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Abstract

With the expansion of urbanization, we are witnessing the growing uncertainty in municipal food demand leading to an
increase in urban waste. With the motive of producing organic fertilizers and conserving the environment, expired food can
be collected and recycled. This study examines the hypothesis that leasing recycling facilities from peri-urban areas, due to
the ban on reproduction operations in the city centers, can manage the recycling system participants’ relationship and enhance
sustainability in urban communities. The problem has been investigated under two separate sources of uncertainty, namely,
quality and capacity. In the first scenario, a recycling system consisting of a commercial food service located in urban areas,
a food waste collection agency, and a suburban fertilizer factory is optimized, in which the commercial food service leases
the fertilizer factory’s facilities for recycling operations. In the second scenario, the two factories’ relationship, in which the
first factory can rent the second factory’s facilities in case of capacity shortage, is managed through hybrid contracts and
mathematical programming models. The results show that the whole system optimization and Pareto Improvement results
for all members are guaranteed under proposed hybrid contracts. These conclusions can help food recycling system man-
agers have a better relationship with other players in their supply chains and enhance their credibility for caring about the
environment, social concerns, and government compliance.

Keywords Urban solid waste - Sustainable development - Hybrid contracts - Facility renting - Food recycling - Option
contract - Quantity flexibility

Introduction

World’s population in urban areas has dramatically increased
over the last 50 years (Saborido and Alba 2020). Although
urban life is an important subject in economic growth and
social modernization (Al-Mulali et al. 2012), it is also a
major factor in producing several kinds of pollutants which
may arouse a lot of environmental problems such as resource
scarcity (Wu and Tan 2012), excessive energy consumption
(Lin and Zhu 2021; Chen and Zhou 2021), greenhouse gas
emissions (Muhammad et al. 2020), global warming, and
climate change. For instance, the increase in the consump-
tion of clean water (Liu et al. 2020; Ma et al. 2022), the
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increase in emission of carbon dioxide in urban areas, and
the increase in the generation of household waste are all
considered as some results of dramatic growth in the urbani-
zation (Zhang and Chen 2021).

The subject of municipal household waste, especially
food waste, is one of the most significant outcomes of civi-
lization (Sheng et al. 2021), which has caused various envi-
ronmental problems today (Howe and Wheeler 1999). At
present, household waste and especially food waste consti-
tute a major and significant part of solid pollutants and its
percentage is increasing annually (Wang et al. 2018b). For
example, food is the largest source of solid pollutant waste
in the United States, and failure to recycle it may have dev-
astating effects on the environment and social satisfaction
(Pai et al. 2019; Balsalobre-Lorente et al. 2022). Unrecycled
food waste is a major cause of methane emissions from the
surface of landfills, which will eventually lead to contami-
nation of surface water as well as groundwater (Bulak and
Kucukvar 2022; Ikhlayel and Nguyen 2017).
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Regarding the truth that reducing food waste is the 3rd
of 100 solutions to prevent climate change, it seems neces-
sary for city managers and planners to think about municipal
waste and ways of recycling it such as producing animal feed
or organic fertilizers (Cheng et al. 2021).

Another issue that needs to be addressed is the fact that
chemical fertilizers are currently monopolized in the field
of agriculture. Although about 50% of agricultural materi-
als use chemical fertilizers, there is a general concern in
the agricultural industry to reduce the use of excessive and
inappropriate amounts of chemicals in non-organic fertiliz-
ers (Fernandez-Delgado et al. 2022; Chehade and Dincer
2021). One of the benefits of using natural substances is to
regulate the carbon level of the soil which prevents harming
plants (Sharma et al. 2019), so it seems necessary to replace
chemical and harmful fertilizers with natural and organic
substances (Li et al. 2022; Aryal et al., 2021).

Numerous studies (Campuzano and Gonzélez-Martinez
2017; Fernandez-Delgado et al. 2020) can be found in the lit-
erature that emphasizes the possibility of producing natural
and organic fertilizers from urban food waste. They believe
that this urban waste should not be injected directly into the
soil due to the toxic particles it may contain, so it must be
detoxified through modern technologies so as not to cause
any damage to the soil and plants (Bloem et al. 2017). There
are also various articles in the literature, such as (Levis et al.
2010; Pai et al. 2019), that discuss appropriate technologies,
trained personnel, distinct collection or transportation equip-
ment, modern recycling halls, and up-to-date reproduction
facilities with sufficient capacity to produce natural fertiliz-
ers from municipal food waste.

This study deals with the issue of urban food recycling
systems, and the environmentally friendly transformation
of municipal organic waste into natural fertilizers through
hybrid contracts such as Quantity Flexibility (QF), Single
Cost-Sharing (SCS), Two-Way Cost-Sharing (TWCS), and
Option Contract as well as mathematical programming mod-
els. Besides, to deal with possible uncertainties, the prob-
lem has been investigated in two separate scenarios. In the
first scenario, the collected waste quality, and in the second
scenario, the recycling capacity is assumed to be uncertain
with specific probability distribution functions. In addition,
in different countries, there are some governmental laws and
regulations prohibiting manufacturing activities in urban
areas to prevent air, water, and noise pollution in residential
zones. Therefore, in this study, the commercial food service,
which is normally supposed to be located in the city cent-
ers, is forced to rent reproduction facilities from fertilizer
factories in the suburbs.

While recycling food waste is technologically possible
and profitable, our observations reveal a large amount of
disposal of not-recycled food waste especially in megacities
in developing countries. In some cases, using/selling spoiled

foods is also reported which is illegal and harmful to human
health. While the creation of some food waste is inevitable
due to urbanization, it is possible to recycle them to produce
organic fertilizers. In this way, we are able to avoid using
chemical fertilizers, replace them with organic fertilizers,
and make the planet greener. We realized that there are some
managerial and planning obstacles in recycling food waste in
urban areas; the most important is the issue of coordination
between players in the reverse logistics system. This problem
motivates us to analyze and optimize the reverse operations
of a food waste recycling system. This paper seeks to achieve
the following aims:

e Collecting and recycling municipal food waste, which is
increasingly damaging the environment due to the expan-
sion of urbanization.

e Preventing the sale of expired food in cafes, hotels, fast
foods, etc. to control the spread of disease transmission

e Replacing chemical fertilizers which are harmful to soil
and agricultural products with natural and organic ferti-
lizers

e Creating social satisfaction and following the govern-
mental laws and environmentally friendly restrictions on
not carrying out recycling activities in the city by renting
remanufacturing facilities from suburbs

e Helping recycling system managers to create better col-
laboration between channel participants and increase the
whole system’s profitability.

The remaining of the research is organized in this way: in
the second part, a research background review is conducted,
in the third part, the problem under study is described in all
its details, the fourth part is related to mathematical mod-
eling and solving them, and the fifth and sixth sections are
devoted to the discussion of numerical results and conclu-
sions, respectively.

Literature review

This research is related to three research areas in the lit-
erature, namely game theory and waste recycling, channel
optimization using supply contracts, and reverse/closed-loop
recycling systems, which will be reviewed in the following.

Game theory and waste recycling

Beheshti et al. (2022) examined a closed-chain system in
which a commercial enterprise, through a waste collection
agency, collects expired food from agricultural sales centers.
In their research, due to governmental restrictions on not
carrying out recycling activities in the city, the commercial
enterprise is obliged to rent production facilities in suburban
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areas. They also used a new QF contract to optimize the
profits of the entire system and individual components by
considering two separate modes for procurement time. Mak
et al. (2021) aimed to gather information that might change
corporate recycling behavior. By designing a questionnaire
and conducting a survey on food waste management from
various industries such as hotels, restaurants, and cafes in
Hong Kong and Malaysia, they analyzed the issue of chang-
ing recycling behavior after clearing the information. Their
experiments showed that in Malaysia, the most important
factors that affect the recycling behavior of food waste
producers are transportation status, infrastructures, and
rewards or managerial motivations, respectively. Siddiqui
et al. (2021) in their research raised the issue of producing
liquid fertilizers and poultry feed from food waste. They
collected and tested expired food from relevant agencies
such as restaurants, hotels, cafes, and leisure centers. Their
research showed that feed containers produced through food
waste generally contain 19% protein, with an acceptable
range of 15 to 23% in the National Research Council. Zhu
et al. (2020) by using mathematical modeling and theory
algorithms based on simulated analysis evaluated the inter-
actions and behaviors between food waste recycling chan-
nel members through dynamic systems and game theory
approaches. To avoid optimistic behavior and unfavorable
rules that may arise due to fixed penalties in the organi-
zation, they designed and proposed a penalty scheme with
random inspection in the form of a three-player game in
the field of municipal food waste management. They then
tested both fixed and random penalty schemes to find the
impact of important factors on members' decisions. Their
results emphasize that a random penalty scheme, compared
to a fixed penalty scheme, improves both pragmatism and
stability in the system.

Briski et al (2007) introduced a mathematical approach
to analyze the process of material decomposition related to
natural municipal solid waste. They managed to get a good
estimate of the process performance using their mathemati-
cal and experimental approach. In another study, Edwards
et al. (2016) introduced a novel mathematical programming
approach to predict energy and time consumption of waste
collection and recycling. They proved that their urban waste
recycling model is more efficient than other models in order to
estimate the amount of fuel and the number of needed vehicles.
In a recent study, Chauhan et al. (2022) investigated waste
recycling concepts in fuzzy environments with the aim of opti-
mizing expected costs and profit for incomplete production
processes. They developed sustainable manufacturing systems
with fuzzy methods and also showed the credibility of their
model with numerical examples. They illustrated that by using
their proposed approach and analytical methods, it is possible
to increase the profit per unit of time to its highest level.
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Regarding the development of game theory, Von Neu-
mann and Morgenstern (1944) spent many years investi-
gating the issue of human decision-making in logical con-
ditions. Finally, they showed in their classic theory that
humans take a series of actions to increase their profit for
rational decision-making, which led to the formation of
game theory (Von Neumann and Morgenstern 1944). In
addition, Aumann and Schelling (2005) provided a very
useful tool for a better understanding of human behavior
by using repeated game theoretical methods and present-
ing two different strategies. Gul (1997) reviewed John C.
Harsanyi, John F. Nash, and Reinhard Selten’s work, which
was awarded the Nobel Prize in Economics by the Royal
Swedish Academy of Sciences in 1994 for their studies in
the field of non-cooperative games. They facilitated science
development in the present years by contributing to some
fields such as asymmetric information, equilibrium, and
credibility, which are considered the most important topics
in game theory.

Regarding advances in game theory and its various appli-
cations, Izgi and Ozkaya (2019) introduced a new method
to solve two-player zero-sum matrix games according to the
size and norms of the matrix. They also showed how to get
a good approximate solution to the problem without solving
all the existing equations. In another research, D’Orsogna
and Perc (2015) analyzed various methods available in the
literature, including game theoretical approaches, to improve
the understanding and recognition of crime. They believed
that crime statistics can help to produce a suitable strategy
for crime modeling and crime prevention. As another appli-
cation of game theory, Ozkaya and Izgi (2021) by using the
available approaches in game theory, investigated the effects
of home quarantine on the prevalence of the first wave of
coronavirus. Similar to other game theoretical research in
various areas in the literature, they concentrated on applying
game theoretical methods to investigate the effects of home
quarantine on the initiation, expansion, and termination of
this virus. Perc et al. (2017) studied theoretical and practi-
cal research that can bring us a better recognition of coop-
eration and coordination concepts by using spatial patterns
and dynamic visions. Madani (2010) studied the utilization
of game theory methods to improve resource preservation
such as water. The author proved that the problems related to
natural resources such as water always consist of a dynamic
structure, by using a set of non-cooperative games. izgi and
Ozkaya (2020) examined the problem of decision-making
on agricultural insurance. They created a zero-sum matrix
game against nature using real data. They first solved this
game separately through the max—min and regret criteria in
decision theory. Then, by reconsidering this game where
mixed strategies are allowed, they solved it with the known
methods for solving zero-sum matrix games in the literature.
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Optimization mechanisms and supply contracts

Elmaghraby (2000) conducted a general review in the field
of sourcing methods with the help of optimization and eco-
nomics tools. In general, the author showed how market
characteristics and supply chain contracts can affect the
relationship between buyers and suppliers and lead to the
creation of different supplier selection approaches. Henig
et al. (1997) optimized supply chain contract terms in the
field of inventory planning. First, they modeled inventory
control policies with a periodic review approach under their
suggested contract, which offered the ordering costs by a
multi-interval linear function. Then, they used the Markov
Chain method for calculating transportation, shortage, and
holding costs as well. Wang (2002) used supply chain con-
tracts as a useful tool for creating coordination and motivat-
ing channel members in order to make their decisions similar
to an integrated structure. They reviewed a wide range of
supply chain structures and provided a general framework
for combining different types of supply contracts to offer
new hybrid coordination mechanisms. More recently, Li
et al. (2016) used a QF contract between a cosmetics manu-
facturer and a retailer to enhance the system efficiency. They
showed that the channel members, under their contract, will
achieve the highest possible level of profit. Patra and Jha
(2022) tested the effectiveness of a bilateral option contract
to control potential risks in a two-tier system. Their net-
work includes a supplier and a humanitarian agency, which
has been evaluated using a novel option contract. In their
research, they assumed the demand function as a uniform
and exponential function and addressed the issue of pre-
prepared relief items before the disaster, as well as the exact
number of needed relief items after the disaster. Wang et al.
(2021) also used an option contract to optimize a production
system as well as its manufacturing, ordering, and inven-
tory decisions. They first applied a simple wholesale price
contract to have a suitable pattern for comparison, and then
incorporated other influential factors such as overconfi-
dence into their model, and re-analyzed the expected profit
of the channel members. Finally, by using the option con-
tract, they optimized the whole network by calculating the
option and exercise prices. To resolve inconsistencies among
a three-tier food network’s members, Pourmohammad-Zia
et al. (2021) addressed the issue of channel optimization
using customized contracts. Their network consists of three
separate members: a farm as a supplier, a food producer
as a manufacturer, and a food retailer as a distributor. In
their research, to reduce food waste and improve economic,
production, and inventory conditions, the manufacturer
has used the Vendor Managed Inventory system to control
the level of retail orders. In addition, to have more market
share and increase the level of sales coverage, the manufac-
turer has offered a cost-sharing contract as an incentive to

share some of the potential risks of the retailer. Besides, to
improve the returning used products conditions, Dutta et al.
(2016) implemented a buy-back contract from the manu-
facturer to the retailer. In their proposed buy-back contract,
they considered the demand and capacity to be uncertain
in a multi-period closed-loop network structure. Bai et al.
(2017) implemented a Cap and Trade system in a two-tier
sustainable channel, including a manufacturer of degradable
products and a retailer in which the demand is considered to
be time-dependent. They first analyzed the centralized and
decentralized scenarios and then used the revenue-sharing,
cost-sharing, and two-part tariff contracts to optimize the
member relationships. Their results show that under their
proposed contract, the whole channel’s profit and the car-
bon emission level are both improved. Heydari and Gha-
semi (2018) studied a two-tier reverse network including a
producer and a collection agency in a situation where the
collection agency persuades customers to return their used
products by providing an incentive scheme. In their study,
both the quality of the returned products and the recycling
capacity of the recycler are assumed to be uncertain, and
only products that have the minimum required quality are
accepted. Finally, they used a modified revenue-sharing con-
tract to optimize the entire network relationships and the
channel's overall profitability, and share existing risks fairly
between both participants.

Reverse/closed-loop recycling systems

Savaskan et al. (2004) investigated the various forms of sup-
ply chain network structures in reverse directions to find
the best methods of collecting and recycling used products.
They considered three different options for collecting mech-
anism and calculated the optimal strategies under a Stackel-
berg game between a manufacturer as the leader and a buyer
as the follower. Krikke et al. (2003) presented a mathemati-
cal model to improve the decision-making process that fits
both product design and transportation structures. They also
investigated the effective factors of improving environmental
conditions using linear functions based on energy consump-
tion and waste generation. They finally applied and tested
their proposed model to design a closed-loop supply chain
structure for collecting and recycling refrigerators of a Japa-
nese company. More recently, Wang et al. (2018a) by using
an evolutionary and meta-heuristic algorithm based on a
modified genetic simulated annealing algorithm investigated
the effect of customer satisfaction on the collection of bro-
ken bikes in a recycling system in certain areas. Ramezani
et al. (2013) studied network design in both forward and
reverse directions and modeled and solved the uncertainty
of environmental conditions using mathematical multi-
objective stochastic models. In the forward direction, they
considered three parts: suppliers, factories, and distribution
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centers, and in the recycling structure, two parts including
waste collection agency and disposal centers. Intending to
optimize the whole system’s profit, improve the customers’
situations, and raise the products’ quality, they presented
their new method for analyzing the transportation status of
the channel. They also introduced a risk management plan
to create a tradeoff between different goals and showed
that eventually a set of optimal Pareto solutions would be
obtained. By using two-objective mathematical program-
ming models, Rahimi et al. (2016) analyzed a sustainable
recycling system of perishable food waste with a definite
expiration date, in which addressing environmental, social,
and economic concerns are the main goals of managers. In
their two-objective programming model, the first objective
function is designed to optimize the distribution and main-
tenance costs of inventories, and the second objective func-
tion is related to the issue of reducing vehicle crashes and
decreasing the number of corrupted products. In addition, to
reduce the computational complexity, they considered other
environmental criteria and the issue of social dissatisfaction
factors such as vehicle noise pollution as constraints in their
model. By presenting a new method based on mathematical
programming models for analyzing the issue of location-
allocation in an urban freight recycling system, Ndhaief
et al. (2017) examined the status of both forward and reverse
logistics structures. With their proposed model, they were
finally able to improve the city's logistics situation and save
on network operating costs. Chen et al. (2021) innovated
in remanufacturing processes by using a closed-loop recy-
cling system including a producer and a seller, in which the
producer is allowed to resell the recycled products through
the seller. They used two Stackelberg games, once with a
producer-led model, once with a seller-led model, and also a
Nash game with equal powers for both members, to optimize
the players’ decisions. Finally, they presented a cost-sharing
contract to optimize the profits of the entire network. By
using laboratory and experimental methods, Marcos et al.
(2021) analyzed the effect of various uncertainties such as
supply, demand, process, and environmental conditions on
the recycling of lithium-ion batteries in an electric vehicle
closed-loop recycling system.

Research gap

It is clear that the two important currents in the literature,
namely municipal waste management and channel optimi-
zation, have the most correlation with the subject of our
research. However, some newly published review papers
such as (Nematollahi and Tajbakhsh 2020; Nematollahi
et al. 2021) by reviewing 247 recent articles, showed that
in the quantitative and mathematical literature on food and
agricultural channels, not much research has been done on
municipal waste recycling system optimization. Therefore,
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managing and mathematically analyzing the issue of rec-
ollecting and recycling food waste materials in nutritional
products industries is a significant gap in the literature that
requires getting more attention. Also, Guo et al. (2017) by
reviewing most of the articles in the field of channel optimi-
zation found that the majority of the researchers are using
single contracts in their studies to facilitate the members’
relationships. for instance, a buy-back mechanism between
a supplier and a manufacturer, between a manufacturer and
a retailer, or between a reproducer and a collection agency,
in which one of the participants in the contract usually plays
as a leader and the other one as a follower. In fact, in the
literature and on the recycling of agricultural and urban
food waste, the issue of optimization using hybrid and mul-
tiple contracts has received less attention. A hybrid con-
tract means when there is more than one contract between
the channel members, for example, if there is both a QF
and a revenue-sharing contract between manufacturer and
retailer, we call it a hybrid contract. Another type of supply
contract is multiple contracts that are concluded between
several different members of the network. For example, if a
cost-sharing contract is considered among a manufacturer,
supplier, and retailer, it is called a multiple contract.

This study intends to address this literature gap on munic-
ipal food waste recycling optimization by converting the col-
lected urban waste into organic fertilizers, using mathemati-
cal models and novel, hybrid, and multiple contracts under
the demand disruption due to Covid-19 and two sources of
uncertainty, namely quality and capacity.

Besides, while QF contracts have been used as efficient
approaches to optimize the channels in different studies (for
example (Heydari et al. 2020)), the majority of these con-
tracts have been developed in the field of commodity pro-
duction orders and inventory planning decisions. However,
in this study, a QF contract has been used to lease facili-
ties and recycling capacity in peri-urban regions to follow
government laws prohibiting production activities in urban
areas, which is a new work in the literature.

According to Table 1 and in comparison with other
papers similar to this study, we can refer to (Li et al.
2021) and (Beheshti et al. 2022). Li et al. (2021) used
two capacity reservation and QF contracts to expand
the retailer’s capacity, while in this study, two option
and QF contracts have been compared to rent recycling
capacity from suburban areas. They also considered
demand and price to be uncertain in a forward structure,
while in this study, quality and capacity are assumed to
be uncertain in a reverse flow. Beheshti et al. (2022) also
used a novel QF contract, with two modes for lead time,
to recycle municipal food waste in a closed-loop recy-
cling system under uncertain quality conditions. But, in
this study, the combination of QF with SCS and TWCS
contracts has been implemented in a reverse recycling
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system in which both quality and capacity are consid-
ered to be uncertain.
Eventually, our major innovations can be listed below:

e Managing the channel members’ relationships in a
municipal solid waste recovering system under the uncer-
tainty of the capacity, quality, and demand disruption due
to the pandemic quarantine regulations

¢ Renting recycling facilities and their related technologies
from peri-urban areas to comply with governmental rules
and prevent the pollution of soil and plants by converting
municipal food waste into organic fertilizers

e Reaching channel optimization using and comparing
hybrid and multiple contracts such as option contract,
QF contract, SCS contract, TWCS contract, and math-
ematical programming models

Problem description

Apart from economic issues, another important social
responsibility, which should be well considered to have a
sustainable society and a favorable environment, is the issue
of recycling municipal food waste. Today, the expansion
of urbanization, the increasing rate of migration to urban
areas, and the spread of various diseases such as Covid-19,
have caused an increase in the level of food waste in vari-
ous communities. Therefore, restaurants, cafes, hotels, and
chain stores in urban areas these days are faced with large
volumes of expired food due to fluctuations and uncertain-
ties related to demand forecasting. Although these food and
agricultural wastes can no longer be used by humans, they
can still be considered a suitable source of producing natural
fertilizers. While most of the agricultural market is monop-
olized by chemical fertilizers, organic and natural fertiliz-
ers are much more nutritious for the soil and plants. Thus,
food channel managers should look for suitable solutions
to facilitate the collection and conversion of this expired
food into organic and natural fertilizers. This conversion
also requires up-to-date technologies, appropriate facilities,
and sufficient capacity, but in most modern societies, due to
the observance of social satisfaction and the prevention of
air pollution and noise pollution, manufacturing operations
are restricted in residential parts of the city. Since commer-
cial food services are normally built near the city centers,
and recycling activities are prohibited there, they must rent
their relevant facilities from factories in the suburbs. This
research, by using mathematical programming models and
hybrid and multiple supply contracts, deals with the issue of
relationship management and channel optimization in rent-
ing food waste recycling facilities from outside of the city
and converting them into natural fertilizers.

@ Springer

In this paper, two uncertainty factors have been stud-
ied in two separate scenarios. The first scenario envisages
a three-tier recycling system including a commercial food
service near the city center, an out-of-town organic fertilizer
factory, and a food waste collection agency. In exchange
for a reward, the food waste collection agency receives and
inspects municipal food waste from restaurants and chain
stores throughout the city. Expired food items that have the
necessary quality for recycling are accepted after inspection
and sold to the commercial food service. The commercial
food service also leases the relevant technologies from the
fertilizer factory in suburbs, and finally sells the recycled
organic fertilizers to its special customers in the agricul-
tural sector. As the process of equipping the workshop is a
time-consuming activity, the fertilizer factory expects the
commercial food service to announce its requested capacity
previously, but because of the uncertainty of the collected
food waste quality, the exact amount of accepted waste is not
clear in advance. Therefore, to properly manage the relation-
ship in renting facilities in the first scenario, once a hybrid
QF and SCS contract and once again a hybrid QF and TWCS
contract have been applied to optimize the channel relation-
ships. According to these combined contracts, the commer-
cial food service first issues an initial order for the fertilizer
factory in order for preparing the workshop, and then, when
the accurate number of confirmed items is specified, it can
modify its initial order up to b% more and a% less, through
a secondary order. Also, the commercial food service and
the food waste collection agency can share some parts of the
disposing and renting costs to optimize the entire system’s
profits. Figure 1 shows the material and money flows in the
first scenario.

Moreover, in the second scenario, a two-tier recycling
system consisting of two fertilizer factories located in subur-
ban areas is considered in such a way that the first factory’s
remanufacturing capacity is assumed to be uncertain. In this
scenario, the first factory collects and recycles expired food
from restaurants and chain stores in exchange for proposing
a reward and sells the produced organic fertilizers to the
agricultural industries. Since the first factory’s remanufac-
turing capacity is uncertain, in case of capacity shortage,
it can rent some parts of the second factory’s facilities and
carry out its process there. In this section, to better manage
the renting relationship, once a QF contract and once an
option contract has been used to optimize the channel. In the
option contract, the first factory reserves some of the second
factory’s facilities in exchange for paying the option price
through an initial order in advance, and after determining
the exact amount of its additional required facilities, it can
pay the exercise price and rent its requested capacity up to
the ceiling of its initial order. Figure 2 shows the material
and money transfer flows in the second scenario. In addition,
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Table 2 also defines the notations, parameters, and variables
used in problem modeling.

Subscripts S, T, f, and o represent SCS and TWCS con-
tracts in the first scenario, QF, and option contracts in the
second scenario, respectively. Besides, Superscripts D, C,
and H also refer to decentralized, centralized, and coordi-
nated schemes, respectively.

The following assumptions are also considered in mod-
eling the problem mathematically:

e Logically m > dj, otherwise, collecting the food waste in
the first scenario and under the SCS contract will not be
justified for the food waste collection agency.

e Logically V > m + L, otherwise, recycling food waste in
the first scenario will not be justified for commercial food
service.

e Logically L > t, otherwise, the first factory under the QF
contract in the second scenario will not do any recycling
activity in its workshops.

e Logically V > d; + L, otherwise, recycling food waste in
the second scenario and under the QF contract will not
be justified for the first factory.

e Logically e > ¢, otherwise, the first factory under the
option contract in the second scenario will not do any
recycling activity in its workshops.

e Logically V > d, + e, otherwise, recycling of food waste
in the second scenario and under the option contract will
not be justified for the first factory.

Modeling and solution method

The issue has been investigated under two separate sce-
narios. In the first scenario, it is assumed that the collected
municipal food waste quality is uncertain, and the food waste
collection agency, after inspection, will accept 8 percent of
the waste (0 has a uniform distribution function between 0
and 1). However, in the second scenario, it is assumed that
the organic fertilizer factory recycling capacity (i.e., C,), is
uncertain, and if this plant runs out of capacity, it can rent
the remanufacturing facilities from other factories (C, also
have a uniform distribution function between 0 and U). Fig-
ure 3 illustrates the modeling and problem-solving process
under both the investigated scenarios.

First scenario: uncertainty in the collected municipal
food waste quality

Initially, the proposed reward is considered to be predeter-
mined through an agreement between the commercial food

QuantityFlexibility
—_ —— —

)

wn wn —

Tﬁs g Rs Food Waste OR, C al %b

= . ommercia ds Organic Fertilizer

5 o Collection 4 Servi —

25 f-----1 P Foo erv1ce(M) Initial Order %a Factory Pr)

S = d, | Agency(CO) [

@)
— \
Y S e _-- -,
Single Cost Sharing h Secondary Order
QuantityFlexibility
— —— —

)

wvn wn

?% g Ry Food Waste R, al %b

£ s . Commercia qr Organic Fertilizer

= 2 Collection Food Service(M —

0= P DY ood Service(M) [Tnitial Order %a Factory (Pr)
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~’ o T
— \

—— ~ ~o - .
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Fig. 1 Material and money flows in the first scenario
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service and store managers previously, and a hybrid QF and
SCS contract is used to optimize the channel. In addition,
the decision-making on the proposed reward is then placed
under the authority and control of the collection agency,
and eventually, a hybrid QF and TWCS contract has been
implemented to manage the system relationships.

Hybrid QF and SCS contract

According to the QF contract, and the range in which ORy is
located, the profit function of the commercial food service
will be a piecewise function as below:

VOR; — mORs — L(1 — a)qs 0 < 6R < (1 — a)gs
VORs — mOR — LORg (1 — a)gs < ORg < (1 + b)gs
V(1 +b)gs — m(l + b)gg — L(1 + b)gs (1 +b)gs < ORg

I, =

ey

If 0 <ORs; < (1 —a)gg, the commercial food service
purchases OR; items of accepted waste and makes a net
profit equal to VORy — mORy — L(1 — a)gg by converting
them into organic fertilizer. If (1 — a)qy < ORg < (1 + b)gg,

the commercial food service rents R capacity units and
earns VORg — mORg — LOR through recycling activi-
ties in fertilizer factory. Eventually, if (1 + b)qs < ORq,
the commercial food service can only rent (1 + b)gg
capacity units. Therefore, it purchases merely (1 + b)gg
accepted items from the collection agency and receives
V(1 +b)gg — m(1 + b)gg — L(1 + b)gs.

The mathematical expectation of the commercial food
service’s profit function is calculated through Eq. (2).

(lfa)qs
Rg

[ (V —moRg -
0(“”)45

+ f ((V = m — L)OR)f (0)d0

(-a)gg

L(1 — a)qy)f (6)d0

@

AL, =

Rg

1
+ [ (v-
(1+b)gs
Rs

m — L)(1 + b)qs)f (0)d6

The food waste collection agency’s function under the QF
contract in the first scenario is also developed according to Eq. (3)

|

Fig.2 Material and money transfer flow in the second scenario
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Table 2 Notations, parameters,

and variables used in the models Parameters

ax

ST L~ I AT

All food waste on the market

All food waste gathered by the food waste collection agency

The maximum reward for which expired items are all collected

The unit price of selling accepted items to the commercial food service

The unit cost of leasing recycling capacity from another factory

The unit cost of disposing accepted but not recovered food waste

The unit cost of equipping workshops

The unit price of selling recovered organic fertilizers to agricultural industries

The unit cost of producing organic fertilizers

Theta 6

Quality of collected food waste in the first scenario (6 ~ (0, 1))

Cp First factory’s recycling capacity in the second scenario (Cp ~ (0, U))

Decision variables and contract terms

d The offered reward for receiving food waste

ERR NN S - S T TSI

The initial order for renting recycling capacity from another factory
Reserving price in the option contract (option price)

Final payment price in the option contract (exercise price)

Downward correction parameter in QF contract in the first scenario
Downward correction parameter in QF contract in the second scenario
Upward correction parameter in QF contract in the first scenario
Upward correction parameter in QF contract in the second scenario
The regulatory parameter in the TWCS contract

The regulatory parameter in the SCS and TWCS contracts

The regulatory parameter in the mathematical programming model

mORg — dsOR 0 < 6Rs < (1 + b)gs

Hcos = 3

m(1 + b)gs — dsORg — S(0dg — (1 + b)gs) (1 + b)gg < ORg

If 0 < OR; < (1 + b)g, the commercial food service pur-
chases entire Ry accepted items and the food waste col-
lection agency's profit will be equal to mORy — d¢OR,. If
(1 4+ b)gg < ORg, the commercial food service purchases
merely (1 + b)gg units of collected items and the food waste
collection agency must also pay for the disposal fee of con-
firmed but not recovered materials.

At last, the mathematical expectation of the food waste col-
lection agency’s profit function is calculated through Eq. (4).

(1+b)qs
Rs

E[Hcos] = / ((m — dg)BR)f 0)d6
0
| 4

+ / ((m + S)(1 + b)qs — (ds + S)ORS)F (0)do

(I+b)gg
Rg

The calculated profit functions are eventually simplified
as below:

L(1 - a)*q}
E[HMS] = 2Rg
(V—m—-L)1+b’q
2Rg

+(V—=m—L)1 +b)gg

&)

(S +m)(1+bYq’

ds + SR
E[1e] = _GHIRs |t 51 + b - o

2

(6)

Finally, by adding Eq. (5) and (6), the mathematical

expectation of the whole recycling system profit function
can be obtained through Eq. (7).

AL | =- L ;RZ)2q§

(V+S-LD(A+b’¢  Ryds+S)
2Ry 2

+(V+S-L)1+b)gs

@)

Proposition 1: The mathematical expectation of the com-
mercial food service’s profit is a concave function in initial
order and its optimal value under the decentralized scheme is:

e Ry(V —m—L)(1 +b)
S W =aP+(V=m—=L)1+b)?

(3)
For all proofs see Appendix.

Proposition 2: The mathematical expectation of the entire
recycling system’s profit is a concave function in initial order
and its optimal value under the centralized scheme is:

o Ry(V+S—L)1+b)
S T Wl —a?+(V+S—L)(1+b?)

)
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First Scenario

Uncertainty in Quality of Collected Food

/\

Hybrid QF and SCS Contract

A 4

Hybrid QF and TWCS Contract

Decentralized || Centralized || Coordinated || Decentralized || Centralized || Coordinated
Nash:Game Mather‘;latical
Programming Model
Second Scenario
Uncertainty in Recycling Capacity
/ \
Option Contract QF Contract

A 4

Stackelberg-Game

Decentralized

Centralized || Coordinated

/\

Y

Leader : Second Factory

Follower : First Factory

Solving Equation

Fig. 3 Modeling and problem-solving process under both scenarios

Corollary 1: By comparing Eq. (8) and Eq. (9) and also con-
sidering the aforementioned assumptions, it is concluded
that qg* > q?*. That is, the optimum quantity of the initial
order under the centralized scheme is greater.

Corollary 2: The commercial food service is inter-
ested in ordering smaller amounts for gy because
if ORg < (1 —a)qy, it has to pay for the additional
capacity.

Corollary 3: The food waste collection agency would pre-
fer the commercial food service order larger amounts for gg
because if R becomes greater than (1 + b)gy, it has to pay
for the disposal costs.

@ Springer

Corollary 4: By placing the values obtained from Eq. (8) and
Eq. (9) in Eq. (5), Eq. (6), and Eq. (7), and comparing them
with each other, it becomes clear that:

E|[Isc, (45")| > E [Isc, (49%) |-
E|[Ico, (g5%)| > E [Teco, (49°) |-
E[T, (457) | < E[Tl, (a2")]
Although ¢§* is more profitable than 2 for the food waste
collection agency and the whole recycling system, it causes the
commercial food service to lose some parts of its profit. Therefore,

since deciding on the amount of initial order is under the authority
of commercial food service, it will choose q? *in favor of itself.
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Therefore, the food waste collection agency, to create coor-
dination in the channel, offers the commercial food service to
order qg* instead of q? *, and if OR ¢ becomes less than(1 — a)qg,
it will pay % of the extra rental costs. In this contract, which
is called SCS and is widely used in the literature (Zang et al.
2022), the food waste collection agency and the commercial
food service share some parts of the costs and their potential
risks between themselves to optimize the entire system’s profit.
According to this contract, m also changes tomg, and its value
must be calculated in such a way that none of the channel mem-
bers will lose in comparison with the decentralized scheme.

The commercial food service and the food waste collec-
tion agency’s expected profit functions under the proposed
SCS mechanism are expressed as:

(-a)gg

[ (V =mg = BsL)ORs — (1 = Bo)L(1 — a)qs)f (6)d6
0

(I+b)gs

E[HM;,] = +(H/M ((V = mg — LYOR)f(0)d0 (10)
19

+ [ ((V=mg— L)1 + b)g5)f (0)d6

(+h)gg
Ry

[ ((ms —ds + BsL)ORs — BsL(1 — a)qs)f (6)d6
0
sty

+ [ (mg—dg)OR)f(0)d0

(1-a)qs
R

E [Hcog ] =

1
+ [ ((mg+ S + b)gs — (ds + SHOR)f (0)dO

(+b)gg
Rs

an
After some simplification the profit functions will be as
follows:

(1= pOL(1 — a)’q?

E[HM?] T 2Ry

+(V—mg— L)1+ b)gg

(V= mg— L)(1 + b)*q> (12)
- 2Rg
Bs L(1 - a)*q}
E[ng] —- STSS + (mg + S)(1 + b)qg
(13)

g+ )1 +bYq5  dy + SR
2R 2

The entire recycling system’s profit function also remains
unchanged.

Proposition 3: The mathematical expectation of the com-
mercial food service’s profit under the SCS contract is a
concave function in initial order and its optimal value from
the commercial food service’s point of view is:

_ Ry(V = mg — L)(1 + b)
(1= BOL(1 — a) + (V — mg — L)(1 + b)?)

*
N

(14)

Proposition 4: Under the SCS contract, the commercial food
service's decision about g is the same as the centralized
scheme if and only if:

mg = fs(V — L)~ (1 = fs)$ (15)

Corollary 5: Based on Proposition 4, a closed-form relation
between the two contract parameters, namely fy and myg is
obtained. Now we need to get the value of f in such a way
that none of the members of the system will lose in com-
parison with the decentralized scheme. Then the appropriate
value of mg can be obtained by using Eq. (15).

Proposition 5: The maximum value of f¢ under the SCS
mechanism for which the commercial food service is con-
vinced to accept the proposed contract is obtained as follows:

( L(V=m—L)*(1—a)>+(V—m—L)* (1+b)? )
B < pr =1 — (L= +(V=m—L)(1+b)7)’

=S (L(V+S—L)2(1—a)2+(V+S—L)3(l+b)2)
(L= +(V4S—L)(1+b)?)

16)

Proposition 6: The minimum value of fg under the SCS
mechanism for which the food waste collection agency is con-
vinced to accept the proposed contract is obtained as follows:

(m+S)(V—m—L)
(L(1—a)*+(V—m—L)(1+b)*)

(m+S)(V—m—L)>(1+b)*
2(L(1-a)+(V-m—-L)(1+b)2)

ﬁS > ﬂgnin —

L(V+S—L)*(1—a)* +(V+S—-L)>(1+b)*
2(L(1-a) +(V+S—L)(1+b)2)’

a7
Corollary 6: If B s set in the range of A", %], the system
will be properly optimized by using the proposed contract.
The exact value of fg can be also determined according to
the bargaining power between the commercial food ser-
vice and the food waste collection agency. Besides, after
determining the exact value of fig, the amount of mg can be
obtained through Eq. (15).

(V+S-L) _
(LA=a)* +(V+S—-L)(1+b))

Hybrid QF and TWCS contract

In this section, it is assumed that the proposed reward (dT) is
under the authority and control of the food waste collection
agency and is not known from the beginning. In addition,
the collected food waste (RT) needs to be computed again
according to the new value for (dT )

Like (Govindan and Popiuc 2014; Heydari and Ghasemi
2018), spoiled food that is collected corresponding to the
specified amount of reward is:
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Ry = max (18)

d
dT Qdedmax
Q dy>d,

ax

By substituting R of Egs. (5), (6), and (7) with R} from
Eq. (18), the mathematical expectation of the commercial
food service, the food waste collection agency, and the entire
system’s profit functions will be as follows:

~L(1 - a)’q>
E[HMT] :W +(V=m—-L)1 + b,
dmax 19)
_(V=m=L)(1+b g} (
*(aze)
(dr+5) Lo
B[ Lo, 1=- #+(m+S)(l+b)qT
(S +m)(1+b)¢2 (20)
- -
(i50)
L - a)*q?
e, 1o M s a4 by
SCr ) dr
(i%e)
ey
_VES-DA+hE (20)(dr+5)
(20 :

In this section, the commercial food service and the food
waste collection agency have equal power. Therefore, they
decide on their optimal strategies through a Nash game
approach at the same time.

Proposition 7: The commercial food service and the food
waste collection agency’s profit functions in the decentral-
ized scheme are concave in g, and d; respectively.

Because of the concavity of both functions, optimal
amounts of ¢> and d2 will be calculated through solving
Eq. (22) and Eq. (23) concurrently which are separately
gained from the first-order optimality condition on Eq. (19)
with respect to g, and Eq. (20) with respect to d.

-L( - a)’qr

oE[ 1
aHMT =— +(V—m—L)(1+b)
v (a0

_Vom-L)(A+ g _
(i)

OEMI co,]  d;0 SO 2dpu(S+m(1 + bYq 0

adT d 2dmax 2d§~Q

(22)

(23)
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Therefore, both members of the system in the decentral-
ized scheme announce their optimal strategies as follows
and at the same time.

L= O +m)(V —m—L*(1 + by’
T 2 (L -+ (V—m— L)1+ b))

B SQ(V —m — L)(1 + b) @4
2d o (L1 = @)* + (V= m — L)(1 + b)*)
P StmV—m - L*(1+b)* S
o 272 (25)

2(L(1 —a)y* + (V= m—L)(1 + b))

Moreover, we then obtain the optimal values of the deci-
sion variables according to the centralized scheme in which
the whole system is assumed to be under the control of one
decision-maker.

Proposition 8: The entire recycling system’s profit is a con-
cave function with respect to g, and d; jointly. Therefore, the
optimal amount of the initial order and the proposed reward
from the entire channel point of view will be as follows:

LO(V+S—L)*(1—a)*(1+b)°
2l (L1 —aP +(V+S—-L)(14b)°)’
O(V+S5-L)*(1+b)

2dmax (&1 —(l)2+(V+S—L)( 1 +b)2)3
SO(V+S—L)(1+b)

" 2, (L(1—aP +(V+S-L)(1+b))

45" = (26)

LV +S8 — L1 —a)*(1 + b)?
2L(1 = aP +(V+S - (1 +b?)°
(V+S-L0y>1 +b)* s
2

dC* —

@7)
+ 5=
2(L(1 = a)* + (V+ S = L)(1 + b)*)

Corollary 7: According to the aforementioned assumptions,
it is clear that ¢$* is greater than ¢2* and also dS* is greater
than d?*. Besides, the whole recycling system’s interest in
the centralized scheme will increase compared to the decen-
tralized one. Therefore, by providing a suitable contract, the
commercial food service can encourage the food waste col-
lection agency to consider a larger amount of reward, and
the food waste collection agency can also use an incentive
plan to encourage the commercial food service to place a
larger initial order.

Therefore, similar to (Wang et al. 2020), a TWCS con-
tract has been applied in this section. It means that the com-
mercial food service pays A% of the disposal costs, and the
food waste collection agency pays f;% of the additional
capacity hiring costs. Thus, the food waste collection agency
and the commercial food service are encouraged to consider
larger reward and initial order, respectively. According to
this contract, m also changes to m again, and its value must
be calculated in such a way that none of the recycling system
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members will lose in comparison with the decentralized
scheme.

The commercial food service and The food waste collec-
tion agency’s expected profit functions under the proposed
TWCS mechanism are expressed as:

(1-a)gy

dr
T @

" /1 ((v —my = L+ AS)(1 + b)gy — Ase(:%Q))f(e)da

asher N T

(&9 (28)

(-a)gqr

dr
=)

(1+b)qp

(ko)
+ (_/)Q <(mT - dT)9<ﬁQ> )f(H)dG
<(,1Tax )

1

E [Hco;f] -

(1+b)gp

dr
(dmax Q)

The entire recycling system’s profit function also remains
unchanged.

Proposition 9: The commercial food service and the food
waste collection agency’s profit functions under the TWCS
contract are concave in g, and d; respectively.

Because of the concavity of both functions, optimal
amounts of ¢/ and d¥ will be calculated through solving
Eq. (32) and Eq. (33) concurrently which are separately
gained from the first derivative of Eq. (30) with respect to
qr and the first derivative of Eq. (31) with respect to d;.

s (1=Bp)L(1=0)*g
aE[HM’T'] —#+(V—mT—L+AS)(1+b)
= =0
ody o (V=my—L+385)(1+b gy
drQ
(32)
aE[HCO’T’] _dmaxﬂTL(l —a)zfﬁ _ drQ N RONY
adT - Zd;Q dmax 2dmalx (33)
+ i Wy + (1 = DS)(1 + b)Y’ 2
2420 B

[ (ny = dy + r006(220) - 201 - @)q, )f(6)de

+ [ (Onr+ (=09 +b)gr — @y + (1= D90 F20) ) (©)a0

After some simplification the profit functions will be as
follows:

AL —a) 2
PRI (v — my — L+ AS)( + b)gy

272 0)
EMA:JWQJﬂﬂ%ﬁ

dnmx

2 2(LTQ)

dl“EIX

(30)

_aZ 2

(75e)
E[HCO’;’] - _(dr+(1—/1)5)<”—r ) _ (mr+(1-D)S)(1+b)* g%

dmax

2 2(4_TQ)

dmax

€29}

(29)

Therefore, both members of the system under the TWCS
mechanism announce their optimal strategies as follows and
at the same time.

BrLO(V=myp—L+AS)* (1—-a)* (1+b)°
2l (1 =)L =0 +(V—=y—L+AS)(1+b)2)

Hi Q(my+(1=)S)(V =y —L+AS)’ (14b)° 34
2y (1=Pp) L =) + (V=g =LA AS)(1+b))’ (34)

_ (1-)SQ(V—my—L+AS)(1+b)
2 (1=Pp)L(1=a)* +(V =y —L+28)(1+b)*)

BrL(V—=my—L+2S)* (1-a)* (14+b)*
(=)L =) +(V =g —L+AS)(1+b))
Hx _
dp” = (35)
+ (mp+(I=D)(V=rmy—L+iSP(1+b)*  (1-2)S
2((1=pp)L(1=a)* +(V=my—L+A8)(1+b)* )? 2

Next, the values of the proposed contract terms, i.e. fy, 4
and m, must be calculated in such a way that the profit of none
of the system participants becomes less than their decentral-
ized scheme. Finally, similar to (Heydari and Mosanna 2018),
a mathematical nonlinear model is used to optimize the whole
system’s interest through calculating the optimal values of con-
tract parameters according to the existing constraints.
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max Z = E[[ .. (¢4 2")] (36)

s.L.

[T, )| = £[TL,, (2.2

+a(E[H gt i) ] (37)
- &, (a7 42)])
E[HCO,T,(qT ) >E[H De %) ]

+ a(E[H (¢, Dt ] - Hsc, (2. d2*))
(38)
0<mp0<pfpi<l (39)

where Eq. (36) intends to optimize the whole system’s
interest as an objective function. Equations (37) and (38)
respectively ensure that the commercial food service and the
food waste collection agency’s profits under the proposed
contract are at least equal to their decentralized schemes plus
a% of the added profit to the whole system. In other words,
these constraints guarantee enough motivation for the com-
mercial food service and the food waste collection agency to
accept the proposed contract. Constraint (39) also certifies
that the optimal solution values are gained reasonably.

Second scenario: uncertainty in the recycling capacity

In this scenario, where the first factory’s recycling capacity is
uncertain, according to an agreement, it can rent some parts of
the second factory’s facilities in necessary situations. In this sec-
tion, first the option contract and then the QF contract are imple-
mented and finally compared for renting the recycling capacity.

Option contract

In this section, an option contract has been applied to opti-
mize and manage the facility renting relationships between
the two factories. Under this contract, the proposed reward
and the initial order are considered as the first factory’s deci-
sion variables and the option price as the second factory’s
decision variable. In addition, a Stackelberg two-player
game approach has also been used to solve the problem.

Under the option contract, the first factory’s function is
calculated according to Eq. (40)

VR,—d,R,—tR,—0q,
=3 VR,—d,R,—tCp—o0q,—eR,—Cp)
V(Cp+4q,) —d,R,—tCp—0q, —eq, — SR

0”0
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The expected value of the first factory’s profit under the
option contract, by considering the continuous uniform
probability distribution function between (0, U) for C,, is
simplified as follows:

E[1,, | = =d,~0R, - 0,)

& (41)
- L-e +S>ﬂ —t-9)

Also, the profit function of the second factory, under the
option contract is:

- kqo CP
oq, + E(R CP) - kqo CP = 0 < CP + q (42)
oq, + €q, — kqo CP + qo =

H[-‘Z(, -

The expected value of the second factory’s profit by
considering the continuous uniform probability distri-
bution function between (0, U) for Cp, is simplified as
follows:

2

— 2 R
E[HFz,,] =(0—-kq, - %(ew _ 670) 3)

By substituting the relation R, = dd"

Eq. (43), the expected value of the first and second profit
functions are rewritten as:

AL =(-mo(ze) =)
((e) )

1
7 (V—e+5)+—(t—e)

(20)| @4
)

d{)
E[Hm] :(O_k)q”_% e((dWQz )

0

(45)

Finally, the mathematical expectation of the entire
system’s profit function is obtained as the summation of
Eq. (44) and Eq. (45):

<Cp
Cp<R,<Cp+g, (40)

o (CP + qn)) CP +4q, < Ra
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£[[1,.] =<(v —d- g(dda Q) _ kq”)

0)-a) (o)

d,
dr\mx
2

1
_U @+S) ) -t

(46)

The first factory decides on the reward and the initial
rental capacity, and the second factory decides on the option
price, and the decisions of both members of the system also
affect each other's profit functions. So here we face a two-
player game in which the second factory will play the role
of leader and the first factory will play the role of follower.
To solve this model, a Stackelberg method has been applied,
which means that the leader, i.e., the second factory, decides
on the option price and then the first factory, by knowing the
second factory’s policy, decides on the rental capacity and
the reward. Of course, this process is done in a backward
procedure.

Proposition 10: The first factory’s profit under the option
contract is a concave function with respect to initial order
and proposed reward jointly, and its best responses will be as:

q (V—o=0QU _ oU
© T2Ud_+@-00 (V-ex9) 47
BR _ V—-0-1tU

a0 = (48)

o (vresn(n))

Proposition 11: After placing Eq. (47) and Eq. (48) in
Eq. (45), the second factory’s expected profit function
becomes concave in o and the optimal value of the option
price is obtained as follows:

eVUQ?*—eUQ?t UQi-vUuQ—-kUuQ kU
- (QUd pp +(e=1)Q)* 2Ud,,+(e—D)Q (V—e+S)
¢ _( eUQ? _ 2UQ __eU ___2U
QUd, (=00  2Ud, +e-DQ  (V—e+S)?  (V—e+S)

(49)

tR?
V—-d- Z)Rf —L(1 —A)qf + ﬁ

“[IT. |-

(R—(14+B)q;)’ (R—(1-A)g))’
i 2‘# +L" 2‘7/)

+lU((v —L+5)

+5((V = L+ S)(1 + B)gp(R; — (1+ B)gy) + L(1 — A)gy(R;
—5((V =L+ SRR, — (1 + B)gp) + LR;(R — (1 = A)g)

Proposition 12: After revealing the second factory’s final
and optimal decision about the option price, the first fac-
tory’s best responses will also be determined accurately and
the optimal values of d,, and g, will be calculated as follows:

VUQE-eUQY | UQi-VUQ-kUQ _ kU
_ (QUdmax +He=0Q)? ' 2dmax+e=DQ  (V=e+S) _
(V eUQ? _ 200 __eU 22U t)U
d* = (QUdmax +He-00)?  2Udmax+e=0Q  (V-e+8)2  (V=c+S)
o 0
<2U+(e—t)< ))
dmax
(50)
eVUQ*—eUQt
QU +He=0Q)
(U dy +(p—1+5)QU)|
UQ-VUQ-kUQ _ kU
2Ud, +(e-)0 (V=e+S)
V=-0V-e+9HOU - | ——F—————
UQ? _ 200 ( 5 1 )
(W +e=0Q) 2y +He=Q
__eU _ _2U
q = (V=e+8?  (V=e+5)
o QUd o + (€ = DOV — e+ 5)
QF contract

In this part, the first factory decides on the initial order and
then the second factory adjusts A and B to create coordi-
nation in the channel so that the first factory’s decision
becomes similar to a situation in which the whole system’s
interest is maximized.

The first factory’s profit function in the second scenario

and under the QF contract is formulated as follows:

VR — iRy — 1Ry — L(1 = A)g; Ry <Cp
VR, — d/R; —1Cp — L(1 = A)gy Cp <R.R, —Cp<(1-A)gs
I, =1 v& -dr -, -1 - Cp) Cp <Ri.(1-A)g; <R~ Cp < (1+B)g,
V(Cp + (1 +B)gp) - dR; = 1Cp

—L(1 + B)q; — S(R; = (Cp + (1 + B)gy))

Cp<R.(1+B)yg <R —Cp

(52)

The expected value of the first factory’s profit, by consid-
ering the continuous uniform probability distribution func-
tion between (0, U) for C, is simplified as follows:

Also, the second factory’s profit function in this section
is formulated as follows:

L(1 = A)gqy — k(1 + B)q;0.17em R; < Cp
L(1 = A)gy — k(1 + B)g;
L(R; — Cp) = k(1 + B)g;

Cp <Rp, R = Cp < (1 -A)gy
Hrz, -

Cp st,(l —A)gq <R -Cp <l +B)Qf

L(1 + B)g; — k(1 + B)g; Cp<R;.(1+B)g <R~ Cp

(54)

The expected value of the second factory’s profit func-
tion, by considering the continuous uniform probability
distribution function between (0, U) for C,, is simplified as
follows:
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L(1+B)g,(R —(1+B
—k(1 + B)g; + L(1 — A)gy + [ A )q’)]

~L(1 — A)gy(R; — (1 = A)gp)
Re—(1+B)qp)? Rp—(1-A)qr)?
(L(/ <:>q,) L& (2 ap) )

£ [H”f] B

o
— % (LR:(R; = (1 + B)gp) — LR (R — (1 = A)gy))
(GR)

af
)
(V-d; - (L0 - L<1—A>q, o

E[Hﬂf] _

(= dmd)( 0)— (1+B)q/) Q) (1—A>q/)

+L(V-L+9) +LS

+5 ((V L+501 +B)Qf((_Q) — (1 +B)gy) + L(1 —A)qf((
——((V L+8)~ & —O((— i Q)—(1+B)qf)+L(—Q)(( s Q)—(I—A)qf))

2

—k(l +B)qf +L(1 - A)gy
d;
~Q) - (1 +B)gy) — L(l
(GL0- <1+B>q,>2
2

e[| -

_ L((d—Q) (l—A)qf)
2

~0) - (1+B)gp) - L( Q)((

l(L
__(LRf((

Finally, the mathematical expectation of the entire sys-
tem’s profit function is calculated by summing Eq. (56) and
Eq. (57) as Eq. (58).

dr

—k(1+B)qf+(V—df 0 ’Q)+ ”WQ)
——((V+S)( Q)(( Q)_(1+B)qf))

0)- (+B)
+(v+ S)—”"“* )+

E[Hscf] _

By placing the relation R, = Q in Eq. (53) and

Eq. (55), the first and second factorles expected profit func-
tions are rewritten as follows:

-0) - (1-4))) 56)

Mg (=0~ (1 = A)gp)

(57)

—0)— (1 -A)gp)

Proposition 13: The expected profit function of the first fac-
tory is concave respect to the g, under the QF contract in the

(58)

SV + )1+ B)gs(7-0) ~ (1 + B)gp))

second scenario, and the optimal value of qr from the first
factory’s perspective is obtained as follows:

L LU-AU+ v -Ly S(=-0)(1 +B) + L(--0)(1 - A)

4@ =

((V=L+5(1+B)*+L(1-A)?

(59)
Proposition 14: The profit of the whole system has also a
concave function with respect to the initial order under the
QF contract in the second scenario, and its optimal amount
from the whole system point of view is obtained as follows:

Cx _ (60)
Kl (V + 8)(1 + B)>

Corollary 8: To optimize the whole system's profit, the sec-
ond factory must appropriately adjust the relationship
between A and B so that the decision of the first factory
becomes similar to qfc*

@ Springer

Proposition 15: [f the second factory regulates the relation-
ship between A and B as the following equation, the entire
recycling system is well optimized.

—(-L(V+S)U + L(V + S)(dL)df)

( (—L(V+s>U+L(v+s>(dL)d,)2 ) 1)
(-n) | —HLU-LV+ (G2 )dp)k(V = L+ S5)U)

1+B)

2(LkU _LV+ S)(ﬁ)df)

Discussion and computational results

In this subsection, we will make mathematical calcula-
tions and experiments to analyze the efficacy and useful-
ness of our developed contracts. Table 3 shows all notations
employed in our mathematical structures along with their
estimated values. The values of these parameters have been
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Table 3 Applied dataset

Parameter Value

10,000
600

400

150

120

50

30

400

50

~ U0, 1)

Cp ~ U(0,1000)
d 60

e 100

a 035
A 035
b

a

B
Ed

S LI A DR

0.1
0.1

predicted through conducting interviews with managers and
senior experts of Kaleh-Solico companies.

Table 4 shows the optimal values of the decision variable
and SCS contract parameter. Also, if we consider g§+equal
to the mean of its upper and lower limits (fg = ),
the values of the expected profit functions can be reached
in Table 5.

As you can see in the above tables, in contrast with the
decentralized scheme the initial order optimal value rises in
the centralized structure. Besides, although the food waste
collection agency and the entire system’s profits increase in
the centralized scheme, the commercial food service’s inter-
est falls off. This causes the commercial food service not to
accept the decision-making similar to a centralized scheme;
But with the proposed SCS contract, the commercial food
service’s initial order and the entire system’s expected profit
become the same as their centralized scheme. Now, if we
consider fy between the [ g‘i“ ma"] the commercial food
service and the food waste collection agency will both have
higher expected profits than their decentralized structure.
Therefore, during this contract, the whole channel will be
well optimized and the Pareto Improvement conditions will
be achieved for all members.

Table4 Optimal values of the decision variable and SCS contract
parameters

First scenario Decentralized Centralized Coordinated

qy 412.5 484 484

mg N/A N/A 165.6036932
;ﬂi“ N/A N/A 0.642432851
max N/A N/A 0.664256198

N

Table5 Optimal values of the expected profit functions under the
SCS contract

First scenario Decentralized Centralized Coordinated
E 29493.75 28607.62667 30452.29688
Ty,
E[H ] 23435.15625 26238.37333 24393.70313
COy
52928.90625 54846 54846
E[Mic, |

According to Table 6, with increasing f, the expected
profit of the commercial food service decreases, and for
Bs = BJ™, it reaches its minimum value (i.e., 29,493.75, the
expected profit of its decentralized scenario). Therefore, by
further increasing it, the commercial food service will not
accept the proposed contract. Besides, by decreasing the
value of fig, the food waste collection agency’s expected
profit decreases, and for fig = ﬁmm it reaches its lowest value
(i.e. 23,435.15625, the expected profit of its decentralized
scheme). This time, if fg decreases further, the food waste
collection agency will no longer accept the proposed con-
tract. Ultimately, the choice of the exact value for fg will

Table 6 Sensitivity of the commercial service and collection agency’s
profit functions to changes in f

s E[I,, | E[Mco,|

0.642432851 31410.84375 23435.15625
0.643432851 31322.99775 23523.00225
0.644432851 31235.15175 23610.84825
0.645432851 31147.30575 23698.69425
0.646432851 31059.45975 23786.54025
0.647432851 30971.61375 23874.38625
0.648432851 30883.76775 23962.23225
0.649432851 30795.92175 24050.07825
0.650432851 30708.07575 24137.92425
0.651432851 30620.22975 24225.77025
0.652432851 30532.38375 24313.61625
0.653432851 30444.53775 24401.46225
0.654432851 30356.69175 24489.30825
0.655432851 30268.84575 24577.15425
0.656432851 30180.99975 24665.00025
0.657432851 30093.15375 24752.84625
0.658432851 30005.30775 24840.69225
0.659432851 29917.46175 24928.53825
0.660432851 29829.61575 25016.38425
0.661432851 29741.76975 25104.23025
0.662432851 29653.92375 25192.07625
0.663432851 29566.07775 25279.92225
0.664256198 29493.75 25352.25
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Table 7 Decision variables contract parameters and profit functions
under the TWCS contract

First scenario  Decentralized Centralized Coordinated
dg 32.19140625 12141 117.0860611
qr 553.2897949  2448.44 2461.081804
my N/A N/A 240.9260752
Br N/A N/A 0.86740536
Ar N/A N/A 0.5860944664668
E [H ] 39560.22034  144718.8314 49667.31295

My
E[H ] 42623.74820  39536.01985  133587.5293

co,
E 82183.96854  184254.8513  183254.8423

Isc,

depend on the bargaining power between the commercial
food service and the food waste collection agency.

Moreover, Table 7 shows decision variables, proposed
TWCS contract parameters, and the expected profit func-
tions’ values, respectively.

As you can see in the above table, both the initial order
and proposed reward are higher in the centralized scheme.
Also, while the commercial food service and the entire
system’s interests increase in the centralized structure,
the expected profit of the food waste collection agency
decreases. This causes the food waste collection agency to
reject the decision-making similar to a centralized system;
However, due to the proposed TWCS contract, the initial
order, as well as the proposed reward, become as close as
possible to the optimal values of the centralized scheme and
the total recycling system’s profit increases almost to near
the expected profit of the centralized structure; Finally, it
can be seen that the commercial food service and the food
waste collection agency will both gain higher profits than
their decentralized scheme (Pareto Improvement).

According to Table 8, the optimal decisions i.e. the ini-
tial order and also the proposed reward, by increasing the
amount of &, change increasingly and decreasingly respec-
tively. Although these changes will lead to more expected
profit for the commercial food service, they ultimately
reduce the whole system and the food waste collection
agency’s interests.

Moreover, the decision variables, contract terms, and
profit functions’ optimal amounts under the option con-
tract for different values of e and under the QF contract
for different values of L in the second scenario are given
in Tables 9 and 10, respectively. Figure 4 also graphically
shows these changes in profit functions under both contracts
simultaneously.

According to the above tables and figures, both the
option and QF contracts’ expected profits for the first fac-
tory are declining by increasing in e and L, and have a close
profitability level so that both can be used with almost
equal efficiency. But in any case, it can be said that for
(L <145, <95) and also for (L > 285, e > 235), the option
contract is a little more profitable for the first factory but for
(145 < L < 285,95 < e < 235) the first factory prefers the
QF contract instead of the option contract. Moreover, the
second factory’s profit for the option contract is a descend-
ing function with respect to e and for the QF contract is an
ascending function relative to L. Therefore, it can be said
that for (L < 240, e < 190), the second factory prefers the
option contract and for (L > 240,e > 190), it prefers QF
contract. In addition, the total system’s profit for the option
contract is also a downward function with respect to e, and
for QF contract is a fixed-function in terms of L. So, for
(L <230, e < 180)option contract and for (L > 230, e > 180)
QF contract will have more productivity for the entire recy-
cling system.

Table 8 Sensitivity of optimal

values of variables and profit ¢ ar dr E [HMT] E [HCOT] E [Hsc,]

functions to changes in «
0 2456.426 117.8860946 39560.2 144062.275 183622.4754
0.05 2458.624 117.4800142 44623.47 138825.435 183448.9023
0.1 2461.086 117.0862183 49667.31 133587.53 183254.8423
0.15 2463.801 116.7047002 54688.72 128351.909 183040.6281
0.2 2466.768 116.3358104 59684.76 123121.892 182806.6495
0.25 2469.977 115.9794624 64652.57 117900.786 182553.3518
0.3 2473.419 115.6357244 69589.4 112691.833 182281.2308
0.35 2473.419 115.6357244 69589.4 112691.833 182281.2308
0.4 2480.969 114.9859895 79359.73 102323.005 181682.7304
0.45 2485.06 114.6799485 84188.34 97169.2223 181357.5578
0.5 2489.346 114.3862113 88976.22 92039.7467 181015.9655
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Comparison of results with previous research

Heydari and bakhshi (2022) examined the effect of using
two types of coordination mechanisms, i.e., conventional
contract and option contract on fulfilling market demands
and providing appropriate delivery service in companion
with a 3PL retailer. They realized that when demand uncer-
tainty is low, the option contract can be more beneficial and

when the demand uncertainty rises, the conventional con-
tract would work more efficiently. However, in the current
study, we have compared the effectiveness of using an option
contract with a QF contract to create coordination between
two factories which were producing organic fertilizers. Our
results showed that on one hand, the option contract could
do better when the unit cost of leasing recycling capacity is
greater than the exercise price and on the other hand, the QF

Table? Sensitivity of second # o o d a :

scenario’s components under ° ? [HFL,] E [HFz,,] E [HSC,,]

option contract by changing in e
1 50 92.91667 128.5417 2981.25 423865.9 444392.6 868258.5
2 55 88.22948 123.1861 2856.287 412934.9 425765.3 838700.3
3 60 83.91164 118.2615 2741.379 402377.2 408636.9 811014.1
4 65 79.92029 113.7178 2635.359 392205.9 392833.2 785039.1
5 70 76.21897 109.5124 2537.234 382424.1 378206.4 760630.6
6 75 72.77644 105.609 2446.154 373028.1 364629.8 737657.9
7 80 69.5658 101.9761 2361.386 364009.5 351994.1 716003.6
8 85 66.56375 98.58652 2282.297 355356.9 340204.8 695561.8
9 90 63.75 95.41667 2208.333 347057.3 329179.7 676237
10 95 61.10683 92.44581 2139.013 339096.3 318846.7 657943
11 100 58.61866 89.6558 2073.913 331459.1 309142.7 640601.8
12 105 56.27176 87.03059 2012.658 324130.9 300011.9 624142.8
13 110 54.05396 84.55601 1954.918 317097 291405 608502
14 115 51.95447 82.21946 1900.398 310343 283278.1 593621.2
15 120 49.96366 80.00969 1848.837 303855.1 275592.3 579447.4
16 125 48.07292 77.91667 1800 297619.8 268312.5 565932.3
17 130 46.27451 75.93137 1753.676 291624.5 261407.4 553031.9
18 135 44.56149 74.0457 1709.677 285857 254848.8 540705.8
19 140 42.92759 72.25233 1667.832 280305.9 248611.2 528917.2
20 145 41.36714 70.54465 1627.986 274960.3 242671.7 517632
21 150 39.875 68.91667 1590 269809.8 237009.4 506819.2
22 155 38.44649 67.36292 1553.746 264844.7 231605.3 496450
23 160 37.07736 65.87845 1519.108 260056 226442.1 486498
24 165 35.76373 64.45872 1485.981 255434.8 221504.1 476938.9
25 170 34.50203 63.09959 1454.268 250973.1 216776.9 467750
26 175 33.28902 61.79726 1423.881 246663.2 212247.2 458910.4
27 180 32.12171 60.54825 1394.737 242497.9 207903 450400.9
28 185 30.99734 59.34933 1366.762 238470.3 203733 442203.3
29 190 29.91339 58.19757 1339.888 234574.1 199727 434301.1
30 195 28.86751 57.09022 1314.05 230803 195875.5 426678.6
31 200 27.85755 56.02477 1289.189 227151.6 192169.8 419321.3
32 205 26.88149 54.99889 1265.252 223614.2 188601.6 412215.9
33 210 25.9375 54.01042 1242.188 220186 185163.6 405349.5
34 215 25.02384 53.05733 1219.949 216861.9 181848.6 398710.5
35 220 24.13892 52.13777 1198.492 213637.6 178650.3 392287.9
36 225 23.28125 51.25 1177.778 210508.7 175562.5 386071.2
37 230 22.44943 50.39239 1157.767 207471.1 172579.6 380050.8
38 235 21.64218 49.56344 1138.425 204521.1 169696.4 374217.5
39 240 20.85827 48.76174 1119.718 201654.9 166908 368562.9
40 245 20.09659 47.98595 1101.617 198869.2 164209.7 363078.9
41 250 19.35606 47.23485 1084.091 196160.6 161597.3 357757.9
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contract may make higher profits for both members when
the exercise price is greater than the unit cost of leasing
recycling capacity.

Yang et al. (2017) studied two supply chains facing a
competitive environment to gain more market share under
a cap and trade system. They proved that a single revenue-
sharing contract not only provides a win—win situation for

both participants but also makes more profit for the entire
network. However, we showed that a two-way cost/revenue
sharing contract may even bring more profits for all of the
involved participants than a single cost/revenue sharing con-
tract, as proved by (Wang et al. 2020). Besides, in our work,
it has been illustrated that a two-way cost/revenue sharing
contract can ensure Pareto-Improvement conditions for all

eenaia's componenamaer * L@ x oo | Ella] M)
QF contract by changing in L
1 100 1353.9004 0.35 0.058669687 383250.9 63999.12 447250
2 105 1328.5694 0.35 0.07885472 378543.7 68706.29 447250
3 110 1304.9363 0.35 0.098393321 373825.7 73424.26 447250
4 115 1282.8154 0.35 0.117334047 369097.6 78152.39 447250
5 120 1262.0481 0.35 0.13572002 364359.9 82890.06 447250
6 125 1242.4983 0.35 0.153589728 359613.2 87636.75 447250
7 130 1224.0484 0.35 0.170977682 354858 92391.98 447250
8 135 1206.5959 0.35 0.187914961 350094.7 97155.3 447250
9 140 1190.0515 0.35 0.204429665 345323.7 101926.3 447250
10 145 1174.3366 0.35 0.22054729 340545.3 106704.7 447250
11 150 1159.3818 0.35 0.236291051 335759.9 111490.1 447250
12 155 1145.1256 0.35 0.251682153 330967.9 116282.1 447250
13 160 1131.5134 0.35 0.266740022 326169.3 121080.7 447250
14 165 1118.4962 0.35 0.281482504 321364.7 125885.3 447250
15 170 1106.0302 0.35 0.295926034 316554.1 130695.9 447250
16 175 1094.0759 0.35 0.310085788 311737.8 135512.2 447250
17 180 1082.5978 0.35 0.323975811 306916 140334 447250
18 185 1071.5637 0.35 0.337609128 302088.9 145161.1 447250
19 190 1060.9442 0.35 0.350997845 297256.7 149993.3 447250
20 195 1050.7129 0.35 0.364153234 292419.5 154830.5 447250
21 200 1040.8453 0.35 0.377085812 287577.5 159672.5 447250
22 205 1031.3194 0.35 0.389805407 282730.8 164519.2 447250
23 210 1022.1148 0.35 0.402321219 277879.7 169370.3 447250
24 215 1013.2129 0.35 0.414641875 273024.1 174225.9 447250
25 220 1004.5963 0.35 0.426775477 268164.3 179085.7 447250
26 225 996.24925 0.35 0.438729644 263300.4 183949.6 447250
27 230 988.15713 0.35 0.450511549 2584324 188817.6 447250
28 235 980.30636 0.35 0.462127959 253560.4 193689.6 447250
29 240 972.68436 0.35 0.473585264 248684.7 198565.3 447250
30 245 965.27946 0.35 0.484889502 243805.2 203444.8 447250
31 250 958.08081 0.35 0.496046391 238922 208328 447250
32 255 951.07829 0.35 0.507061348 234035.3 213214.7 447250
33 260 944.26248 0.35 0.517939512 229145.1 218104.9 447250
34 265 937.62457 0.35 0.528685763 224251.5 222998.5 447250
35 270 931.15632 0.35 0.539304741 219354.5 227895.5 447250
36 275 924.85001 0.35 0.549800859 214454.2 232795.8 447250
37 280 918.6984 0.35 0.560178324 209550.8 237699.2 447250
38 285 912.69472 0.35 0.570441142 204644.2 242605.8 447250
39 290 906.83257 0.35 0.58059314 199734.5 247515.5 447250
40 295 901.10595 0.35 0.59063797 194821.8 252428.2 447250
41 300 895.5092 0.35 0.600579125 189906.1 2573439 447250
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of the channel members, which is also compatible with the
results gained by Beheshti et al. (2022).

Practical implementation and managerial insights

Based on the obtained results, commercial food service
managers are suggested to get together with waste col-
lection companies and select the initial order amount
by mutual negotiations with them. It is also suitable
for commercial food service managers to collaborate
with organic fertilizer factories, specifically when faced
with large amounts of food waste (for example, in times
of crises such as Covid-19). On the other hand, greater

450000
400000
350000
= 300000
250000

200000

First Factory Profit

150000

100000

50000

0

participation in environmentally friendly exercises may
also be a decisive and influential element in enhancing
the company's prestige and increasing the demand for its
products. Whole system decision-makers are also advised
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of the total surplus profit may create worse conditions for
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In summary, the proposed models developed in this
study, as a managerial insight, may support recycling system
administrators and decision-makers to:

e Come up with the best way of working with food col-
lection and inspection companies to save time, money,
and energy and enter into a win—win relationship with
them.

e Achieve a suitable approach for collecting and recycling
waste, to prevent diseases caused by the consumption of
expired and wasted foodstuffs.

e Enter into optimal negotiations and conclude contracts
with factories that convert food waste into organic
fertilizers, to improve the environmental conditions
and eliminate the problems related to the chemical
fertilizers

e Achieve the best approach for renting recycling facilities
from suburban areas to avoid governmental fines for ban-
ning productive and reproductive activities in urban areas
and gaining social satisfaction.

¢ Enter into negotiations with parallel factories and use the
best contract for renting their facilities, in case of lack of
reproductive capacity.

e Effectively decide on the proposed reward value to be
paid to customers such as hotels and cafes to create
appropriate competition with parallel rivals.

Future research

The models analyzed in this study can still be developed in
several ways, which can help to bring the models closer to
real-world conditions. for example:

e A capacity ceiling can be set for the production factories
so that these plants can only use their remaining capacity
(not leased) to carry out their recycling operations.

e The two-channel system i.e. traditional one (through the
food waste collection agency) or the modern one (via the
Internet) can be considered for food waste collection, and
the competition between the two channels can also be
examined.

e The government can be included in the model as a deci-
sion-maker to determine the percentage of reproductive
activities or the amount of capacity that each factory can
access for its recycling activities inside and outside the
city.

e The different phases of the problem can be interrelated so
that the output of each phase will be the input of the next
phase and finally the results of all phases can be analyzed
collectively.

@ Springer

Conclusion

This study deals with the issue of optimization in a recycling
urban waste system, under the uncertainty of collected waste
and reproductive capacity in which there are restrictions on
manufacturing and remanufacturing activities (for example,
limitations such as the prohibition of reproductive activi-
ties to recycle urban food waste and convert it into organic
fertilizers). In the first scenario of this study, the optimiza-
tion of a system consisting of a commercial food service,
a food waste collection agency, and a fertilizer factory is
investigated, in which a hybrid contract (QF and SCS) is
used to manage the relationships between members. In this
section, to optimize the channel, the initial order is calcu-
lated as a commercial food service's decision variable, but
the proposed reward is supposed to have a predetermined
amount. The system is then re-evaluated, by another hybrid
contract (QF and TWCS) and a mathematical nonlinear
model to optimize and manage the participant’s connection.
Besides, in the second scenario, the two factories’ relation-
ship is managed under the uncertainty of the first factory’s
reproductive capacity. In this section, the initial order and
the proposed reward that affects the amount of the collected
waste and the overall profit of the system are considered
model decision variables. This case has also been evaluated
and optimized using two contracts (QF and option). Differ-
ent models of the problem have been studied under three
schemes: decentralized, centralized, and under the proposed
contracts. Numerical examples show that under the SCS
contract, the profitability of the channel reaches its highest
possible value (equal to the centralized scheme). Moreover,
under the TWCS contract, the profits of all members, as well
as the whole system’s interest, outweigh their decentralized
scheme that shows Pareto Improvement results for all par-
ticipants. Moreover, it can be seen that the QF contract in the
second scenario works better in some periods and the option
contract also works better in some other periods for different
amounts of the rental fee, i.e., L and e.
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