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ABSTRACT

Introduction: Food service establishments in Malaysia have grown positively in response to the rising demand for 
dining out and takeaway food. However, they also exert a high demand for energy resources and contribute to 
negative environmental impacts. In this study, an environmental assessment of food waste generation was carried 
out alongside carbon footprint quantification across electricity and water consumption in two different food service 
establishments with a focus on cafeterias and casual dining restaurants. Methods: Ten food premises with the same 
criteria in service were selected, consisting of cafeterias and Thai food restaurants located in Kelantan state of Malay-
sia.  Food waste from preparation losses, serving losses and plate waste were collected and measured for a 7-day pe-
riod to establish respective quantities. Material Flow Analysis (MFA) was used to visualize the material flow from the 
operation of both the cafeterias and Thai food restaurants while carbon footprint analysis was undertaken to calculate 
carbon emissions. Results: The findings revealed consistent results for both the cafeterias and Thai food restaurants 
as higher proportions of food waste arose from customer plate waste (67.99% and 62.12%) rather than preparation 
losses (32.01% and 37.88%). It was identified that cafeterias contribute larger volumes of carbon emissions for both 
electricity (105.93 kgCO2e) and water related consumption (8.39 kgCO2e) compared to Thai food restaurants (57.58 
kgCO2e and 3.63 kgCO2e). Conclusion: These findings may provide guidance for the food service management to 
recognize the priority areas of improvement in reducing environmental impact associated food service sector.       
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INTRODUCTION

Food waste has significant negative impacts on food 
security, the environment and the economy making it 
a global challenge that requires critical considerations. 
One third of food produced globally for human 
consumption is lost or wasted amounting to around 
1.3 billion tonnes per year (1). There are various 
environmental impacts due to large amounts of food 
waste as they emit greenhouse gases (GHG) during their 
decomposition in landfill that can lead to climate change 
(2). The expansion of the food service industry has direct 
impacts on the environment such as energy use, solid 
waste generation, air and water use, and carbon dioxide 
(CO2) emissions. Apart from households, the food 
service industry also generates a large amount of food 
waste (3). 

Nowadays, a variety of food service industry activities 
has been established, which comprises of cafes and bars, 
fast food chains, self-service restaurants, full-service 
restaurants, home delivery and take away, as well as 
street kiosks. Cafés or coffee houses that mainly serve 
beverages and light snacks represent an international 
food service sub-sector which plays a gradually vital role 
in societal well-being and local economic development 
(4). Café shops are expanding rapidly, including Malaysia 
where café patrons have been increasing year on year 
since 2007 (5). Besides cafes, other customary dining 
eateries such as Malay cuisine and Thai food restaurants 
are very well known in the east coast of Malaysia (6).
 
Household expenditure on eating out is becoming more 
significant. For instance, in Kelantan state “restaurants 
and hotels” represent the third highest component of 
household expenditure (15.2%) after “food and non-
alcoholic beverages” (25.6%) and “housing, water, 
electricity, gas and other fuels” (18.9%) (7).  Around 
85% of the restaurants and hotels expenditure group, 
equivalent to RM 417, was spent on restaurants 
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compared to hotels (RM 73). Kota Bharu district has 
the highest mean of monthly household expenditure in 
the year 2019 among other districts in Kelantan. From 
an environmental perspective, the expansion of food 
service establishments may pose risks of increased 
environmental damage. This is supported with the fact 
that Malaysia alone disposes of about 16,688 tons of 
food waste daily which is enough to feed 12 million 
people a day (8). When food is lost or wasted, the 
resources that are being used for food processing, such 
as energy and water, are also wasted. In Malaysia, solid 
waste is a major environmental problem and increasing 
volumes of waste can pose various problems as improper 
practices and management can lead to pollution, 
resource degradation, and problems for human health 
and the integrity of ecosystems (9). Nonetheless, studies 
on food waste generation from multiple types of eateries 
and their environmental impacts are rather limited in 
Malaysia (10, 11). These previous studies have only 
documented the factors contributing to food waste 
generation in Malaysian hotels including an analysis of 
attitudes towards food waste in Malaysian restaurants 
and differences in segregation behaviours between 
genders. Due to this scarcity of knowledge, society is 
less aware of the detrimental impacts of wasting food 
other than monetary reasons.

Given the importance of these issues for long term 
sustainability, this study conducts an environmental 
assessment to compare food waste production 
alongside carbon emissions analysis of two types of 
food establishment, cafeterias and Thai food restaurants, 
located in Kelantan state of Malaysia. These type of 
establishment use different food preparation processes, 
and vary in atmosphere, and the style of menu available. 
Partial quantification of carbon emissions is determined 
from the daily consumption of water and electricity 
using carbon emission factors (12). However, the aim of 
the selected case studies was not to provide a detailed 
assessment of the total food waste produced in these 
eateries, but rather to provide opportunities for testing 
how these variables, for example, types of available 
menu and different atmospheres, affect the generation of 
food waste between the two different types of eateries.

MATERIALS AND METHODS

Selection of Food Establishments
Five of each café and Thai restaurants were selected 
to represent the two types of food establishments 
in Kota Bharu district, Kelantan. Thai restaurants 
were specifically chosen instead of other culture 
food restaurants because of the higher number of 
these establishments in Kelantan. The cafés and Thai 
restaurants were chosen based on their daily operating 
hours, average number of customers daily and weekly 
days of operation. Each of the criteria stated are similar 
for each eatery to obtain a better comparison as in the 
daily operating hours which were 8 hours, have more 

than 50 average number of customers daily and operate 
for 6 days a week. However, the number for each type 
of eateries was limited to five due to the limited funding 
of this study, in addition to the previous study using a 
number as low as five for their food waste case study 
(13).

Data collection
A general checklist that consisted of the eateries’ 
information, the amount of food waste generated daily, 
and the daily water and electricity consumption, was 
constructed to guide the data collection process for 
consistency for all establishments. According to Betz et al. 
(14), losses can be divided into four categories which are 
storage losses (STOR), preparation losses (PREP), serving 
losses (SERV) and plate waste (PLATE). This study took 
the two most significant losses and to distinguish each 
waste stream’s source, two different bins labelled (PREP) 
and (PLATE) were prepared. Serving loss was not taken 
because both type of establishment do not serve a buffet 
style meal. The waste was collected and weighed at the 
end of the day and recorded in the checklist prepared 
daily for a week. Based on the previous study, one week 
shall suffice to document the day by day variance in the 
menu (13). For electricity and water consumption, the 
meter readings were recorded for each day of the week 
before the establishment started operating and after they 
were closed for the day. 

Data analysis
Quantification of food waste was carried out by 
means of a waste audit to assess the quantity and type 
of waste (15). Food waste produced in restaurants 
was documented and linked to a specific type of loss 
category (preparation and plate waste) for comparison 
of food waste produced from each source. The material 
flow analysis (MFA) methods were used to determine the 
flow of food wastage and identification of the stage with 
higher food waste generation, as previously described 
(16, 17). The Material Flow Analysis (MFA) diagram was 
performed by using SankeyMATIC software to visualize 
the magnitude of the material flows taking place in 
production of food wastes. The thickness of each link 
represented the amount of flow from a source to a target 
node, which is from the total food waste to food source.

Electricity and water consumption data was used to 
analyse the carbon emissions using a specific formula 
(18). For calculating the carbon emissions, two main 
parameters are needed. The first parameter is activity 
data (AD), which enables a process to be quantified. 
Activity data represents the scale of a particular 
activity under investigation, for instance, the amount 
of electricity or water consumed in a specified time 
period. Meanwhile, the second parameter is an emission 
factor (EF) that indicates the mass of greenhouse gases 
emitted for a unit of AD. In this study greenhouse gas 
emissions are measured in mass of CO2 equivalent, 
which represents the weighted mass of carbon dioxide, 
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methane and nitrous oxide, accounting for the different 
global warming potential of each gas relative to carbon 
dioxide. 

Carbon footprint generated from the electricity and water 
consumption was calculated using Equation 1 (10). 
Carbon footprint (kgCO

2e
) = 

Activity Data (AD) * Emission Factor (EF)               (1)

Emission factors for this study were sourced from 
previous literature that reported on the carbon footprint 
generated by a local university, Universiti Tenaga 
Nasional (12). The emission factor for electricity activity 
data was based on the United Kingdom commercial rate 
(also relevant for international organizations that report 
on UK operations), which is 0.10919 kgCO

2e
/kWh (10), 

while the emission factor for water consumption is 
0.344 kgCO

2e
/m3 (10).

RESULTS

The food waste generation by different losses categories 
on daily operation
This assessment determines the amount of food waste 
generated by different loss categories, which are 
preparation losses (PREP) and customers’ plate waste 
(PLATE) on daily operations of Thai food restaurants 
and cafés in Kota Bharu, Kelantan. Table I depicts the 
daily average for both types of eateries according to loss 
category.

The average total food waste collected from both 
types of food establishment was 254.03 kg consisting 
of 127.20 kg from the Thai Restaurants and 126.83 kg 
from the cafeterias. The data shows that day 6 (Saturday) 
and day 7 (Sunday) recorded the highest food waste for 
both loss categories (PREP and PLATE) in both type of 
establishment with a total of 20.10 kg (day 6) and 20.92 
kg (day 7) in Thai restaurants while cafeterias recorded 
a total of 29.55 kg (day 6) and 24.98 kg (day 7). Other 
than these two days, the remaining day recorded lower 
volumes of food waste.

Material Flow Analysis (MFA) on food waste generation
MFA study has been conducted to monitor the amount of 
food waste generated from different food loss categories. 
MFA has been used broadly in waste management. 
Several studies have implemented MFA as a decision 

support tool in food waste management such as in 
school canteens (19), in food services in education and 
business sectors (11), as well as in hotels and restaurants 
(20). The application of MFA in this study was to visualize 
the material flow and pathway taken place in both type 
of food establishments. The results are presented in the 
form of a Sankey diagram (Fig. 1) where the flows are 
presented in % rather than kg to facilitate the comparison 
between loss categories. It can be clearly seen from Fig. 
1 that there is a significant difference in the production 
of food waste in the loss categories where PLATE loss 
percentage is much higher than PREP loss percentage 
with both type of establishment producing more than 
half percent of their food waste from PLATE loss.

Table I: Daily average of food waste amount generated from both eateries according to loss categories

Loss categories Eateries 
Day Average total 

weight (kg)1 (Mon) 2 (Tue) 3 (Wed) 4 (Thu) 5 (Fri) 6 (Sat) 7 (Sun)

PREP (kg)
Thai food restaurants 6.24 6.40 6.18 6.44 6.52 8.08 8.32 48.18

Café 5.43 5.52 4.16 3.84 5.86 8.53 7.27 40.60

PLATE (kg)
Thai food restaurants 10.23 11.35 10.29 11.69 10.84 12.02 12.60 79.02

Café 9.98 10.08 8.36 6.84 12.23 21.02 17.71 86.23

Total (kg)
Thai food restaurants 16.47 17.75 16.47 18.13 17.36 20.10 20.92 127.20

Café 15.41 15.6 12.52 10.68 18.09 29.55 24.98 126.83
* Bold numbers indicate the weightiest food waste generation of each loss categories for each eatery

Carbon Footprint from daily electricity consumption
Fig. 2 illustrates the mean daily electricity consumption 
of Thai restaurants and cafeterias in a week. Electricity 
consumption in Thai restaurants rises from day 5 to 
day 7 while in cafeterias electricity consumption 
increases from day 5 to day 6 but decreases towards 
day 7. However, both types of establishments showed 
fluctuating trends for all seven days with a higher 
electricity consumption by cafeterias. The carbon 
footprint for electricity usage for food both eateries are 

Figure 1: MFA of food waste from daily operation
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presented in Fig. 3. The study observed that cafeterias 
produced larger amount of carbon footprint than Thai 
restaurants. Cafeterias produced 16.16 kgCO

2
 on day 

6 (Sat) which is the highest emission mass while Thai 
restaurants highest emission mass is 11.42kgCO

2
 on day 

7 (Sun). 

of the Thai restaurants, whereby the emissions increase 
from day 5 (Fri) to day 7 (Sun) (0.41kgCO

2
, 0.48kgCO

2
 

and 0.89kgCO
2
, respectively), with the highest emission 

on day 7 in tandem with the use of resources. While for 
cafeterias, a steady rise of carbon footprint emission can 
be seen in four days from day 3 (Wed) towards day 6 
(Sat) with a peak on day 6 (Sat) (1.58kgCO

2
).

 
DISCUSSION

The food waste generation by different losses categories 
on daily operation
The results obtained agreed with the previous work 
carried out by Drewitt (21) that the majority of cooked 
food were being wasted from customers’ plate waste 
rather than pre-consumption waste where food is 
generally made to order. The food waste generation at 
eateries can be attributed to various factors such as the 
type of ingredients used and the opening hours (22). 
In this study, during the pre-consumption phase, food 
handlers at the restaurants were required to prepare 
multiple dishes of Thai foods. Vegetable peelings, 
eggshells, meat bones and fruit peelings are derived 
from the preparation stages that can lead to the major 
food waste during this stage while cafeterias only use 

Figure 2: Average Daily Electricity Consumption of Food 
Services Establishments

Figure 3: Carbon Footprint of Electricity Consumption of 
Food Services Establishments

Figure 4: Average Daily Water Consumption of Food Services 
Establishments

Figure 5: Carbon Footprint of Water Consumption of Food 
Services Establishments

Carbon Footprint from daily water consumption
Other than electricity consumption, water consumption 
could also contribute to the carbon footprint. The daily 
average water consumption for both type of establishment 
is shown in Fig. 4. It can be observed that cafeterias used 
more water daily than Thai restaurants. Both eateries 
show fluctuating trends in water consumption. However, 
Thai restaurants show an increase in consumption from 
day 4 (Thu) towards day 7 (Sun). Cafeterias also show 
an increase in consumption however, it was on day 3 
(Wed) until day 6 (Sat) and then decrease the day after. 
The highest water consumption for cafeterias is on day 
6 (Sat) with a total of 4.6m3 while the highest water 
consumption for Thai restaurants is on day 7 (Sun) where 
the water consumption is 2.6m3. 

The calculated carbon emissions from water consumption 
are shown in Fig. 5. The trend in carbon emissions 
towards the weekend imitates that in water consumption 
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a small number of ingredients and in smaller quantities 
than Thai restaurants. Wastes produced at this pre-
consumption phase are largely unavoidable, since they 
consist of substances that are not normally eaten. 

Through onsite observations, it was immediately 
obvious, that people were ordering a lot more food in 
the Thai restaurants compared to the café or western 
type of restaurants. Patrons left a large amount of food on 
their plates, often around 10.00-12.60 kg per day. Most 
of the patrons were leaving behind all different types 
of food, but there was clearly a high incidence of rice 
and vegetables dishes being left behind on plates. This 
observation is consistent with Engström and Carlsson-
Kanyama (23) and Al-Domi et al. (24) who found in their 
studies that plate waste was largely comprised of starch 
accompaniment followed by vegetables. This finding 
was also being supported by previous studies conducted 
by Thyberg and Tonjes (25) that found out that the plate 
waste is a significant contributor to food waste. 

The amount of food waste generated on weekends is 
higher compared to other days for both preparation 
loss and customers’ plate waste. Based on the onsite 
observation, the number of patrons on weekends was 
higher compared to weekdays. Most of the patrons 
tend to bring their families and children to dine in 
the restaurants on weekends as during weekdays they 
usually have take-away food. Thus, the customers’ 
plate waste is much higher on weekends as well as 
preparation loss. People love to dine out on weekends 
to have fun and pleasure after working for the whole 
week (26). Generally, post-consumption food waste is a 
combination of consumers’ attitudes and behaviors (21). 
Also, a study conducted by WRAP (27) that involved 
interviewing the customer regarding the most recent 
eating-out experience, found that the main reasons why 
patrons leave food behind on their plate because they 
believe that the portion sizes were too big. Of all diners 
who left food on their plate, 41% said it was because 
the portion size was too big (27). Large food portions 
is not the only reason why patrons leave behind plate 
waste but also depends on the eating behavior of the 
consumer. The same study also found that diners who 
ate out in restaurants were more likely to leave food on 
their plate than those who went out to other venues such 
as fast-food restaurants, where presumably they were 
more likely to be eating out simply to refuel.

Material Flow Analysis (MFA) on food waste generation
Some similar results were obtained which showed that 
the customers were the main contributor of high food 
waste generation compared to other factors of food 
loss (14, 20, 28). This study perceived plate waste as a 
vital category, emphasizing that customers are one of 
the core parts to focus on the drive to decrease food 
waste. Pre-consumed waste or PREP loss typically arises 
when processing raw materials in the kitchen before it 
is served to consumers. The food wasted from PREP loss 

has a low potential to control or for waste reduction 
compared to the PLATE loss category (13, 29). This is 
because the waste generated during the PREP stage 
are generally unavoidable losses that are not edible in 
normal circumstances. For instance, fruits and vegetable 
peels, eggshells and bones are commonly derived from 
PREP stages where it is not fit for consumption. The 
avoidable food wastes rarely occur in the PREP stage 
except if the losses are due to imprecision in handling 
raw materials during food preparation such as spilled 
and spoilt raw materials. 
Avoidable food waste can be defined as food that was 
intended for consumption but which cannot be eaten 
anymore because of shelf-life regulation, hygiene rules, 
or quality requirements, but is most often the result of 
diners’ habits (14). In this study, avoidable food waste 
can be seen in PLATE loss where consumers tend to leave 
their plates with eatable waste that can be otherwise be 
avoided. PLATE loss was a critical component in food 
service food waste as it does not have opportunity to 
be reclaimed. The PLATE loss generally interrelated 
with the consumer’s attitude and behaviours (21). Other 
studies found that ala- carte type can aid to reduce 
food waste (30). However, this study showed ala-carte 
service style causing the patrons to have the behaviour 
for over-ordering of different varieties of food at one 
time. Conversely, the ordered foods were unable to be 
eaten and lastly ended up in bins. 

A study using questionnaires revealed that the major cause 
of PLATE loss was due to large serving portions and lack 
of hunger (14). This is related to the carbohydrate food 
served which from the observation, “meal-leaver” tends 
to leave the plate with lots of carbohydrates food such as 
spaghetti, pasta, and fries. This observation is supported 
by Engstrom and Carlsson (23) and Al Domi et al. (24) 
who found that plate waste was discovered to consist of 
starch accompaniment followed by vegetables. Besides, 
eateries nowadays especially cafeterias are no longer 
a place to appease the hunger, but it is an attractive 
place for socializing and photographing aesthetic foods’ 
presentation before posting on social media platforms 
(31). Thus, this situation becomes a big reason for PLATE 
waste where people went to eateries for socializing even 
though they lack hunger.

Carbon Footprint from daily electricity consumption
Some of the major GHGs that contribute to global 
warming are carbon dioxide, nitrous oxide, methane 
and industrial gases such as fluorinated gases (32). This 
study aimed to calculate the equivalent carbon dioxide 
emissions (CO2e; a combination of all the greenhouse 
gases) from electricity consumption. Food service 
amenities are extremely energy demanding, where it 
spends three times more energy than other commercial 
buildings (33). About 80% of that energy does no useful 
work and is wasted through surplus heat and noise 
from ineffective appliances, heating ventilation and air 
conditioning systems as well as lighting and refrigeration 
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includes the base to put the glass, display food and 
equipment to complimentary materials such as chocolate 
and caramel sauce, green tea powder, and others. These 
strict SOPs are crucial to maintain the hygiene of the 
café at optimum level. In addition, water plays a major 
role in cleaning both for preparing the appropriate 
dilutions of detergents, sanitizers and disinfectants and 
also for rinsing off the cleaning chemicals. Toilets and 
hand washing stations also need a significant amount 
of water. 

CONCLUSION

The total weight of food waste produced from customers’ 
plate loss and preparation loss from cafeterias and 
Thai restaurants are comparable. However, for carbon 
emissions, cafeterias had a higher carbon footprint. 
It was found that high electricity consumption was 
attributed by air-conditioning systems while involvement 
of procedures for cleaning and washing activities to 
maintain high standard of hygiene was considered 
one of the main contributing factors that increase the 
water consumption. These findings offer insights for 
foodservice management to better plan the strategies 
to reduce food wastage and adopt energy conservation 
methods aiming in reducing environmental impact 
concomitantly turning a profit in foodservice operation 
by lowering their operating cost. 
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