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Household Solid Waste Segregation Programme in six states,
for instance, Johor, Malacca, Negeri Sembilan, Pahang, Perlis
and Kedah, and the Federal Territory of Malaysia – Kuala
Lumpur [23]. This regulation aims to control the solid waste
generators and persons in possession of controlled solid waste,
enforcement, as well as recovery and reduction of controlled
solid waste. However, in Selangor, this regulation is yet to be
implemented for both residential area and commercial sectors.
Waste handling and separation at source is a very
important step in managing solid waste generated from the food
and beverage outlets in commercial sector [16]. A study
showed that food waste is averaging around 56% of the total
waste generated from restaurant [18]. Various other studies
also found that how much preparation food waste and plate
waste are generated in the hospitality sectors [12]. Studies done
in United Kingdom restaurants showed that 65% of organic
waste came from preparation of food such as off cutting,
peeling and ruined food while cooking; 30% of organic waste
came from plate waste after customers consumed their foods;
5% of organic waste came from the spoiled, expired, or
unusable food [15]. This shows the significant amount of food
waste generated in a restaurant. Meanwhile, a research done by
Environmental Protection Agency (EPA) showed that the
commercial sectors in United State generated approximately
24.6 million tons of food soiled and scraps, unrecyclable paper
and cardboard annually [22]. EPA also stated that 74% of the
restaurant waste stream is made up of organic waste.
There are five common treatment methods that have been
widely used for the treatment of organic waste in developing
countries, which is landfilling, incineration, composting or
organic fertilizer, animal feeding, and anaerobic digestion
[21]. Landfilling is the most popular method [2]. However,
landfilling is not considered as a feasible method for organic
waste treatment due to the high emission of greenhouse gases
(GHG) such as methane, which is at the rate of 8% [2].
Composting is a biological process where the
biodegradable organics are metabolized by microbes into
nutrient rich structural component of soil called humus. This
process converts the organic waste into products which are
useful for gardening, maintaining fertility of agricultural land,
slope stabilization, landscaping, and even brownfield
remediation [9].
Garbage enzyme is a solution produced from the
fermentation of fruit waste, molasses or brown sugar, and
water. It is a multipurpose solution that can be used for
agriculture, household, or environment. For agriculture,
garbage enzyme can be used as fertilizer and pesticide. For
household, garbage enzyme can be used as detergent to remove
oil and grease, and remove unpleasant odour and dirt. Garbage
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I. INTRODUCTION
Solid waste generation rate in Malaysia has increased
approximately 91% for the past 10 years due to high
urbanization, industrialization and increased population rate
[1]. Study done in Kuala Lumpur showed that commercial
sector generate approximately 24% of total waste generated in
year 2003. Moreover, 80% of these waste came from food
wastes (41.48%), plastic based wastes (20.98%), and paper
based waste (18.59%) [7], [14].
Generally, Malaysians generate up to 8 million kg or 8,000
tons of food waste a day, which can feed up to 6 millions of
people and it takes around RM1.6 billion to manage these
amount of waste [21]. In 2006, the recycling rate is 5.5% while
the rate of composting is 1% [6]. However, Malaysia
government planned to increase composting rate to 8% and
recycling rate to 22% by year 2020. Compare to other countries
in Asia, Singapore has increased their recycling rate from 44%
in year 2002 to 48% in year 2004, while Korea had increased its
recycling rate from 44% to 48% between the years of
2000-2008. Even though, the increased percentage is low, they
are way ahead of Malaysia’s in term of recycling rate.
In September 2015, Malaysia government had enforced the
Solid Waste and Public Cleansing Act 2007 (Act 672) for
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enzyme is a Do It Yourself (DIY) product that not only save
cost and time, but also environmental friendly in the sense of
reducing pollution [25].
This research aimed to study the waste composition, the
recycling rate and the waste treatment in the restaurant.

Generally, Saturday and Sunday recorded the highest
number of customers in a week. Fig. 1 shows that Saturday
generated the highest amount of waste generated per day
(average 26.94kg) as compare to other days, followed by
Sunday. When there is more customers, it will eventually
increases the process of food preparation and production,
which is directly affecting the waste generation rate in the
restaurant. Subsequently, Tuesday recorded the third highest
amount of waste generated per day. Reason is Tuesday is the
first day of business operation for the restaurant. When the
restaurant started to prepare for the food which involved
cutting of meats, sauces making, precooking, chopping
vegetables, and other food preparation processes that may
generate food residues. Sometimes, chilled or frozen foods
might be found either spoilt or expired during stock checking.

II. PROCEDURE AND METHODOLOGY
This study was conducted in an Asian-French-Italian
Fusion restaurant located in SetiaWalk, Puchong. It has been
operating since December 2014, and it is the only branch in the
country at present. There are several identified sources of waste
generated in the restaurant i.e. kitchen, bakery, and bar. The
data collection was done on daily basis for the period of one
month, starting from 4/8/2015 (first Tuesday of August 2015)
to 3/9/2015. Data of 4 Monday were not collected due to
non-business day for the restaurant, therefore, only 27 days of
data were collected.
Recyclables such as papers, cardboards non-contaminated
plastics, cardboards, metals, glass, aluminum, and e-waste
generated from bar and bakery were stored inside a steel bin,
whereby a cardboard box was used for the recyclables
generated from kitchen. Non-recyclables from kitchen such as
the contaminated plastics disposed plastics (film plastic and
torn plastic bags), and used napkins were separated and placed
into a plastic bag. Organic waste generated from kitchen, bar
and bakery were disposed into conventional garbage bin with
plastic bags. Safety gloves and latex gloves were used during
data collection. The conventional and digital weighing scale
were used to obtain the weight measurement.
III.

Fig. 1. Waste composition chart.

B. Correlation between total number of customer and total
waste generated
The correlation study was done to identify whether the waste
generated per day is affected by the number of customer visited
the restaurant per day. Bases on Fig. 2, the R2 shows a very low
value of 0.0741, meaning that the daily waste generated and
total daily customer visited the restaurant is not correlated. This
outcome can be understood where the majority of waste are
produced from the preparation, processing, cooking, or food
wastage. Even when the number of customer is low in the day,
preparation of cooking ingredients, which ultimately produce
wastes, will still take place. Therefore, a low significant
correlation is shown between the total daily customer and total
daily waste generated. Despite on the low correlation, number
of customer increase will still increase the possibility of waste
generated from food production and plate waste. Therefore, the
visited customer will still affect the waste generated on the
same day.

RESULTS AND DISCUSSION

A. Waste generated in the restaurant
The restaurant generated a total amount of 663.32kg of
waste during the 27 days study period. Total waste generated in
the restaurant is shown in Table 1. In terms of proportion,
organic waste contributed up to 79% from the total waste;
cardboard 7%; and glass 6%. From this result, it is proven that
the organic food waste has the major contribution on the waste
generation in the restaurant. These organic waste can be
recycled and transformed into useful product such as
bio-enzyme, or waste compost. Overall, average amount of
waste generated per day is 24.57kg.
TABLE I:
WASTE GENERATED IN THE RESTAURANT (KG)
Total
Week 1 Week 2 Week 3 Week 4 Week5 Weight Average
Tuesday
23.81
29.34
27.59
23.26
24.61
128.61
25.72
Wednesday
Thursday

24.7

19.85

32.09

17.76

25.38

119.78

23.96

18

26.19

23.1

25.11

20.44

112.84

22.57

Friday

18.33

23.2

30.35

18.97

-

90.85

22.71

Saturday

29.48

30.89

25.29

22.09

-

107.75

26.94

Sunday

35.02

28.6

23.95

15.92

-

103.49

25.87

In addition, the kitchen area has generated 490.40kg of
waste out of 663.32kg of total waste generated, which is
approximately 74%; and of the waste generated at the kitchen,
76% is organic waste.
https://doi.org/10.17758/EAP.AE0317327

Fig. 2. Correlation graph between total customer and total waste generated.
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C. Waste recycling rate and Effectiveness of waste
minimization
Study was carried out based on two scenarios. First scenario
which is the current practice, where waste segregation was
carried out on common recyclable items such as papers,
non-contaminated plastics, aluminum, glass, metals, and
cardboard. While for second scenario, organic waste was
treated instead of disposed. In the first scenario, organic waste
was not segregated based on current practice. Table 2 shows
the difference in the recycling rate before and after when the
organic waste is being recycled. For current practice, the
highest recycling rate recorded was only 38.6% and as low as
2.8%, with an average of 17.4% recycling rate. If the organic
waste are recycled, the potential recycling rate can be increased
up to 97% and as low as 87.5% with 95.3% average recycling
rate. If the organic waste is treated at site, the average recycling
rate can be increased by 77.9% and the amount of waste for
disposal can be minimized up to 416.98kg per month.
This study had indicated that the organic food waste are
dominating the waste from the restaurant. These very good
recycling materials can be potentially turned into multipurpose
bio-enzyme, or organic compost fertilizers. The benefits of
making food waste compost are to reduce the amount of waste
significantly, to produce compost as fertilizer, and the
restaurant are able to obtain additional income by selling the
fertilizers. However, there’s no buyer or collector for organic
waste, and no composting facility for composting process was
found nearby the study area. The garbage composter is
comparably costly to be invested, and takes up space to install
the machine. Garbage enzyme can be used as deodorant, insect
repellent, oil remover and more. It require low initial cost as it
only need fruit skins, water, and brown sugar to make it.
However, the amount of organic waste used on producing the
garbage enzyme would not significantly reduce the amount of
waste generated. In fact, the fermentation process of garbage
enzymes take up storage space in the restaurant and require at
least 3 months before they are ready to be used.

collect from the restaurant provide the best service for the
restaurant on the off-site waste treatment when compared to
buy-back center and drop-off center. Drop-off center do not
provide incentives, whereby buy-back center do not accept
glass waste, which it is a major problem as the glass waste is
the third highest contributor of the overall waste in the
restaurant. In addition, the recycler also provide the service to
collect recyclable such as glass waste and convert them into
the credit points for shopping voucher.
IV. CONCLUSION AND RECOMMENDATION
In total, the restaurant generated a total of 663.32kg of waste.
More than 95% of these waste are recyclable items. Besides,
the restaurant waste composition was dominated by organic
food waste. 79% out of the total waste generated from the
restaurant was organic waste, which is 523.80kg.
Waste generation rate has been determined throughout the
analysis. The restaurant had an average waste generation of
24.57kg/day. The highest amount of waste generated fell on the
Sunday of Week 1 at 9/8/2015, with 35.02kg of waste
generated. Tuesdays of the month of data collection period
recorded the highest total waste with 128.61kg. However,
Saturdays has the highest average waste generated at
26.94kg/day.
On-site waste segregation is the fundamental waste
management of all. The separation of waste into recyclables
and non-recyclables ease the process of on-site waste treatment
and improve the waste minimization efficiency. Segregation of
recyclables into their respective categories can also ease the
recycling processes. The current recycling practice of the
restaurant had recycled only 115.42kg of waste out of
663.32kg, which is only 17.4%. If the restaurant recycled the
organic waste, there’s a potential of waste minimization up to
94%, and the recycling rate can also increase to 95.3%.
Further studies are recommended to be done with more
restaurants in the same area, city, or even within the state to
determine the waste generation patterns for restaurants.
As food waste is the major contribution of the waste from a
restaurant, further study is required to measure the
effectiveness of waste treatment for restaurant in the country.
Similar study has been done in San Francisco Bay Area, United
State of America, on the Economic, Ecological, and Social Cost
and Benefits of doing on-site composting in restaurant [9].
These studies are able to provide more applicable solution for
all the restaurant on their organic waste treatment within the
country. These study can also further explain the importance of
commercially available composting technologies to expand
within the country in order to prolong the lifespan of the
landfills available in the country to encounter the rapid growth
of waste generation rate in the country.
Finally, further research is recommended to study on the
chemical composition of organic food waste to identify the
possibility of converting organic waste into renewable energy.
The study of chemical composition of food waste can identify
the potentiality of organic food waste to generate usable biogas
methane. A similar research has been conducted in Singapore
to study the energy conversion of organic waste by different
biological and thermochemical technologies [27]. On the other

TABLE II
COMPARISON ON CURRENT RECYCLING RATE AND POTENTIAL
RECYCLING RATE
Total Waste (Recycled) (kg)

Current Practice
115.42

Potential
632.4

Total Waste (Non-Recycled) (kg)

547.9

30.92

Total Waste (kg)

663.32

663.32

Highest Recycling Rate (%)

38.57

97.94

Lowest Recycling Rate (%)

2.8

87.55

Average Recycling Rate (%)

17.4

95.3

On the other hand, glass wastes such as glass bottles or jars
are also one of the challenge in recycling. The restaurant had
generated a total of 42.54kg of glass weight, around 6% of the
total waste, which is the 3rd highest category of waste produced
during the research period. Despite of its value, glasses were
unable to be sold to majority the local buy-back center.
Besides, only certain suppliers of beverage will buy back the
used bottles. Therefore, glass wastes can only be sent to the
drop–off center where there’s no incentive given for recycling.
In terms of cost efficiency in the future view, recycler who
https://doi.org/10.17758/EAP.AE0317327
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hand, there was a research to study on the composition of
Organic Fraction of Municipal Solid Waste (OFMSW) and its
effect on the biochemical hydrogen and methane gas
production potential [28].
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