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Abstract: Municipal solid waste composition studies are essential for proper waste management for
a variety of reasons including a need to estimate materials recycling potential, to identify sources, and
to facilitate the design of the processing equipment. The composition of generated waste is extremely
variable as a consequence of seasonal, geographic, and social impacts. This study is concerning a
particular type of municipal solid waste (MSW), which is "tropical campus waste". The study was
conducted at the main campus of Universiti Kebangsaan Malaysia (UKM). In a period of four weeks,
twelve samples were taken and analyzed. The primary objective of the study was to develop a
representative estimation of the composition of the university’s MSW stream. The daily waste
(averagely 5900 kg) was separated into organics (55%), plastics (30%), paper (11%), glass (1%),
metals (2%), and rubber, leather and wood (1%). 
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INTRODUCTION

On December 18th, 2008 a Memorandum of Agreement was signed between Universiti Kebangsaan
Malaysia (UKM) and Alam Flora Shd. Bhd. (AFSB) - a solid waste management company in Malaysia. It is
the basis for a partnership to apply an Integrated Solid Waste Management (ISWM) at UKM campus and
achieve the university’s mission of creating a "Zero Waste Campus", thus, be a role model for other
universities. A SWM approach for the whole UKM campus will now be implemented by AFSB. It is intended
as a win-win situation with mutual benefit for both parties. The contract of a previous waste management
contractor expired in May, 31st 2009. AFSB is now in charge of the waste disposal and is incorporating waste
management research activities together with UKM. This municipal solid waste composition study provides
essential information of amount and composition of UKM generated waste and contributes to the overall
success of the main project.

Background:
Universiti Kebangsaan Malaysia has been rapidly growing from a small campus in Lembah Pantai, Kuala

Lumpur to a bigger campus in Bangi which is approximately 30km from Kuala Lumpur City Center of
Malaysia and 45km from Kuala Lumpur International Airport (KLIA). Currently UKM has an estimated
population of 30,000 people, including lecturers, employees, and students. About 8 tons of solid waste are
generated per day. AFSB and UKM have implemented a three-phase plan (Alam Flora, 2009) to create a "Zero
Waste Campus":
Phase 1 (7 months, June 2009 - December 2009)
� Collection: Waste Collection to be continued as per current system
� Disposal: All organic waste to be disposed at RDF Incineration
� Activities: Education programs throughout campus, site preparation for Integrated SWM Research Center

(ISWMRC)
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Phase 2 (6 months, January 2010 - June 2010)
� Collection: Full waste separation at source, two bin waste system
� Disposal: All mix-organic waste goes to ISWMRC (for further waste separation and treatment), residual

will be disposed at RDF, bulky waste residual is to be disposed at Dengkil Landfill
� Activities: Site preparation for the mini landfill at UKM campus
Phase 3 (Starting July 2010 (continuous))
� Disposal: no out-going waste from the UKM campus
� Parallel to the three-phase plan several research activities have started. One of these activities is the

municipal waste composition study.

Study Objectives:
The composition study included field sorting events between July, 27th and August, 22nd 2009. Data

collected through this waste composition study will be used for different purposes as following:
� To determine the amount and composition of UKM campus municipal solid waste
� To identify sources of component generation
� To assist in setting future policy direction and management priorities
� To establish a baseline for measuring future success in achieving waste management objectives as

benchmark
MATERIALS AND METHODS

All baseline characterizations were performed according to the ASTM 5231-92 Standard Test Method for
Determination of the Composition of Unprocessed Municipal Solid Waste (ASTM, 2003) and LAGA PN 98
(German Joint Working Group of the Länder on Waste, 2001). During these four weeks the sampling was done
every Monday, Wednesday and Saturday by cone sampling. At first the samples were taken from a heap and
later out of a roro-container. Through the use of a wheelbarrow, public works employees and master course
students moved about 450 kg of MSW onto the thin plastic sheet. Ripping and opening of the plastic bags and
containers ensued with small knives, and mixing was achieved with shovels and rakes. Then the large sample
was quartered so that approximately one fifth of the sample (91–136 kg) was left to form a representative
sample. Finally, manual sorting of the waste was done according to ASTM categories (i.e. plastic bag, plastic
bottle, polystyrene, mixed plastic (consists hard plastic), non-recyclable plastic bag (black plastic bag), paper
(newspaper, magazines, cardboard and box), aluminum, rubber and leather, food waste (cooked waste and raw
materials), and glass), and different types of samples were placed into properly labelled buckets. The following
is details description for the flow of whole segregation process.

"LAGA PN 98 - Directive for the procedure of physical, chemical, and biological analyses in connection
to the utilisation and disposal of waste". PN 98 contains basic rules for sampling solid and compact waste and
deposited material to characterise populations of waste. The directive contains requirements on sampling
methods and strategies, as well as indications for the amount and size of single, mixed, and collected samples
in relation to the basic set, consistency, particle size and particle size distribution (Matthias, 2007). The field
of application contains quality assurance at assessments of wastes, which is used for the UKM Campus Waste
Separation.

Sampling Strategies:
The sampling strategies depend on basic questions and targets. Two general sampling strategies can be

distinguished:
� "Hot spot" sampling, hot spots are centres of contamination or other negative influences, the "hot spot"

sampling serves to gain prognoses on risks and the preservation of evidence for waste that was dumped
without permission or for waste of otherwise unknown origin.

� General waste sampling, to characterise the populations in special cases.

Checking Of The Homogeneity / Heterogeneity / Non-homogeneity:
Generally, every charge must be analysed individually and checked for homogeneity / heterogeneity on

the basis of this analysis. In order to test the homogeneity, the following properties of waste can be consulted
by organoleptic-sensory reactions or tests:
� Changes in the colour
� Changes in the grain/particle shape distribution and grain/particle size distribution
� Changes in the consistency (water contents)
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� Smell
� Gas emergence

Conditioning Of The Single, Mixed, Or Collective Samples Into A Lab Sample:
Single samples are combined on a suitable base (clean surface or rather steel or wooden plate or plastic

sheet etc.) and homogenised by intensive mixing. As the available volume of the mixed sample will normally
be larger than the required volume, it can be reduced at once on site by certain techniques. The tools used for
homogenisation and division of the samples must by no means cause any contamination of the sample material.
The reduction of the samples can be achieved with the following devices:
� Fractionating shovels
� Quartering with a sampling cross
� Dividing with a sample cutter
� Ribbed divider/rotation divider (for suitable pourable bulky goods)

Manual methods are only appropriate if a ribbed divider is not available in the necessary size and / or
cannot be used because of the material properties (such as too large lumpiness, graininess, lacking pourability).

Fine-grained goods can be reduced with the sample cutter: the original sample is poured into a cylindrical
container (such as a pail) and homogenised by stirring; then the surface is smoothed. The part sample is taken
by stabbing the plunger into the sample at 5 to 7 evenly distributed places. It is important that the minimum
volume of the lab sample does not stay below the required value. The size of the lab sample is eventually
determined by the number of parameters to be analysed, the grain/component size and graininess, the required
replacement sample, and the transport conditions (Figure 1). 

Fig. 1: Reduction of the sample volume using a sampling cross (PN 98)

Material Categories:
The selection of material categories was the first critical step in the study design. The material categories

used in conducting the study needed to be consistent with the objectives.
The categories should allow analyzing the results in the context of the UKM strategies and should be

instructive about principal directions. The categories selected should be comparable with those used in former
studies to be able to fit into the overall context.

A set of 11 categories were selected for the Study (Figure2). They included the following:
1. Organics (cooked)
2. Organics (raw)
3. Glass
4. Plastic Bags
5. Plastic Bottles
6. Polystyrene
7. Hard Plastic
8. Non-recyclable Plastic
9. Paper, Cardboard
10. Metals
11. Rubber, Leather and Wood

Most categories fulfill the purpose of "catch all" categories and include all kinds of a waste group. These
include the categories: Glass, Paper, Metals (Aluminum and ferrous metals were not divided) and Rubber,
Leather and Wood. A special focus was placed on plastics and organics.
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The plastic category is separated in Plastic bags (PA - polyamid foils), Plastic Bottles (PET - polyethylene
terephthalate), Polystyrene (all kinds of foot containers), and Hard plastics (mixed plastics, plastic containers).

Organics were distinguished into raw and cooked organics. Organics (raw) include Yard waste, wood
material, grass and leaves and fruits. Organics (cooked) contains all food waste.

Fig. 2: Waste composition categories

RESULTS AND DISCUSSIONS

A general definition of a "representative sample" is: "A sample, which properties largely correspond to
the average properties of the basic amount of the tested material." While the demand for "representativeness"
in a single solid component as well as gaseous and liquid phase is still relatively easy to satisfy, it is difficult
to do this for solid waste with increasing heterogeneity and inhomogeneity. Under municipal solid waste
following assignment applies:
a)Homogeneous is:
� All liquid and pumpable waste
� Other wastes whose homogeneity is testable by visual inspection, for example: dust, fly ash from

combustion, reaction products from flue gas purification plants
b)Heterogeneous is all other waste:

For the fulfillment of the requirement of a "representative sampling" of heterogeneous materials, following
solutions exist:
� mathematical and statistical basis
� based on empirical knowledge of the basic set and their sub-batches

Both approaches show, that a representative sampling of heterogeneous, solid waste usually can only be
done by great efforts. Therefore it is better to speak of waste characterizing samples and waste characterization
sampling.

By processing UKM Waste Characterization the amount of single samples was checked by using a
mathematical approach. The mathematical consideration of the representativity considerations provide the
statistical relationship:
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  (1)

First, the arithmetic mean of all samples is calculated. Arithmetic mean refers to the calculated average
for a data set. The mean is sensitive to very large or very small observations, resulting in a shift of the mean
toward the direction of skewness. It is calculated using the following formula:

  (2)
As can be seen at Table 1 it is displayed for all categories. The average arithmetic mean of all categories

is ¯x = 9.83kg. At next the variance of each category is calculated. Variance measures variability in a data
set, which is represented as s2. It is an average squared distance of the data points from the mean. Variance
is the square of the standard deviation. It can be calculated using the formula:

  (3)

The standard deviation is the square root of the variance. It refers to how far any particular data
observation deviates from the mean. Standard deviation is calculated by the following formula:

  (4)

It measures precision. Precision and standard deviation are inversely proportional. The larger the standard
deviation, the less precise the data set is said to be. Standard deviation is measured in the same units at the
data set. The average standard deviation for all categories is s = 4.16 (Table 1). 

  (5)

  (6)

  (7)

According to formula (5), (6) and (7) the amount of samples is 27,688 at 95%, 370 at 75% and 26 at
50%. At the UKM Campus waste Campus composition study twelve samples were taken. Both, the method
of determining the standard deviation and the calculated number of measurements shows that a statistical
approach to sampling in this way leads to unrealistic demands, which in practice are not feasible. For the
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practical implementation, this means that with reasonable technical effort in the field of waste sampling, a
representative sampling in the scientific and statistical way is not possible.

Table 1: Standard deviation of UKM waste composition study

Fig. 3: Comparison Total Waste separated

Figure 3 presents the amounts of the total separated waste, distinguished by category. As can be seen, the
amounts of waste are varying widely for each sampling. This exerts a strong influence on the variance. It is
with an average of 4.16 kg comparatively high. Figure 4 is showing the total amount of municipal solid waste
of UKM Campus per day. (red line) The data were provided by Alam Flora.

The study has been successful in highlighting the composition and characteristics of the solid waste
produced at UKM campus. The main components of the waste are organics (43%), plastics (36%) and paper
(17%), which is more than 96% of the total solid waste. The average amount of a sample is 108 kg. Refer
for composition to Figure 5. Striking is the high plastic and organic content. The share with the third most
amounts is paper.

The waste composition, distinguished by weekdays, fluctuated not markedly. It was always provided the
MSW of the previous day, so the Monday separation concerned the waste of the Sunday and so on
(Wednesday separation treated Tuesday MSW and Saturday separation the Friday MSW). Striking is the lesser
amount of waste of Saturday separations, since it concerned the waste of Friday (prayer day). Nevertheless all
the graphs are showing deviations. This is reasoned by a high general standard deviation. Refer on Figure 6.

Most striking are the high proportions of organic and plastic waste. To illustrate these parts once again
refer on Figure 7.
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Compared to former studies in China, Germany and Russia, it is striking that a high share of plastics in
the composition can be found. A similarly high percentage of organic waste has been found in Guilin, China.
Refer to Figure 8.

Fig. 4: Comparison Total Amount of Waste

Fig. 5: Average Waste Composition at UKM Campus
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Table 2: Results separation UKM Campus

Fig. 6: Monday, Wednesday and Saturday Average Waste Composition at UKM Campus

Fig. 7: Focus on Plastic and Organic Composition
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Fig. 8: Average Waste Composition of Essen City (Germany), Olkhon Island (Russia), and Guilin City (China)

Conclusions:
The municipal solid waste of UKM campus was successfully analyzed on its composition. This kind of

systematic analysis was performed for the first time at UKM campus and the standard procedure (LAGA) was
probably used for the first time in Malaysia.

Due to using the LAGA procedure it has to be said, that a representative sampling is not feasible with
the existing resources. Despite the high standard deviation, it was possible to create a reasonable basis for
waste management and to provide essential information of amount and composition of UKM generated waste.

According to the observations it was found out that the waste contains a high proportion of plastics and
organics. The first consideration is, to separate these materials from the remaining waste in advance. It should
be made a separate collection of organic waste, which would be feasible with the help of a second trash bin,
only for organic (yard and kitchen) wastes. It is to consider, if a separate bin only for plastic waste, such as
used in Germany, is a useful tool. The German DSD (Duales System Deutschland) scheme is successful in
diverting packaging from municipal waste. However, it is doubtful whether such a system would also be cost
effective. More detailed analysis will show approaches for waste minimization and source reduction, especially
for plastics.

According to this waste composition study, there is a big difference between the waste composition of
UKM campus and that of Essen City (Germany), as the high organic and plastic proportion compared to a high
cardboard and paper proportion (for example). This fact shows that a direct comparison is only conditionally
possible, since there is a completely different composition of waste. It is therefore important to distinguish the
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waste of tropical countries like Malaysia from European countries and determine and treat it as tropical waste.
This study is a first milestone to find different approaches and solutions for treating tropical waste.

Required education activities will be implemented in the further course of the zero waste campus projects.
Directions for social activities can already be derived now by this study. To enhance the paradigm of the UKM
community on solid waste, it is necessary to increase the awareness of the importance of solid waste
management.
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