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Abstract


Alongside the development of the circular economy and sustainable food supply chains (FSCs), research on food loss and waste (FLW) reduction and prevention has drawn much attention from academia, practitioners, and governments. The significance of FLW has been highlighted in the literature due to its impact on society, economy, and the environment. We propose a conceptual framework to systematically examine FLW issues within FSCs in the field of operations management (OM). We discuss various types and distribution modes of FSCs where FLW occurs, definitions of FLW, the impacts of FLW, and measures to reduce FLW in the OM field. We further introduce the methodologies that have been applied in existing FLW studies. The contribution of this paper is threefold. First, it proposes a conceptual framework to identify FLW problems within FSCs. Second, it helps to comprehensively understand FLW occurrence and thus stimulate research focusing on FLW from different perspectives. Third, it motivates researchers to discuss FLW issues by applying different methodologies.
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1. Introduction


The Food and Agriculture Organization (FAO) highlights the importance of food supply chain (FSC) management in its 2009, 2011, 2017, 2018, and 2020 reports [1,2,3,4,5], and points out that food loss and waste (FLW) reduction is a crucial part of FSC management to which greater attention needs to be paid. The FAO [4] estimates that one third of edible food for human consumption in the world is lost or wasted, which is equivalent to 1.3 billion tons per year. The target set by the United Nations on FLW is to “halve the per capita global food waste by 2030 at the retail and consumer levels and reduce food loss and waste along the production and supply chains” [6]. Furthermore, the COVID-19 pandemic is causing serious food crises worldwide, and FLW reduction may work as an effective measure to alleviate the food shortages [5] and an alternative way to increase accessible food for a growing population [7], improve long-term economic performance [8], and reduce environmental influence [9].



FLW has recently become a high-profile issue and attracted significant attention in academia, from practitioners, and from governments. However, even though the importance of FLW has been highlighted academically and practically, and studies on FLW topics are various and increasing [10], we are not aware of the studies that provide a systematic and integrated framework to indicate how to analyze FLW issues within FSCs.



We scrutinized existing literature relevant to FLW research up to October 2020 in the databases of Scopes, Springer, and EBSCO. We identified these papers considering various expressions of “FLW” in the keywords list, including “food loss,” “food waste,” “food loss and waste,” “food wastage,” “wastage of food,” and “post-harvest loss.” Within these papers, we selected and studied the articles that were in the field of operations management (OM) as our analytic pool for developing our conceptual framework. In addition, we examined the reports of related organizations, including FAO, the United Nations, and the United States Department of Agriculture.



To enhance the understanding of FLW research, we developed an inductive approach and presented a research framework to help researchers identify possible methods to reduce FLW in the OM field. The contribution of this paper is threefold. First, it proposes a framework to identify FLW problems within FSCs. Second, it helps to comprehensively understand FLW occurrence and stimulate research focusing on FLW from different perspectives. Third, it motivates researchers to discuss and analyze FLW issues by applying different methodologies.



This study is a conceptual analysis based on existing literature. We develop the conceptual framework following the logic steps: literatures review, research scope identification, FLW issue discussion, measures to reduce FLW in OM, analytic methodologies, and future direction projection. Figure 1 describes the structure of this paper.



In the remainder of this paper, Section 2 discusses the various types of FSCs and definitions of food loss, food waste, and FLW. Following the definitions, Section 3 reviews the social, economic, and environmental impacts of FLW. Section 4 describes FLW occurrences and causes in different FSC stages, stakeholders, and distribution modes. Section 5 discusses the measures to reduce FLW in the field of OM and Section 6 introduces some methodologies that can be applied for FLW reduction studies. The conclusion is presented in Section 7.




2. Various Types of FSCs and Definition of FLW


2.1. Various Types of FSCs


Some studies focus on FLW within FSCs without specific attention on product characteristics [11], whereas other studies address FLW in various forms of FSCs, such as perishable FSCs [12], chilled FSCs [13], sustainable FSCs [14], and shelf-life FSCs [15].



There have been some discrepancies in naming FSCs in recent research, such as studies using “agri-FSCs” [16] or “agri-business supply chains” [17] to emphasize the importance of the agriculture sector compared to manufacturing supply chains, or “food value chains” to evaluate FLW from the view of value and cost [18]. These expressions of supply chains in the food industry may or may not examine the same group of products. Generally, characteristics and categorization of food products are two dimensions to be considered when naming FSCs in different studies.



Another group of OM researchers preferred to apply commonly accepted names in their FSC research considering specific categories, such as vegetable supply chains [19], grain supply chains [20], fresh fruit supply chains [21], and dairy supply chains [22]. Others used more specific food products, such as beef supply chains [23] and avocado supply chains [24].



To enhance the understanding of various FSCs and define the scope of the study, some researchers classified food products into kinds of groups with different categorizing methods. For example, Shukla and Jharkharia [25] divided the food products according to whether they were “durable” or “perishable”; Beretta et al. [26] specified the food category, such as “fruits,” “vegetables,” or “cereals”; and Behzadi et al. [27] classified agri-food products into “crops” and “livestock.”



Figure 2 illustrates a categorization and a circulation of FSCs, including the destination of the resource flow. FSCs are used to describe activities that bring the food from farm to fork. To address the value of FSCs, some researchers also used the expression “food value chain.” We could not cover all kinds of FSCs, as there might be thousands of FSCs named by specific food products without mentioning the key word “food.” Thus, we selected seven commodity groups, which are addressed and analyzed in the FAO [2] report as paradigms. Meanwhile, we also considered different expressions of FSCs, such as agri-food or agribusiness supply chains, durable FSCs, and perishable FSCs. To provide a holistic picture of circulation, we included the food-use hierarchy [3], which shows the possible destinations of FLW, and indicates the preferred methods for waste management.




2.2. Definition of FLW


Studies in FLW research interchangeably use “food loss,” “food waste,” “food loss and waste,” “food wastage,” and “post-harvest loss”; however, they may or may not have examined the same aspects of the problems. There are over 100 different definitions of “food loss” and “food waste” [28,29], and the distinction between these definitions is various in the literature [26]. The FAO [2] defines food loss as “the decrease in edible food mass throughout the part of the supply chain that specifically leads to edible food for human consumption,” and food waste as “food losses that are occurring at the end of the food chain.” This definition gives a clear boundary both for food and FSC stages. It segments food by distinguishing edible parts from non-edible parts of food or feed, and unplanned non-food use from planned non-food use. Researchers tend to use different definitions following their own preferences in the context of their research scope, purpose, or research questions.



Adoption of the definitions may impact aspects of the studies such as data collection, model construction, and results interpretation. Each definition has its own focus and may have some limitations or lacking information. For example, the FAO’s definition [2] is widely used in FLW research, which addresses the usage of food products and edibility. However, this definition may not consider the economic losses and practical problems for FLW measurement [30]. We illustrate an apple supply chain to explain the missing information of the FAO’s definition, shown in Figure 3.



We describe a two-round consumption flow, which also could have practically infinite rounds. According to the FAO’s definition, if one round of consumption is considered, the apples that go to the disposal stage, even they are still fit for consumption, are counted as FLW. However, in the two-round consumption scenario, whether we should calculate the products generated from food recovery as FLW or non-FLW depends on the next consumption pathway. In this context, the FAO’s definition creates difficulties in FLW cost and volume calculation from tracking and tracing the products’ flow, and different results from open-loop or closed-loop supply chain perspectives.



The key question in Figure 3’s flow is whether the fertilizer as an input to produce apples is counted as FLW. According to the definition, if the fertilizer, which is a type of recovered food product, goes to human consumption without being disposed of, it should be treated as non-FLW. But what if its output goes to landfill or animal feed? Thus, the FAO’s definition may create some difficulties in FLW calculation from three points: underestimating FLW cost when economics losses occur under the circumstance that the food recovery process costs more than other alternative inputs, tracking and tracing the product flow in each FSC stage, and different results stemming from an open-loop supply chain perspective or closed-loop supply chain perspective. In order to standardize the FLW definition, we suggest considering three points: cost and value, preventability, and the FSC stages, as described in Figure 4.





3. Social, Economic, and Environmental Impacts of FLW


FLW has a significant impact on society, economics, and the environment [31], and these three forces are identified as the impetuses behind the FLW reduction studies within FSC management [32].



3.1. Social Impacts of FLW


Elaborating from ethical and moral dimensions [9], FLW reduction is recognized having considerable potential to increase the food efficiency [2] and in turn improve food security and alleviate global poverty [33]. Pinto et al. [34] highlighted this impact as a way to reduce “social inequality and misdistribution of resources.” FLW social impacts have been discussed in several perspectives, including corporate social responsibility (CSR), cultural impacts, and changes in the patterns of people’s lives related to one other.



	
CSR: FLW reduction reflects the CSR strategies of FSC stakeholders [35] and improves stakeholders’ reputation [13]. Instead of delivering to secondary markets or reuse, redistribution, and recovery, food donation is another way to demonstrate CSR and FLW management strategy [36]. However, considering economic efficiency, CSR may fail to motivate all stakeholders to adopt corrective methods and efforts to reduce FLW, which may call for effective intervention from food policy and regulation by governments [14,37].



	
Cultural impacts: FLW reduction is deemed to have limited impacts on cultural changes, as a certain amount of FLW is perceived to be socially acceptable [33,38]. Zhang et al. [39] analyzed this impact, and indicated that the potential cause of the reduced significance of cultural impact is due to the failing proportion of food cost in total household income in pace with the development of society.



	
Changes in the patterns of people’s lives related to one other: FLW requires close collaboration between stakeholders within the entire food system [40,41]. On the other hand, from the individual level, the encouragement for the implementation of FLW reduction motivates people to live sustainably [42] and changes their behaviors by observing others’ or socially approved behaviors or norms [43].







3.2. Economic Impacts of FLW


Even though economic impacts are discussed or mentioned in almost all research articles related to FLW reduction, current FSC management research focusing on cost/profit optimization tends to overlook the economic impacts of FLW [14]. Initiatives in FLW reduction are considered to contribute to FSC stakeholders’ profits by providing more available products to sell [7], avoiding disposal and input costs [44] and specifically, the fiscal deduction from food donations [31]. Given external limitations (e.g., laws and regulations, credit constraints, and insufficient investment in infrastructure), FLW reduction operations by internally improving the efficiency of FSC management is considered an approach to increase the long-term profit of the entire FSC [45].



In addition, there are some arguments on the economic impacts of FLW. For example, the FAO [2] report emphasized that the reduction of avoidable FLW has a direct and positive impact on the income of both farmers and consumers, whereas Koester [46] noted that given specific circumstances, farmers may accept some FLW as being economically efficient. Relevant analysis on economic impacts of FLW that we observed included but was not limited to:




	
Economic costs of FLW reduction: Due to the costs of implementing, FLW reduction would be higher than the residual value of the product itself [14], and FLW reduction might be treated as economically infeasible under certain conditions. In this context, it requires researchers to analyze detailed and specific costs of FLW reduction initiatives, such as transportation, processing, and distribution network setup costs for recovery, redistribution, and reuse [2], and disposal and opportunity costs of resources wasted and lost [47].



	
Economic benefits of FLW reduction: Initiatives in FLW reduction are considered to contribute to FSC stakeholders’ profits by providing more available products to sell [7], avoiding disposal and input costs [44] and specifically, the fiscal deduction for food donations [31]. From a consumption perspective, they are regarded as being propitious to lower food prices by reducing the imbalances between food supply and demand [2], and save money on purchasing food [48].









3.3. Environmental Impacts of FLW


To not be limited when providing adequate accessible food for a growing population, to improve economic performance, and to be identified as a sustainable solution for FSC by reducing adverse environmental influence [9], FLW reduction has considerable potential value to be studied and tackled. Many studies are from the field of environmental science, which is the largest subject in FLW research. Studies discussing the environmental impacts of FLW are mainly from two streams: the wastage of upstream production resources, such as water [49] and land [50], and waste disposal from downstream, such as greenhouse gas emissions caused by consumption waste [51,52,53,54]. Proper FLW reduction operations are considered to have high potential to reduce the environmental burden [55].



Environmental impact could be evaluated by different disposal technologies [56], life cycle assessment (LCA) methods [32,55], and environmentally extended input–output methodology [57]. The numerical results show that FLW could cause severe environmental problems such as greenhouse gas emissions, natural resources waste, and soil degradation [58]. However, can the practices of FLW reduction definitely alleviate environmental impacts? Lam et al. [55] indicated that proper FLW management has a high potential to reduce the environmental burden, otherwise, it may exacerbate environmental problems. Most articles focused on the environmental impacts that were directly linked to FLW disposal, but did not consider those generated during the other steps of FSC, for example, using chemicals to extend the product’s life, which could reduce FLW but harm the environment, or using storage facilities that consume more electricity. A comprehensive assessment of environmental impacts of FLW reduction considering both FLW disposal and FLW treatment is needed.





4. FLW Occurrences and Possible Causes


4.1. FLW at Different FSC Stages


FSCs are complicated networks found between food producers, processors, distributors, and consumers, and are used to describe activities that bring the food from farm to table, from production to consumption. Distinguished from other supply chains, the intrinsic characteristics of FSCs include weather-related variability [26], uncertain supply and demand [20], limited and fluctuating shelf life [15], uncertain degradation process in quality and quantity [59], and demand for environmental sustainability [60]. These characteristics make the underlying FSCs more complicated and difficult to manage.



FLW can occur at any stage of FSCs. To provide a view of FLW within FSCs, Figure 5 illustrates potential FLW occurrences and causes in a typical FSC. We followed the descriptions of the FSC stages provided by the FAO [4] and summarized potential FLW occurrences and causes from [8,47,50,61].




4.2. FLW at Different FSC Stakeholders


There are hundreds of types or distribution channels of FSCs. In order to have a holistic illustration of FLW occurrences within FSCs, we provide a general discussion on avoidable FLW for stakeholders and distribution modes. Typically, FSCs are considered to embrace the components of suppliers, processors, and retail outlets [62]. However, rather than a unique and standard distribution channel including all components, the distribution channels that are associated with different categories of food products are more likely to depend on the market structure and product characteristics in the food sector [63]. Even in the same industry, different FSCs may include different stakeholders. For example, Tostivint et al. [64] investigated a dairy supply chain, including milk suppliers, collection points, manufacturers, distributers, and retailers, whereas Kaipia et al. [65] considered that this industry includes a milk supplier, logistics service provider, wholesaler, and retailer. In the remainder of this section, we discuss avoidable FLW for different FSC stakeholders.



4.2.1. Farmers


FLW occurs at the initial stage of FSCs, and the reasons are varied, including:




	
Overproduction: For example, due to poor forecasting (lack of technology or experience), food products cannot be sold entirely to wholesalers, retailers, or customers [46];



	
Farmers’ rational choice on the acceptance of some FLW [66]: Farmers may discover that the costs (e.g., harvesting and delivering) of selling their products are higher than the benefits; and



	
Inadequate technologies for cultivation and harvesting [67].









4.2.2. Wholesalers


In developing countries, wholesale markets are often characterized as being small scale, crowded, unsanitary, and lacking cooling systems [2]. Practically, not all distribution channels include wholesalers as intermediaries. For example, online companies may directly contract with farmers, and supermarkets have long and stable relationships with farming co-operatives. However, the wholesale distribution channel is an important aspect of FSCs.



The FLW occurring at wholesalers is often related to poor distribution and storage, and a shortage of a demand for information [2,66]. Longer distribution and storage time and poor facilities reduces the quality of most agri-foods and results in FLW.




4.2.3. Retailers


FLW management at retailers involves many impact factors, such as inventory management, quality management, and supplier management. Studies on FLW at the retail level is varied and increasing. The key focuses of FLW at retailers include:




	
Demand management: Variabilities in demand are one of the significant factors that generate FLW at the retail level. Failures, such as inaccurately forecasting the customers’ demand, unprepared promotions, and over-qualified service level, can result in FLW [31];



	
Inventory management: The literature on perishable food products using inventory management methods is vast. Rather than setting FLW reduction as the key objective, most studies used traditional cost minimization or profit maximization objectives, and indirectly examined FLW issues [68];



	
Motivation in FLW reduction: Quality management, customer satisfaction, and economic concerns are some of the key factors that impact motivation in FLW reduction at the retail level. For instance, to ensure a high level of freshness and customer satisfaction, retailers may dispose of products even they are still fit for consumption. Another example is associated with food donations. Instead of delivering to secondary markets, or reuse, redistribution, and recovery, food donation is a way to demonstrate CSR and FLW management strategy [36]. However, considering economic efficiency, CSR may fail to motivate retailers to adopt corrective methods and efforts to reduce FLW, which call for effective intervention from food policy and regulation by governments [31,37]; and



	
Technology limitations: Inappropriate packaging, storage, and display at the retail level can impact the quality, deterioration rate, and shelf-life of the food products.









4.2.4. Customers


Customer behavior has been well examined in FLW studies. Factors, such as the patterns of human life, shopping habits [69], behavior types [70], knowledge of FLW, and culture [71] significantly impact FLW reduction performance [72].



Besides the key factors above, we summarized other factors coming from the literature; see [23,44,71,73,74,75,76,77,78,79], shown in Figure 6. This fish-bone frame helps researchers to comprehensively understand the possible root causes of FLW generation from the perspectives of both a specific FSC stage and the entire FSC.





4.3. FLW at Different FSC Distribution Modes


From a practical and operational perspective, we identified at least four FSC distribution modes that co-existed, and we named them “traditional mode,” “wholesale mode,” “supermarket mode,” and “Internet retail mode.” We conducted a conceptual framework for these forms of FSC and possible FLW occurrence in these modes to provide an illustration on how differently FLW occurs in these four modes. We also acknowledged that for specific products, the stages could be significantly different, and sometimes even for the same products, distribution channels co-existed.



4.3.1. Traditional Mode


A direct and traditional FSC is characterized by a narrow distribution channel, which is normally led by farmers and traders. Direct sales in regional and local wet markets, corner stores, or roadside stands are primarily located close to the production region. The number of intermediaries is small, and Reardon [80] described it as “geographically short” and “intermediationally short.” The relationships between the seller and buyer are generally limited to simple spot transactions [1], and products delivered via this FSC are low cost and mainly targeted at lower-income urban and rural people [81,82] Figure 7 describes the FSC in the traditional mode and the possible FLW occurrence.




4.3.2. Wholesale Market Mode


The wholesale market mode is an important form of FSC. Jia et al. [83] suggested that around 70% of vegetables and fruits and 20% of meats are distributed to the end consumer via this mode worldwide. The wholesaler is the key player in this mode, and it could directly deliver the products to the final consumers, such as suppliers to school canteens. Figure 8 describes the distribution channel of the wholesale market mode. To avoid repetition, we addressed the possible FLW that could be different from other modes.




4.3.3. Supermarket Mode


Figure 9 illustrates a brief FCS in which supermarkets are the core stakeholder. In this distribution mode, food products can be supplied by wholesalers, producers, importers, or even directly by farmers. In some cases, to ensure efficiency and quality, supermarkets, especially hypermarkets, can have their own distribution centers and contract farms. The FLW problems in this mode are to some extent associated with inventory, demand, quality, strategy, and cooperation issues.




4.3.4. Internet Retail Mode


The booming development of IT and distribution/express delivery enables the implementation of internet retail. This mode is more complex compared to the supermarket mode, shown in Figure 10. However, even though it involves a new stakeholder in the FSC, this burgeoning business mode supports a platform to direct trade for different stakeholders in FSC, and that may potentially reduce FLW by decreasing the total transaction time of the FSCs.



FLW performs differently in each mode, and this concern provides a lens for researchers to investigate the FLW issues in depth, not only considering a sole distribution mode, but also multiple modes.






5. Measures to Reduce FLW in the Field of Operations Management


What are the measures used in FLW reduction, and how do OM researchers demonstrate the efficiency of their measures? Based on these questions, we summarized the key conclusions from the current literature in the field of operations management.



5.1. Sustainable Business Model


The food-use hierarchy [3] indicates that FLW prevention and management are preferable to disposal. Compared with conventional business models, creating a sustainable business model is considered a proactive action to achieve a win–win situation both for economic performance and FLW reduction [55]. Sustainable operations can be realized by constructing closed-loop supply chain models [13], specifically by adjusting the evaluations matrix for business performance [40], or by improving the information sharing about the FLW situation [65].



A sustainable business model that includes an environmental matrix was developed and identified by various methods, such as exploratory case study [13,36], survey [84], LCA analysis [40], multiple attribute decision making (MADM) model [85], and material flow analysis [86]. The results show that through these changes, the performance of FLW reduction can be improved.




5.2. Technological Innovations


Here we considered that “technological innovations” refer not only to the technical improvement of facilities, but also to the innovative actions, methods, and knowledge in practice. For instance, Shearer et al. [43] investigated an innovative action to encourage household recycling behavior and proved that this method can consistently reduce FLW. Li et al. [87] compared the choice between a regular and active package, and discussed packaging decisions in a retail interface. Pinto et al. [34] introduced a method by displaying posters to motivate FLW reduction in university canteens, and indicated that around 15% of FLW was reduced by this new action.



Some studies used quantitative methods instead of qualitative methods. In particular, Haass et al. [88] applied simulation methods to identify the advantage of using intelligent containers to reduce FLW and carbon emissions. Grunow and Piramuthu [89] demonstrated the benefit of applying RFID technology in FLW reduction by employing stochastic optimization methods. At the retail level, Janssen et al. [90] practiced an inventory replenishment model using simulation methods.




5.3. Effective FSC Management


Rather than focusing on the internal structure of individual companies and technological improvement, effectively managing the entire FSC was considered as another approach to reduce FLW. The FAO [2] highlighted that improvement of the coordination level between FSC stakeholders could have a positive impact on FLW reduction. We noted that despite most articles mentioning the importance of policy improvement and government intervention on FLW reduction, only a few papers examined the influence of external regulation on FLW reduction. For example, Katare et al. [91] constructed an FLW disposal tax and government incentive mechanism at the household level and interpreted the interrelationship between FLW and external cost.





6. Methodologies to Analyze FLW


Current FLW studies apply quantitative, qualitative, or a mixture of these methods to address FLW questions. In this section, we review seven different methods that are applied to FLW issues.



6.1. Qualitative Research


We used the term “qualitative research” to encompass studies focusing on case studies, scenario analysis, and theory development, and excluded studies using survey and experimental methods. Figure 11 lists the main topics or research themes of existing studies, along with data analysis tools.



Compared to quantitative research, qualitative research in FLW research not only provides a lens to examine the FLW situation in practice, but also offers a theoretical basis for in-depth research. We scrutinized the qualitative studies, and found some meaningful findings, as described below:




	
Innovative collaboration within FSC stakeholders can positively affect environmental, social, and economic performance [23,42];



	
Appropriate legislation and economic incentives have a positive impact on FLW reduction at the household level [92]; and



	
Logistic solutions that are implemented at different FSC stages are interlinked, which helps to effectively reduce FLW [93].








The findings of the qualitative studies helped researchers justify their assumptions, generalize hypotheses [79], and call for further research that may use quantitative methods.




6.2. Empirical Analysis


Empirical analysis is considered an effective method to explore and interpret phenomena, practices, or circumstances. Studies identified as using empirical analysis on FLW topics are shown in Figure 12.



Survey and experimental methods were used to investigate and explore the research questions. To analyze the data from surveys or experiments, researchers employed various analytical tools and models. Most of the studies used descriptive statistics to describe and summarize the results of their investigations (primarily surveys); others employed regression and SEM models to test the relationships within factors that impact FLW and applied the Trial Evaluation Laboratory (DEMATEL) method to identify key factors [94]. Other methods, including the Bayesian belief networks model [95], thematic-discourse analysis [96], inverse model [97], and fuzzy cognitive map [10], were used to further analyze the survey results.



Both the advantages and shortcomings of the empirical analysis were obvious. As a burgeoning research area, exploratory studies in FLW issues could help explain unstructured phenomena and find the key impact factors. However, due to several limitations such as data inaccuracy and inconsistency problems and geographical limitations, the implications from the survey results could be questioned.




6.3. Life Cycle Assessment (LCA)


Unlike other methodologies, LCA applications in FLW mainly focus on two topics: sustainability and environmental impacts. For example, with regard to sustainability, Salemdeeb et al. [56] used LCA and case study methods to discuss a sustainable business model in Portugal, Lam et al. [55] analyzed FLW issues from the perspective of sustainable management by employing the LCA method, Secondi et al. [98] quantified the amount of FLW generated along the tomato-sauce supply chain using the LCA method from the perspective of circular economy, and Pricipato et al. [99] quantified FLW in the Italian pasta supply chain using LCA. For the environmental impacts, the discussions were various, such as the environmental impact of FLW [32,58,100], and an environmental comparison of packing alternatives [101]. We further observed that discrepancies in geography, FSC stages, and root causes of FLW created different values in these studies.




6.4. Deterministic Optimization


OM researchers employ deterministic optimization methods to help with decision making in production, transportation, distribution, and other stages. To sharpen the trade-offs in FSC and improve the accuracy of the decisions, we needed to develop models targeting optimal decisions or solutions both for each stage and for the entire FSC.



Distribution problems are one of the significant issues in the production stage [102]. Orgut et al. [103] presented a distribution model to achieve the optimal solution for donated food considering the trade-offs between equity and effectiveness. Differentiating from maximizing the distribution amount, Entrup et al. [104] integrated the product’s shelf-life parameter into the price function, and Ahumada and Villalobos [102] considered FLW cost in their planning and distribution model. Both works integrated the FLW variables into the objective function, and engaged in maximizing the producer’s total profit. Corresponding to these decisions in production planning, Banasik et al. [62] developed a multi-objective deterministic model to evaluate the production options and aimed to identify an eco-efficient solution. Using deterministic optimization in FLW research is scarce. Delivery scheduling [105] pricing and inventory control [87], tax and government intervention [91], and transportation and storage trade-offs [19] are some of the identified topics using this methodology.




6.5. Stochastic Programming and Robust Optimization


Stochastic programming has been applied in various FSC problems, considering different uncertain factors such as yield [106], shelf life [14], price [107], demand [44,68,78,108], and inventory [89]. Rather than an application of deterministic approaches in FLW reduction, which tend to integrate FLW as a parameter into the objective function or constraints and indirectly reflect FLW issues, a few studies directly focused on reducing FLW using stochastic programming. The following representative example is given to illustrate how decisions are made under uncertainty, and how these decisions relate to FLW reduction performance. From a gleaning operations perspective, Lee et al. [18] distinguished their model from other operations settings by considering the uncertain arrival time of donations and gleaners’ attendance. This work presented a stochastic model that aimed to construct a mechanism to improve gleaning operations performance and minimize FLW by considering a trade-off between appointment capacity and gleaner capacity.



Unlike traditional assumptions that the demand is deterministic, demand uncertainty has been discussed as a key factor to enhance the application of FSC management in practice. Dealing with similar uncertainty issues, robust optimization that adopts a different mathematical formalism from stochastic programming is also applicable in FLW reduction problems using the min–max approach. For example, Zhang and Jiang [109] presented a multi-objective model under the case where the price of biodiesel produced from waste cooking oil was uncertain. Their results provided a treatment of waste cooking oil, in turn reducing FLW. An and Ouyang [106] employed a robust optimization approach to designing the grain supply chain by considering the trade-offs between FLW and harvest timing.




6.6. Simulation


Here, a simulation approach includes simulation and simulation optimization. The advantages of applying simulation in FLW issues are noticeable: It allows OM researchers to quantify the effects of uncertainties and variabilities [110], test the different scenarios [111], measure the performance of a new technology [88], and study the relationships between causal factors [112]. It also can be a useful tool to show the effectiveness of technical, logistical, and marketing interventions [13].



Besides simulating the process, structure, or settings in the FSC, a simulation model is often combined with other methodologies, such as empirical analysis and qualitative research, to analyze FLW problems in depth. Teller et al. [113] conducted an exploratory research on retail store operation and FLW. To detect the root causes of FLW, that work simulated the operations process, followed by analysis with case study research, and finally confirmed the findings via the results of their investigation. Janssen et al. [114] developed an inventory model, and further employed simulation methods to demonstrate the improvement of the new decision on the performance of FLW reduction. Fikar [115] focused on the trade-offs between FLW reduction and minimization of the travel distance in e-grocery delivery. That work constructed a simulation model to optimize the performance of the inventory and delivery operations.





7. Discussion and Conclusions


Practically, we identified that companies are trying to tackle the challenges in reducing FLW through business mode innovation, inventory control, advanced technology adoption, and collaboration. Consumers are converting their consumption behaviors, purchasing habits, and food storage methods. Governments are working on regulations and policies to encourage FLW reduction. However, companies, governments, and consumers alone may not be able to reach the sustainable development goals by reducing FLW, which require efforts and actions from the entire FSC. This raises questions such as how to identify and quantify FLW from the perspective of FSCs, which methodologies are applicable to analyzing FLW issues in FSCs, and how to reduce FLW in different types of FSCs. To answer these questions, our research provides a framework to investigate FLW issues within FSCs.



In this paper, we first discussed various types of FSCs and a definition of FLW, which gave a clear research scope and helped to accurately quantify and report the volume of FLW in different FSCs. Following this discussion, we investigated FLW occurrence and possible causes in different stages, stakeholders, and distribution modes of FSCs, which aimed to motivate OM researchers and practitioners to study FLW problems in-depth by considering different scenarios. We further introduced the methodologies applied in OM research that provide an overview of the applicable methods and stimulate OM research using diversified methodologies.



Although FLW-related studies are increasing, research scope is expanding, and the methods employed are diversifying, compared with other topics, such as FSC management and waste management, FLW reduction from an OM perspective still needs to be further developed, and more research on FLW in OM is called for to address the complex and volatile political, economic, and social situations and rapid scientific technological advancement.



The framework we presented was based on previous research, and future frameworks should focus on filling the existing research gaps and addressing the future challenges. We identified that the possible research opportunities could be as follows.



7.1. Empirical Analysis on FLW Relationships


Practically and academically, the relationship between FLW management practices, FLW reduction performance, and economic performance is vague. Further empirical research focusing on such topics is expected. The variables of FLW management practices, namely, internal FLW management, external FLW management, FL reduction design, and supplier relationship-specific investment, need to be considered.




7.2. FLW Reduction Performance in Different Distribution Modes


To improve the efficiency of FSCs and reduce FLW by decreasing the layers of middlemen, Walmart developed the Direct Farm program in developing countries. However, how can this change help FLW reduction performance? It might need to be further analyzed. Shortening the FSC might reduce the FLW that is due to spoilage during the distribution. Nevertheless, it could also increase FLW due to reasons such as small farmers and producers not being well aware of the market demand regarding quality and quantity compared with large-scale wholesalers, or coordination problems. The trade-offs in the decisions and the comparison for different distribution modes can be included in future qualitative and quantitative research.




7.3. The Impact of Redistribution on FLW Reduction Performance


Studies focusing on the inventory management of perishable food products are vast, however, we identified that as an approach to manage inventory and reduce loss, the research related to the redistribution of food products was limited. Our framework lists four distribution modes that exist or co-exist practically, however, we did not include the redistribution channels, which can be formal or informal food donation, reverse logistics due to cancellation or rejection of food products, etc. Further studies are suggested to examine the impacts of redistribution on FLW reduction [84], and the comparison of FLW issues in the redistribution channel under different distribution modes.




7.4. FLW Calculation and Quantification


FLW calculation and quantification problems were mentioned in many research papers [25,116]. Secondi et al. [98] quantified the amount of FLW generated along the tomato-sauce food supply chain, and Pricipato et al. [99] developed an FLW accounting and reporting standard and use it to quantify FLW in the Italian pasta supply chain. However, one of the key questions before solving this problem was how to define FLW. As we discussed, there are hundreds of different definitions of FLW, and this inconsistency has a significant influence on FLW’s magnitude, optimal result comparison, and research scope. Elimelech et al. [117] presented a new measurement method by measuring daily produced food waste at the household level, van Herpen et al. [118] assessed five methods to measure household food waste, and Elimelech et al. [119] discussed the difference between self-reported and measured food wastage. Future research can integrate FLW definition and quantification into the solution, and provide feasible policies and regulation suggestions.




7.5. Comparative Research


Due to the inconsistency in FLW definitions, quantification, and segmentation of food products, cross-country comparative research is considerably difficult. Current studies mainly focus on a specific country or zone. Besides the FAO report, which focused on the global level, more interesting topics can be raised by this direction, such as comparative studies in FLW reduction approaches, potential options and tools, and root causes at a cross-country level.




7.6. Action Research (AR)


AR is a qualitative methodology widely used for research in OM [120]. AR aims to contribute both to the practical concerns in an immediate problematic situation and to the goals of social science by joint collaboration within a mutually acceptable ethical framework [121]. However, almost no significant studies using the AR method can be found in FLW research. As an impactful method to contribute both to theory and practice [122], future studies employing AR have great potential value in FLW research.




7.7. FLW under the COVID-19 Pandemic


The COVID-19 pandemic aggravated the situation of acute global food insecurity. It created huge uncertainties in demands and disruptions in global food supply chains and interrupted the flows of foods or inputs for agricultural production. Fleetwood [123] discussed social justice, food loss, and the sustainable development goals under COVID-19. To deal with the challenges, many food companies have worked closely with governments and their trading partners to fight the pandemic. A variety of topics can be examined in the context from the perspectives of how to enhance FSCs and reduce FLW through innovations in network structures and business models enabled by digital technologies and big data analytics, including the adoption of digital technologies, FSC restructure, collaboration with FSC partners and stakeholders, adoption of omni-channel by food processors and retailers, food service model innovations, best practices in FLW, and bullwhip effects caused by the pandemic, etc. Moreover, there are some contradictory results within existing studies, which calls for further research on FLW under the COVID-19 pandemic. For example, one study showed that during lockdown most households in Italy reported a reduction in food waste [124], whereas another study based on a survey in Japan revealed that the influences on household food waste were different between high- and low-impact regions [125].
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Figure 1. A brief framework to analyze FLW problems within FSCs. 
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Figure 2. An illustration of FSC categorization. 
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Figure 3. The flow of an apple supply chain. 
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Figure 4. FLW definition. 
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Figure 5. FLW occurrences and possible causes in FSC stages. 
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Figure 6. Avoidable causes of FLW generation. 
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Figure 7. Traditional mode and possible FLW occurrence. 
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Figure 8. Wholesale market mode and possible FLW occurrence. 
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Figure 9. Supermarket mode and possible FLW occurrence. 
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Figure 10. Internet retail mode and possible FLW occurrence. 
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Figure 11. Studies applying qualitative research. 
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Figure 12. Studies applying empirical analysis. 
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