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Abstract. For airline industry, an excess of inflight food waste has been
highlighted as one of the crucial concerns that affecting airline's profit
margin and operations. Furthermore, it may result in environmental issue if
excessive food waste is not handled with care. As such, ensuring an
optimal inflight catering service is particularly important to airlines.
However, the existing literatures focusing on the reduction of inflight food
waste is very limited. Correspondingly, this paper develops a bi-objective
inflight food waste reduction model, with the aim to minimize inflight food
waste while maximizing passengers’ expectation towards inflight catering
service. In particular, an optimal strategy of offering inflight meals
(comprise standard and light meals) is proposed appropriately to meet the
demand of passengers under uncertainty. By examining some international
flights, the results of an illustrative case study show that the developed
model is viable to reduce airline's inflight food waste to a greater extent.
Besides, the airline would have greater flexibility to meet the expectations
of the passengers in a better manner. It is anticipated that the developed
model would reveal some useful insights to the airlines in providing
inflight catering services profitably and environmentally.

1 Introduction

In a highly competitive environment of airline industry, the delivery of high quality service
to passengers is vital for airline's survival, competitiveness, profitability and sustainable
growth [1]. This necessitates the focus of airlines on cost reduction in order to achieve
efficient operations [2]. Correspondingly, inflight meal service ought to be handled with
care as it involves high volumes, significant costs and it also has direct impact on customer
service [3]. As reported by Li et al. [4], a flight could produce about 134-243kg of food
waste while the food waste of meals ranged 23-51% for different types of meals.
Approximately, there is a total amount of 725 tonnes (per annum) generated from organic
waste including food waste [5]. In addition, it was found that food waste is related not only
to economic performance but also environmental and societal impacts [6-8]. Furthermore,
Niu et al. [9] revealed that passengers would prefer to choose airlines that supported
environmental protection. Rosskopf et al. [10] also highlighted that environment-friendly
airlines can build a greener image and thus attract and retain customers in the future. Thus,
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this motivates the formulation of an optimal inflight food waste reduction model (i.e. as a
green approach) that could provide a proper decision-making to airlines in handling inflight
catering service, at a sustainable and environmental manner.

Practically, it is crucial for the airlines to confirm the meals order from the caterers,
latest 4-6 hours before aircraft departure. This is particularly important to meet the needs of
passengers under uncertainty in view of the fact that the demand level of passengers is
varying from time to time [3, 11] and therefore necessary adjustments are often required.
As such, a well-developed model is certainly needed to determine the optimal quantity of
inflight meals. It is significant to note that inflight meals may vary for different flight time
(morning, afternoon, eveningand night), flight type (short, medium and long-haul), aircraft
type (small, medium, large and jumbo) as well as passenger's class (first, business and
economy class). Apparently, there are many relevant factors that could affect the inflight
catering services of the airlines. Furthermore, different types of airline may possess
different business structures. As such, it is rather significant, yet complicated, to deal with
inflight food waste reduction.

There are some studies which are related to inflight catering service of airlines. With
regard to the service quality of airline in terms of inflight meal services, Suki [1] examined
the effects of airline service quality (including inflight catering) on customer satisfaction.
They performed their analysis with the aid of structural equation modeling. More recently,
Farooq et al. [12] assessed the quality of service provided by the airline and its impact on
customer satisfaction, by using convenience sampling method and variance based structural
equation modeling. In overall, their results show that inflight catering has a positive, direct
and significant impact on customer satisfaction. In addition to the impact of inflight meal
on overall airline's service quality, Romli et al. [13] also showed that the offering of inflight
meals service does significantly affect the passengers' choice of airlines. Besides, Mayer et
al. [14] conducted a quantitative survey to analyze air traveller perceptions of different
airlines with regard to green image, and also how passengers perceive different measures
that airlines can introduce to reduce environmental impact. Their results revealed that the
reduction of waste on board (by not offering free food) is an effective measure. With the
aim to provide meal quantity that closely matches the final passenger load, Goto [3]
modeled meal ordering process as a finite-horizon Markov decision process. The results
show that the developed model would yield a substantial amount of savings while reducing
the number of short catered flights for the airline. In addition, Teoh and Khoo [15]
developed a single-objective optimization model that aims to minimize total inflight food
waste by determining the optimal quantity of inflight meals. In contrast to Teoh and Khoo
[15], this study proposed a bi-objective mathematical model by considering passengers’
expectations in addition to cost minimization that corresponds to optimal quantity of
inflight meals. Besides, budget and penalty constraints are included in the bi-objective
mathematical model in order to assure the benefits of supply (airline) and demand
(passengers). Concisely, although the afore-mentioned studies are relatively related to
inflight catering, it is apparent that there is no documented study that explicitly optimize the
quantity of inflight meals, by considering both aspects of supply (i.e. airline) and demand
(i.e. passengers) under uncertainty. Therefore, a well-developed model is indeed required.

For the current practice, inflight food waste is kept for food recycling or processed as
lightweight materials for food packaging. In contrast to the mitigation actions taken after
flight operation, this study aims to propose a green approach to reduce inflight food waste
before flight operations, by capturing passenger's choice explicitly towardsinflight meals.
Instead of a typical (standard) inflight meal, this study aims to reduce the inflight food
waste, by offering the option of serving a lightmeal in addition to regular standard meal.
Specifically, light meal refers to a similar meal with standard meal but possesses a lower
food weight, i.e. light meal has a smaller portion compared to a standard meal.For the
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passengers, they could select their favorable meals, i.e. either standard or light meal, during
the process of flight booking (i.e. reserved). For those do not opt for any meal type during
the flight booking process (i.e. unreserved), they can still choose their favorable size of
meal (either standard or light)at a later time by updating their meal choice before aircraft
departure or during their flight. However, the choice of meal is largely depending on the
availability of the loaded meals of a particular flight. As such, how to properly quantify the
optimal quantity of inflight meals optimally under uncertainty is important.

The remainder of the paper is organized as follows. Section 2 presents the formulation
of the bi-objective optimization model for inflight food waste reduction. Section 3
illustrates the case study with a comprehensive discussion on the resultant findings. Section
4 concludes the paper with some suggestions for further research.

2 Formulation of bi-objective inflight food waste reduction
model

This section presents the formulation of bi-objective optimization model to reduce inflight
food waste. The notations used for the model formulation are listed as below:

Component Description
n Aircraft type
r Flight route
i Meal type
j Meal order (sequence)
k Passenger’s seating order (for which k = 1,2, ... SEAT))
c Passenger’s class (first, business, economy)
t Flight time (morning, afternoon, evening, night)
a® Portion of reserved standard meal

Lot
a” Portion of unreserved standard meal

Lot
Vil® Portion of reserved light meal

nri,jet
L Portion of unreserved light meal

nri,j.et
a Probability to meet passenger’s onboard meals request
H Average number of passengers requested onboard meal
o Standard deviation of the number of passengers requested onboard

meal
Add,, Additional percentage of maximum quantity of meals
MAX Maximum quantity of meal loaded on aircraft
s cot
MIN Minimum quantity of meal loaded on aircraft
nriiL et

P, Penalty cost
PM Maximum penalty cost
S Cost allocated for inflight meal
SEAT, Aircraft capacity
w, Weightage for inflight food weight (in terms of cost)
T o Cost of inflight meals
W Weightage for the weight difference of expected and served meal

diff
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T, Cost of weight difference for expected and served meal
Weipmd Weight of expected meal for passenger &
c Weight of served meal for passenger k&
nﬁj_m Weight of reserved light meal
e Weight of reserved standard meal
UL“ Weight of unreserved light meal
US , Weight of unreserved standard meal
v, o Cost of inflight meal (i = 1 for standard meal; i = 2 for light meal)

Decision variable  Description

Q:,f,[.j,c,l Quantity of reserved standard meal
an{j ) Quantity of reserved light meal

Q”Lf,,” Quantity of unreserved standard meal

Q,,ij,,;c,t Quantity of unreserved light meal

In order to achieve operational and environmental sustainability, the aim of the
proposed model is to minimize inflight food waste as well as to meet passengers'
expectations on inflight catering. To do this, the passenger's choice on inflight meal which
would constitute the total weight of onboard food will be determined optimally. In order to
capture the choice of passengers towards their preferable inflight meals, their selection of
meals during the whole flight could be categorized accordingly as reserved standard meal,
reserved light meal, unreserved standard meal and unreserved light meal. As such, the
objective function of the formulated bi-objective inflight food waste reduction model can
be expressed as below:

Minimize Total cost, 7C =w, T, +w,, T, e

for which
Objective 1: 7,,,, = Yy, (75, MO, )+ 072 MO, )+ (07 Q8 )+ 07, Q%)
Objective 2: T,,, = > R|WL,... — W,

exp ected served

As shown above, the total cost of inflight meals (for objective 1) is contributed by the
respective cost of inflight meals with the corresponding weight and quantity. It is
anticipated that having light meal as an additional option could lead to cost savings of the
airlines. Besides, the total cost for objective 2 is contributed by the penalty cost and the
difference between the expected and served meal, in order to assure that passengers’
expectations are met satisfactorily. With the aid of weighted-sum method [16], these
objectives are then combined to form objective function (1) for the bi-objective
optimization model. In order to obtain the optimal solution realistically, objective function
(1), i.e. the minimization of the total cost, 7C is optimized subject to seven practical
constraints as described below:

Demand constraint This constraint ensures that passengers’ demand is fulfilled
satisfactorily. Particularly for low-cost carrier (LCC), it is assumed that the passengers'

demand for inflight meals follows a normal distribution in which F - (1-a) is the inverse
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cumulative probability of (1-«)[15]. As such, the demand constraint for LCC can be
expressed as below:
MIN, — >F'(l-a)oc+u )

ri,/,l,j,(‘,/
On the other hand, the demand constraint of full-service carrier (FSC) is bounded between
MIN = and MAX as showed below. The constraint is bounded to ensure that

nri,j.et nrijet ?
meals boarded on the flight meets the minimum quantity of meals as well as additional
requests of meals (if any). Thus, the demand constraint for FSC can be expressed as below:

i SO0 0N Qi’f‘,l,+Qn,,,u_MAX”,,,,,,,L,, 3)
for which MAX, (1+Add (ZQ

nriLj.cit n VRN RN 1,50, ot 1,50t

+0%  +0" ) In particular,

Add,, could be determined by performing forecastmg or extrapolation based on the past

records (for additional meals requested by the boarding passengers). On the other hand, the
element of MIN, could be determined according to the load factor of a particular flight.

nrijeit

Meals choice constraint This constraint assures that each passenger (individual
passenger) of FSC will be served only one meal (either standard or light meal but not both)
or the passenger chooses not to have any meal (if both binary variables are zero). Meals
choice constraint could be formed as below:

Bstandard(k) + Bltght(k) <1 (4)

n,ri,j.c.t n,ri,j.ct —
where
— {1, if passenger k choose standard meal _ {1, if passenger k choose light meal

nriijet > L jieit

0, otherwise 0, otherwise

This constraint is not applicable to LCC passengers because they have the flexibility to buy
any onboard meals (with any quantity).

Meal availability constraint This constraint ensures that the type of meals (standard
and light) is offered accordingly to the passengers. Under certain circumstances, some
aircraft of a particular flight may not offer a certain type of meal due to some operational
issues (e.g., the flight duration is too short (less than one hour)). As such, meal availability
constraint can be defined as below:

o {l,if standard meal i is offered subject to pre-determined criteria, C

nrijet

0,otherwise

e 1,if light meal i is offered subject to pre-determined criteria, C

ight _

nrii,jet - . (5)
0, otherwise

where C refers to a pre-determined criteria defined by the airlines or caterers.

Weight of meal constraint This constraint assures that the total weight of meals to be

loaded on aircraft is fitted on varying aircraft type (with different aircraft specification).
This constraint would also assure that the total quantity of meals (with a prescribed weight)
would not be overloaded on aircraft. As such, weight of meal constraint can be expressed

ZQ,”,,H ) F O )+ 08 (W, )+ 0 (W) < (1 Add, )W, (6)

Meals portion constraint This constraint constitutes the total quantity of the
onboard meals for each flight. In other words, the total number of meals loaded for a
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particular flight is contributed by the standard and light meals (either reserved or

unreserved). Thus, meals portion constraint can be defined as below:
RS

RL us UL

all,r,i,j,c,t + nrii,j.ct +arl,l',i,j,c,t + nrii,jct :1 (7)
Budget constraint This constraint ensures that the total cost of inflight meals does
not exceed the cost allocated by the airlines. By considering the cost of standard and light
meals, budgetconstraint can be formed as below:

D08, 400, )y (08, +0%,,.)<S ®)

Penalty constraint This constraint ensures that the total penalty incurred for the
weight difference of inflight meal does not exceed the allocated limit as predetermined by
the airlines. It is also important to meet the expectation of the passengers. Penalty constraint
can be formed as below:

2.7

In summary, the developed bi-objective inflight food waste reduction model, as
presented above, can be solved by optimizing objective function (1), subject to constraints
(3)-(9) for FSC and constraints (2), (5)-(9) for LCC. There are 2 stages, namely initial and
updating stages in determining the optimal quantity of standard and light meals (either
reserved or unreserved). Basically, initial stage plays the role to quantify the quantity of
meals (standard and light) at the time the passengers purchase their flight tickets.
Subsequently, the optimal quantity of standard and light meals is determined from time to
time if there is any updating of meal choice from the passengers, i.e. at least 24 hours
before the departure time of flight [17]. In particular, CPLEX optimization software is used
to generate the optimal solutions.

we W

exp ected served

<R ©

3 An illustrative case study

In order to examine the applicability of the developed model, an illustrative case study
comprises 219 international long-haul flightsis outlined, by considering the aircraft
operations of Malaysia Airlines from Kuala Lumpur International Airport (KLIA). The
daily data of these flights is compiled according to theaircraft operations of Malaysia
Airlines on 15th January 2018. For brevity, the complete data compiled for 219 flights are
not displayed in this paper. Some other data inputs are listed as below:

e Aircraft type, n =1,2,..., 11 (for 11 aircraft types)

e Flight route, »=1,2,...,219 (for 219 long-haul flights)

e Passenger’s class, ¢ =1, 2 (for which 1 for first/business class and 2 for economy)

e Meal order, j =1, 2, 3 (for first, second and third meal)

e Flight time, t =1, 2, 3, 4 (for morning, afternoon, evening and night)

e Pre-determined criteria, C = block time of flight exceeds one hour

e Weightage for inflight food weight (in terms of cost), w, =0.5

* Weightage for the weight difference of expected and served meal, w,, = 0.5

¢ Additional percentage of maximum quantity of meals, A4dd,, = 10%

e Estimated meal cost, y,= RMO0.10/gram

e Penalty cost, £, = RMO0.10/gram

e Maximum penalty cost, A" =RM1,000 (per flight)



E3S Web of Conferences 65, 04001 (2018) https://doi.org/10.1051/e3sconf/20186504001
ICCEE 2018

e Cost allocated for inflight meal, S = RM10,000 (per flight)
Besides, Tables 1 and 2 show the weights and costs of respective meal.

Table 1. The weight of respective inflight meal [18].

First/business class Economy class
Weight of standard meal (gram) 308 280
Weight of light meal (gram) 246 224
Weight difference of standard and light meal 62 56

Table 2. The cost of respective inflight meal [19].

Cost per meal (RM)
Standard meal 20
Light meal 15

From the data input as listed above, model optimization is performed by capturing the
initial meal preference of passengers (initial stage), followed by three updating stages in
order to determine the optimal quantity of inflight meals from time to time. According to
Goto [3], there are three key decision points for inflight meals production prior to aircraft
departure. However, the decisions to alter production quantity of inflight meals may be
made at intermediate time intervals (if necessary).

3.1 Results discussion

As presented below, the resultant findings can be discussed from various aspects, i.e.
reserved and unreserved meals, standard and light meals, meal types, passengers’ classes,
cost savings and the corresponding food waste reduction.

In average, the results in Fig. 1 show that there is a higher tendency for the passengers
to reserve their meals, i.e. in average 58%. Besides, Fig. 2 shows that the passengers tend to
opt for a light meal (up to 50.3%) compared to a standard meal (49.7%). For the airlines,
this provides an insightful information of offering light meal (in addition tostandard meal)
for a particular flight. In addition, the results in Fig. 3 show that there are more passengers
(about 58%) who prefer to reserve their meals for all meal types (for breakfast, lunch,
dinner, supper). Besides, the results also show that the passengers tend to choose light
meals for breakfast and supper. For lunch and dinner, most of the passengers prefer
standard meals. Concisely, the results show that the meal that is served at different time
(morning, afternoon, evening or night) would gain different reaction from the passengers
and hence the airlines may plan accordingly of offering adequate quantity of inflight meals.

M Reserved meal Unreserved meal

Fig. 1. The results of reserved and unreserved meals.
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m Standard meal Light meal

Fig. 2. The results of standard and light meals.

Breakfast Lunch

0% 0% -
% | 0% 4%

49.2% 50.8% 50.%% 49.8%
0% [FF: ) w1 21.6%
aH% | 0% +
0% T 0%
W% T W% +
10% + 10% +
0% 0%

R d | d | Light meal Reservedmeal Unreservedmeal  Standard meal Light meal
Dinner Supper

70% 0% T
o | B - S7.5%

50.3% 29.7% 45.4% 50.6%
w1 41.7% 0% 1 AL5%
400 a0k
30% 0% -
0% 2%
0% + 10% +

Reservedmeal Unreservedmeal  Standard meal Light meal Reservedmeal Unreservedmeal  Standard meal Light meal

Fig. 3. The results of different meal types.

Besides, the results in Fig. 4 reveal that the passengers (both first/business and economy
classes) prefer to reserve light meal, except the third meal (for which the passengers prefer
to reserve standard meal). For unreserved meals, the passengers also show the tendency
towards light meal, except the economy-class passengers who prefer unreserved standard
meal as their third meal. Although the results in Fig. 4 shows that the percentage of
first/business-class passengers to reserve inflight meals is higher than economy-class
passengers, in fact there are more economy-class passengers to take reserve meals (in view
of the fact that the number of seats of economy class is much more than the number of seats
of first/business class).

As displayed in Table 3, the results show that the total weight reduction of inflight
meals (for all 219 long-haul flights) is 6,106kg for daily flight operations. In average, each
long-haul flight could reduce about 28kg of food waste (per day). For annual flight
operations, the total annual weight reduction of meals is approximately to be 1,148 tonnes
(per annum), i.e. about 5.2 tonnes(per flight). This, in fact, would constitute a total of saved
cost up to RM524,023 (for each flight per annum) and up to a cost savings of RM115
millions per year. Besides, it is estimated that the extent of food weight reduction is about
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158% in comparison to the reported annual amount of waste at 725 tonnes[5]. In overall,
the results inferred the benefits of offering light meals in terms of cost savings as well as
food waste reduction.

First/Business Class

M First meal Second meal M Third meal
33% 349 35% 35% 4% 3%

7% 17% 16%

15% 15% 15%

Reserved standard meal Reserved light meal Unreserved standardmeal  Unreserved light meal

Economy Class

W First meal Second meal M Third meal
28.0% 28.8% 28.7%

28.3% 28.0%

27.0%

21.6% 21.5% 2L.6% 21.5% 22.0%

Reserved standard meal Reservedlight meal ~ Unreserved standard meal  Unreserved light meal

Fig. 4. The results of different passenger classes.

Table 3. The results of inflight food waste reduction (for 219 long-haul flights).

Total weight reduction of meals (kilogram/day) 6,106
Average of weight reduction of meals (kilogram/flight/day) 28

Total annual weight reduction of meals (kilogram/annum) 1,147,611
Average of annual weight reduction of meals (kilogram/flight/annum) 5,240

Total saved cost (RM/annum) 114,761,100
Average of total saved cost (RM/annum/flight) 524,023
Extent of food weight reduction (per annum) 158%

Note: Average optimal quantity of inflight meals is 977 (total for first, second and third meals).

4 Conclusions

This paper deals with the formulation and optimization of a bi-objective inflight food waste
reduction model which aims to maximize passengers' expectation while reducing food
waste resulted from inflight catering services. By providing the choice of standard and light
meal to the passengers, the results of illustrative case study show that there is a mixed
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preference towards the meals selection among the passengers. The preference of meal size
(for standard and light meal) could be affected by several factors, including flight type,
meals type and passenger’s class. Besides, the findings highlight that the option of offering
light meal (in addition to standard meal) would contribute a substantial cost savings to the
airline, i.e. approximately RM115 millions per annum. In particular, the airline may
consider to offer more light meals for inflight breakfast and supper (in comparison to lunch
and dinner). For further analysis, more operating networks of different airlines can be
considered. The developed model could be extended too by considering the respective load
factor of flights in order to perform more realistic analysis.
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