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ABSTRACT  
 

Waste prevention or waste reduction at source is the most preferred solid waste management alternative. 
This is because waste reduction at source would give the least impact to the environment as opposed to landfill. 
To embark on waste reduction at source, the concept of material flow in a production system should be 
understood. Waste prevention plays a key role in reducing waste flow throughout the life cycle of a product. 
This paper attempts to provide a brief overview on the Municipal Solid Waste (MSW) reduction at source 
specifically the Life Cycle Assessment (LCA). LCA is one of the preventive and remedial approaches in 
environmental management and can be broken down into goal definition, inventory analysis, classification and 
evaluation, and improvement assessment stages. National and international initiatives on LCA were outlined 
based on the problems on increasing trends on solid waste generation. Preliminary data on relationships 
between MSW generation and population were outlined. Example on the classification and evaluation on 
environment impacts by material and waste flow were discussed. The analysis showed that wastes can be 
categorized into various components and each component can be channeled according to the life cycle of a 
product. This is important for proper environmental management. This strategy of waste prevention at source is 
important to enable us to achieve a better quality of life and working towards a more sustainable living. 
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Introduction 
 
 Waste is the product of human social-economic activities. The amount of waste produced is directly 
proportional to the total number of people living in an area. The change in human attitude and concern with 
respect to the effect of waste on the environment has brought about renewed interest in understanding and 
assessing the consequences of human socio-economic activities. Municipal Solid Waste (MSW), often referred 
to as garbage contributes quite substantially to the total solid waste produced by human activities and the solid 
waste generated is associated closely with the population. This waste which originated from homes and business 
is becoming increasing important and require rightly attention in terms of efficient management for pollution 
control. Waste prevention, also known as waste reduction at source is the most preferred solid waste 
management alternative that is it is at the top of solid waste management hierarchy. The solid waste 
management hierarchy is often cited as a means of justifying the desire to process solid waste by any means 
other than landfill. This hierarchy is seen in Fig 1. 
 This hierarchy provides waste treatment option in a fixed order of preference with waste reduction at source 
(which normally include reduce, reuse) as the most preferred and landfill as the least preferred options. The 
waste reduction at source is the most preferred option because it would give the least impact to the environment 
as opposed to landfill, which will have the most impact on the environment. How can today’s challenge for 
MSW minimization in Malaysia be most effectively met? This paper therefore attempts to provide a brief 
overview on the MSW reduction at source and assess its possibility as one of the most important MSW 
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management options to practice in Malaysia. This would help in the improvement of MSW management 
policies in Malaysia. This strategy of waste prevention at source is important to enable us to achieve a better 
quality of life and working towards a more sustainable living. 

 
 
Fig. 1: Municipal Solid Waste Management Hierarchy. 

 
Life Cycle Assessment: 
 
 Life Cycle Assessment (LCA) is one of the preventive and remedial approaches in environmental 
management. Industrialists have become increasingly interested in looking into the environmental consequence 
of their operations. The growing awareness of product-related environmental issues with special emphasis on 
waste prevention and reduction at source has focused on the need for generally-accepted methods of assessing 
the environmental impact of products throughout their entire life cycle, referred to as ‘from cradle to grave’ 
approach. 
 LCA has been defined as a ‘scientific and technical methodology to assess, analyze and evaluate 
environmental and other impact of a product, product group or material (Ryding, S.O., 1992). LCA as defined 
by SETAC (1991) is ‘an objective process to evaluate the environmental burdens associated with a product, 
process or activity by identifying and quantifying energy and materials used and wastes released to the 
environment, and to evaluate and implement opportunities to affect environmental improvement’. 
LCA may be broken down into several stages, namely:  

Stage 1 which is Goal definition 
Stage 2 which consists of Inventory Analysis 
Stage 3 which includes Classifications and evaluation 
Stage 4 which is Improvement Assessment 

 
Goal definition: 
 
 A clarification of the objectives of the exercise and substantiation of the various steps to be made that is 
‘where does the cradle start and where does the grave end’ to ensure that the result fit the intended application. 
One has to differentiate between ‘waste management LCAs’ and LCAs for conventional ‘single product 
system’. Waste management LCAs necessarily deal with a much wider range of material, such as MSW. 
Accordingly the functional unit such as quantity of solid waste collected from a given area) will need to reflect 
the composition of waste, both with respect to material type and relative weight. Invariably this will lead to 
system boundary identification.  
Inventory analysis 
 Life cycle inventory analysis quantifies the various materials and energy consumption together with all 
waste (in this case solid waste) for all the process within the system boundary. The result of such undertaking 
generates an inventory of the environmental burden, associated with functional units. In this stage all inventory 
data are gathered and this will form the basis for all calculations, and a comprehensive up-to-date database 
specific to waste management practices. 
 
Classification and evaluation: 
 
 Classification and evaluation facilitates the interpretation and aggregation of inventory data in forms that 
are more manageable and meaningful to the decision-maker. In the problem-oriented approach data in the 
inventory aggregated according to the relative contributions made to a survey of environmental concern. This is 
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often referred to as classification. The following environmental impact categories are generally included in an 
impact assessment: 
 Resource depletion 
 Greenhouse effect (direct and indirect) 
 Ozone layer depletion 
 Acidification 
 Nitrification/eutrophication 
 Photochemical oxidant formation 

In the evaluation process, a final and aggregated assessment of the environmental impact using a more 
formalized method consisting of a multiple criteria or multi-criteria analysis with weighting factors is carried 
out. 

 
Improvement assessment:  
 
 This is a systematic and managerial evaluation of the needs and opportunities to reduce the environmental 
burden associated with the process or product under consideration. This includes both qualitative and 
quantitative measures of improvement (e.g. changes in choices of raw material, manufacturing processes and 
waste management as well as marketing and information activities). 
 
Literature Review: 
 
 LCA has been recognized ‘‘the best framework for assessing the potential environmental impacts of 
products currently available. According to Levan, S.L., (1995) LCA procedures alone are not leading consumers 
to make environmental choices between similar products. In fact, the proliferation of conflicting life cycle 
analyses on the same products cause consumer confusion and a lack of confidence in the LCA methodology. 
The problem lies with the complexities in using LCA, the method of data intensity, and the level of detail that 
has been chosen in selecting the appropriate boundary conditions. LCA as part of a national eco-labeling scheme 
is one way to alleviate some confusion and concern regarding the proliferation of this tool as a marketing 
strategy. The most appropriate use of LCA is to evaluate the direct environmental burdens for particular 
processes. 
 Kasmaprapruet, S. et al., (2009) analyze milled rice production, from rice cultivation to the mill, in order to 
determine the environmental load of rice production. The results showed that the contribution of energy 
consumption from the drying process was the highest and milling process energy consumption was the lowest. 
The cultivation process has the biggest environmental impact for the three environmental impact categories 
considered. 
 Meanwhile the study by Koo Chai Hoon (2006) determined which waste disposal options will substantially 
reduce the environmental burdens. Several important observations was  made which included among others,  
recycling of plastic products can significantly reduce the energy required across the life cycle because the high 
energy inputs needed to process the requisite virgin materials greatly exceeds the energy needs of the recycling 
process steps, greenhouse gases can be reduced by conducting recycling option rather than landfills option, 
quantity of waste emissions released  from different disposal options was identified and recycling is the 
environmental preferable disposal method while polypropylene (PP) is the most desirable plastic product.  
 Huntzinger, D.N and T.D. Eatmon, (2009) said that concern over the impact of anthropogenic carbon 
emissions on the global climate has increased in recent years due to growth in global warming awareness. 
Approximately 5 percent of global CO2 emissions originate from the manufacturing of cement, the third largest 
source of carbon emission in the United States. In addition to the generation of CO2 the cement manufacturing 
process produces millions of tons of the waste product cement kiln dust (CKD) each year contributing to 
respiratory and pollution health risks. Using LCA as a tool to evaluate the environmental impact of four cement 
manufacturing processes, blended cements provide the greatest environmental savings followed by utilization of 
CKD for sequestration. The recycling of CKD was found to have little environmental savings over the 
traditional process. 
 Puthavorrachai, J and Phungrassami, (2009) used LCA as a tool to evaluate the environmental 
consumption, water consumption and waste generation. The result from LCA showed that energy consumption 
presented high environmental impact in term of global warming more than water consumption and waste 
generation for improving energy consumption in canned liquid production.  The result showed that the 
optimization of running pattern of boiler is the best solution for choosing as the first priority to implement 
because it is an economically and environmentally friendly process with the minimum use of energy. Even 
though water consumption and waste generation did not present high environmental impact, they are still 
monitored and should be the next improvements as a proactive action. 
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 In order to look at the impacts due to preservation process and packaging (considering identical distribution 
distances), Humbert, S. et al., (2009) observe a small but significant environmental benefit of the plastic pot 
system over the glass jar system. Depending on the country (such as France, Spain and Germany), the impact is 
reduced by 14 percent to 27 percent for primary energy, 28 percent to 31 percent for global warming, 31 percent 
to 34 percent for respiratory inorganics, and 28 percent to 31 percent for terrestrial acidification/nutrification. 
The environmental benefit associated with the change in packaging mainly results from (a) production of plastic 
pot (including its end-of-life; 43 percent to 51 percent of total benefit), (b) lighter weight of packaging 
positively impacting transportation (20 percent to 35 percent of total benefit), and (c) new preservation process 
permitted by the plastic system (23 percent to 34 percent of total benefit). The jar or pot (including cap or lid, 
cluster, stretch film, and label) represents approximately half of the life cycle impacts, the logistics 
approximately one fourth, and the rest (especially on-site energy, tray, and hood) one fourth. 
 Neupane, B and A. Halog, (2009) in their research assessed the potential environmental life cycle impacts 
and resource consumptions in producing woodchips for biofuels production in Maine, USA. The Eco-indicator 
99 based cradle to gate (from trees to woodchips).  LCIA method was employed to evaluate the potential 
environmental and resource depletion impacts in each stage in producing woodchips.  Results show that 
transportation stage and tree harvesting and processing stages have the highest impact on the environment. In 
terms of environmental impact categories, fossil fuel consumption and respiratory inorganic effects are 
relatively the most significant environmental impact categories. 
 Salomone, R., (2003) used the life cycle assessment methodology to analyze the environmental impacts 
connected to a coffee business located in Sicily. System boundaries were defined to include all life cycle steps: 
from coffee growing through to its distribution to consumers, consumption and disposal. The aim of the study 
was to identify the “hot spots” in the stages of the product’s life cycle in which environmental improvements 
were easily achievable and to suggest alternatives to minimize the environmental impact of production phases, 
thereby improving processes and company performance.  LCA clearly emerges as a useful tool to provide 
information for effective environmental management under a life cycle perspective, and as one that does not 
limit improvement opportunities to the physical confines of a company alone. 
 LCA has also been used either in water treatment or production process. Amir Hamzah Sharaai, et al., 
(2010) using LCA in water treatment process in Malaysia. The application of LCA is meant to discover the 
possibilities of weaknesses in the water treatment process in order for it to be further improved thus ensuring 
quality water supply. 
 
National And International Initiatives: 
 
 Agenda 21 of the Rio Convention 1992 Chapter 21 pertaining to ‘Environmentally found management of 
solid waste and sewage-related issues’ has underlined a framework for exquisite  action funded on a hierarchy of 
objectives and focused to form major waste-related program uses: 
a) Minimization of waste 
b) Maximizing environmentally sound waste reuse and recycling 
c) Promoting  environmentally sound waste disposal and treatment 
d) Extending waste service coverage 
 The program areas are interrelated and mutually supportive and must therefore be integrated in order to 
provide a comprehensive and environmentally responsive framework to managing MSW. Waste minimization 
program is based on the following problem: 
 ‘Unsustainable patterns of production and consumption are increasing the quantity and variety of 
environmentally persistent wastes at unprecedented rates. The trend could significantly increases the quantities 
of wastes produced by the end of the century and increase quantities four to five-fold by the 2025. A preventive 
waste management approach focused on changes in lifestyles and in production and consumption patterns offers 
the best chance for reversing the current trend. 
 Figures 2 and 3 illustrate waste generation trends in relation to population increase in the USA, Middle East 
and Malaysia. It can be seen that the trends are different for Malaysia and USA. The Malaysian data include 
projected values up to the year 2025. There are a number of questions and features that can be associated with 
these trends: 
a) How reliable these data are? 
b) Is Malaysian waste generation lower? (if reliable) 
c) Can waste generation be further reduced? 
d) What effect would further changes in production consumption patterns have on socio-economic 
development? 
e) What waste policies should be developed for future environmental stewardship? 
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Fig. 2: Relationships between solid waste generation and population. 
 
 It is important to characterize the waste flow into the environment as this can be used to develop policies 
pertaining to the minimization of waste (Figure 4). Various waste management instruments can be applied in 
order to reduce waste flow.   
 

 
 
Fig. 3: Relationship between SW Generation and population in Malaysia. 
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Fig. 4: Waste in the Life Cycle of a Product. 
 
 The projected reductions for the year 2025 depend on implementing the MSW management strategies 
(United Nations, 1992). 
 
Scientific and technological strategies: 
 
 Waste minimization technologies and procedures will need to be indentified and widely disseminated. This 
work should be coordinated by national government, with the cooperation and collaboration of non-
governmental organization, research institution and appropriate organizations of the United Nations, and could 
include the following: 
a) Undertaking a continuous review of the effectiveness of all waste minimization instruments and identifying 
potential new instruments that could be used and techniques by which instruments could be made operational at 
the country level. Guidelines and codes of practice should be developed. 
b) Promoting waste prevention and minimization as the principal objective of national waste management 
programs. 
c) Promoting public education and a range of regulatory and non-regulatory incentives to encourage industry 
to change product design and reduce industrial process wastes through cleaner production technologies and 
good housekeeping. Practices and to encourage industries and consumers to use types of packing that can be 
safety reused. 
d) Executing, in accordance with national capacities, demonstration and pilot programmes to optimize waste 
minimization instruments. 
e) Establishing procedures for adequate transport storage, conservation and management of agricultural 
products, foodstuffs and other perishables goods in order to reduce the loss of those products, which results in 
the productions of solid waste. 
f) Facilitating the transfer of waste-reduction technologies to industry, particularly in developing countries, 
and establishing concrete national standards for effluents and solid waste, taking into account, inter alia, raw 
material use and energy consumption. 
 
Human resource development for waste minimization: 
  
 Human resource development for waste minimization not only should be targeted at professionals in the 
waste management sector but also should seek to obtain the support of citizens and industry. Human resource 
development program must therefore aim to raise consciousness and educate and inform concerned groups and 
the public in general. Countries should incorporate within school curricular, where appropriate, the principles 
and practices of preventing and minimizing wastes and material on the environmental impacts of waste.  
 Minimization target should be well below the carrying capacity of our ecosystem. Carrying capacity models 
should be used for producing ecological limits.  
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Classification and Evaluation of Environmental Impact by MSW: 
 
 MSW can be generally classified or grouped into two main categories: The Business solid waste (Table 1) 
and the residential solid waste (Table 2). Table 1 indicates the various grouping of solid waste generation or 
flow in the business sector. 38 groupings have been identified for a typical municipality and the functional units 
involved are disposal rate (tons/employee/year) and waste destiny (pounds/cubic yard). The same functional 
units of flow can be applied to residential areas. Table 2 is a typical inventory list of residential waste 
composition. As mention before the aggregations of inventory data can be made according to a number of 
environmental concerns. Table 1 indicates that the highest waste flow contribution about 10 tons/employee/year 
and also the retail trade sectors which contribute about 11 tons/employee/year of waste flow. From the Table 2 
about 30 percent of the wastes constitute of paper and 43 percent constitute of organics which means a total of 
73 percent of the composition constitutes of organics. The environmental impact category relevant to the 
organics waste is the mineralization of organic compounds which can contribute to nitrification and 
eutrophication of water bodies such as lakes and rivers if no proper management is practices.  
 In order to embark on waste prevention or reduction at source, the concept of material flow in a production 
system should be understood. Waste prevention option would help shift a country’s emphasis from waste 
cleanup to waste avoidance. Waste prevention plays a key role in reducing waste flow as shown in Figure 4. It 
can be seen that opportunities to reduce waste exits throughout a product life cycle. Life cycle assessment of 
material flow is a tool for evaluation waste management practices in a more scientific manner.  
 
Table 1: Business Solid Waste. 

Business 
Grouping 
Number 

Business grouping name Disposal Rate 
tons/employees/year 

Waste density 
pounds/cubic yard 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

Agriculture/Fisheries 
Forestry 
Mining 
Construction Companies 
Manufacturing – Food/Kindred 
Manufacturing – Apparel/Textile 
Manufacturing – Lumber and Wood products 
Manufacturing – Furniture/Fixtures 
Manufacturing – Paper/Allied 
Manufacturing – Printing/Publishing 
Manufacturing – Chemical/Allied 
Manufacturing – Primary/Fabricated Metal 
Manufacturing – Industrial Machinery 
Manufacturing – Electronic Equipment 
Manufacturing – Transportation Equipment 
Manufacturing – Instrument/Related 
Manufacturing – Other 
Trucking and Warehouse 
Transportation – Air 
Communication 
Utilities 
Transportation – Other 
Wholesale Trade – Durable Goods 
Wholesale Trade – Nondurable Goods 
Retail Trade – Building Material and Garden 
Retail Trade – General Merchandise Stores 
Retail Trade – Food Store 
Retail Trade – Automotive Dealers & Service 
Retail Trade – Restaurants 
Retail Trade – Other 
Finance/Insurance/Real Estate/Legal 
Services – Hotel/Lodging 
Services –Business Services 
Services – Motion Pictures 
Services – Medical/Health 
Services – Education 
Services – Other 
Public administration 

0.91 
0.20 
1.78 
2.01 
1.80 
0.98 
9.95 
0.83 
1.32 
0.97 
0.89 
0.89 
0.83 
1.54 
1.16 
1.54 
0.68 
0.96 
0.94 
0.22 
1.82 
0.46 
1.82 
0.46 
1.05 
0.36 
2.77 
1.93 
2.50 
2.46 
2.04 
0.17 
0.92 
1.10 
0.62 
0.54 
1.68 
0.43 

107 
100 
100 
145 
130 
103 
128 
145 
100 
103 
135 
122 
125 
128 
88 

121 
81 
62 
82 
98 
73 
90 
40 
82 
73 
87 

113 
107 
121 
121 
105 
92 

106 
169 
73 
75 
91 
53 

Source: CIWMB, 1999 

 
 A more elaborate example of material flow is shown in Figure 5. It shows the material flow for forest 
product industry. The material flow includes both the use of virgin feed-stocks as well as streams of residuals 
and recycled materials used in the production. Such analysis can reveal where leverage lies to reduce draw on 
the forest, municipal waste, and other environmental concerns. A new area of discipline called industrial 
ecology involving material flow has emerged recently. 
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 Material flow corresponds to some degree to money flow. Constructing material accounts on the model of 
existing monetary input-output accounts of the economy encourage awareness and clarifies understanding of the 
use of physical resource in the economy, the addition of value to raw materials and the amount of waste 
generated in the industry. 
 
Table 2: Any City – Estimated Residential Waste Composition. 

Material Type Statewide Average Percent (1990) Estimated Any City (Tons Metric) 
Total Paper 
Cardboard and Bags 
Mixed Paper 
Newspaper 
Hi-Grade Ledger Paper 
Other Paper 
Total Plastics 
Hdpe Containers 
Pet Containers 
Film Plastics 
Other Plastics 
Total Glass 
Refill Glass Containers 
Redemption Value Glass 
Other Recyclable Glass 
Other Non-Recyclable Glass 
Toal Metals 
Aluminium Cans 
Bi-Metal Containers 
Ferrous and Tin Cans 
Non-Ferrous and Al Scrap 
White Goods 
Other Metals 
Total Yard Waste 
Yard Waste 
Total Other Organic 
Food Waste 
Tires and Rubber 
Wood Wastes 
Crop Residuals 
Manure 
Textiles and Leather 
Miscellaneous Organic 
Disposal Diapers 
Total Other Waste 
Inert Solids 
Household Hazardous and Containers 
Furniture 
Bulky Items 
Other And Unsorted Waste 
Total Special Waste 
Ash 
Sewage Sludge 
Industrial Sludge 
Asbestos 
Auto Shredder Waste 
Auto Bodies 
Other Special Waste 
TOTAL 

30.76 
5.50 
9.71 
7.65 
0.83 
7.06 
6.74 
0.85 
0.28 
2.27 
3.34 
4.68 
0.13 
1.23 
2.47 
0.84 
4.31 
0.36 
0.13 
2.83 
0.38 
0.33 
0.28 

21.83 
21.83 
20.93 
9.34 
0.64 
3.11 
0.10 
0.39 
2.32 
2.70 
2.34 

10.51 
3.52 
0.58 
0.01 
0.10 
6.31 
0.25 
0.03 
0.07 
0.00 
0.00 
0.02 
0.00 
0.14 

100.00 

34,923 
6,247 

11,029 
8,684 
948 

8,016 
7,652 
969 
313 

2,575 
3,795 
5,308 
150 

1,397 
2,808 
953 

4,891 
404 
149 

3,215 
430 
371 
321 

24,787 
24,787 
23,764 
10,603 

722 
3,528 
110 
448 

2,631 
3,063 
2,658 

11,937 
3,992 
657 

7 
116 

7,164 
286 
31 
76 
0 
1 
18 
2 

158 
113,548 

Source: CIWMB 1999 
 

Conclusions: 
 
 Waste minimization at source is recognized as the most common approach to reduce environmental impact 
associated with the practices of municipal solid waste management. Life Cycle Assessment can be used to assist 
the planning and policy development of municipal solid waste management of a country especially that 
pertaining to classification and evaluation of waste material flow. It can also be used to quantify and asses 
product impacts to the environment, to identify opportunities to minimize that impact and to significantly 
identify cost savings by making more effective use of resource.  
 The analysis showed that wastes can be categorized into various components and each component can be 
channeled according to the life cycle of a product. This is important for proper environmental management. This 
strategy of waste prevention at source is important to enable us to achieve towards a more sustainable living, 
hence towards a better quality of life. Further researches on MSWM should focus on this important aspect, the 
life cycle assessment. 
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Fig. 5: Material flow in a forest product industry. 
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