MANAGEMENT TRENDS

Too many residents of the world, generation of waste is considered a part of life which cannot be changed, but to some, the generation of waste is something that will eventually affect them if not managed properly. Having all the best waste management options available is good but a reflection of the current generation rates and the disposal methods is necessary in order to avoid overspending.  This brings in the concept of BATNEEC (Best Available Technology, Not Entailing Excessive Cost) where the technology is suited to the problem and the situation in the country.  However, there are some countries or rather counties/ states that do not process their waste in their own state, bring about the NIMBY (Not In My Back Yard) syndrome, which will entail excessive cost in just transporting the waste across the boarder [8].  Table 3 shows the amount of waste that is collected and how it is managed in a few countries.  

It is good to note that most of the nations in the world are providing for the collection of waste to at lease 80% of that which is generated but in some countries the collection rates is so poor that it only about 30% of that generated.  This would mean that indiscriminate disposal; open burning and other environmental disaster could be rampant in the country.  However, the average income in such countries could be low and at the same time the area that needs service could be large, which is why the coverage is low.

Table 3: Amount of waste collected and the management methods [9,10,11,12,13]

	Country
	Data latest
year available
	Municipal waste
collected

(1000 tonnes)
	Population served by
municipal waste
collection

(%)
	Municipal waste
collected per
capita served

(kg)
	Municipal waste
landfilled

(%)
	Municipal waste
incinerated

(%)
	Municipal waste
recycled/
composted

(kg)

	Europe

	Sweden
	2001
	  3 930
	...
	...
	22.4
	38.2
	38.7

	United Kingdom
	2001
	  34 851
	...
	...
	79.9
	7.3
	12.3

	Bulgaria
	2002
	  3 199
	81.1
	495
	99.7
	...
	...

	Czech Republic
	2002
	  2 845
	100.0
	278
	70.3
	14.0
	...

	Denmark
	2002
	  3 587
	100.0
	670
	8.3
	58.3
	34.6

	North & Central America

	Belize
	2000
	   62
	48.6
	532
	100.0
	...
	...

	Canada
	2000
	  10 870
	...
	...
	...
	...
	32.2

	Costa Rica
	2000
	   71
	...
	...
	...
	...
	...

	Mexico
	2002
	  32 174
	86.0
	367
	97.6
	0.0
	2.4

	United States
	2001
	  207 957
	100.0
	722
	55.7
	14.7
	29.7

	South America

	Bolivia
	2002
	   662
	...
	...
	...
	...
	...

	Chile
	2002
	  5 558
	...
	...
	41.0
	...
	...

	Colombia
	1998
	  7 430
	...
	...
	...
	...
	...

	Peru
	2001
	  1 444
	100.0
	…
	64.6
	...
	...

	Uruguay
	2000
	   910
	…
	…
	…
	…
	…

	Africa

	Algeria
	2003
	  8 500
	...
	...
	99.9
	...
	0.1

	Benin
	2002
	   986
	23.0
	654
	0.0
	0.0
	...

	Egypt
	2000
	  15 000
	...
	...
	...
	...
	...

	Madagascar
	2002
	   151
	100.0
	…
	100.0
	0.0
	0.0

	Mauritius
	2003
	   351
	95.0
	303
	100.0
	...
	...

	Asia

	China, Hong Kong SAR
	2002
	  5 399
	100.0
	773
	63.7
	...
	36.3

	Japan
	2000
	  52 362
	100.0
	412
	5.9
	77.0
	15.0

	Cyprus
	2002
	   500
	...
	709
	90.0
	0.0
	0.0

	Singapore
	2002
	  4 402
	...
	...
	3.7
	55.0
	41.3

	Thailand
	2000
	  13 972
	...
	...
	...
	0.8
	14.3

	Oceania

	Australia
	1999
	  13 200
	...
	...
	95.0
	0.0
	7.3

	New Zealand
	1999
	  1 541
	...
	...
	84.7
	...
	15.3


It is also evident that, most of the high income countries opt for the combined effect of land filling, incineration and recycling whereas, the developing and under developed countries have a low recycling rate and depend most on land fill or open dumps.  In Japan, incineration accounts for about 77% of the waste management solution, which means that energy recovery is essential due to the lack of space for landfills in contract to Australia where land is available, keeping waste management cost low. 

As for Malaysia, until the year 2000, land filling of the waste generated has been the main option.  However, the 120 odd landfills and open dumps scattered all over the country is at a critical level of either at the end or beyond its lifespan.  At the same time, Malaysia enjoys a high development rate and combined with the strict environmental regulations enforced, land for dumping of waste is scarce.  Over the last 5 years, the management trends in major towns have changed from land filling to putting grate pressure to recycle, recover and reuse.   Kuala Lumpur has closed two landfills and created only one landfill, one transfer station and a Refuse Derived Fuel plant and Incineration plant is in the pipeline. The same could be said about Penang and Johor Bahru.  However, the management style in the lesser-populated states is still dependent on landfills.  As for the central government, efforts are in the pipeline for the tabling of a national waste bill that will empower the local authorities to provide batter management and allow for privatization of the collection and disposal of the MSW.  A master plan for the nation on it wastes management policies and strategies has been prepared and earmarked for implementation until 20202 [8].    

Whatever the income or the conditions of the country be, the environment needs protection.  As such recycling and reuse is something that is essential in the current conditions.  The general management concept in waste management can be described in Figure 2. Although the environment would prefer that the waste be converted to hydrogen fuel but the technology is scarce and still very expensive as indicated in Figure 2. Hence, striking a balance between recycling and the recovery of energy through incineration or composting for the production of gasses for combustion is preferred.  
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Figure 2: Waste management hierarchy [8]
Thermal treatment technologies include combustion, incineration, gasification as well as pyrolisis, which normally involved high temperatures to enable chemical process reactions to take place. The reactions, when applied to waste management, are destined at changing the waste to a harmless material that is amenable to recycling or disposal at possibly no detrimental effect to the population and environment. It is also utilized to generate energy as an additional bonus to the process, especially when involving MSW. Globally, the trends in the thermal treatment when applied to the MSW are to achieve towards zero emission. This implies that the emission to air, water and land is to be minimized as low as possible/achievable. 

Currently, the emission is targeted towards the excess cancer risk of less than 10–6 e.g. the current dioxin air emission of 0.1 TEQ ng/Nm3 may not be adequate, thus new technologies are targeting at values one to two orders of magnitude lower than the above value. However, there is a practical limit to justify this lower values as the existing ambient dioxin level, which is contributed not only from incinerators, is already higher (beyond 0.1 pica gram/Nm3 as recommended by WHO) than the excess cancer risk. Not withstanding that, the global trend now is to reduce the total dioxin level discharged to the environment to as low as practicable, which leads to the treatment of ashes as part of the new concept. New standards set at 3-5 micro-grams TEQ dioxin/ton waste treated is an example of total dioxin control limits adopted in Japan [8]. 

Recovering energy from waste is also part of the IWMS objectives. It is interesting if the system is designed like a typical Integrated Gasification Combine Cycle (IGCC) so that the net cycle efficiency approaches 50% as compared to a conventional mass burn with hardly achieving 20%. However, conventional plants having co-gen concept could easily reached 70% cycle efficiency, but, it is only practical for temperate countries where district heating is part of the economy [8]. Tropical countries like Malaysia could not benefit this concept, but attempts to convert heat to absorptive cooling might be feasible.  The new Landfill Directives introduced in EU and to be effective from 2006, no direct land filling of MSW is allowed; forcing states to redirect their waste to either thermal treatment of an integrated approach combining Mechanical-Biological, with Refuse Derived Fuel is subjected to Thermal Treatment. This move is a result of Green House Gas (GHG) reduction policy where land filling of organics is known to contribute more GHG compared to thermal treatment.  Whatever the management style, the net effect is to manage the waste generated to ensure environmental sustainability.  

EFFECT OF WASTE GENERATION AND MANAGEMENT ON THE ENVIRONMENT

Waste generation at all points needs to be managed in a proper manner.  The effects of this waste either managed or un-managed mostly could lead to either the pollution to water or air.  In most cases water pollution is contributed by the improper management of landfills or just open dumps, which allows untreated or semi-treated leachate to flow into waterways causing tremendous health problems.

The standards and norms for handling MSW in industrialized countries have reduced health and environmental impacts substantially.  About four decades ago, high-income countries required for open dumps to be covered daily with soil to curtail vector access, turning these dumps into controlled landfills.  However, in the 70’s, when it became apparent that even controlled landfills could cause major water pollution, sanitary landfills become a necessity.  This technology development allowed for the proper treatment of leachate and also for the collection of the landfill gasses [6].  

As for pollution to the atmosphere as a result of waste generation or its management, the path has been well documented and researched, for it contributes too many problems.  Figure 3, gives an indication of the amount of CO2 that could be emitted or saved by employing the various technologies available.  It is generally noted that if waste is just dumped without recycling the material or the recovery of energy, then it is a net disaster to the environment in terms of release of CO2 and CH4 to the air which is said to be the main contributors to the greenhouse effect.    

Landfill gas recovery, is essential and if used to generate electricity, could reduce the amount of CO2 emitted.  In the case of mass incineration, inert material (glass, metal) could first be recovered, reducing the amount of CO2 emitted, next the remaining waste is burned (with air pollution control), further reducing the CO2 released as compared to total land filling. In the case of Solid Recovered Fuel (SRF) recovery, the landfill emissions are small due to the very small amounts of disposed organic waste.  Due to more efficient waste separation and subsequently recycling, more CO2 emissions from steel and glass manufacturing can be avoided than with mass incineration.  Hence, the way the waste generated is managed will determine the effect it has on the environment.

Figure 3: Greenhouse gas emissions of different waste management systems [14]


As indicated, greenhouse gasses are contributed by the production of energy and also in the transportation industry.  Appendix 1, 2 & 3 gives an insight into the amount of CO2 and CH4 emitted and in relation to that, the amount of energy produced by renewable and non-renewable resources.  From these tables, there is no direct relationship on the amount of energy produced by MSW or the amount of greenhouse gasses produced by the burning or land filling of the MSW.  However, the figures will give some indication towards the contributions that could be gained or lost by proper management of the MSW produced. 

Table 4, shows the experience that Germany has had with the management of it waste.  It is estimated that in the year 2000, about 49 million tons of waste was landfilled.  At the same time about 863 million t of CO2eq was emitted for all sources of power production and transportation and of the amount only 1% (6.45 million t of CO2eq) was contributed from waste incineration. Another indication form the Germany experience is in terms of waste recycling, where it is estimated that the manufacturing of products leading to 1 kg of waste requires on average about 30 MJ of energy.  The energy saved from recycling waste material is about 5 to 12 MJ per kg waste (including transportation and collection).  Hence, this net savings in energy when translated into savings in the amount of greenhouse gases that would have been emitted if recycling were not carried out is beyond imagination. Figure 4 on the other hand shows how much of CO2, could be saved by generating electricity from waste as compared to the conventional way of coal consumption [15].

Table4 : GHG emissions from the MSW incineration and landfill [15]l

	Emission in 2002

[million t CO2eq]
	Total Emissions
	Landfill
	MSW Incineration

	Carbon dioxide CO2
	863.5
	-
	6.45

	Methane CH4
	74.5
	13.7
	-

	Nitrous oxide N2O
	49.5
	-
	0.03

	HFCS
	8.2
	-
	-

	PFCS
	0.7
	-
	-

	SF6
	4.1
	-
	-

	Total
	1000.5
	13.7
	6.49


Figure 4: Greenhouse gas emissions from electricity production[14]


[image: image2]
However, the direct effects of waste generation and management on the environment and human health are always a debatable issue. Nevertheless, all waste generated needs to be managed in a proper manner to ensure a healthy environment is assured for the generations to come.  Currently, this is being hampered due to the fact that waste management needs money and to the low-income countries many modern technologies are often too expensive to be employed to tackle their waste problems.  This has changed over the last 2 decades when the concept of waste to wealth emerged.  Waste is a resource and needs to be treated in a fashion so that total gains in terms of environment and monetary could be obtained.

WASTE TO WEALTH – THE MALAYSIAN EXPERIANCE

From the previous arguments, it is evident that the concept of recycle, reuse and recover is essential in minimizing the amount of environmental damage that could be done if the waste is disposed off indiscriminately.  However, management of waste requires considerable funds and many countries do not have the economic resources for high technology management.  On the other hand private companies are looking at the government for capital expenditure to reduce the financial burden on the company.  Hence, the financial model becomes an important tool in making the final decision on the management method.  

Figure 5: Pathways for processing of municipal solid waste [14]

At this point, the concept of waste to wealth becomes apparent.  The need to recovery maximum profits from the management method employed while ensuring environmental sustainability is the main objective.  Figure 5 shows the pathways that are available right from the processing of the MSW to the final incineration.  It is obvious that at every level of processing, there is money to be made if processed in a proper manner. Current technologies allow for even the inert ash material form the incinerators to be recycled into road payment or for the manufacturing of tiles.  This would not only safe resources but allow for the extension of landfill lifespan while ensuring almost zero waste to the landfill

Figure 6: Cost comparison between land filling and incineration [8]
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Figure 7: Capital and operational cost for various treatment technologies [8]
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However, the general trend is to either landfill or incinerate the MSW generated.  Figure 6 indicates the cost to landfill as compared to the cost of incineration.  Generally, the cost of land filing is lower then the cost of incineration but over the years, environmentalist have proven that landfill generated net CO2 emissions and incineration of the waste coupled with recycling and recovery of energy reduces the emission while saving cost of energy production through fossil fuel. This is further supported by the fact from Appendix 1 & 2 which shows that energy production is still very reliant on fossil fuel where as generation of electricity via renewable resources could reduce the burden on the depleting resource.  

In Malaysia, as mentioned earlier, the major cities have changed from land filling to incineration and even to Refuse Derived Fuel.  Figure 7 will show the cost comparison of operating a Gasification and Ash Melting (GAM) plant as compared to the Refuse Derived Fuel – Anaerobic Digester – Fuel Cell (RDF-AD-FC) integrated plant.  This is a result of a working model in Kajang, Selangor, which has been used to benchmark the RDF production against full incineration. 

The ideal about RDF production is that the plant allows for material recovery, which is an income to the plant, and then the organics are shred and either converted to RDF or fed into composters to generate biogases which instead is fed to a fuel cell to create Hydrogen fuel.  This would allow for maximizing the returns and it has been proven that by employing the recycling and conversion to RDF with power generation, the operation cost of the plant is almost equivalent to the operation cost of a landfill in Malaysia, estimated at about RM30 to RM 35.  The amount of power that could be extracted form the various treatment technologies are shown on Table 5.

Table 5: Amount of Energy Recoverable from MSW by Various Treatment 

Technologies [15]

	Material
	Treatment Technology
	Conversion Efficiency
	Calorific Value of Fuel
	Energy Recoverable / ton of Fuel
	Total Energy Recovered (based on 1500 tons/day
	Energy Recoverable (Normalized to per ton of MSW Input)

	MSW
	Incineration 
	WTE - 25 %
	2200 kcal/kg
	639 kW.hr
	960 MW.hr
	639 kW.hr

	MSW
	Incineration 
	WTE - 25 %
	1500 kcal/kg
	436 kW.hr
	655 MW.hr
	436 kW.hr

	MSW
	Incineration 
	WTE - 25 %
	800 kcal/kg
	233 kW.hr
	350 MW.hr
	233 kWhr

	RDF
	Incineration 
	MSW to RDF - 30%, 

WTE - 25%
	3500 kcal/kg
	1017 kW.hr
	458 MW.hr
	305 kW.hr

	MSW
	Anaerobic Digestion, 
	MSW to Digester – 60%, Biogas to energy – 25% 
	5000 kcal/m3
	218 kW.hr
	196 MW.hr
	131 kW.hr

	MSW
	Anaerobic Digestion, 
	MSW to Digester – 60%, Biogas to energy with steam recovery – 80% 
	5000 kcal/m3
	697 kW.hr
	627 MW.hr
	418 kW.hr

	MSW
	Anaerobic Digestion and Fuel Cell 
	MSW to Digester – 60%, Biogas to energy by Fuel Cell – 50% 
	241.83 kJ /mol H
	585 kW.hr
	526 MW.hr
	351 kW.hr


Apart form just waste treatment, landfill mining and recovery of material from closed landfills are an option to be looked.  Most countries evolve from open dumps that receive all kinds of waste to sanitary landfills, which receive waste that has been recycled, thermally treated, and the inert only end up in landfills. By locating a material recovery facility or a RDF plant on a closed landfill or open dump, the plant could operate to recover some of the material that have been buried as fuel.   On the other hand open dumps that have been closed could also be harvested for the landfill gasses that are emitted to be converted into electricity.  This not only saves the environment but also generates electricity.  Over a period of time, these landfills could also be converted into orchards, golf courses or even residential areas in years to come.  The financial model for this is enormous and waiting to be taken.  

MINT’S INVOLVEMENT IN WASTE TO WEALTH

Radioactive Waste

MINT expertise in the treatment and recycling of NORM and industrial waste to produce high technology products are highly recognised at both the national and international levels. A Radioactive Waste Management Centre at MINT has been in operation since 1984 to treat and manage radioactive waste generated by local users. The centre is also equipped with a dedicated storage area for oil sludge and other NORM waste. Research on the treatment and utilization of NORM had been carried out since the 80s in particular for amang and waste generated from the Asian Rare Earth plant. The expertise gain from this work lead to research into utilizing of other NORM wastes such as oil sludge and tin slag into useful material [16]. 

Oil sludge can be treated through an extraction process using special chemicals.  In this treatment, hydrocarbon, water and solid sediment are separated.  Hydrocarbon has a commercial value.  Oil sludge can also be treated by incineration.  This treatment process will generate ash as a solid residue.  The ash may contain enhanced level of NORM. The sediment can be disposed of safely by landfill.  However, due to its properties, this sediment residue has the potential to be reused as consumer products.  This leads to zero waste technology.
Mining for rare earth also generates Thorium waste, which comprises of Thorium, Uranium and Rare Earth. Thorium and Uranium are radioactive elements used as fuel material whilst the Rare Earth is a group of elements that has important applications especially for the electronic industry. MINT had done a study to recycle these strategic materials from the waste. The project involves a hydrothermal process, which separates these three components into products.  On the other hand, DEHPA or diethylhexyl phosphoric acid is an organic solution used for the separation of the light and heavy rare earth groups. When the ARE plant was closed down in 1994, the DEHPA found was contaminated with Uranium and Rare Earths. MINT has developed a process to recover both these elements and made the DEHPA reuseable for other applications.

Municipal Solid Waste

MINT Incineration and Renewable Energy Centre in MINT has carried out research in treatment of municipal solid waste for the past 3 years. Basically the R&D activities in MINT are very much aligned with the national scenario, where all the technologies introduced are riding towards ‘zero’ waste and ‘zero’ dioxin targets. There is already a move by a few private sector involved in developing local indigenous technologies, working as smart partners with MINT, etc. One of it is the RRC/RDF-WTE technology, which has won a few national and international awards, that entails with the construction of a commercial plant in Kajang [16].

Other works are being carried out to determine the characterization of MSW in many places and areas. Database will be formulated to develop a standard method of waste characterization for Malaysia. At the same time experience gained and high technology facilities available are the surplus factors that had made MINT able to participate in technology auditing and plant assessment. 

Projects and research activities that had been carried out for MSW are:

1. Refuse Derived Fuel (RDF)

· A collaboration project with Recycle Energy Sdn Bhd (RESB) to determine alternative method in handling MSW problem by converting waste into RDF

2. Mathematical Modeling

· Research is being carried out to develop a mathematical model to study and predict the combustion parameter and pollution emitted during thermal degradation of MSW. 
3. Combustion technology development 

· To develop lab-scale FBC use for R&D purpose e.g. air pollution study, heating value determination, combustion process etc.  To also develop lab-scale gasification type of incinerator, which is, used for R&D purpose e.g. air pollution study, heating value determination, combustion process etc.  Besides that research is being carried out to develop a new incineration technology by using combination concepts of rotary kiln, fluidized bed and rocking system to treat biomass and convert into biomass derived fuel. 
4. Landfill Technology

· Underground water pollution studies
5.  EB-technology for treatment of flue gases from incineration activities
· EB-technology has been proven as an effective alternative to simultaneously remove SOx and NOx in flue gases emitted by power plants. This technology can be adopted to treat flue gases from incineration activities to remove other types of pollutants such as VOCs and dioxin.
Industrial Waste
Research activities in the treatment of gas and liquid industrial wastes had been carried out since mid 90s with the availability of the electron beam machine (EBM). Experiences gained from the treatment of NORM waste also helps in the development of recycling processes for solid industrial waste. 

In power generation activities, the type of fuel used for firing will determine the quality of flue gases produced. In 2000, 75% of the energy generated was by natural gas, 10% hydro, 7% coal and 2% diesel. Conventional flue gas desulfurisation (FGD) treatment is mostly used in the plants whilst there are no data of the type of treatment used to treat NOx. NOx emission limits are still being considered by the Department of Environment and are expected to follow the global trend in term of allowable limit. Flue gas treatment using electron beam technology is a project recently completed. The test rig built is capable of removing 81% SO2 and 65% NOx simultaneously. In a larger scale system useable fertilizer may be recovered as a byproduct. The technology is applicable for both new and existing power plants [16]. 

MINT is planning to introduce a combination of radiation technology (Electron Beam) and Biological treatment to treat industrial wastewater. This technology has been proven in Korea to be more superior than conventional method to treat wastewater from textile industries. The technology can be adopted for the treatment of other types of industrial wastewater. The effluent will undergo biological treatment and subsequently be exposed to high-energy irradiation to remove organic pollutants and to certain extent, the removal of heavy metals. The treated water is safe to be discharged to our ecosystem or recycled for industrial usage.
Agro Waste

Basic research on agro fibers polymer composites have been carried out at MINT for the past 5 years by PhD and MSc students. The research have covered many types of agro waste such as empty fruit bunches, oil palm fronds, rubber woods, coconut fibers, sago waste and pineapple fronds. The accumulated knowledge has enabled MINT to formulate further development and exploitation strategies for agro waste. The strategies are aimed for the production of high value added products in specific niche applications.  Current research activities in relation to agro waste are;   

1. Environmental friendly empty fruit bunches fibers polymer composites for furniture and building materials.  
2. Electron beam processing of rubber wood polymer composites as sound and noise proofing materials. 

At the same time, MINT and UPM has promoted the pilot scale project for the application of agro-fiber polymer composites to the wood based industry in Malaysia through the Malaysian Wood Industrial Association (MWIA) [16]. One of the criteria for the selection of the participating company is that the company must has its own agro waste for industrial production of composite products. The pilot scale projects that have been identified are;  

3. Development of rubber wood fibers (waste) polymer composites for indoor and outdoor applications 

4. Development of wood fibers (waste) polymer composite for picture frame 

CONCLUSION

Waste generated and managed in a proper manner is essentially good for the environment.  However, with the advancement of technology and in the pursuit for a modern and more comfortable lifestyle, many of the countries are endangering the environment to the point of no return.  It has already been established that in some countries, the background level of dioxin in the air is higher then the allowable cancer risk set as 1 pica gram/Nm3.  The levels of greenhouse gasses have escalated to such high levels that global warming is being blamed solely on these gasses.  Landfills emit these gasses thought the world, and other waste management to do add to the global warming.  

Well instead of treating the waste produced, we should be thinking of not producing waste in the first place.  This would take a long time to achieve but some action needs to be put inn to stop excess manufacturing in the name of a comfortable lifestyle, while the same people are advocating that the world cannot take the burden that the population is inflicting on it.     
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APPENDIX 1:  TOTAL ENERGY PRODUCED

	Country
	All Sources
	Non-Renewable Energy Sources
	Hydroelectric

Plants
	Renewable

(exct.  Hydroelectric)



	
	
	Sold Fuels
	Liquid Fuels
	Gaseous Fuels
	Nuclear Fuels
	
	

	
	(1000 Metric TOE)
	(1000 Metric TOE)
	(1000 Metric TOE)
	(1000 Metric TOE)
	(1000 Metric TOE)
	(1000 Metric TOE)
	(1000 Metric TOE)

	
	1999
	1999
	1999
	1999
	1999
	1999
	1999

	Europe

	Sweden
	33,832
	  249
	0
	0
	19,073
	6.165
	7,469

	United Kingdom
	281,451
	22,075
	142,962
	89,136
	24,792
	461
	1,574

	Bulgaria
	9,056
	4,227
	39
	21
	4,128
	237
	413

	Czech Republic
	28,023
	23,081
	377
	177
	3,481
	144
	536

	Denmark
	23,894
	0
	14,856
	7,022
	0
	3
	1,209

	North America

	Belize
	…
	   …
	…
	…
	…
	...
	...

	Canada
	366,607
	39,154
	122,963
	144,385
	19,152
	29,718
	11,235

	Costa Rica
	1,323
	0
	0
	0
	0
	442
	881

	Mexico
	223,004
	4,868
	168,861
	30,887
	2,607
	2,819
	12,961

	United States
	1,686,450
	561,121
	366,904
	440,821
	201,139
	25,205
	80,709

	South America

	Bolivia
	5,197
	0
	1,918
	2,393
	0
	154
	732

	Chile
	7,614
	329
	412
	1,657
	0
	1,168
	4,047

	Colombia
	77,142
	21,240
	42,848
	4,894
	0
	2,902
	5,259

	Peru
	9,687
	15
	5,494
	647
	0
	1,250
	2,280

	Uruguay
	920
	0
	0
	0
	0
	473
	447

	Middle East & Africa

	Algeria
	144,363
	0
	66,870
	77,400
	0
	17
	76

	Benin
	1,781
	0
	45
	0
	0
	0
	1,736

	Egypt
	58,460
	0
	42,029
	13,816
	0
	1,315
	1,300

	Madagascar
	...
	...
	...
	...
	...
	...
	...

	Mauritius
	...
	...
	...
	...
	...
	...
	...

	Asia

	China 
	1,090,937
	670,344
	160,172
	26,058
	3,896
	17,527
	212,938

	Japan
	104,331
	2,152
	745
	2,010
	82,512
	7,432
	8,341

	Malaysia
	73,411
	67
	37,286
	32,942
	0
	647
	2,470

	Singapore
	64
	0
	0
	0
	0
	0
	0

	Thailand
	38,525
	5,297
	4,076
	15,004
	0
	304
	13,844

	Oceania

	Australia
	211,913
	153,291
	25,059
	27,064
	0
	1,434
	4,866

	New Zealand
	15,198
	2,071
	2,126
	4,809
	0
	2,024
	3,779

	Fiji
	...
	...
	...
	...
	...
	...
	...

	Papua New Guinea
	...
	...
	...
	...
	...
	...
	...

	Solomon Islands
	...
	...
	...
	...
	...
	...
	...


APPENDIX 2:  TOTAL ENERGY CONSUMED BY ALL SOURCES

	Country
	Total Energy

Production

(1000 Metric TOE)
	Total 

Energy

Consumption

(1000 Metric TOE)
	Non-Renewable Energy Sources
	Renewable Energy Sources

	
	
	
	Coal & Coal Product
	Oil
	Natural

Gas
	Nuclear
	Hydro-

electric
	Solid

Biomass
	Biogas & Liquid

Biomass
	Geo-

thermal
	Solar
	Wind
	Tide

Wave &

Ocean

	
	2001
	2001
	2001
	2001
	2001
	2001
	2001
	2001
	2001
	2001
	2001
	2001
	2001

	Europe

	Sweden
	34,377
	51,054
	5.4
	27.5
	1.5
	36.8
	13.3
	14.9
	0.22
	0.00
	0.01
	0.08
	0.00

	United Kingdom
	262,186
	235,158
	16.9
	34.6
	36.9
	10.0
	0.1
	0.4
	0.38
	0.00
	0.01
	0.04
	0.0

	Bulgaria
	10,325
	19,476
	37.4
	21.8
	14.1
	26.2
	0.8
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Czech Republic
	30,489
	41,396
	50.9
	20.3
	19.4
	9.3
	0.4
	0.9
	0.20
	0.00
	0.00
	0.00
	0.00

	Denmark
	27,171
	19,783
	21.2
	44.1
	23.4
	0.0
	0.00
	5.0
	0.37
	0.02
	0.04
	1.87
	0.00

	North America

	Belize
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Canada
	379,207
	248,184
	12.4
	35.8
	28.8
	8.1
	11.5
	4.2
	0.00
	0.00
	0.00
	0.01
	0.00

	Costa Rica
	1,733
	3,481
	0.00
	50.8
	0.00
	0.00
	14.0
	11.0
	0.00
	24.36
	0.00
	0.46
	0.00

	Mexico
	230,236
	152,273
	5.1
	60.8
	22.4
	1.5
	1.6
	5.4
	0.00
	3.14
	0.04
	0.00
	0.00

	United States
	1,711,814
	2,281,414
	23.9
	39.6
	22.7
	9.2
	0.8
	2.3
	0.26
	0.56
	0.06
	0.02
	0.00

	South America

	Bolivia
	6,938
	4,271
	0.00
	55.2
	23.7
	0.00
	4.4
	16.8
	0.00
	0.00
	0.00
	0.00
	0.00

	Chile
	8,673
	23,801
	10.8
	37.8
	25.8
	0.00
	7.8
	17.7
	0.01
	0.00
	0.00
	0.00
	0.00

	Colombia
	73,920
	29,245
	9.3
	43.7
	19.8
	0.00
	9.4
	17.9
	0.00
	0.00
	0.00
	0.00
	0.00

	Peru
	9,363
	12,113
	4.7
	59.9
	3.8
	0.00
	12.5
	18.7
	0.00
	0.00
	0.45
	0.00
	0.00

	Uruguay
	1,211
	2,703
	0.00
	58.0
	1.0
	0.00
	29.3
	15.5
	0.00
	0.00
	0.00
	0.00
	0.00

	Middle East & Africa

	Algeria
	144,330
	29,438
	1.7
	29.4
	68.6
	0.00
	0.00
	0.3
	0.00
	0.00
	0.00
	0.00
	0.00

	Benin
	1,483
	2,028
	--
	27.2
	--
	0.00
	0.00
	71.2
	0.00
	0.00
	0.00
	0.00
	0.00

	Egypt
	59,301
	48,012
	1.5
	54.1
	39.1
	0.00
	2.5
	2.8
	0.00
	0.00
	0.00
	0.00
	0.00

	Madagascar
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--

	Mauritius
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--

	Asia

	China 
	1,138,617
	1,139,369
	55.9
	19.9
	2.8
	0.4
	2.1
	18.8
	0.11
	0.00
	0.00
	0.00
	0.00

	Japan
	104,092
	520,729
	19.2
	49.2
	12.4
	16.0
	1.4
	0.7
	0.00
	0.57
	0.14
	0.00
	0.00

	Malaysia
	77,623
	51,608
	4.4
	50.1
	40.1
	0.00
	1.2
	4.7
	0.00
	0.00
	0.00
	0.00
	0.00

	Singapore
	64,000
	29,158
	0.00
	86.0
	13.7
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Thailand
	40,059
	75,542
	11.4
	43.4
	27.0
	0.00
	0.7
	71.1
	0.00
	0.00
	0.00
	0.00
	0.00

	Oceania

	Australia
	250,436
	115,627
	47.9
	28.7
	17.6
	0.00
	1.2
	4.1
	0.19
	0.00
	0.09
	0.020
	0.00

	New Zealand
	14,932
	18,294
	7.0
	34.3
	29.1
	0.00
	10.1
	4.4
	0.16
	12.79
	0.00
	0.07
	0.00

	Fiji
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--

	Papua New Guinea
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--

	Solomon Islands
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--
	--


APPENDIX 3: CO2 AND MENTANE EMISSIONS

	Country
	Carbon Dioxide CO2 Emissions
	Methane

Emissions

	
	Total
	Per Capita
	All Fuels
	Solid Fuels
	Liquid Fuels
	Gaseous Fuels
	

	
	(millionMetric Tons)
	(metric tons per person)
	(1000 metric tons)
	(1000 metric tons
	(1000 metric tons
	(1000 metric tons
	(1000 metric tons CO2 equivalent)

	
	2000
	2000
	1999
	1999
	1999
	1999
	1995

	Europe

	Sweden
	48.8
	5.5
	48,230
	9,870
	36,690
	1,670
	7,734

	United Kingdom
	558.2
	9.5
	535,290
	136,090
	205,880
	193,320
	52,260

	Bulgaria
	44.7
	5.5
	43,770
	26,110
	11,670
	5,990
	6,548

	Czech Republic
	124.1
	12.1
	110,590
	71,990
	20,540
	18,060
	16,208

	Denmark
	51.3
	9.6
	53,290
	18,010
	24,940
	10,340
	5,703

	North America

	Belize
	0.8
	3.4
	--
	--
	--
	--
	--

	Canada
	521.4
	16.9
	489,20
	109,110
	219,200
	160,900
	122,571

	Costa Rica
	5.2
	1.3
	4,700
	0
	4,700
	0
	3,404

	Mexico
	385.1
	3.9
	358,210
	25,570
	261,120
	71,520
	98,439

	United States
	5762.1
	20.2
	5,584,760
	2,109,610
	2,255,250
	1,219,910
	835,445

	South America

	Bolivia
	11.7
	1.4
	9,840
	0
	6,890
	2,950
	16,306

	Chile
	54.8
	3.6
	58,950
	16,500
	31,130
	11,320
	16,426

	Colombia
	64.0
	1.5
	56,500
	9,640
	35,420
	11,440
	53,699

	Peru
	28.2
	1.1
	21,150
	1,590
	18,040
	1,510
	18,750

	Uruguay
	6.4
	1.9
	6,780
	0
	6,730
	40
	16,664

	Middle East & Africa

	Algeria
	74.2
	2.5
	68,190
	2,040
	20,890
	45,260
	20,179

	Benin
	1.7
	0.3
	1,180
	0
	1,180
	0
	3,003

	Egypt
	127.1
	1.9
	110,260
	3,140
	76,200
	30,920
	27,284

	Madagascar
	2.5
	0.2
	--
	--
	--
	--
	17,210

	Mauritius
	3.1
	1.2
	--
	--
	--
	--
	4,004

	Asia

	China 
	3,473.6
	2.7
	3,051,1100
	2,420,540
	567,530
	63,040
	958,944

	Japan
	1,224.7
	9.6
	1,158,470
	331,130
	682,190
	145,150
	60,645

	Malaysia
	123.6
	5.4
	101,270
	3,310
	60,160
	37,980
	24,361

	Singapore
	61.1
	15.2
	53,230
	0
	49,910
	3,330
	1,118

	Thailand
	171.7
	2.8
	155,820
	29,910
	90,910
	35,000
	73,091

	Oceania

	Australia
	332.4
	17.4
	321,570
	187,680
	91,580
	42,310
	101,468

	New Zealand
	32.6
	8.6
	30,550
	4,270
	16,480
	9,800
	26,258

	Fiji
	0.7
	0.9
	--
	--
	--
	--
	767

	Papua New Guinea
	2.4
	0.5
	--
	--
	--
	--
	3,091

	Solomon Islands
	0.2
	0.4
	--
	--
	--
	--
	115


       Net reduction in CO2 = 220-592-1610 = -1982 kg
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		Food/Organic		Food/Organic		Food/Organic

		Mix Paper		Mix Paper		Mix Paper

		News Print		News Print		News Print

		High Grade Paper		High Grade Paper		High Grade Paper

		Corrugated Paper		Corrugated Paper		Corrugated Paper

		Plastic (Rigid)		Plastic (Rigid)		Plastic (Rigid)

		Plastic (Flim)		Plastic (Flim)		Plastic (Flim)

		Plastic (Foam)		Plastic (Foam)		Plastic (Foam)

		Pampers		Pampers		Pampers

		Textile		Textile		Textile

		Rubber/Leather		Rubber/Leather		Rubber/Leather

		Wood		Wood		Wood

		Yard		Yard		Yard

		Glass (Clear)		Glass (Clear)		Glass (Clear)

		Glass (Coloured)		Glass (Coloured)		Glass (Coloured)

		Ferrous		Ferrous		Ferrous

		Non-Ferrous		Non-Ferrous		Non-Ferrous

		Aluminium		Aluminium		Aluminium

		Batteries/Hazards		Batteries/Hazards		Batteries/Hazards

		Fine		Fine		Fine

		Other Organic		Other Organic		Other Organic

		Other In-Organic		Other In-Organic		Other In-Organic

		Others		Others		Others
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Percentage

26.05

40.38

65.23

6.03

11.9128571429

23.11

3.38
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10.24

1.02
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4.69
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8.66

9.5

12.76

17.84

0.24

0.9171428571

1.73

0.36

3.7

5.99

0.09

2.2916666667

6.38

0.19

0.6333333333

2.05

0.39

1.454

2.23

0.11

5.5471428571

13.23

0.49

2.3685714286

3.07

0.39

1.5414285714

4.59

0.92

2.7185714286

6.27

0.12

0.245

0.37

0.07

0.2742857143

0.55

0.08

0.085

0.09

0.3

0.79

1.28

0.24

1.13

2.02

1.24

4.71

8.18

1.72

1.995

2.27



Composition

				Min		Average		Max

		Food/Organic		26.05		40.38		65.23

		Mix Paper		6.03		11.91		23.11

		News Print		3.38		6.50		10.24

		High Grade Paper		1.02		2.23		4.69

		Corrugated Paper		0.12		1.50		4.17

		Plastic (Rigid)		2.08		3.46		8.66

		Plastic (Flim)		9.50		12.76		17.84

		Plastic (Foam)		0.24		0.92		1.73

		Pampers		0.36		3.70		5.99

		Textile		0.09		2.29		6.38

		Rubber/Leather		0.19		0.63		2.05

		Wood		0.39		1.45		2.23

		Yard		0.11		5.55		13.23

		Glass (Clear)		0.49		2.37		3.07

		Glass (Coloured)		0.39		1.54		4.59

		Ferrous		0.92		2.72		6.27

		Non-Ferrous		0.12		0.25		0.37

		Aluminium		0.07		0.27		0.55

		Batteries/Hazards		0.08		0.09		0.09

		Fine		0.30		0.79		1.28

		Other Organic		0.24		1.13		2.02

		Other In-Organic		1.24		4.71		8.18

		Others		1.72		2.00		2.27
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