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Abstract
One of the problems in a sustainable food supply chain is food waste management. Indonesia is one of the largest
food waste producers, and restaurants are one of the largest sources of food waste. This study aims to explore the
driving and inhibiting factors of managing food waste in restaurants. By knowing the priority of driving and
inhibiting factors for managing food waste in restaurants, it will be easier to control food waste. This study took a
sample of 5 restaurants in the city of Yogyakarta. The driving and inhibiting factors for food waste management are
obtained from literature studies and field validation. Furthermore, the AHP (Analytical Hierarchy Process) method
is used to determine the priority of the factors. The results showed that the driving factor that became the priority for
KR and PR restaurants was purchasing. As for the BR and AR restaurants are the storage factor, while in the Rmn
restaurant, it is the leftover food management. Analysis of the inhibiting factors shows that in four restaurants, it is
found that the priority factor in inhibiting the management of food waste is cost. In contrast, in Rmn restaurants, it is
found that customer plate waste is the priority. These results can be used as a basis for food waste management
policy-making.
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1. Introduction

A World Commission on Environment and Development in 1987 confirmed that achieving a balance between
economic, environmental, and social impacts are long-term goals. This is conducted to support sustainable
development so that the current needs of society can be met, without reducing the portion of human needs in the
future (Ocicka and Raźniewska 2018). Food Agriculture Organization stated that one-third of the food produced
each year for human consumption, about 1.3 billion tones is wasted (FAO 2016). This represents a loss of US$ 1
trillion in economic costs and about US$ 700 billion in environmental costs, and about US$ 900 billion in social
costs. Meanwhile. there are 795 million hungry people out of the 7.5 billion people living on this world. This means
that one in nine people is suffering from chronic malnutrition (World Food Programme 2014). This represents
contradiction, considering the large amount of food is thrown away every day.
Food waste is a big problem faced by many countries. Food waste management has been carried out well in some
developed countries. In Indonesia, food waste management is included in municipal solid waste management to
shorten the duration of using the disposal area (Brigita and Rahardyan 2013). Improper management of food waste
will have negative impacts on economic, social, and environmental sectors (Aschemann-Witzel et al. 2015, Schanes,
Dobernig, and Gözet 2018). The economic impact is shown from the disposal of food waste which is still has
economic value. One-third of food is wasted with an economic value of US$ 161 billion (Chrobog 2014). On the
other hand, South Korea has implemented the strictest food waste law that turn 93% of wasted food into economic
opportunities. The social impact is shown by the fact that food waste occurs in some areas while there are starving in
other areas. World Food Program also stated that hunger and malnutrition are the number one risk to health
worldwide (World Food Programme 2014). Meanwhile, the impact on environment occurs when the accumulation
of food waste in landfills turns into methane. It is one of the greenhouse gases emission and has an impact on
climate change (Bisara 2017, Kibria 2017).
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The problem of food waste is also related to sustainable food supply chain. Food waste occurs at all stage of food
chain (Buchner et al. 2012, Göbel et al. 2015. Marangon et al. 2014). At the consumption stage, food waste usually
occurs due to excess purchases or portions prepared (Buchner et al. 2012). Therefore, reducing the quantity of food
waste is a key element in developing a sustainable food system (Marangon et al. 2014).
Restaurant is one of the biggest contributors to food waste. Research showed that 20% of the amount of food
prepared in restaurants is wasted (Silvennoinen et al. 2015). This food waste is obtained from kitchen waste, service
waste, and consumer food waste.
Yogyakarta, Indonesia is a student city and tourist destination so that restaurant is thriving business. According to
Licensing Agency of Yogyakarta, the average annual growth rate for the number of restaurants in Yogyakarta is
6.8% from 2014-2018. This indicates that there is escalation of food waste produced. Meanwhile, food waste
management which is included in municipal solid waste management will worsen the condition of landfill. The
amount of waste disposed of at Piyungan landfill reaches 600 tons/day, with the dominance of food, vegetable, fruit
and other (organic) waste is 56.7% (Mustika 2018). Actually, the capacity is only 400 tons/day. Therefore, this
research aims to analyze food waste management of restaurants in Yogyakarta.

1.1 Objectives

The research objectives are:
1. To determine the weight of importance between the driving factors for food waste management in restaurants
2. To determine the weight of importance between the inhibiting factors for food waste management in
restaurants
So that it can be recommended the right food waste management in restaurants in Yogyakarta.

2. Literature Review

There are several factors can encourage the management of food waste in restaurants, one of which is the purchasing
or procurement process. Purchasing is a process since the purchase of foodstuffs, such as planning the amount of
foodstuffs, checking ingredients that are still in storage, checking expiration of foodstuffs, and reducing the purchase
of foodstuffs that often left over.

Several authors who state that the process of purchasing or procurement is one of the driving forces for food waste
management, including Charlebois et al. (2015), Derqui et al. (2016), Filimonau and De Coteau (2019), Kasavan et
al. (2017), Linh (2018), and Thyberg and Tonjes (2016). Mentioned in Charlebois et al. (2015), procurement
practices are one of the back-of-house food waste determinants in the food service industry. Meanwhile, according
to Derqui et al. (2016) rigid specifications at the food procurement stage can cause food waste, so the purchasing
process should be managed properly to facilitate food waste management. Furthermore, Filimonau and De Coteau
(2019) stated that to reduce food waste it is necessary to pay attention to the pre-kitchen stage. At this stage, it is
necessary to optimize the procurement process by implementing accurate demand forecasting. Kasavan et al. (2017)
stated that process of purchasing foodstuffs is a preliminary and initial process in sustainable food waste
management. As for Linh (2018) states that better ingredient purchase is one way of reducing food waste, so it can
be said that the purchase stage can be one of the driving forces in food waste management. Thyberg and Tonjes
(2016) mentioned some of mechanisms to prevent food waste including purchasing and planning to prevent over
stock.
The second factor that can drive the food waste management is storage the material. According to Filimonau and De
Coteau (2019) to reduce food waste it need effective stock management in pre-kitchen process. Meanwhile, to avoid
the spoilage of food need to provide a systematic process on storage (Kasavan et al. 2017). Linh (2018) also stated
that better storage is one of steps for reducing food waste. Furthermore, Singh and Amandeep (2018) said that
proper storage is one of various practices to manage the food waste. Thyberg and Tonjes (2016) mentioned that
stock management and knowledge of food storage can prevent the food waste.
Leftover food management is the third factor as a driver for managing food waste. It is a process of managing
leftover food as a form of sustainable food waste management for leftover food from buffets and from consumers’
plate. Filimonau and De Coteau (2019) mentioned that consumer behavior as one of external enablers in food waste
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management, where leftover food behavior is a form of consumers' behavior. Kasavan et al. (2017) clearly stated
that management of leftover food and guests' plate waste is one of the practices towards sustainable food waste
management. Moreover, Kasavan et al. (2018) stated that business actors’ knowledge of leftover food waste is one
of the determinants for sustainable food waste management. Linh (2018) mentioned that customers’ behavior is one
of the challenge for reducing food waste. The right approach to consumers so that they do not leave food is a
challenge in managing food waste. Vizzoto et al. (2020) said that the management of plate waste is one of the main
strategies to reduce food waste.
The fourth factor as enabler for food waste management is recruitment management. It is a factor related to the
process of managing human resources in restaurants, starting with recruitment, training, worker safety and health,
personnel files, payroll, and job evaluation. Linh (2018) stated that efficient employee training as a part of
recruitment management can create an internal culture and raise awareness among the employee to reduce food
waste. Derqui et al. (2016) proposed some actions to reduce food waste including employee training which a part of
recruitment management. Meanwhile, training needs for all staff is one of food waste mitigation strategy (V.
Filimonau and De Coteau 2019) and staff training is a part of various practices to manage the food waste (Dilbag
Singh and Amandeep 2018). Linh (2018) stated that one of the mechanisms to prevent food waste is employee
education.
The fifth factor that can affect the management of food waste is knowledge. Which is defined as the knowledge
possessed by restaurant owners, managers, and restaurant staff about good and correct food waste management.
Kasavan et al. (2018) uses knowledge as one of the factors to measure knowledge about food waste management at
hoteliers in Langkawi UNESCO Global Geopark. The knowledge measured includes knowledge regarding storage
and purchasing food, preparation of food in the kitchen, serving food and managing leftover food at buffet point, and
managing and reducing customer plate waste at dining. Meanwhile, Michalec et al. (2018) states that lag of
knowledge is one of the barriers to food waste management, so it can be said that adequate knowledge about food
waste and how to manage it is a driving force in good food waste management. Meanwhile, Martin-Rios et al.
(2018) stated that one of the determinants of the level of initiative in food waste management is depending on the
knowledge of the manager.
In addition to the driving factors for food waste management, there are also management inhibiting factors including
food preparation, serving of food, consumer's plate waste, lack of disposal management, lack of regulation, and cost.
Food preparation can be defined as the actions that are performed to prepare food to either ensure that the food is
safe to eat or to enhance the flavor. This becomes the main factor in producing food waste. As revealed by the
research of UK’s Sustainable Restaurant Association-SRA (2010) that most of avoidable food waste in London
restaurants was generated during food preparation. Filimonau, Zhang, and Wang (2020) described the food waste
resulted from food preparation such as when the chef cooks the dishes, they cut the food into various shapes and
only use the best cuts and portions of the food. They will not reuse the rest of the food even if it is still of good
quality and they simply choose to throw it away.
The second inhibiting factor in food waste management is serving of food. It is process of serving food to customers
which consider the food presentation. There are two kind of food serving style i.e. buffet style and a la carte. A
study conducted by Papargyropoulou et al. (2019) argued that a hotel would generate high customer plate waste and
leftover food waste if hoteliers followed the buffet style food service. On the other hand, a hotel would produce
higher preparation food waste if it adopted the a la carte food services. In this regard, the selection of food serving
style will give the impact to the food waste produced (Pirani and Arafat 2016).
Consumer's plate waste is leftover food left by consumers on their plates. This is one of the obstacles to food waste
management, considering that the leftover food on the plate must be managed so that there is no disposal that can
damage the environment. Juvan et al. (2018) stated that consumer's plate waste is one of the problems in managing
food waste in restaurants, hotels, and catering businesses. This leads to waste in the purchase and production of
food. Kasavan et al. (2017) stated that consumers' plate waste is one that must be reduced to prevent food waste. For
this reason, food service managers should take possible actions in convincing and encouraging their customers
towards plate waste reduction. Papargyropoulou et al. (2019) stated that consumer's plate waste is one source of
food waste generation that must be prevented to realize good food waste management.
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Lack of disposal management can be translated as the unavailability of food waste management specifically for the
management of kitchen waste and food waste. Based on the research of Sakaguchi et al. (2018) at restaurants in
Berkeley, California, USA it was found that the unavailability of time and resources is one of the obstacles in
managing food waste in the form of composting. Martin-Rios et al. (2018) mentioned several obstacles to the
adoption of innovations in food service waste management related to the lack of disposal management in the form of
lack of space and infrastructure, lack of time or staff, and lack of motivation/skills among staff. Meanwhile,
Michalec et al. (2018) stated the lack of space for bins as one of the barriers to participation in food waste recycling
according to the food outlets
As yet, most developing countries have not widely practiced food waste recycling and the regulations for food waste
management are quite incomplete. Suchada et al. (2003) stated that the reasons for the poor recovery systems are the
absence of an official policy to persuade people to participate in recycling activities, and poor incentives in food
waste recycling programs. Moreover, the experiences from developed countries have shown that a country could not
solve its food waste issue if a government does not establish the specified objectives for reducing food waste and
implement comprehensive legislative regulations (Thi, Kumar, and Lin 2015). In this regard, lack of regulation
become one of the inhibiting factor in food waste management.
Cost is one of the obstacles in the management of food waste. Martin Rios et al. (2018) states that cost is one of the
constraints to the adoption of innovations in food service waste management. Meager et al. (2020) stated that cost is
one of the barriers in implementing green supply chain management in restaurants. Michalec et al. (2018) stated that
cost is one of the barriers to participation in food waste recycling according to the food outlets. Meanwhile,
Sakaguchi et al. (2018) stated that based on their research on restaurants in Berkeley, California, USA, it was found
that to have owning compost production systems require a high initial cost.

3. Methods

AHP is a one of Multi Criteria Decision Making tool which consists of a defined mathematical structure built over
consistent matrices and associated Eigen vectors to derive the true weights of compared criteria (Saaty.1987)
Although the AHP technique is more than three decades old, its flexibility and robustness keeps it in use as a reliable
method (Mathivathanan, Govindan, and Haq. 2017). In this study, the AHP method was implemented to determine
the priority of driving and inhibiting factors for food waste management. There are five driving factors and six
inhibiting factors for food waste management used in this study as shown in Table 1 and Table 2.
Table 1. Driving factors in managing the food waste
No
1

Factor
Purchasing

2

Storage

3

Leftover food
management

4

Recruitment
management

5

Knowledge

Definitions
The procurement process of groceries, i.e. planning the amount of groceries,
check the food ingredients that is still in storage, checking for expiration
groceries, and reduce ingredient purchases food that is often left over.
The process carried out related to store the groceries, i.e. setting the proper
temperature for groceries storage, checking the order of groceries used,
labeling the expired date of each groceries, complete the storage instructions,
and providing secure storage place.
process of managing leftover food as a form of food waste sustainable
management from the buffet that has been served (such as: donations, given
to employees, as pet food, etc.).
a factor related to the human resource management process in restaurants;
including recruitment, training, occupational safety and health, personnel
files, payroll, and job evaluation.
knowledge possessed by restaurant owners, managers, and restaurant staff
about good and correct food waste management, i.e. knowledge regarding
storage and purchasing food, preparation of food in the kitchen, serving food
and managing leftover food at buffet point, and managing and reducing
customer plate waste at dining
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Table 2. Inhibiting factors in managing the food waste
No
1
2
3

Factor
Cost
Lack of regulation
Serving food

4

Food preparation

5
6

Consumer plate waste
Lack of disposal
management

Definitions
The amount that has to be spent in managing the food waste
There are no regulations that specifically regulate food waste.
The process of serving food to customers which consider the food
presentation. It also include how to store the processed food.
the actions that are performed to prepare food to either ensure that
the food is safe to eat or to enhance the flavor.
leftover food left by consumers on their plates
the unavailability of food waste management specifically for the
management of kitchen waste and food waste.

According to Saaty (1987), the formulating steps AHP method used were as follows:
1. Formulation of the aim of work: evaluating the driving and inhibiting factors in order to identify their relative
importance in the food waste management, is defined as the aim of this work.
2. Formation of the pair wise comparisons: pair wise comparison is conducted by means of data collection from
an expert panel and based on expert judgement, the pair wise comparisons among the factors are attained
through a nine point Saaty’s scale as shown in Table 3.
Table 3. AHP Judgment scale
Numerical
Rating
1
3
5
7
9
2,4,6,8
3.

4.

Verbal judgments of
preferences
Equally preferred of both factors
Moderately preferred of one
factor over another
Strongly preferred of one factor
over another
Very Strongly preferred of one
factor over another
Extremely preferred of one factor
over another
Intermediate values between two
adjacent judgments

Explanation
Two factors contribute equally
Experience and judgment favor one factor over
another
A factor is strongly favored
A factor is very strongly dominant
A factor is favored by at least on order of magnitude
Used to compromise between two judgments

Computation of the Eigen values and Eigen vectors and relative importance weights: the framed pair wise
comparisons matrices were operated to determine the Eigen values and Eigen vectors, which are further
analyzed to calculate the relative importance weights of the factors (equation 1).
Ⱳ=λmax
(1)
Evaluation of the consistency ratio: the consistency ratio (CR) is computed to ensure the consistency of pair
wise comparisons. The used mathematical expression for finding the CR is given in equation 2.
CI
CR =
(2)
RI
where the consistency index is denoted by equation 3.
γ
−n
CI = max
(3)
n−1
(λ_max) is the maximum average value and (n) is the total number of decision criteria. The value of the
random consistency index (RI) depends upon value of (n). In this regard, the value of CR should be less than
0.10 to have better level of consistency.

4. Data Collection

Literature studies was conducted to find out the driving factors and inhibiting factors in managing food waste for
restaurants. According to the factors obtained through literature studies, field validation was carried out with 2
restaurant managers to determine the appropriate factors. Driving factors chosen from the validation results were
purchasing (a1), storage (a2), leftover food management (a3), recruitment management (a4), and knowledge (a5),
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while for inhibiting factors were cost (b1), lack of regulation (b2), serving food (b3), food preparation (b4),
consumer plate waste (b5), and lack of disposal management (b6). They were compiled into AHP questionnaire
which distributed to selected respondents. The selected respondents were experts or restaurant employees who have
jobs related to kitchen or have good knowledge of food waste. Experts chosen are managers and HR staff from 5
restaurants, namely Rmn, PR, KR, BR, and AR. Total respondents were 5 experts, with an expert representing each
restaurant. The location from each restaurant is shown in Figure 1, marked by green dot.

Figure 1. Location of 5 restaurants
Data collection was carried out from August to September 2020 through distributing AHP questionnaires to
respondents. The questionnaire containing questions related to pairwise comparison among factors included in
driving factors (a1, a2, a3, a4, a5) and prohibiting factors (b1, b2, b3, b4, b5, b6) in managing food waste. The
results of the collected questionnaires are then recapitulated in pairwise comparison matrices. Furthermore,
interviews are also conducted to selected respondents related to barriers, knowledge, and implementation of food
waste management in each restaurant.

5. Results and Discussion

According to interview conducted, Table 4 shows the results of interviews conducted at each restaurant. Generally,
all respondents consider limited facilities, human resources, and time as barriers in managing food waste. The
limitation of these factors leads the restaurant unable to manage food waste optimally, especially on the factor of
limited human resources. Martin-Rios et. al. (2018) stated that lack of ability from human resources such as lack of
skill and motivation from staff are constraints related to managed food waste. Rmn restaurant already has enough
knowledge related to food waste management. Therefore, Rmn restaurant have implemented food waste
management by using third party service. This is also conducted by PR, BR, and AR restaurant though they have
little knowledge about food waste management. Only KR restaurant haven’t implemented food waste management
properly because there is no knowledge about it.
Table 4. The results of interviews at each restaurant
Restaurant
Rmn

Barrier(s) of food waste
management
Limited facilities

Knowledge of food waste
management
Enough knowledge

PR

Limited human resources

A little knowledge

KR

Limited human resources

Have no knowledge
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Implementation of food
waste management
Using third party for further
waste management
Food leftovers in good
condition will be given to
employees, while the rest will
be furthered processed by
third party
Food waste and residual oil
are put in plastic bag then
disposed to landfill

620

Proceedings of the Second Asia Pacific International Conference on Industrial Engineering and Operations Management
Surakarta, Indonesia, September 14-16, 2021

BR

Limited time and human
resources
Limited facilities, time,
and human resources

AR

A little knowledge
A little knowledge

Using third party for further
waste management
Using third party for further
waste management

5.1 Driving factors in managing food waste

A recapitulation was carried for all completed AHP questionnaires by building pairwise comparison matrices for
each restaurant. Weight calculation for each factor is carried out by using data normalization based on the AHP
principle. Table 5 shows an example of a pairwise comparison matrix and weight calculation for driving factors in
managing food waste in Rmn restaurant. Pairwise comparison matrices shown in Table 5 represent a scale of
absolute values that describe the comparison of the level of importance between 2 factors. For example, the
comparison value between factor a1 and a2 is 1. It can be concluded that a respondent considered factor a1 and a2 is
equal importance. Data normalization is also conducted to obtain the weight for each factor according to respondent
from each restaurant. The weight for each factor is carried out by using equation 1.
Table 5. Weight calculations of driving factors for Rmn restaurant
a1
a2
a3
a4
a5

a1
1
1
4
1
0.5

a2
1
1
1
0.5
0.5

a3
0.25
1
1
1
1

a4
1
2
1
1
0.5

a5
2
2
1
2
1

0.13
0.13
0.53
0.13
0.7

Data normalization
0.25
0.06
0.18
0.25
0.24
0.36
0.25
0.24
0.18
0.13
0.24
0.18
0.13
0.24
0.09

0.25
0.25
0.13
0.25
0.13

Weight
0.17
0.25
0.27
0.19
0.13

According to assessment from an expert in each restaurant, the weight calculation using AHP is carried out on the
driving factors. Figure 2 shows the recapitulation of weight for driving factors in managing food waste from each
restaurant.

Figure 2. The recapitulation of weight for driving factors
As shown in Figure 2, the highest weight for driving factors according to Rmn restaurant is leftover food
management. Leftover food management is defined as process to manage food leftovers from previously served
meals (Kasavan et. al. 2017). Rmn restaurant does not have a specific procedure for handling food leftovers from
consumers due to over-serving. Even though this restaurant already provided information related to food served that
presented into picture on the menu book. Charlebois et. al. (Charlebois, Creedy, and von Massow 2015) stated that
poor management in choosing food ingredients can lead to waste. Leftover food also comes from overproduction of
food by service providers (Silvennoinen et al. 2015). Meanwhile, PR and KR restaurant consider purchasing has the
highest weight. PR and KR restaurant are similar, both of them offer a relaxed and casual atmosphere. Commonly,
these two restaurants don’t have specific procedures for purchasing food ingredients. Firstly, these restaurants will
check the food ingredients needed by the two restaurants. Then, they make a list of food ingredients will be ordered
to suppliers. Suppliers will deliver the food ingredients according to their order. Orders arrived will be checked by
restaurants to ensure the quality. If there is not proper quality, then the orders will be returned to suppliers. However,
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KR restaurant only placed the orders received into the containers provided, without put label contained information
about the date of received. Papargyropoulou et al. (2019) explained that labeling food containers and preparing food
containers properly can extend the life of perishable foods. This method may be able to prevent food waste. PR
restaurant already implemented this method. Nevertheless, these two restaurants don’t have a specific procedure for
recycling poor quality of food ingredients in storage.
The last two restaurants are BR and AR restaurant, having storage as the driving factor with the highest weight.
Storage is defined as a process for storing food ingredients by considering the order the order of food ingredients
used, also related to check the temperature of food ingredients (S. Kasavan, Mohamed, and Halim 2017; D. Singh
and Amandeep 2018). BR is a family restaurant, while AR is such a buffet restaurant with affordable price. BR
restaurant already implemented FIFO (First In First Out) system for food ingredients purchased from suppliers. The
available food ingredients will be processed first, while the newly purchased food ingredients will be stored as stock
by labeling the date of purchase and the type of food ingredients. Unfortunately, these things haven’t been
implemented by AR restaurant. In addition, these two restaurants don’t check the temperature of food ingredients
properly. Food ingredients such as vegetables, fruits, meats, fish, etc. will be stored in refrigerator. Meanwhile,
spices are stored at room temperature. Plastic bag will be used for damaged or poor quality of food ingredients due
to storage, to be given to third parties.
CR (Consistency Ratio) are also calculated for each restaurant to ensure that the pairwise comparison matrix used is
consistent, as well as the resulting model is acceptable (Saaty. 2008). CR is shown in Table 6 and calculated
according to equation 2. All CR values 0.1, 0.06, 0.09, 0.07, and 0.01 are under the cutoff value 0.1. This concluded
that the model is acceptable. According to average weight as shown in Table 3, the highest average weight of
driving factors is purchasing and the lowest is knowledge.
Table 6. Average weight and CR of driving factors
Restaurant

Weight
Leftover food
management

Recruitment
Management

Knowledge

CR

Purchasing

Storage

Rmn

0.17

0.25

0.27

0.19

0.13

0.1

PR

0.4

0.1

0.14

0.22

0.13

0.06

KR

0.24

0.16

0.19

0.23

0.19

0.09

BR

0.21

0.28

0.17

0.24

0.11

0.07

AR

0.15

0.27

0.21

0.23

0.14

0.1

Average

0.234

0.212

0.196

0.222

0.14

0.084

5.2 Inhibiting factors in managing food waste

Weight calculation is also carried out on the inhibiting factors in managing food waste in each restaurant using the
AHP principle. Table 7 shows an example of a pairwise comparison matrix and weight calculation for inhibiting
factors in managing food waste in Rmn restaurant. Data normalization is conducted to obtain the weight for each
factor according to respondent from each restaurant. The weight for each factor is carried out by using equation 1.
Table 7. Weight calculations of inhibiting factors for Rmn restaurant
b1
b2
b3
b4
b5
b6

b1
1
0.5
1
1
1
0.5

b2
2
1
1
1
5
0.5

b3
1
1
1
1
1
0.5

b4
1
1
1
1
0.5
1

b5
1
0.2
1
2
1
0.5

b6
2
2
2
1
2
1

0.23
0.08
0.23
0.12
0.23
0.12

Data normalization
0.36 0.14 0.29 0.20
0.12 0.41 0.14 0.10
0.04 0.14 0.14 0.20
0.12 0.14 0.14 0.20
0.24 0.14 0.14 0.20
0.12 0.14 0.14 0.10
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0.10
0.30
0.10
0.20
0.10

Weight
0.24
0.16
0.17
0.14
0.19
0.10
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The weight of inhibiting factors for each restaurant are also calculated, as shown in Figure 3. According to Figure 3,
cost has the highest weight for PR, KR, BR, and AR restaurant. Cost is defined as all the money spent by restaurants
to manage sustainable food waste (Michalec et al. 2018, Sakaguchi et. al. 2018). Even though food waste produced
by restaurants is often unavoidable. For example, restaurants often suffer losses due to leftovers food from
consumers. Other losses are derived from leftovers which processed from the kitchen. These restaurants don’t have a
particular budget yet intended for managing food waste. According to Michalec et. al. (2018), several restaurants
stated that it will be pricey to manage food waste properly. So, it is concluded that cost is the main barrier.
Meanwhile, the highest weight for Rmn restaurant is consumer plate waste. Consumer plate waste consist of
inedible (unavoidable) and edible (avoidable) parts from foods. Several things cause consumer plate waste include
ordering too much food, doesn't like the dish that has been ordered, perceived value of consumer for money is
quality not quantity, and perceived value of food is related to price, such as rice is cheap so it may be waste
(Papargyropoulou et al. 2019). Rmn restaurant doesn’t have procedure to manage consumer plate waste. When the
dish ordered by consumer is leftover, the consumer will ask waiter to wrap it up as take away or even just leave the
plate waste. However, Rmn restaurant doesn’t ask the waiter to wrap any leftovers and offers to consumer as a take
away. This can be conducted to overcome the problem of consumer plate waste. The other things also can be carried
out, such us offering small portion to consumers yet they can add more with no extra charge and offering a range of
dish, small, regular, big, and also size for kids (Papargyropoulou et al. 2019).

Figure 3. The recapitulation of weight for driving factors
CR (Consistency Ratio) are also calculated for each restaurant to ensure that the pairwise comparison matrix used is
consistent, as well as the resulting model is acceptable (T. L. Saaty 2008). CR is shown in Table 8 and calculated
according to equation 2 All CR values 0.08, 0.08, 0.09, 0.1, and 0.1 are under the cutoff value 0.1. This concluded
that the model is acceptable. According to average weight as shown in Table 8, the highest average weight of
inhibiting factors is cost and lack of disposal management.
Table 8. Average weight and CR of inhibiting factors
Weight
Cost

Lack of
regulation

Serving
food

Food
preparation

Consumer
plate
waste

Lack of
disposal
management

CR

Rmn

0.19

0.13

0.17

0.18

0.22

0.1

0.08

PR

0.25

0.14

0.15

0.15

0.17

0.14

0.08

KR

0.24

0.16

0.17

0.14

0.19

0.1

0.09

BR

0.22

0.19

0.15

0.16

0.15

0.13

0.1

AR

0.23

0.15

0.2

0.16

0.18

0.08

0.1

Average

0.226

0.154

0.168

0.158

0.182

0.11

0.09

Restaurant
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5.3 Managerial implications

According to the result obtained, the five restaurants in Indonesia, such as Rmn, PR, KR, BR, and AR restaurant
haven’t implemented food waste management properly. Analysis using AHP produces a ranking order of the driving
and inhibiting factors in managing food waste through the weight of each factor. Therefore, evaluation about the
current condition of each restaurant related to the priority of driving and inhibiting factors needs to be conducted.
Furthermore, the results of the evaluation can be used as a reference for improvement. For example, the highest
weight for Rmn is consumer plate waste. Currently, Rmn doesn’t have procedure to manage consumer plate waste.
To overcome consumer plate waste, Rmn should offers small portion to consumers yet they can add more with no
extra charge and offering a range of dish, small, regular, big, and also size for kids (Papargyropoulou et al. 2019).
Indonesia does not have laws and regulations related to manage food waste produced by restaurants, hotels,
households, and others. The efforts made limited to separating organic and inorganic waste which hasn’t been
implemented in all regions. Even some people still break the rule to dispose waste properly. This condition is very
different from other countries such as Germany and Sweden. Germany, has strict regulations such as giving
sanctions and letters of reprimand against its citizens who are not disciplined in disposing of garbage properly, while
Sweden has a sophisticated waste management system (Hermsdorf et. al. 2017; Rosenlund et al. 2020). To
overcome the problem of waste, especially food waste, the role of government is needed in addition to the role of
other stakeholders. Ariyani and Ririh (2020) explain that government has an important role to control individual
behavior to care about environment issues.
Therefore, several things can be conducted by restaurants, government, and other stakeholders to overcome issues of
food waste, such as the government through the local government should provide knowledge related to food waste
management and its benefits to all parties such as restaurant, hotels, and households. Furthermore, local
governments should have laws and regulations regarding food waste management that must be obeyed all relevant
stakeholders. Managing and controlling of food waste can be conducted easier by collaborating between local
government and food business providers, such as restaurant. Restaurant as a key actor should conduct some
activities to support food waste management, such as arranging management team to manage food waste comes
from consumers or kitchen. This team have to check food ingredients which are the main contributor to food waste.
In addition, this team also have to investigate food waste management carried out by third parties to ensure they
conducted properly. Restaurant should conduct socialization related to food waste issues to their staffs and
consumers. Staffs need to be given additional knowledge on how to manage food waste, while consumers need to be
invited to participate in reducing food waste in restaurants.

6. Conclusions

Food waste issue is a serious problem due to its negative impact to environment. Restaurant as a source of food
waste needs to consider on how to manage food waste properly. AHP is proved able to prioritize driving and
inhibiting factors in food waste management for 5 restaurants in Yogyakarta, Indonesia. The highest weight as the
most priority for driving factors according to Rmn restaurant is leftover food management by 0.27, while PR and
KR restaurant consider purchasing by 0.4 and 0.24. The last two restaurants are BR and AR, with storage as the
driving factor with the highest weight by 0.28 and 0.27. In addition, the cost is the most priority of inhibiting factor
for PR, KR, BR, and AR restaurants by 0.25, 0.24, 0.23, and 0.22 respectively, while Rmn restaurant considers
consumer plate waste by 0.27.

Acknowledgements

This paper is a part of lecturer team research financially supported by LPPM (Institute for Research and Community
Service) Universitas Ahmad Dahlan is highly appreciated. The authors also thanks to the students of Industrial
Engineering Department, Universitas Ahmad Dahlan, Venni Ayu Kartika Sari who helped in collecting data for this
study.

References

Ariyani, Luthfina, and Kirana Rukmayuninda Ririh. 2020. “Understanding Behavior of Household Food Waste
Management: Food Waste Hierarchy Context.” Jurnal Ilmiah Teknik Industri 19(2): 142–54.
Aschemann-Witzel, J. et al. 2015. “Consumer-Related Food Waste: Causes and Potential for Action.” Sustainability

© IEOM Society International

624

Proceedings of the Second Asia Pacific International Conference on Industrial Engineering and Operations Management
Surakarta, Indonesia, September 14-16, 2021

7(6): 6457–77.
Bisara, D. 2017. “Indonesia Second Largest Food Waster Jakarta Globe.” http://jakartaglobe.id/business/indonesiasecond-largest-food-waster/ (July 13, 2018).
Brigita, G., and B. Rahardyan. 2013. “Analisa Pengelolaan Sampah Makanan Di Kota Bandung.” Jurnal Teknik
Lingkungan Institut Teknologi Bandung 19(1): 34–45.
Buchner, B. et al. 2012. “Food Waste: Causes, Impacts and Proposals.” Barilla Center for food and Nutrition.
https://www.barillacfn.com/media/publications/food-waste-causes-impactproposals.pdf (July 15, 2018).
Charlebois, S., A. Creedy, and M. von Massow. 2015. “Back of House”–Focused Study on Food Waste in Fine
Dining: The Case of Delish Restaurants.” International Journal of Culture, Tourism and Hospitality Research
9(3): 278–91.
Chrobog, C. K. 2014. “Wasted: Understanding the Economic and Social Impact of Food Waste.”
Derqui, B., T. Fayos, and V. Fernandez. 2016. “Towards a More Sustainable Food Supply Chain: Opening up
Invisible Waste in Food Service.” Sustainability 8(7): 693.
FAO. 2016. “Policy Series: Food Loss & Food Waste.” http://www.fao.org/policy-support/policy-themes/food-lossfood-waste/en/ (December 25, 2020).
Filimonau, V., and D.A. De Coteau. 2019. “Food Waste Management in Hospitality Operations: A Critical Review.”
Tourism Management 71: 234–45.
Filimonau, Viachaslau, Huining Zhang, and Ling en Wang. 2020. “Food Waste Management in Shanghai FullService Restaurants: A Senior Managers’ Perspective.” Journal of Cleaner Production 258: 120975.
Göbel, C. et al. 2015. “Cutting Food Waste through Cooperation along the Food Supply Chain.” Sustainability 7(2):
1429–45.
Hermsdorf, David, Meike Rombach, and Vera Bitsch. 2017. “Food Waste Reduction Practices in German Food
Retail.” British Food Journal 119(12): 2532–46.
Juvan, Emil, Bettina Grün, and Sara Dolnicar. 2018. “Biting Off More Than They Can Chew: Food Waste at Hotel
Breakfast Buffets.” Journal of Travel Research 57(2): 232–42.
Kasavan, S., A. F. Mohamed, and S. A. Halim. 2017. “Sustainable Food Waste Management in Hotels: Case Study
Langkawi Unesco Global Geopark.” Planning Malaysia 15(4): 57–68.
———. 2018. “Knowledge and Attitudes of Hoteliers in Langkawi UNESCO Global Geopark towards Sustainable
Food Waste Management (SFWM).” Pertanika Journal of Social Sciences & Humanities 26(3): 1941–55.
Kasavan, Saraswathy, Ahmad Fariz Mohamed, and Sharina Abdul Halim. 2017. “Sustainable Food Waste
Management in Hotels: Case Study Langkawi UNESCO Global Geopark.” Planning Malaysia 15(4): 57–68.
———. 2018. “Knowledge and Attitudes of Hoteliers in Langkawi UNESCO Global Geopark towards Sustainable
Food Waste Management (SFWM).” Pertanika Journal of Social Sciences and Humanities 26(3): 1941–55.
Kibria, Golam. 2017. Food Waste Impacts on Climate Change & Water Resources.
Linh, N. K. 2018. “Food Waste Management in the Hospitality Industry: Case Study: Clarion Hotel Helsinki,
Bachelor’s.” Haaga-Helia University of Applied Science, Helsinki, Finland.
Marangon, F., T. Tempesta, S. Troiano, and D. Vecchiato. 2014. “Food Waste, Consumer Attitudes and Behaviour.
A Study in the North-Eastern Part of Italy.” Italian Review of Agricultural Economics 69(2–3): 201–9.
Martin-Rios, Carlos, Christine Demen-Meier, Stefan Gössling, and Clémence Cornuz. 2018. “Food Waste
Management Innovations in the Foodservice Industry.” Waste Management 79: 196–206.
Mathivathanan, Deepak, Kannan Govindan, and A. Noorul Haq. 2017. “Exploring the Impact of Dynamic
Capabilities on Sustainable Supply Chain Firm’s Performance Using Grey-Analytical Hierarchy Process.”
Journal of Cleaner Production 147(January): 637–53.
Meager, Sophie, Vikas Kumar, Banu Ekren, and Daniela Paddeu. 2020. “Exploring the Drivers and Barriers to
Green Supply Chain Management Implementation: A Study of Independent UK Restaurants.” Procedia
Manufacturing 51(2020): 1642–49.
Michalec, A., M. Fodor, E. Hayes, and J. Longhurst. 2018. “Co-Designing Food Waste Services in the Catering
Sector.” British Food Journal 120(12): 2762–77.
Michalec, Aleksandra, Martin Fodor, Enda Hayes, and James Longhurst. 2018. “Article Information :” Co-designing
food waste services in the catering sector Aleksandra.
Mustika, I. K. S. 2018. “Tak Mampu Mengolah, Setiap Hari 600 Ton Sampah Dibuang Percuma,.”
https://jogjapolitan.harianjogja.com/read/2018/02/14/510/894285/tak-mampu-mengolah-setiap-hari-600-tonsampah-dibuang-percuma (December 25, 2018).
Ocicka, B., and M.. Raźniewska. 2018. “Food Waste Reduction as a Challenge in Supply Chains Management.”
LogForum 14(4).
Papargyropoulou, Effie et al. 2019. “Patterns and Causes of Food Waste in the Hospitality and Food Service Sector:

© IEOM Society International

625

Proceedings of the Second Asia Pacific International Conference on Industrial Engineering and Operations Management
Surakarta, Indonesia, September 14-16, 2021

Food Waste Prevention Insights from Malaysia.” Sustainability (Switzerland) 11(21).
Pirani, Sanaa I., and Hassan A. Arafat. 2016. “Reduction of Food Waste Generation in the Hospitality Industry.”
Journal of Cleaner Production 132: 129–45.
Rosenlund, Joacim, Åsa Nyblom, Hanna Matschke Ekholm, and Louise Sörme. 2020. “The Emergence of Food
Waste as an Issue in Swedish Retail.” British Food Journal 122(11): 3283–96.
Saaty, R. W. 1987. “The Analytic Hierarchy Process-What It Is and How It Is Used.” Mathematical Modelling 9(3–
5): 161–76.
Saaty, Thomas L. 2008. “Decision Making with the Analytic Hierarchy Process.” International Journal Services
Science 1(1): 83–98.
Sakaguchi, L., N. Pak, and M. D. Potts. 2018. “Tackling the Issue of Food Waste in Restaurants: Options for
Measurement Method, Reduction and Behavioral Change.” Journal of Cleaner Production 180: 430–36.
Sakaguchi, Leo, Nina Pak, and Matthew D. Potts. 2018. “Tackling the Issue of Food Waste in Restaurants: Options
for Measurement Method, Reduction and Behavioral Change.” Journal of Cleaner Production 180: 430–36.
Schanes, K., K. Dobernig, and B. Gözet. 2018. “Food Waste Matters-A Systematic Review of Household Food
Waste Practices and Their Policy Implications.” Journal of Cleaner Production 182: 978–91.
Silvennoinen, K., L. Heikkilä, J. M. Katajajuuri, and A. Reinikainen. 2015. “Food Waste Volume and Origin: Case
Studies in the Finnish Food Service Sector.” Waste Management 46: 140–45.
Singh, D., and Amandeep. 2018. “Food Waste Management: Study of Indian Hotel Industry.” International Journal
of Creative Research Thoughts 6(1): 1383–85.
Singh, Dilbag, and Amandeep. 2018. “Food Waste Management : Study of Indian Hotel Industry.” (March): 8–11.
Suchada, P, J Tränkler, K Cholada, and W Schöll. 2003. “The Role of Formal and Informal Sectors in Solid Waste
Management of Developing Countries.” Proceedings Sardinia 2003, Ninth International Waste Management
and Landfill Symposium (October).
Thi, Ngoc Bao Dung, Gopalakrishnan Kumar, and Chiu Yue Lin. 2015. “An Overview of Food Waste Management
in Developing Countries: Current Status and Future Perspective.” Journal of Environmental Management 157:
220–29.
Thyberg, K. L., and D. J. Tonjes. 2016. “Drivers of Food Waste and Their Implications for Sustainable Policy
Development.” Resources, Conservation and Recycling 106: 110–23.
Vizzoto, F., S. Tessitore, F. Iraldo, and F. Testa. 2020. “Passively Concerned: Horeca Managers’ Recognition of the
Importance of Food Waste Hardly Leads to the Adoption of More Strategies to Reduce It.” Waste Management
107: 266–75.
World Food Programme. 2014. WFP in 2014: Facts and Figures.

Biographies
Siti Mahsanah Budijati is an Associate Professor in Industrial Engineering Department, Faculty of Industrial
Technology, Universitas Ahmad Dahlan, Yogyakarta, Indonesia. She earned B.S. in Agriculture Industrial
Technology from Gadjah Mada University, Indonesia. Masters in Industrial Engineering from Bandung Institute of
Technology, Indonesia and PhD in Industrial Engineering from Gadjah Mada University. She has published journal
and conference papers. Her research interests include production planning and inventory control, green supply chain
management, reverse logistics, modelling and simulation.
Fatma Hermining Astuti is a Lecturer in Industrial Engineering Department, Universitas Ahmad Dahlan,
Indonesia. She received Bachelor Engineering degree from Universitas Islam Indonesia and M.Sc from Universiti
Teknikal Malaysia Melaka. Her research is situated in the field of manufacturing system, specifically in lean
manufacturing, production planning and inventory control, modelling and simulation.
Wandhansari Sekar Jatiningrum is a Lecturer in Industrial Engineering Department, Universitas Ahmad Dahlan,
Indonesia. She holds a Bachelor Degree of Industrial Engineering from Universitas Diponegoro, Indonesia and a
Master of Science in Industrial Engineering, Universitas Gadjah Mada, Indonesia. She already completed several
projects in Industrial Management, Supply Chain Management, and Multi Criteria Decision Making. Currently she
teaches some courses, such as Decision Analysis, Supply Chain Management, and Engineering Economic Analysis.
She also serves as editorial board member for The Spektrum Industri Journal.

© IEOM Society International

626

