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Abstract: In Qatar, food security is a top research priority. The National Food Security Strategy
(2018-2023) and the Qatar National Vision 2030 show evidence of policy support regarding food secu-
rity. The United Nations Sustainable Development Goal (S.D.G.) 12.3 frames the basis of food waste
reduction efforts. Our study aims to provide basic information for innovative mobile application
development that addressed food insecurity and waste in Qatar. Furthermore, we discuss how such a
technology and the proposed features align with the circular economy concept. The circular economy
aims to prolong the useful life of materials and products to maximize resource value and reduce
waste. In addition, we highlight the main potential benefits that various stakeholders in the Qatar
economy could derive from the innovative surplus food recovery mobile application. The scope
of this work is necessary given the diverse nature of the stakeholders involved in the surplus food
recovery and redistribution industry. The innovation demonstrated significant solutions to many
problems, and using them in the food sector could provide optimal solutions to manage/reduce food
surplus waste and loss. The suggested platform differs from the existing food services application,
as it closes the food circle and achieves the sustainable goals for a better environment and society
for future generations. We conclude with suggestions concerning how public—private collaboration
could help recover surplus food and reduce food loss.

Keywords: circular economy; food/loss/waste; innovative technology; food security; Qatar

1. Introduction

The circular economy is a concept that aims to prolong the useful life of materials and
products to maximize resource value and reduce waste [1]. This suggests that economies
that actively exercise recycling, repairing, refurbishing, and reusing goods, components,
and materials to create a closed-loop system to minimize waste and preserve resources align
with the concept of the circular economy. In other words, the cornerstone of the circular
economy concept is that there must be no correlation between resource use, environmental
deterioration, and economic growth [2]. Emerging evidence of the importance of the circular
economy concept includes passing new laws that support an economy-wide paradigm shift
toward the practical enforcement of this concept. China is a notable example of a nation that
now provides for the concept of the circular economy in its laws, i.e., promoting the reuse
and recycling activities during the goods supply chains. However, China is transitioning
towards a circular economy in the food sector by addressing and understanding the barriers
to food loss and waste management [3,4]. Overall, the circular economy concept highlights
the necessity of fostering a long-term sustainable economic structure that respects the
planet’s biophysical boundaries.

Previous studies suggest that, in Qatar, as in other parts of the world, several factors
influence waste generation, including rapid economic expansion, population growth, and
high living standards. Other studies also highlighted that, on average, an aggregate amount
of waste in the range of 7000 to 8000 tons is generated daily in Qatar. Alternatively, each

Sustainability 2023, 15, 12355. https:/ /doi.org/10.3390/su151612355

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su151612355
https://doi.org/10.3390/su151612355
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0003-3601-8563
https://doi.org/10.3390/su151612355
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su151612355?type=check_update&version=1

Sustainability 2023, 15, 12355

2 of 14

resident produces an average of 1.6 to 1.8 kg of waste daily [5]. Yet, currently, while it is
acknowledged that food waste constitutes a significant part of the above estimates, more
strategies that limit the negative externalities affecting the environment, animal and human
health, economy, and society are urgently required. The circular economy is a concept with
the potential to limit the pollution of valuable resources, such as quality soil, water, and
air. Evidence suggests that the lack of applying mitigation strategies such as the circular
economy can support the prevalence of respiratory illnesses and other health problems [6].
Moreover, the lack of plans to limit food waste leads to a significant opportunity cost
in terms of labor, food security, waste management and aesthetics, and areas of cultural
significance. Water conservation is another area where applying the circular economy
concept can have a positive impact. Since Qatar ranks among the top water-scarce nations
globally, previous authors have identified potential environmental gains from using circular
economy strategies, such as wastewater reuse and lower water use [7].

Finding sustainable solutions that help in limiting food wastage is an urgent demand.
The past couple of decades have witnessed the launch of several international and regional
initiatives to address the challenge of minimizing food waste and loss while minimizing
food insecurity. Moreover, the United Nations Sustainable Development Goal (S.D.G.)
12.3 frames the basis of food wastage reduction efforts. The Food and Agricultural Or-
ganization (F.A.O.) estimates suggest that about 14% of the world’s food is lost annually
between harvest and retail markets [8]. Additionally, in the Gulf Cooperation Council coun-
tries (G.C.C.), current evidence indicates that food waste is a prominent phenomenon [4],
and by failing to address food wastage adequately, these countries are missing an opportu-
nity to minimize their food imports and maximize the benefits from the limited arable land
available for food production. Food waste is one of the critical challenges and an issue of
concern in the G.C.C. countries [4].

In Qatar, 1.4 million metric tons of food waste were estimated to be generated [9].
Thus, food waste is considered a significant problem in Qatar [4,10,11].

Technology can play a crucial role in reducing food waste and loss in the food sector
to achieve a circular economy. Ciccullo et al. [12], in their study, investigated the wide
range of technologies for preventing food loss and waste to implement a circular economy
paradigm in the agrifood supply chain. The findings showed that achieving a positive
impact on food loss and waste could be done through collaboration with technology
providers by providing continuous technical assistance, consulting for data elaboration and
analysis, codesign, and complete data sharing. Another study looked at understanding the
potential role of emerging digital technologies in supermarket chains, focusing on fruits
and vegetables within a circular economy. The study found that understanding the fruits
and vegetables” deterioration stages would help use the appropriate technologies to reduce
the negative effect of food deterioration [13]. Censoring technologies can also support
the circular economy in different ways. For instance, it predicts the fruits and vegetables’
lifecycle and helps food management before it reaches its deterioration stage, reducing
food loss [13].

The technology and innovation sector in the State of Qatar has witnessed remark-
able progress, and scientific research, especially related to food security, the environment,
and natural resources, has peaked. Cooperation between the two sectors, each in its
specialization, may lead to better results. Similarly, Ciccullo et al. [12] argue that collab-
oration with multiple stakeholders drives technological innovations that impact various
sustainability dimensions.

This study aims to evaluate the alignment of a mobile application that incorporates
surplus food recovery and redistribution and food waste management with the circular
economy in Qatar’s context. To achieve our aim, we present a conceptual framework that
guides the initial stages of the mobile application’s software development lifecycle.
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2. Context
2.1. Why Is Circular Economy Needed in Qatar?

Due to its rapid economic growth, Qatar’s small size and limited natural resources are
now under stress. Proponents of the circular economy argue that, by encouraging resource-
saving and waste-reduction sustainable manufacturing and consumption methods, the
circular economy limits the externalities associated with the production and consumption
of natural resources [14]. Furthermore, implementing the circular economy can assist Qatar
in achieving its sustainability objectives. For instance, the Qatar National Vision 2030 aims
to establish a sustainable and diverse economy that balances economic development and
social and environmental advancement. Qatar used to import more than 90% of its food
production from several countries; however, after the blockade in 2017, Qatar shifted its
attention to reach 100% self-sufficiency in perishable food [15]. In 2019, Qatar reached
106% self-sufficiency in fresh dairy products and 124% self-sufficiency in poultry [15]. The
growth in the food sector resulted in food waste. Overall, the circular economy sustainable
economic model can facilitate Qatar to reduce the effect of its natural resource constraints
and meet its sustainability goals.

2.2. Sources of Food Waste Production-Side Drivers of Waste Generation
2.2.1. Overproduction

In Qatar, farmers are putting tremendous effort into improving their agricultural pro-
duction. They have recently started using modern production methods, such as greenhouse
structures, efficient water-conserving irrigation techniques, and advanced cooling tech-
nologies, to increase the shelf-life of perishable products. As a result, they have achieved
high yields and met food security goals in perishable food [16,17]. In 2022, Qatar was
ranked 30th out of 113 [18] countries in food security and 3rd in the Middle Eastern and
North African countries [18]. Several Qatari farms now produce vegetables and fruits at
affordable prices [19]. In 2020, Qatar’s packaged food and beverage market was estimated
at 14.4 million riyals.

Furthermore, the number of farms and farmers is increasing in the county [20]. The
government encourages Qataris to invest in the agriculture sector. As part of this initiative,
the government provides many facilities to ease entry into farming and the sustainable de-
velopment of agroenterprises. As part of Qatar’s farmers’ support program, farmers benefit
from the centralized procurement of inputs, access to crop-production advisory services,
marketing and trading, warehousing, financing, and product traceability. It also focuses
on increasing the productivity of local farms, providing an efficient go-to-market channel
for local farmers, and reforming market price regulation [17]. Accordingly, the favorable
agricultural development environment supports food security: the Qatar National Food
Program strategy focuses on increasing local production, subsidies of perishable goods,
implementing measures for sustaining a reliable local strategic reserve, diversifying sources
of food imports, and maintaining sufficient supply in the local market. This increased the
arable lands, agricultural production, and overproduction of perishable food [17]. Yet, in
contrast, the same overproduction contributes to more food wastage. Consequently, this
paradox demands strategies for sustainable production and rational consumption.

2.2.2. Harvest Stage Food Waste and Loss

The preharvest stage is one of the main contributors to food loss. Before harvesting
their crops, farmers lose potential harvest due to pests, diseases, and insufficient rainfall,
particularly among dryland farmers. Additionally, unharvested crops left rotten on the
field contribute significantly to food loss. There are several reasons why some farmers are
unable to harvest their crops. In some cases, an unexpected increase in labor cost can limit
the number of crops the farmer can harvest. Moreover, labor laws restricting hiring migrant
labor can contribute to labor shortages [16]. In addition, there are several contributors
to postharvest food losses. A recent study notes that farm workers, especially during
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harvesting, packing, and sorting, cause damage to crops. Using temporary labor without
training and experience contributes significantly to these food losses [21,22].

Additionally, mostly among smallholder farmers, poor storage damages food crops [23].
Given that Qatar is a hot and humid country, the government adopted certain strategies
and precautionary measures to mitigate food loss and waste at the farm level. The most
prominent steps taken in this regard are the tendency to adopt greenhouses and improve
the packaging techniques to avoid food decay. Modern storage facilities and warehouses
are also built in several areas to prolong the shelf-life of food [17].

2.3. Sources of Food Waste Consumer-Side Drivers of Food Waste
2.3.1. Sociocultural Factors

Regarding traditions and customs around the food system, Qatari culture revolves
around hospitality, and Qataris are known for their generosity. Edelstein [24] notes that the
culture of generosity is broadly felt across Qatari and supports the sentiments. Food plays
a central role when hosting gatherings such as weddings or any other form of communal
dining, demonstrating generosity and hospitality. Also, hospitality and generosity extend
beyond private settings and into restaurants and cafes. As with other nations and cultures,
family life influences the food consumption pattern in Qatar. These behaviors and practices
are responsible for the food surplus created by misunderstanding generosity. However,
there is a non-organizational initiative called Hifz AINeama Center (preservation of grace),
which is Qatar’s leading food donating system that aims to reduce food surplus. The center
was established in 2008, and it has food bank, mainly concerned with preserving surplus,
cooked, and dry food and redistributing them to needy individuals and families according
to their database.

2.3.2. Income

Income influences the generation of food waste. For high-income countries [8], re-
searchers observed that approximately 40% of losses in the food value chain occur between
the retail sector and household food consumption. Research shows that households with
high incomes face fewer resource constraints, and unlike low-income families, the budget
share for food is lower, making food loss and waste less of a concern. In addition, wealthy
households have a higher opportunity cost of time, and although they can afford to buy
more food, these households discard surplus food due to the limited time available for
meal preparation [25].

2.3.3. Consumer Tastes and Preferences

Consumer tastes and preferences also contribute globally to the food waste and food
loss challenge. For instance, consumer tastes and preferences of high standards imply that
edible food products with minimal cosmetic defects end up in landfills. Also, consumer
tastes and preferences influence the menus at restaurants. Efforts to meet these consumer
tastes and preferences contribute to the overpreparation of food, resulting in a surplus of
which some excess food is discarded [26].

2.3.4. Consumer Shopping Habits and Food Consumption Habits

Consumer shopping habits and food consumption habits have a significant role in
food waste and food loss. Notably, purchase planning or the inability of households to
forecast meal demand over a set planning period, inadequate food storage facilities, and
uncertainty of the availability of household labor time or other ingredients necessary for
meal production increase challenges in managing and processing food stocks [25]. In the
most affluent societies, there is an exaggerated concern over “best-before dates”. As for
actors in the supply chain, quality standards that are too restrictive, according to size or
aesthetics, are responsible for a large amount of the food wasted at the end of the chain.
The conceptual framework below explains the current food system with different attempts
toward achieving a circular economy.
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All the drivers mentioned above (income disparity, consumer preferences, and food
habits) are relevant to Qatar. Several studies have elaborated on the strong impact of
such drivers and how they have contributed to augmented food waste and food loss in
Qatar [9,10,27].

2.4. Food Wastage Management (Status Quo)

Currently, surplus food (valid for human consumption) donated from different sources
is either transported to charities to distribute it according to their database of those in
need, or charities send their cars to collect food after they receive alerts from donators.
The Ministry of Municipality trucks collect food waste, often mixed with other types of
waste, and deliver the waste to the Domestic Solid Waste Management Centre (DSWMC)
in Mesaieed. The Domestic Solid Waste Management Centre is Qatar’s largest waste
processing facility. The collected food waste is segregated and turned into organic compost.
Some initiatives exist to redistribute food to reduce waste or loss and recover surplus food.
Nongovernmental organizations (N.G.O.s), such as Hifz Al Neama and Wahab, collect
surplus food from hotels, supermarkets, and restaurants and deliver it to people in need
for humanitarian purposes. The current methods of managing food waste or loss in Qatar
are shown in Figure 1.

Surplus valid Donated by
for human M  charitiesto
consumption individuals
Tobe
Food ————3]  Food loss »| processed into
byproducts
Ministry of
Mixed Waste
Municipality

Figure 1. Current food management in Qatar towards a circular economy.

3. Emerging Technological Innovations and Food Waste Management

Information and Communication Technologies (I1.C.T.s) have helped present the con-
vergence of e-services with broadband network infrastructure, wireless technologies, and
mobile devices [28]. Innovation and technology, such as mobile applications, could solve
many problems, including environmental and food waste. Furthermore, e-mobile inno-
vation could help solve environmental issues to ensure sustainable environmental man-
agement [28]. Additionally, collaborating with various institutions and different sectors
typically aids the process of protecting the environment. To demonstrate, the effective
communication and collaboration of stakeholders’ participation could result in the suc-
cess of environmental projects” prerequisites by innovative green informatics tools and
services [28]. Moreover, initiatives to improve waste management services and overall
environmental sustainability require the contribution of all parties in a society, such as
local community organizations, leaders, governments, private sectors, and civil society
organizations [29]. Research shows that emerging technological innovations could help
engage and bring all parties related to food surplus or food loss together in one platform to
minimize food wastage. Moreover, Information and Communication Technology (I.C.T.) us-
age has increased dramatically worldwide, and typically, e-services have become one of the
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essential tools that companies use to serve their customers. Below are some examples from
the recent literature of current mobile applications used in food recovery, redistribution,
and waste.

3.1. Too Good to Go (TGTG)

TGTG has been a leading platform in surplus food recovery and redistribution activi-
ties for the past five years, with an estimated 8.3 million meals reaching those in need instead
of being wasted. Furthermore, TGTG engages broadly among retailers and consumers and
helps businesses in France donate surplus food supplies to charity organizations that feed
homeless people. With the TGTG app, one can donate to an association and participate in
marauding with volunteers and TGTG members. The donated money allows charities to
offer food, clothing, and necessities to those in need [30]. TGTG is a platform established
in Denmark and expanded to 14 European countries. The platform focuses on surplus
food recovery and redistribution. In Qatar, due to its small area (only 11,490 km?), such an
application could also be practical despite the hot temperature of the country. However,
this application is concerned only with surplus food, while the application subject of this
study is designed for both waste food and surplus food.

3.2. ShareWaste Approach to Surplus Food Recovery and Redistribution

The ShareWaste mobile application pairs people who require food with donors willing
to share surplus food. In addition, the application also aims to promote the transformation
of food waste to create valuable agricultural inputs such as organic compost or feed for
animals. The receivers can specify what kind of waste they are willing to accept from
the donors so excessive and unusable scraps are not delivered. The application allows
the donors to drop off the surplus food at the receiver’s location at an arranged time and
date, even if the receiver is not there at the delivery time. The application also has built-in
messaging functionality for the users to ease the process of communication between the
end users. Even though this application promotes transforming organic food waste into
compost, donors must be responsible for delivering the food, which might only be efficient
for some parties, especially if they are institutions.

Such an application may be more effective in surplus food sharing than waste sharing.
This is due to several constraints, including difficulties associated with the transportation
of waste and the absence of the humanitarian drive.

3.3. Food Rescue

The 412 Food Rescue approach involves developing partnerships with nonprofit
organizations, volunteer drivers, and food retailers to connect surplus food with people
going through shortages in food supplies. The program’s donors range from wholesalers,
grocery shops, caterers, and more. The nonprofit partners working with the 412 Food
Rescue program are housing authorities, community centers, and daycare centers. Food
rescue ‘heroes’ get information on where to pick up the food and drop it off [31].

This organization has the closest strategy to this paper’s proposal, focusing on con-
necting institutional organizations and charities in one platform that provides the needed
information. Nevertheless, the organization is focusing on food surplus rather than dealing
with food waste that might occur during the process of saving and distributing the food,
which is one of the main features of the application subject of this study.

3.4. Food Cloud

Food Cloud is an organization that aims to transform surplus food into opportuni-
ties to make the world a kinder place. The organization is based in Ireland, and it was
established in 2013 by two men who aimed to tackle food waste. Currently, it offers three
solutions, retail, hubs, and technology, for food banks. The retail solution is where retailers
have surplus food listed on the app. A local charity receives a notification to collect it,
obtained through self-pick-up. The Hub is a warehouse where FoodCloud stores food
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collected from various donors, such as farms, manufacturers, and distributors, nationwide.
Charity organizations receive an invitation to view and order food in alignment with the
beneficiaries’ requests [32].

3.5. Applications Currently Available in Qatar

There are some emerging mobile applications in Qatar, such as the global Qatar charity
application, a nongovernmental and nonprofit organization that addresses humanitarian
issues worldwide. The application allows users to donate to multiple projects, including
providing meals for families, building shelters, and providing medical care. Users can
choose which countries to contribute the specified amount to or donate to fixed packages set
by Qatar Charity. Additionally, the national mobile applications Rafeeq, Talabat, or Snoonu
are online platforms that connect businesses to consumers by providing delivery options
for various products and services, such as food from restaurants, groceries, pharmacies,
and more. These applications can donate fixed or variable amounts to food projects
aimed at donating food packages to those in need. However, all mentioned applications
work separately without collaboration with other stakeholders to achieve sustainable
management of food surplus or waste, and their work’s capacity is limited.

4. Suggested Conceptual Framework for Efficient Food Management at the National Level

Based on the successful experiences of the applications mentioned above, the follow-
ing section presents a conceptual framework that shows the workflow of a surplus food
recovery and redistribution platform from the beginning to the end. Although the applica-
tions reviewed in the previous section actively contribute towards promoting sustainable
food systems, their workflows still need to meet the concept of circular economy fully. We
aim to provide I.C.T. companies basic information to develop an application that adapts the
concept of a circular economy or zero wastage and optimal management of the food sector.

This research aims to facilitate the creation of innovative prototypes, technologies, and
platforms toward a roadmap for commercialization. Qatar’s innovation ecosystem is a
fast-growing context, but there needs to be more prototypes and knowledge of research
priority areas such as food security. This research aims to contribute to bridging such a gap.
Therefore, the researchers can provide the essential information and explain the main ideas
and workflow of the suggested system, and 1.C.T., based on the information provided, can
develop a mobile application to manage the food waste/surplus in Qatar in collaboration
with academics. This collaboration will raise the creation of potential products and systems
and motivate the young generation to innovate and design through multidisciplinary teams.
Compared to the initiatives mentioned above, the application proposed in this study can
be more comprehensive, cost-efficient, easier to use, widely accessible, and promote more
connection and communications. It also allows daily statistics for the redistributed and
recycled food in tons per day. Such data will help policymakers and researchers control
overproduction and avoid food loss. The application is also very flexible, since it is possible
to implement and expand into different phases in the future, as explained in detail in the
following sections. One of the main constraints of the application lies with the abundance
of surplus food in Qatar and the limited storage capacity of the charities. Figure 2 shows
a conceptual framework the authors suggest as an extension for the current food waste
management strategy in Qatar that aligns with the circular economy.

The conceptual framework aims to provide explanation and information as the bases
for the suggested joint platform acting as an intermediary to connect all parties involved in
the food sector. While it is beyond the scope of our current work to include all application
functionality, we will concentrate on showing the workflow of our surplus food recovery
and redistribution platform together with information on how public—private collaboration
could help in surplus food recovery and redistribution at the national level.
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Figure 2. Suggested conceptual diagrams for the food circular economy in Qatar.

4.1. Application Legal and Heath Aspects

The collection and distribution unit in the food system is critical. This unit aims to
divide the food based on health and safety quality standards. This is based on collab-
oration between health departments, law departments, and customer protection policy
to enforce food safety standards, especially for consumable food. The unit will examine
the food surplus validity and quality to prepare for packaging. For food loss, although
people can consume it, the framework focuses on increasing investments in the processing
market. Thus, the food loss will be stored in specific conditions to transport it to processing
companies to transfer it to byproducts such as fruit jam or tomato paste during the segrega-
tion stage (distribution points). Implementing optimal health and safety rules on cooling,
packing, and transporting goods will increase the opportunity to prolong or keep the food
healthy and valid for human consumption for a longer time, reducing food waste [33].

Nonetheless, completely eradicating food waste and loss might be challenging. Thus,
stakeholders in the food value chain will keep nonconsumable food in specific conditions
suitable for transferring it to recycling companies. Some particular needs to manage
food waste odor include keeping the organic waste in specific waste bins, applying an
appropriate cooling system, and sound ventilation before sending them, as quickly as
possible, to the Ministry of Municipality or the composting companies. We suggest that
implementing food management at the national level with the help of innovative technology
is possible.

4.2. Reimagining Garbage Collection

The Ministry of Municipality oversees the waste management process in Qatar, in-
cluding waste collection, recycling, and categorization. The recycling process involves the
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conversion of various waste streams into recycled materials, such as biological waste (food
waste), into valuable goods, such as bioenergy and fertilizers.

The circular economy approach, which includes Qatar’s recycling program, aims to
reduce waste and maximize resource utilization. The circular economy approach includes
designing products with circularity, encouraging reuse, repair, and recycling, and investing
in cutting-edge waste-to-energy technologies.

4.3. Generating Fertilizer and Bioenergy

The food waste management application is not meant only to facilitate the redistri-
bution of consumable food to others; instead, its primary goal is to get food scraps and
waste to individuals or organizations that wish to use them for various purposes, such as
making compost or for people who grow plants at home. It also allows daily statistics for
the redistributed and recycled food in tons per day. Such data will help policymakers and
researchers control overproduction and avoid food loss. From an environmental perspec-
tive, farmers could convert food waste into organic compost, use it as fertilizers in food
production, or process it into animal feed.

Waste management in Qatar can produce bioenergy using several techniques, includ-
ing anaerobic digestion, gasification, and incineration. Without oxygen, organic waste
is broken down during anaerobic digestion to create biogas, which can produce energy
and heat. Another method for transforming solid waste into a synthetic gas (syngas)
that can be utilized as fuel for energy production is gasification. In incinerating garbage,
waste is burned at high temperatures to create heat or power. There are already several
projects to produce bioenergy from garbage in Qatar. For instance, the Barzan Gas project,
a partnership between ExxonMobil and Qatar Energy, seeks to transform landfill gas into
helpful energy [34]. The Qatar Environment and Energy Research Institute is researching
waste-to-energy technology, while the Qatar Green Building Council is pushing biogas
in buildings.

Qatar can fulfill its rising energy needs, lessen its reliance on fossil fuels, and minimize
its carbon impact using bioenergy from the garbage. Bioenergy can provide electricity for
domestic, industrial, and commercial purposes. Moreover, it may be used to power cars,
reducing the need for conventional fossil fuels. Also, by expanding Qatar’s energy mix and
lowering its reliance on foreign energy sources, bioenergy can be used to improve energy
security. Overall, Qatar has a chance to promote sustainable growth, cut waste, and tackle
the problems caused by climate change through bioenergy.

4.4. Charities’ Role in the Framework

One of the prominent roles of charities is to provide people in need with healthy and
good quality surplus food, whether they are families or individuals. Thus, being part of
this framework will help charities to ease their process and reach their goals. Charities
will receive notifications regarding the amount of consumable food available, and they
can request the amount needed according to their capacity. Automobiles equipped with
designated cooling systems, G.P.S., and well-trained staff are required to ensure that food is
safely loaded, transported, and delivered to needy people in good, healthy, and safe quality.

5. Alignment of the Surplus Food Recovery and Redistribution Framework with the
Circular Economy

5.1. Opportunities

In Qatar, there is scope for the circular economy concept to support the development
of a sustainable closed-loop system that optimizes resource use, value, and reduces waste.
Waste management, especially food waste, is one of the areas in Qatar where the circular
economy may make a big difference [14]. More specifically, the high income per capita is
more likely to drive aggregate food consumption. Consequently, high consumption adds
to the annual waste volume deposited in landfills. However, circular economy initiatives,
such as recycling and upcycling, can help minimize food waste and prevent it from ending
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up in landfills. Furthermore, the concept of the circular economy can support energy-use
efficiency. More specifically, it encourages using bioenergy sources and lowers the energy
required for commodities production and transport. Implementing the different strategies
in alignment with the circular economy concept may lead to new niche businesses and
employment opportunities, especially in the recycling and upcycling industrial sector.

5.2. Benefits of the Circular Economy Concept

Society gains from the circular economy in several ways. First, it encourages sustain-
able development by lessening the adverse effects of economic activity on the environment,
protecting natural resources, and preventing climate change [35]. Second, it generates
employment opportunities in cutting-edge fields, including waste management, recycling,
and renovation. Thirdly, it lessens reliance on scarce resources and promotes resource secu-
rity by diversifying the sources of raw materials [36]. Encouraging the sharing economy;,
lowering inequality, and expanding access to reasonably priced goods and services also
improves social well-being. The circular economy generally provides a framework for
equitable and sustainable economic growth that benefits businesses and society.

The circular economy benefits other businesses by lowering resource consumption,
limiting waste production, and promoting sustainable practices. Companies can implement
circular economy ideas in the construction sector by utilizing recycled materials, designing
for disassembly, and encouraging the reuse of building components [37]. This strategy
decreases waste, lengthens building lifespans, and opens doors for innovative business
models such as circular construction services.

5.3. Circular Economy Initiatives in Qatar

The first and biggest soccer event in the Middle East, the FIFA World Cup 2022 Qatar,
is a crucial example of how the implementation of sustainable practices can support the
circular economy. Pretournament, the Ministry of Municipality developed a strategy to
segregate food waste and collect and process it into organic compost to support planting
and bioenergy for all FIFA stadiums. The production of tons of waste and bioenergy
together demonstrates the strategy’s success.

The FIFA World Cup 2022 Qatar is an example of the successful implementation of the
concept of circular economy in the country. Nonetheless, this success was limited to the
stadiums and football fan zones. We aim to apply the suggested diagram at the national
level and achieve sustainable management of scarce resources in Qatar.

6. Discussion

The Qatar Second National Development Strategy 2018-2022 has set two main targets
concerning waste reduction and prevention. The first target is restricting domestic waste
generation to less than 1.6 kg per capita/day between 2018 and 2025. The second target
targets recycling 15% of solid waste by the end of 2022. The Qatari government approved
the National Food Security Strategy 2018-2023 [17], intending to reduce food waste by 5%,
to be measured against a baseline set as part of the program.

The overarching objective of the Regional Strategic Framework of the F.A.O. is to
reduce food loss and food waste in the Middle East and North Africa (MENA) region by
50% during the next ten years (2014-2024). This objective forms part of a vision to integrate
food loss and waste reduction within strategies and programs that strengthen long-term
food security. In other affluent societies, for instance, in the United States, research shows
that food waste is responsive to price [25]. Consequently, a better understanding of the
nature of food waste is essential in designing price-related policy instruments to curb
food waste.

Environmental and food sector stakeholders can draw several insights from this re-
view. First, producers such as farmers can be encouraged to adopt recycling techniques
that help transform agricultural waste into organic fertilizer for food production [38].
Moreover, granting farmers food-processing licenses is essential for supporting a vibrant
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agroprocessing industry in the country. For instance, the government could fund the
processing of surplus fruits into jams and excess tomatoes into tomato paste. Such food
processing industries are relevant, given the significant increase in local and imported
agricultural produce. Additionally, producers can benefit from adopting artificial intelli-
gence (A.L) solutions in alignment with food production processes that require the close
monitoring of agricultural products [39].

Charities can play a significant role along the food value chain. For instance, charities
use geographical information systems (G.1.S.) to map food insecurity in the country and
facilitate food delivery to insecure households. Moreover, distributing donated food to
charities and voluntary organizations is critical because of their experience in humanitarian
work and considering the health and legal aspects. Efficient waste management planning
that incorporates food waste will enable societal benefits from the waste recycling center
of the Ministry of Municipality (M.M.). Public—private partnerships are also essential for
surplus food recovery and distribution success. As mentioned above, technology and
innovation demonstrate significant solutions to many problems, and using them in the
food sector will provide optimal solutions to manage food surplus, waste, and loss.

7. Conclusions and Policy Implications
7.1. Conclusions

Many countries face the challenge of addressing food insecurity and the need for
food recovery. Consequently, the surplus food recovery and redistribution application
can be generalized to other countries, opening doors for business and software devel-
opment companies. Also, food recycling and transformative small industries are areas
where business incubators and innovation-promoting entities can find entrepreneurs and
projects. Additionally, private sector companies can contribute to raising awareness re-
garding food recycling in restaurants and schools by using green bins or renting onsite
machines. Overall, the government should implement a policy environment that facilitates
the success of innovative solutions that address food loss and waste. Overall, the suggested
platform differs from the existing food services application, as it closes the food circle and
provides sustainable solutions to reduce/manage food surplus, food loss, and food waste
to secure a clean environment and healthy societies for future generations. Moreover, to our
knowledge, our proposed surplus food recovery and redistribution smartphone application
is the first in Qatar.

7.2. Limitations

We present the initial stage of a study aiming to evaluate the viability of introducing
an innovative technology that facilitates surplus food recovery and redistribution in Qatar.
While our research explores similar innovations globally and locally, we still need to present
a software development lifecycle. Also, we envisage encountering hurdles in promoting
the implementation of innovative technology among all the stakeholders in Qatar’s food
system and humanitarian sector. Nonetheless, evaluating the current food system and
its alignment with circular economy concepts set the stage for debates and technological
advancements locally and in other regions sharing similar biophysical environments. The
application idea benefited from the experiences of two active nonprofit organizations
working on food surplus and food loss redistribution and composting in Qatar, namely,
Hifz Al Naema and Wahab. The constraints for participants include the limited operating
hours of the application per day, which is currently from 7 A.M. to 12 PM., and the limited
quantity of food a donor can donate per day due to the capacity issue discussed above.
The application is also closed now for some sectors of society. Only entities with valid
commercial registration or trade licenses can join, meaning the application is not currently
accessible to individuals.

While it is beyond the scope of this research to include all application functionality in
Phase 1, over the course of the proposed application, it will achieve a Technology Readiness
Level (TRL) of TRL5, approaching TRL6 by the end of the project. Overall, the aim is
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to motivate the young generations toward innovation and to encourage public—private
collaboration in this sector.

7.3. Future Direction

This study evaluates the surplus food recovery and redistribution ecosystem globally
and locally. Future studies have opportunities to assess the technical details of the software
development lifecycle of a surplus food recovery and redistribution application in Qatar.
Additionally, the scope of future studies can include the different types of games that
align with game theory to assess potential outcomes for several stakeholders (players)
in the food system. Alternatively, other studies could focus on estimating the costs and
benefits to highlight the economic feasibility of implementing the surplus food recovery
and redistribution application in Qatar. Overall, providing sustainable solutions to reduce
the food surplus, food waste, and loss is an essential component that aligns with the circular
economy concept and ensures a sustainable future.
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