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ABSTRACT

Reducing food waste advocates efficient resource utilisation and could achieve a sequence of
economic, social, and environmental benefits. One of the food waste reduction initiatives is
to redistribute surplus food to food rescue organisations. This paper establishes a series of
food rescue “games” with or without government interventions to model and to analyse the
economic impacts resulting from the surplus food redistribution. The results show that
voluntary cooperation between food donors and food rescue organisations could be achieved
without government intervention if food waste management costs are greater than food
donation costs. In the situation that food waste management costs are less than the food
donation costs, proper government policy and financial support are needed to form the

coalition and to maximise the coalition’s payoff.



1. Introduction

The demand for food is positively correlated with population growth and economic
development. The world population is projected to reach 9.7 billion by 2050 (Booth &
Whelan, 2014), and the food supply chain is under pressure to meet the increasing demand
from the growing population. Due to the resource and energy-intensive nature of food
production, there is no simple solution to scale up food production without depressing the
ecosystem further. The cultivation activities are the prime causes of the loss and degradation
of our ecosystem. Food production demands land, water, and energy. Agriculture accounts
for one-third of the planet's landmass usage and 70 percent of total freshwater withdrawals
(FAO, 2017). The current food supply and distribution chain require 30 percent of global
energy (FAO, 2011). While scarce resources are used to produce food, one-fourth of the
nutrition embedded in food (calories based) is wasted along the food supply chain (HLPE,
2014). If half of the wasted food can be avoided, the gap between food demand and food
supply can be condensed by one quarter by 2050 (FAO, 2014).

Food waste not only undermines food security in the future but also entails economic, social
and environmental consequences. The largest economic losses from food waste are the
forfeited revenue and associated waste management cost. The Food and Agriculture
Organisation of the United Nations (FAO) estimated that 936 billion USD worth of edible
food was wasted annually worldwide (FAO, 2014). A common practice for Municipal Solid
Waste (MSW) management is landfill (Callan & Thomas, 2001). Food waste is a major
component of MSW. In Australia, food waste composes up to 30 percent of MSW (Reynolds
et al., 2016). In 2016-2017, Australian generated 4.3 Million Tonne (Mt) of non-hazardous
food waste, and 87 percent of which was sent to landfill (DEE, 2018). The noticeable
increase in waste management cost is due to the fast depletion of landfill airspace. Food
waste mitigation can efficiently lessen the exhaustion of landfill airspace and decelerate the

waste management cost escalation (Vlaholias et al., 2015).

Food waste triggers social and moral issues alongside economic losses. While millions of
tonnes of edible food are perishing in the landfill, over 800 million people are suffering from
hunger and malnutrition around the world (FAO, 2019). Globalization and unbalanced
economic development exacerbate income inequality. Food waste unnecessarily exaggerates

the actual food demand and pushes up food prices (Headey et al., 2010). The higher food



price deteriorates food security and deepens the inequality in our society. In Australia, food
insecurity affects many disadvantaged communities as well. One out of eight Australian
people is somehow in the food insecurity condition. How to reduce edible food being wasted
and to alleviate food insecurity simultaneously is crucial from the social welfare perspective.
Reducing food waste can decrease overall food demand. Therefore, stable food prices can be
achieved, and food security can be improved (Rutten, 2013). Donating surplus food to Food
Rescue Organisations (FROs) (Eriksson et al., 2005) has been recognized as a mechanism to

mitigate food waste and improve food security (Reynolds et al., 2015; Warshawsky, 2015).

Reducing food waste can significantly improve the global environment as well as social
benefits. The major environmental concerns regarding wasted food consist of air pollution,
land occupation, water depletion, biodiversity loss, and deforestation (Thyberg & Tonjes,
2016). Food waste is bio-degradable, so it decomposes and generates methane under
landfill’s anaerobic conditions. Methane contributes 25 times more than carbon dioxide
(CO2) towards climate change (Pan & Voulvoulis, 2007). FAO estimated that 8% of global
anthropogenic greenhouse gas emissions (4.4 Gt of COzeq per year) stemmed from food
waste (FAO, 2015). “Reducing food loss and waste can also be an adaptive and mitigation

option to reduce the food security risks of new climate scenarios” (APEC, 2019).

Food waste prevention has been gaining increasing attention due to its magnitude and
substantial impacts on the economy, society, and environment (Cicatiello et al., 2016;
Giuseppe et al., 2014; Muriana, 2015). Food waste prevention has profound implication for
efficient resource usage and future food security. While food loss mainly happens at harvest
stage in developing countries caused by lagging techniques and low standard storage
facilities, a significant amount of food waste generates at retailing and consumption sectors in
developed countries (Giuseppe et al., 2014; Mena et al., 2011; Thyberg & Tonjes, 2016).
These two sectors are the most decentralized components along the food supply chain and
have great potential to address the food waste problem. The Australian government has
announced the National Food Waste Strategies (DEE, 2017), aiming to halve Australia's food
waste by 2030. This initiative aligns with the United Nations' Sustainable Development Goal
(SDG) 12.3 on food loss and waste. Among all the strategies, diverting surplus food from
landfill to the FROs takes a priority over compost, anaerobic digestion (AD) and waste-to-

energy (WTE) incineration. Food rescue for human consumption is at the second tier of the



food waste hierarchy (Papargyropoulou et al., 2014) and has been the dominant form of

providing emergency food assistance in many developed countries.

Food Rescue Organisations (FROs) are not-for-profit organisations who collect the existing
surplus food in the food supply chain and redistribute food to the charitable welfare agencies
(Booth & Whelan, 2014). Before the emergence of the FROs, the traditional emergency food
relief organizations (e.g. the community kitchen, shelter and soup kitchen) wholly relied on
the monetary donation to purchase food and feed people. FROs provide a low-cost solution to
obtain food. The FROs use their leased or donated vehicles and warehouses to collect and
store surplus food from various food donors (FDs), and then redistribute the food to
charitable welfare organisations. The latter will serve the food to food insecurity people in the
form of food parcels or cooked meals. The FROs facilitate the redistribution of surplus food
to reduce the amount of food waste sent to landfill and enhance food security. The largest
international food rescue network is the Global FoodBank Network (GFN), consisting of 32
member countries. Foodbank Australia is a nation-wide not-for-profit, non-denominational
organisation. Charitable welfare agencies pay a symbolical "handling fee" to obtain food
from the FoodBank. Another two leading food rescue organisations are OzHarvest and
SecondBite in Australia. While FoodBank focuses on non-perishable food, OzHarvest and
SecondBite are engrossed in redistributing fresh vegetables and fruits, branding their food as
healthy and nutritious. The charitable partners of these two organisations receive the rescued
food for free. Australian food rescue value chain is highly concentrated with these three
FROs accounting for 98 percent of food rescued (DEE, 2019). This oligopolistic food rescue
industry has attracted many critiques regarding the efficiency and the proper utilisation of

public funding.

While many researchers have focused on the aggregate gain from surplus food donation,
little has been done to find the deep-rooted motivation for food donation practice
(Booth & Whelan, 2014; Vlaholias et al., 2015). Despite the reciprocity advantage of
surplus food donation, the quantity of donated food only accounts for a very small
percentage of food waste. In Australia, the highest donation rate is from retailing at

7 percent. Stakeholders in the food supply chain gave different reasons for not donating
surplus food (Hermsdorf et al., 2017). The lack of economic incentives seems like the
largest obstacle. The costs of food donors have been qualitatively enumerated but not

quantitively studied. This study aims to answer two questions in terms of food rescue



practice in Australia. (1) What is the FD’s fundamental motivation for donating food to
FROs? (2) What kinds of government intervention are needed to initiate food donation?
To answer these two questions, we need to analyse the individual financial gains or losses
which are critical in terms of the FD's willingness to donate and the food rescue
organisation's ability to survive. Therefore, a food donation framework can be established

and benefits the overall society.

To accomplish the mission, it is necessary to find the key parameters of the food rescue
industry’s efficiency and how these parameters influence the performance of the industry.
A set of game-theoretic models is used to study the strategies and the payoffs of the FRO
population and the FD population. Game theory provides mathematical solutions for
payoff redistribution and is also an effective method for finding solutions which require

stakeholders' collaboration.

The rest of the paper is organised as follows. In Section 2, a literature review is presented.
Section 3 presents the noncooperative game without government intervention and the
cooperative game with government intervention, the assumptions, and the model definitions.
Section 4 is for numerical samples. Section 5 is allocated to the discussion in terms of the
results of the cooperative game. Finally, conclusions and future research suggestions are

presented in Section 6.

2. Literature review

Food waste is not a new problem (Thyberg & Tonjes, 2016). Since the establishment of FAO
in 1945, many studies and programs have been designed and implemented to address the
concerns. One initial hurdle that researchers encountered is to define food waste. Because of
the variety of countries, demographics, cultures and study purposes, a harmonised definition
of food waste is difficult to achieve. (Girotto, Alibardi, & Cossu, 2015; Gustavsson & Stage,
2011). FAO (2014) separates food wastage into food loss and food waste. Food loss refers to
the quantity and value reduction at the upstream stages of the food supply chain (i.e.
agricultural production, postharvest, and storage) on grounds of financial, technical, and
infrastructural constraints. Food waste refers to the food that was removed from human
consumption at downstream stages (i.e. retail and consumption) as a consequence of cosmetic

standards, dietary patterns, and lifestyles (Facchini et al., 2018). For this study, the definition



of food waste in the Australian National Food Waste Strategy is adopted, i.e. food waste
refers to the solid and liquid food, including edible parts and inedible parts, which are
produced (domestically or internationally) for human consumption but are disposed of in
landfill (DEE, 2017). This definition is the most relevant description in terms of food rescued

in Australia.

FAO has published a series of reports in terms of food waste mitigation. Around the world,
food loss and food waste were significant and increased with population growth and
economic development. Data used in these reports were collected from different countries.
As a result of the discrepancy among the food waste definitions between different countries,
the accuracy of the consolidated data is unverified (Reynolds et al., 2016). Reliable data on
food waste are limited or never exists. The value or magnitude of crops left in fields caused
by market turbulence or severe weather conditions has never been included in statistics. The
impact of food waste on society, environment, and economy has been estimated, but not

quantified.

Despite the disadvantage of data availability, food waste studies at an aggregate level were
abundant. Research studies the whole food supply chain at the country level (Facchini, et al.,
2018; Hamilton, et al., 2015; Reynolds et al., 2015). Some studies focused on the policy and
industrial structure innovation. Facchini et al. (2018) argued that government intervention
was the key driver for food waste prevention in the UK. Facchini et al. estimated the UK’s
annual food mass flows which consisted of all food resources, namely imports, exports,
distribution, consumption, food redistribution, and final disposal. They found that although
the percentage of food redistributed was small compared to the amount of food waste,
governmental support through fiscal incentives could boost the development of a coherent
food rescue system and recover embedded multidimensional value in food (Facchini et al.,
2018). Mourad (2016) compared the food waste generation along the food supply chains in
the United States and France. Data collected from the United States was juxtaposed with data
from France. Most of the food donors in both countries supported food redistribution ideas.
Mourad suggested that the social, economic, and environmental achievements in food
redistribution required food industry structural changes. His argument was supported by
Chen & Chen (2018) in their study of two government food waste recognition programs in
the US. They concluded that without food supply chain innovation, source reduction and food

donation were not optimal choices for food supply chain stakeholders (Chen & Chen, 2018).
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Hamilton et al. (2015) studied the food waste prevention from a nutrition cycling perspective.
They proposed a multiplayer systems framework to compare the impacts of food waste
strategies on Norwegian national biomass, energy, and phosphorus (P) cycles. They
concluded that the most effective solution is a combination of prevention and recycling from

both an energy and phosphorus perspective (Hamilton et al., 2015).

While policy and industrial innovation are important in mitigating food waste, detailed
analyses of food waste generation can provide solutions to address the problems. Halloran
and colleagues focused on analysing the causes of food waste and discussing the attitudes of
different stakeholders towards €1.18 billions of wasted edible food in Denmark annually.
They suggested that improving communication, adopting more efficient food packaging, and
implementing more comprehensible food labels could promote food waste prevention
(Halloran et al., 2014). Garrone et al. (2014) presented a bottom-up approach (ASRW,
Availability-Surplus-Recoverability-Waste) to address surplus food management in terms of
food supply chain sustainability in Italy. They scrutinised the whole food supply chain and
divided the food supply chain into five stages and 12 segments. Each segment was given a
degree of recoverability to assess the possibility of surplus food recovery. They suggested
that the government and FROs should focus on segments with high recoverability to achieve
better food waste reduction goals with the same effort (Garrone et al., 2014). This study
implied that the amount of rescuable food might be an important parameter in terms of

overall benefits.

The aforementioned food waste mitigation strategies require not only time but also
investment. One could expect that the profit maximising nature of the food industry may
distort the implement of food waste prevention guiding by food waste hierarchy. Cristobal et
al. stated that the financial budget was a key element for food waste prevention. They applied
Life Cycle Assessment (LCA) on different food waste prevention programs to locate those
cost-efficient and low environmental impact food waste reduction strategies along the whole
food supply chain. The results were in line with the waste hierarchy (Papargyropoulou et al.,
2014), i.e. food waste prevention had the priority among all of the food waste management
solutions. On the other hand, food waste reuse or recycling could be considered as better

options than food waste prevention under a fixed budget (Cristobal et al., 2018).
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Interests generated around food waste reuse and recycling may also stem from the alarming
speed of landfill depletion across all countries recently (Booth & Whelan, 2014; Callan &
Thomas, 2001; Chen et al., 2014; Kollikkathara et al., 2010). Local governments found that
waste management became a critical challenge for the sustainability of society regardless of
the countries’ wealth (Dijkgraaf & Vollebergh, 2004). Food waste is clarified as organic
waste and constitutes a great proportion of MSW (Halloran et al., 2014; Liu, 2014). Reducing
food waste can significantly reduce the mass of MSW. Thus, a significant reduction of GHG
emissions from landfill is realised. The environmental issues associated with food waste

urged the food supply chain to adopt more efficient usage of resources (Halloran et al., 2014).

In affluent countries, retailing and consumption are the major food waste generating section.
Due to the fast urbanisation, the majority of food retailers and consumers reside in cities and
rely on the urban waste management system to handling their food waste. The soaring waste
management costs forced businesses and organisations to seek alternative solutions for
handling their food waste (Booth & Whelan, 2014). Cicatiello et al. collected a one-year
worth of food donation data from an Italian supermarket. Their study recorded 23.5 tonnes of
rescued food which had a total value of €46,000. They identified bread and bakery as the
largest types of food donated. As a result of the detailed data, Cicatiello et al. managed to
calculate the environmental value, social value, and economic value against the investment
from the government funding (Cicatiello et al., 2016). The return on investment multiplier
was 4.5, which represented a positive usage of public funding. Kulikovskaja and Aschemann-
Witzel also addressed the important role of retailers in food waste prevention. They identified
22 food waste avoidance initiatives of the Danish retail industry and suggested that the
marketing of suboptimal food was an efficient way to reduce food waste in Denmark
(Kulikovskaja & Aschemann-Witzel, 2017). At the same time, Hermsdorf, Rombach, and
Bitsch (2017) investigated the German retailing market in terms of food waste reduction.
They interviewed retailers who involved in donating their surplus food to charities. They
found that marketing suboptimal food in Germany could reduce food waste at the retail stage
but was an unfavourable strategy due to the fear of losing customers. Their findings
suggested that the lack of logistics and strict food regulatory framework were the main
obstacles to food redistribution in Germany. In Australia, all of the big supermarkets
(Woolworths, Coles, Aldi, and IGA) have made some commitment to address the problem of
food waste. The common practices consist of in-store initiatives (such as better labelling and

packaging innovations) and consumer education campaigns (e.g. free online recipes and meal
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planning information). Retailers have significantly reduced promotional strategies on fresh
food that could lead to food waste in the home (e.g. Buy One Get One Free). Also, big
supermarkets established partnerships with charitable organisations to ensure their edible
surplus food is donated to people living in food insecurity.

Donating surplus food to charitable organisations is prevalent in developed countries. The
previous studies of retailer food waste reduction suggested cooperation with FROs.
Therefore, studies of how retailers can cooperate with FROs flourished in the food prevention
literature (Booth & Whelan, 2014; Giuseppe et al., 2014; Hamilton et al., 2015; Hermsdorf et
al., 2017; Kulikovskaja & Aschemann-Witzel, 2017; Mena et al., 2011; Nair et al., 2017;
Schneider, 2013). Food rescue operation redistributes non-marketable edible food, with or
without inedible parts, to charitable organisations for human consumption before the surplus
food become food waste (Reynolds et al., 2015). Food donation at the organisation level is
regarded as environment-friendly and promote resource efficiency. Muriana studied the
integrated links between the fresh food shelf life, the food recovery amount and the loss of
profit with a simulated model. The author argued that government incentives on food
donation could encourage an optimal quantity of food donation and improve business profit
under uncertainty. If Retailers implemented routine inspections on fresh food, then donating
fresh food to FROs did not contribute to the loss of profit (Muriana, 2015).

The food waste prevention literature examines different legislations and social frameworks
on the surplus food donation practice (Cristobal et al., 2018; Facchini et al., 2018; Hamilton
et al., 2015; Kulikovskaja & Aschemann-Witzel, 2017; Papargyropoulou et al., 2014;
Stangherlin & de Barcellos, 2018). The first legislation in terms of food donation is the Bill
Emerson Good Samaritan Food Donation Act signed in 1996 by former US President
Clinton. Many countries have passed similar bills to encourage food redistribution activities.
The Civil Liability Amendment (Food Donations) Act 2005 is the Australian Federal
legislation regulating food donation. Good Samaritan Acts protect food donors from liability
when donating surplus food to charitable organisations. In the meanwhile, food safety

legislation still applies.

The food supply chain can be defined as six stages, namely (1) agriculture production, (2)
postharvest handling and storage, (3) manufacture processing and packaging, (4) wholesale

distribution, (5) retail marketing, and (6) consumption. Surplus food generates at all of the
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stages along the food supply chain. This phenomenon extends the potential food donors to
farmers, manufacturers, wholesalers, and retailers. Consumers are excluded from the food
donors in view of the fact that the FROs do not accept food donations from individuals due to
legislation constraints in Australia. This exclusion does not mean that consumers are not
important in food waste prevention. Consumers can play critical roles to influence the food
supply chain with respect to food waste reduction strategies (Abd Razak, 2017; Bernstad &
Andersson, 2015; Cecere et al., 2014).

FROs have experienced booming expansion in recent years but with constant critiques for
their impacts and efficiency (Huck & Kiibler, 2000; Schneider, 2013; Vlaholias et al., 2015;
Vlaholias-West et al., 2018; Warshawsky, 2015). Lindberg et al. (2014) scrutinized the
operation of SecondBite, which is the leading food rescue organizations in Australia. This
descriptive study used field data and interviews to study the reason for food rescue and the
stakeholders involved in the operation. This research provided first-hand information for a
particular Australian food rescue organization, its gains, and its challenges. Although not
much economic data were presented in the paper, some valuable insight was produced
(Lindberg et al., 2014). Similar studies were conducted in terms of Australia’s FoodBank
(Booth & Whelan, 2014) and OzHarvest (Nair et al., 2017). Booth and Whelan argued that
FoodBanks have grown themselves into the industry since they were “preferred industry
method of food disposal” (Booth & Whelan, 2014). They used South Australia as a sample to
show how the food supply chain avoided large food waste disposal costs by donating surplus
food to FoodBanks. FROs are criticised as failing to address the root cause of food
insecurity, i.e. poverty. The fast growth of FROs, per se, is a clear proof that food donation
cannot solve hunger (Schneider, 2013). While food rescue may provide emergency food
access, on the other hand, it uncouples the government’s responsibility from poverty in

society.

Despite all the critiques, food rescue operation has supported people suffering from food
insecurity especially those children, disable and aged population who have limited ability to
obtain enough food without emergency food assistance. Since the social value and
environmental value of rescuing surplus food is not negligible, the Australian government has
planned to encourage food rescue operations in Australia (DEE, 2019). Questions arise in
terms of public funding allocation and the equipment investment required to expand the

services. How could government policies encourage frequent small donations from
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downstream donors (supermarkets, institutions, and restaurants)? To what extent could the
public funding efficiency be checked in the FROs industry? What are the benchmarks for
those checks? From the review of the food prevention literature, one major obstacle in
downstream food waste prevention is that food donors bear economic losses without any
compensation. In another way, the benefits and costs are not fairly distributed between food

donation stakeholders.

This paper attempts to analyse the impact of different government interventions on the food
rescue operation with a game-theoretic approach. Game theory uses mathematical models to
understand the human being’s interactions. Game theory is versatile in simulating the various
facets of the conflict and integrating incompatible characteristics of the problem in the
absence of quantitative payoff information. Any interaction involving two or more intelligent
and rational decision-makers (identified as players in game theory) can be modelled and
analysed in the framework of game theory. Game theory has extensive applications in
economic problems involving multi-criteria and multi-stakeholders. Many game-theoretic
models have been made in supply chain optimal problems (Hafezalkotob et al., 2016; Hennet
& Mahjoub, 2010), and in waste management problems (Soltani et al., 2016). One of the
characteristics of game theory is that game theory allows individuals to give priority to their
objectives. Game theory eliminates the strong assumption in the conventional optimal

problems that all the stakeholders involved cooperate perfectly.

Games are categorised as noncooperative games and cooperative games. In noncooperative
games, players choose their strategies independently, and Nash equilibria are the solutions
from which no player can unilaterally deviate to improve his or her payoff (Nash, 1951).
Whereas in cooperative games, coalition and joint actions are allowed (Nash, 1953). Payoffs
replace the strategies at the central stage. The self-optimizing attitude of players often results
in noncooperative behaviours even when cooperative behaviour is more beneficial to all
parties. In this study, the government was introduced as a central agency that is not a player
but a rule-maker (Huck & Kiibler, 2000). The government makes rules to affect players'
payoffs. The players have to form some kind of coalitions to maximise their payoffs. In
cooperative game theory studies, the concept of core was adopted to seek the stable
cooperation between players (Shapley & Shubik, 1969; Hennet & Mahjoub, 2010; Izquierdo
& Rafels, 2018; Sinayi & Rasti-Barzoki, 2018). There have been only a few studies that used

game theory for waste management decision-making. Jargensen used game theory for a
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regional waste disposal problem (Jgrgensen, 2010). Karmperis et al. (2013) proposed a
framework called the waste management bargaining game to help players negotiate over the
surplus profit of various MSWM options (Karmperis et al., 2013). Many studies compared
stable solutions with or without government interventions (Aanesen, 2012; Jamali & Rasti-
Barzoki, 2018).

Cooperative Game Theory has been applied in waste management and supply chain analyses.
The two common payoff allocation concepts are Shapley Value and Core. Shapley Value
captures the marginal contributions of agent i, averaging over all the different sequences
according to which the grand coalition could be built up. The formula for calculating Shapley

Value is as below:

Bi=mz 1SN ~1] ~ DI (UL — v(S)]

" SEN\{i}

Aldashev, Marini, and Verdier proposed a cooperative game between food rescue
organizations who competing to obtain donated food. The results suggested that the stability
of voluntary coordination agreements between food rescue organizations depends on the
depth of their cooperation (Aldashev et al., 2014). Soltani, Sadig, and Hewage proposed a
cooperative game theory solution when waste management stakeholders had conflicting
priorities. After computing the relevant costs and investigating stakeholders' different
preferences, three pure strategy solutions were presented with specific money term payoffs.
The stakeholders, cement industry and VVancouver local government were represented as
player 1 and player 2 in the game. With a small amount payable to Vancouver local
government, the new proposed waste management project was stable in a mutual setting
(Soltani et al., 2016). Rajendra & Arvind simulated one series of cooperative games
involving key stakeholders in electronic waste (e-waste) management in India. Both of
noncooperative and cooperative games were explored with different numbers of stakeholders.
Government, producer, recycler, and consumer formed different coalitions in these games.
Each of the key stakeholders had two different strategies. The government could either
punish (penalties for the producer who does not comply with recycling law) or stimulate
(subsidies for the producer who recycles). The producer chose whether charging consumers
an e-waste management fee on top of the purchasing price or hiding the Extended Producer

Responsibility (EPR) charge in the retail price. Recycler decided whether collecting e-waste
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from the producer or the consumer. Consumer's choices were to recycle or to disposal of the
electronic product in the landfill (Kaushal Rajendra & Nema Arvind, 2013). Peng and Tao
proposed a cooperative game-theoretic model to analyse China's spot electricity market.
(Peng & Tao, 2018)

3. Methodology

Game theory suggests that in a noncooperative game, players should choose their best
strategies to maximise their payoffs. While in a cooperative game, players obtain the optimal
payoff vector by forming coalitions or achieving binding agreements. In the food rescue
operation, the food rescue organisations and the food donors have different objectives in
terms of rescuing edible surplus food. The food rescue organisations work diligently to
rescue edible food as much as possible to meet the demand of charitable welfare
organisations. While the food donors’ priority is to reduce their waste management costs.
Ideally, the more edible food is donated, the better payoffs for both of the food rescue
organisations and the food donors. Nevertheless, any business operation demands resources.
The food rescue operation needs capital and labour. The maximum capacity of the food
rescue organisations depends on their physical facilities for collection and storage. The
motivation of the food donors is subject to the savings they may achieve. For these conflicts
and potential cooperation, this study considers a game-theoretic approach for analysing the
food rescue operation as a section in the waste management system (Reynolds et al., 2015).
To overcome the limitation of the number of players in the present study, a group of
stakeholders, which have a similar degree of interest and ability to contribute in the coalition,
is considered as a single player. Food rescue organisations and food donors are represented
by the FRO and the FD, respectively. Due to the limitation of data availability, the payoffs
are simulated in both of the sequential game and the cooperative game where the players sign
a binding agreement under government intervention. The government intervention could be
punishment (environmental tax on the FD) or incentive (grant for the FRO and sustainability
tax deduction for the FD).

3.1 The sequential Food Rescue Game
In this section, we consider a food rescue Stackelberg game with two players, namely, a food
rescue organisation and a food donor (FD). In the decentralized model, government

intervention does not exist. The FRO is the leader and the FD is the follower (Figure 1).
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The notions are summarised as below:

Pfraaq 1s the payoff of the FRO when the FRO chooses strategy A and the FD chooses

strategy a.
Prrqap 1s the payoff of the FRO when the FRO chooses strategy A and the FD chooses

strategy b.
Pfrapq is the payoff of the FRO when the FRO chooses strategy B and the FD chooses

strategy a.
Prrqpp 1s the payoff of the FRO when the FRO chooses strategy B and the FD chooses

strategy b.

Piroaa: Prdaa
Piroan: Prdab

G gratedy @ Piroga: Prdsa
&
Food Donor
S&Q{@\gy
6 Pirogo: Prdsb

Figure 1. The sequential game tree of Food Rescue Game

Food Donor

Food Rescue
Organisation
&

P44 is the payoff of the FD when the FRO chooses strategy A and the FD chooses
strategy a.
Prq4p is the payoff of the FD when the FRO chooses strategy A and the FD chooses
strategy b.
Prqpq is the payoff of the FD when the FRO chooses strategy B and the FD chooses
strategy a.
Pqpp is the payoff of the FD when the FRO chooses strategy B and the FD chooses
strategy b.

pPm 1S the market price which is a weighted average market price for a bunch of food.
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R, is the private donation received by the FRO.

Q, is the amount of edible surplus food.

Crro 18 the FRO’s cost of handling donated food, e.g. employee costs and logistics costs.
0 (0 < 6 < 1) is the percentage of donated food out of the whole amount of edible surplus
food.

cwm 1S the unit waste management cost of the FD.

Crq IS the unit handling cost of the FD associated with donating food.

Clogistic 1S the unit logistics cost of the FD associated with donating food.

Ls,, is the waste levy on food waste.

y is the food waste levy rate based on the weight of food waste.

Trq is the tax rebate for the FD based on the market value of the donated food.

t is the tax rebate rate.

R, is the Government grants for the FRO.

@ is the government grants rate based on the weight of the donated food.

The assumptions of the game are summarised as below:

Assumption 1. Players are rational participants, maximizing their payoffs.

Assumption 2. Each player faces a set of feasible payoffs.

Assumption 3. The demand of rescued food is greater than the supply of the rescued food.
Assumption 4. The FRO recruits volunteers to drive their vehicles for collecting surplus food
from the FD. The drivers will sort out suitable food on-site when they visit the FD.
Assumption 5. The amount of food the FRO receives is the same as the amount of food the
FD donates. This means there is no food loss during the transport of donated food.
Assumption 6. The amount of food the FRO distributes is the same as the amount of food the
FRO rescues.

Assumption 7. The variety of food rescued satisfies the nutrition requirements and only the

insufficient quantity requires extra purchase at market price p,,. The market price is a
weighted average market price for a bunch of food. The FRO can only purchase up to (?)

amount of food due to the financial constraint. R,, is the revenue of the FRO from private

donations.
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Assumption 8. The FRO and the FD know the complete information of the game, i.e., the
number of players, the strategies each player has, and the payoffs associated with each
strategy.

Assumption 9. Waste management cost is based on the weight of food waste.

The FRO observes that a substantial number of charitable welfare agencies are struggling to
obtain enough food supply to feed their clients. On the other hand, supermarkets, restaurants,
and institutions are dumping edible food to landfill. The FRO visits the potential FD and
suggests that the FRO can redistribute their edible surplus food to feed people suffering food
insecurity. The FRO has two strategies: (A) collect food from the FD (Collect); (B) Do not
collect but accept food dropped by the FD (Do Not Collect). When approached by the FRO,
the FD has two strategies to choose from: (a) donate edible surplus food (Donate); (b) do not

donate edible surplus food (Do Not Donate).

The FRO's objective is to maximise the quantity of rescued food subject to the funding

constraint. If the FRO chooses the "Collect™ strategy, the amount of rescued food is Q, and
the associated cost is Cr,,. The food procurement of the FRO is (W). When the FRO

selects the "Do Not Collect" strategy, the amount of rescued food is (68Q,), and the associated

costis 8Cry, (0 < 6 < 1). The food procurement of the FRO is R”%icf”’.

PfroAazQO_i_Rp%:l‘fm (1)
meBa=9Q0+%, 0<6<1 (2)
Prroap = Rm;—nffm (3)
Prropp = 1;—: (4)
Prrosa - Prosa = Qo+l — ((6Qy + 220 = (1—g) (RPChre) - (5)

Qopm is the market value of the rescued food. It is assumed that the cost of the food rescue
operation is less than the market value of food rescued. So Qyp;, > Cry,. Since 0 < 6 < 1,

it is concluded that

PfroAa > PfroBa ( 6 )
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Rpr=Cyro _ Rpr _ _ Cfro (7)

Prroab — Prrosp =
froAb froBb Pm Pm Pm

Since Cg, > 0, itis concluded that

PfroAb > PfroBb ( 8 )

The FD’s objective is to minimise the cost associated with food waste. Suppose the FD has
Q, edible food which is suitable for donation, and the FD chooses a "donate" strategy. If the
FRO provides logistic service, then Q, food is donated, and the FD can save

Qo * (Cwm — Crq)- Cwm is the unit waste management cost and ¢4 is the unit handling cost
of the donated food. If the FRO does not provide logistics service, then only 6Q, edible food
is donated, and the FD can save 8Qq * (Cym — Cra — Ciogistic)- Ciogistic 1S the unit logistics
cost of the donated food. If the FD adopts the "Do Not Donate" strategy, the FD saves 0,

regardless of the FRO will collect the food or not.

Praaa = Qo * (cwm — Cfd) (9)
PfdAb =0 (10)
Prapa = 0Qo * (Cwm — Cra — Clogistic) (11)
Prapgp =0 (12)

Consider scenario 1, if

Cra < Cra + Clogistic < Cywm> then

PfdAa'Pdea>0 (13)

This is the situation where donating food is a dominant strategy for the FD if the FD can
always reduce the cost by donating food. When the FRO knows that the FD will donate, the
FRO will choose to collect donated food from the FD to maximising its payoff. There is only
one Nash Equilibrium in the game. The FRO provides logistic service and the FD donates

surplus food. The equilibrium payoff vector is (Prroaq, Praaa)-

21



Consider scenario 2, if

Cfd < Cowm < Cfd + Clogistic’ then

Praaq > 0, Prapa <0 (14)

There is no dominant strategy for the FD if the sum of handling cost and logistics cost is
greater than the waste management cost. To explain the situation, one numerical sample is
provided. The simulation payoff matrix is as in Figure 2. If the FRO and the FD act
simultaneously, there are two Nash Equilibria in the payoff matrix: (3, 3) and (0, 0). The
FRO and the FD may choose a payoff vector (0,0). Since the game is sequential, the FD will
observe the action of the FRO firstly, and then choose the FD's strategy. To encourage food
donation from the FD and maximise the payoff, the FRO will choose to collect food from the
FD. The Nash Equilibrium payoff vector is (3,3). The generalised payoff vector is

(Ptroaar Praaa), Which is the same as when the waste management cost is greater than the

costs associated with a food donation.

Food Donor
Donate Do Not Donate
' ™y ' ™y
Collect 3 3 -1 0
FOOd A iy A A
Rescue
Organisation (" AR N
g I Do Not 2 2 0 0
Collect
A "y A A

Figure 2. The simulated payoff matrix for Food Rescue Game

Consider scenario 3, if

Com < Cra < Cra + Clogistic: then

Praaa <0, Prapea <0 (15)
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In scenario 3, the waste management cost is lower than the food donation cost. The dominant
strategy “Do not donate” for the FD. The FRO knows that the FD will not donate, so the FRO

will not organise the logistic. The Nash Equilibrium is the payoff vector (Pr,gp, Prasp)-

3.2 The cooperative Food Rescue Game with government intervention

Unlike in the noncooperative games, the focal point of a cooperative game is what the players
can obtain, separately and together. It is not important to know how they behave to achieve a
particular outcome. What matters is that a particular set of payoffs is freely available to them
if they choose to cooperate. In motivating a binding agreement, the cooperative game
requires an outside authority that enforces any such agreements. This outside authority is

normally represented by the government.

In cooperative games, the complete set of players is called the grand coalition. A subset of
players that have the right to agree is called a coalition, and it is usually assumed that any
subset of the players can form a coalition. A coalition with just one player is called singleton.
A cooperative Food Rescue Game can be defined by a pair (N, v) v: 2¥ - R. To simplify the
analysis n is restricted to 2. v(@) = 0 is the characteristic function representing the payoff
vector for the grand coalition. The payoff set S = ({@}, {FRO}, {FD},{FRO, FD}) is closed,

convex, non-empty and bounded.

If the FD's waste management cost is greater than the cost associated with food donation, the
government does not need to do anything. In the sequential game scenario 1 and scenario 2,
The FRO provides logistic service and the FD follows to donate surplus food. What happens
in the noncooperative game scenario 3 requires the government intervention to establish a
binding agreement. In scenario 3, the FRO and the FD do not cooperate due to the low waste
management cost in the FD payoff function. In this cooperative game, waste management

cost is assumed lower than the food donation cost, ¢, < cf4.

Consider that the government wishes to improve social and environmental benefits by
reducing food waste in the landfill. A “Battle Food Waste” program is proposed. The
program aims to minimise the amount of food sent to the landfill. The government set the

goal to rescue Q, surplus food. The government has two policy options. One is to introduce a
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food waste levy Ly, on the food waste destined to landfill. The levy will be applied based on

weight. Consider a food waste levy rate at y, the food waste levy on the edible surplus food

that the FD can donate but disposed of is

wa=yQO (16)

Another option for the government is to provide tax rebates if the FD donates food to the

FRO. The FD can obtain tax refund T, based on the market value of the donated food.

Suppose that the tax rebate rate is t. The amount of tax refund of the FD is

Government grants R, is available if the FRO rescues the surplus food from the FD and

provides the logistics. The grants are based on the amount of food rescued, so

Rg:(pQO, (PZO (18)

In the cooperative Food Rescue Game, two players negotiate over a surplus generated
through the food rescue operations. The players cooperate to some extent to achieve an
agreement. If an agreement cannot be achieved, there is a payoff vector which is called the
disagreement point d. It is a non-cooperative option. In the cooperative food rescue game, the

disagreement points are different depending on different government interventions.

3.2.1 If the government announces the food waste levy policy, the disagreement point is
d(Rpr, —LfW).

v(FRO) = Ry, (19)
v(FD) = —Qq * ¥ (20)
v(FRO,FD) = p,Qo + (9Qo — Crro) + Qo (Cwm — ¢fa)

=(Pm + 9)Q = (¢ra = Cwm)Qo — Cpro (21)

The payoff vector is in the core, if
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PfTO + Pfd = U(FRO,FD) >0
Prro = V(FRO)
Prq = v(FD)

Substitute equation (21), (19), (20) into equation (22), (23), (24), respectively

Pfro + Pfd = (pm + (p)QO - (Cfd - CWm)QO - Cfro =0

Pfro > Rpr

Prqg = =y * Qo
Re-arrange equation (25)

Cfro _
Qo m

Q@ = (Cfd - Cwm) +
Sum up equation (26), (27),

Ppro + Pra = Rpr =v¥Qp 2 0

Rpr

<
y_Qo

Equation (25) + equation (27) * (-1)

Pfro < (pm +¢— Cfa + Cym t+ V)QO - Cfro
Equation (25) + equation (26) * (-1)

Pfd < (pm +¢— Cra + Cwm)QO - Cfro - Rpr

(22)
(23)
(24)

(25)
(26)
(27)

(28)

(29)

(30)

(31)

(32)

Consider equation (26), (27), (28), (30), (31), and (32), it is concluded that the payoff vector

(Pfro» Prq) is in the core if

Pfro € [Rpr' (pm +¢ - Cfa + Cwm + V)QO - CfTO]
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Pfd € [_)’ * QO’ (pm +¢— Cra + Cwm)QO - Cfro - Rpr]

C
Y = (Cfd - Cwm) + ém — Pm
0
Qo

3.2.2 If the government announces the food donation tax rebate policy, the disagreement
point is d(Ry,., 0).

v'(FRO) = Ry, (33)
v'(FD) = 0 (34)
v'(FRO,FD) = pp, Qo + (¢Qo — Crro) + Qo * (¢ * Py + Cyom — Cra)

=(Pm + ©)Q — (¢ra = Cwm)Qo = Crro + Qo * t * Py (35)

The payoff vector is in the core, if

P'tro + P'rq = V'(FRO,FD) = 0 (36)
P'tro = V'(FRO) (37)
P’deU,(FD) (38)

Substitute equation (35), (33), (34) into equation (36), (37), (38), respectively.

P,fro +P,fd = (pm-l'(p)QO - (Cfd _Cwm)QO _Cfro +QO * t*pm =0 (39)
P,fT'OZRpT (40)
Pty 20 (41)

Re-arrange equation (39)

Crro
(p+pm*t2(cfd_cwm)+ (on — Pm (42)

Equation (39) + equation (41) * (-1)
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P’fros(pm+§0_cfd+cwm+ t*pm)QO_Cfro (43)
Equation (39) + equation (40) * (-1)
P’fd S(pm'l'(p_cfd'l'cwm'l' t*pm)QO_Cfro_Rpr (44)

Consider equation (40), (41), (42), (43), and (44), It is concluded that the payoff vector
(P'tro, P'sq) is in the core if

P’fro € [Rprl (pm +¢— Cfd + Cym + T * pm)QO - Cfro]
P’fd € [01 (pm +¢— Cfa + Cym + T * pm)QO - Cfro - Rpr]

4. Numerical application

In this section, five numerical examples are presented to demonstrate how different amounts
of rescued food and government interventions affect the payoffs of the FRO and the FD.

In the Stackelberg games, if the FD’s waste management cost is greater than the cost
associated with food donation, then the FRO and the FD will choose strategy A and strategy a
respectively, and a cooperative food donation relationship can form without any outside
intervention. In the noncooperative scenario 2, the FRO’s perception of the limited
willingness of the FD to provide logistics motivates the FRO to provide the collecting service
to maximising the amount of food donation. Once the logistics obstacle is removed, the FD is
more likely to donate surplus food. This implies that the FD views the waste management
cost and food donation handling cost as endogenous costs, and the logistics cost as exogenous
cost. The FD calculates the saving by donating surplus food. If the saving is greater than zero,
the FD decides to donate. Meanwhile, the FD tries to avoid bearing the exogenous cost by
reducing the amount of food donation, which the FRO is reluctant to see. To maximising both
payoffs, the FRO provides logistics service. Thus, the logistics cost is an endogenous cost for
the FRO.

If the FD's saving by donating surplus food is less than zero, the FD will not donate. In

scenario 3, government intervention is needed to facilitate the food donation.
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In the scenario 3.2.1, Rearrange equation (28) and (30),
(pQO = (Cfd - Cwm)QO + Cfro - meO (45)

VQOSRpr (46)

Equation (45) shows that government grants are not less than the discrepancy between the
market value of rescued food and the costs associated with food rescue of the FRO and the
FD. If the government grants fail to compensate for the overall costs generated by rescuing
food, then the core is empty and the coalition between the FRO and the FD cannot keep a

stable condition. The food rescue operation is likely to cease.

Equation (46) shows that the government food waste levy charged on food waste is required
not greater than the private donation that the FRO may receive. Otherwise, the core will be

empty and the whole game may be unstable.

The parameters are set as below:
R, = C¢ro = AUD5000

cwm = AUD20/tonne

crqa = AUD100/tonne

@ = AUD60/tonne

y = AUD60/tonne

pm = AUDB00/tonne

According to the conditions in the core, Q, = 12 tonne. Here, ceteris paribus, the amount of
food rescued is presented as 12 tonnes, 24 tonnes, 36 tonnes, 48 tonnes, and 60 tonnes to
calculate the payoffs of the coalition under the food waste levy applied condition. After

Substituting the numbers into Equation 21, the results are shown in Table 1.
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The payoffs of the FRO and the FD coalition under the food waste levy applied condition

Q, (tonne) v(FRO, FD) (AUD) growth of Q, growth of v(FRO, FD)
12 4360 100% 100%
24 13720 200% 314%
36 23080 300% 529%
48 32440 400% 744%
60 41800 500% 959%
Table 1.

If Q, = 20 tonne, ceteris paribus, the government grant rate ¢ is set as AUD60/t, AUD80/,
AUD120/t, AUD180/t, and AUD240/t, and substituting into Equation 21, then the results are

shown as in Table 2.

The payoffs of the FRO and the FD coalition under the food rescue grants condition

@ (AUD/N) v(FRO, FD) (AUD) growth of ¢ growth of v(FRO, FD)
60 10600 100% 100%
80 11000 133% 104%
120 11800 200% 111%
180 13000 300% 123%
240 14200 400% 134%
Table 2.

In the scenario 3.2.2, The parameters are set as below:
Ry = Cpro = AUD5000

Ccwm = AUD20/tonne
¢rq = AUD100/tonne

@ = AUD60/tonne
y = AUD60/tonne
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pm = AUDB00/tonne
t=10%

According to the conditions in the core, Q, = 12 tonne. Here, ceteris paribus, the amount of
food rescued is presented as 12 tonnes, 24 tonnes, 36 tonnes, 48 tonnes, and 60 tonnes to
calculate the payoffs of the coalition under the food donation tax rebate policy. After

Substituting the numbers into Equation 39, the results are shown in Table 3.

The payoffs of the FRO and the FD coalition
under the government food donation rebate scheme

Q, (tonne) v'(FRO,FD) (AUD) growth of Q, growth of v'(FRO, FD)
12 5320 100% 100%
24 15640 200% 294%
36 25960 300% 488%
48 36280 400% 682%
60 46600 500% 876%
Table 3.

If Q, = 20 tonne, ceteris paribus, the government grant rate ¢ is set as AUD60/t, AUD8O/,
AUD120/t, AUD180/t, and AUD240/t, and substituting into Equation 39, then the results are

shown as in Table 4.

The payoffs of the FRO and the FD coalition under the government food rescue grants

¢ (AUD/t) v'(FRO, FD) (AUD) growth of ¢ growth of v'(FRO, FD)
60 12200 100% 100%
80 12600 133% 103%
120 13400 200% 110%
180 14600 300% 120%
240 15800 400% 130%
Table 4.
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If Q, = 20 tonne, ceteris paribus, the food donation tax rebate rate t is set as 5%, 10%,
15%, 20%, and 25%, and substituting into Equation 39, then the results are shown as in
Table 5.

The payoffs of the FRO and the FD coalition

under the government food donation rebate scheme

t v'(FRO,FD) (AUD) growth of t growth of v'(FRO, FD)
5% 11400 50% 93%
10% 12200 100% 100%
15% 13000 150% 107%
20% 13800 200% 113%
25% 14600 250% 120%
Table 5.

5. Discussion

In the numerical examples, a sensitivity analysis was proposed to investigate the impact of
the variation of the amount of food rescued and different government interventions on the
payoffs of the coalition between the FRO and the FD. In particular, five sets of experimental
figures were given to test the impacts shown in table 1 to table 5. The variation of the
amount of food rescued moved from the low level to the high level was 100%. The variation
of the government grants for the FRO moved from the low level to the high level was 33%,
then 100% each level due to the core constraint. The variation of the surplus food donation

rebate moved from the low level to the high level was 5% with the lowest level at 5%.

Table 1 demonstrated that the payoff of the FRO and the FD coalition was positively
correlated with the amount of food rescued under the government food waste levy policy.
The growth rate of the payoffs was greater than the growth rate of the quantities of the food
rescued. While the amount of food rescued increased by 100%, the payoff increased at about
215%. This positive correlation showed that increasing the amount of food rescued can

significantly increase the payoff of the coalition.
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Table 2 showed that the payoffs did not change substantially as the government food rescue
grants for the FRO moved from their low level to their high level. There was a positive
correlation between the growth rate of the payoff of the coalition and the growth rate of
government food rescue grants for the FRO. The percentual difference of the payoffs
between the minimum and maximum values was only 34% while the grant itself grew four-

folds. Generally, if the grant increased 100%, the payoff increased by about 11%.

Table 3 displayed that the payoff of the FRO and the FD coalition was positively correlated
with the amount of food rescued under the government food donation rebate scheme. The
growth rate of the payoffs was greater than the growth rate of the quantities of the food
rescued. While the amount of food rescued increased by 100%, the payoff increased by
194%. This positive correlation showed that increasing the amount of food rescued can

significantly increase the payoff of the coalition.

Table 4 illustrated that the payoffs of the coalition did not change noticeably as the
government food rescue grants for the FRO increasing from AUDG0 per tonne to AUD 240
per tonne. There was a positive correlation between the growth rate of the payoff of the
coalition and the growth rate of government food rescue grants for the FRO. Every 100%

growth of government grants increased the payoffs by 10%.

Table 5 showed that there was a positive correlation between the growth rate of the
coalition’s payoff and the growth rate of government food donation rebate for the FD. the
payoffs did not change substantially as the government food rescue grants moved from their
low level to their high level. The benchmark rebate rate was set at 10% (it has coincided with
the GST rate in Australia). The lowest rate was 5% and the highest rate was 25%. Generally,

if the grants increased 100%, the payoff increased by about 7%.

The results of the numerical examples implied that the food waste levy policy was better than
the food donation tax rebate policy for several reasons. Firstly, when the amount of rescued
food doubled, the coalition’s payoffs grew 215% under the food waste levy policy, and 194%
under the food donation tax rebate policy, respectively. Secondly, when the government
grants for the FRO increased 100%, the coalition’s payoffs grew 11% under the food waste
levy policy, and 10% under the food donation tax rebate policy, respectively. Thirdly, the

food donation rebate requires a large amount of public funding and is a costly policy for the
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government. According to the results in Table 5, the food donation rebate policy had very

limited capacity to increase the coalition’s payoff.

If the government decided to implement the food waste levy policy, then increasing the
amount of rescued food should be the best strategy to improve the coalition's payoff. The
growth rate of the coalition's payoff was double the growth rate of the amount of rescued
food. This finding shows that the amount of rescued food is the key parameter to improve the
coalition’s payoff. The government does not need to set up a high food waste levy to
motivate food donors to donate. The higher the levy rate is, the more incidents of illegal
dumping and deliberately avoiding paying levies could happen. Thus, more administration
costs will occur. The government should charge a reasonable low food waste levy to signal
the potential food donors that food donation to food rescue organisations could avoid paying
food waste levy and save them money. This signal could induce the stakeholders in the food
supply chain to donate more surplus food to the FROs instead of sending food to landfill.
Government policies should focus on how to improve the efficiency of the food rescue

operation, i.e. to increase the amount of rescuable food.

Booth and Whelan argued that FROs were creditable in terms of providing temporary food
solutions to people in poverty but were not efficient mechanisms to ameliorate long term
structural problems on food poverty and hunger (Booth & Whelan, 2014). For the long-run
solution to food waste, employment and education play critical roles. Regular income
provides access to food with dignity. Educational programs in primary schools and high
schools, in terms of food production and food waste generation, could establish respect for

food and our ecosystems.

6. Conclusion

Given the large scale of the food rescue operation in industrialised countries, the FROs are
not likely to disappear in the short run. Evolving from emergency food providers to the
corporatised industry, the FROs have received positive and negative feedback from the
public. the FDs and the governments have played important roles in shaping the current food
rescue industry. Nevertheless, the FROs have achieved two goals: reducing food waste and
relieving hunger. This paper discussed the key parameters of food rescue operations under

government interventions and how the key parameters impacted the payoffs of the coalition
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between the FRO and the FD. It was concluded that the amount of rescued food was the most
important parameter for the coalition’s payoff function. There was a significant payoff
increase when the amount of rescued food increased. Government grants rate for the FRO
and food donation tax rebate rate were another two key parameters of the payoff function.

These two parameters had positive correlations with the coalition’s payoff.

Reducing food waste has multiple benefits. In the future, if time series data or panel data are
available in terms of the amount of rescued food, the rate and the aggregate amount of
government grants for the FRO, and the rate and the aggregate amount of government food
donation tax rebate for the FD, then the more specific impacts of food rescue industry could

be quantified.
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