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Exploring the link among food loss, waste and food security: what the research should focus on?
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Abstract
Food loss and food waste are highly debated topics and likely to stay in the research agendas for the next decades. Their relevance is not only important for developing economies, but also for developed economies, especially due to the impact that loss and waste have on the status of food security. In the present editorial, I comment on how research agendas should be shaped in order to focus on emerging issues, and put emphasis on the topics closely connected to the emerging literature on the circular economy.
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Background
During the last decades the growth of the agri-food sector has been parallel to several other dynamics, such as countries’ specialization, trade openness, and socio-economic inequalities. These changes have not eliminated the threats for food insecurity, a complex and multi-faceted phenomenon [15]. Indeed, they have added further challenges on the global agenda: the share of food-insecure people is still high, with an estimate (before the pandemic) of 680 million people being food insecure [6] that are expected to increase after the pandemic.
Among the major threats that the global changes are imposing on food security, it is important to mention the increase in the amount of food lost and wasted. Wasting food is a relevant issue for (at least) two reasons: it emphasizes the need for economic efficiency, the necessity to produce foods for those who need it without losing (significant) shares of produced goods due to spoilage of inefficiencies in logistic; it calls for a reflection on the ethical concerns that the current production system imposes on our society.
The terms “food loss” and “food waste” are frequently used as synonymous, while they refer to different aspects of the same problem as suggested in Schuster and Torero [23]. Food loss, both production and post-harvest losses, refers to the accidental reduction in the quantity and quality of food before consumption. Potential food losses are also associated with food lost, due to pests and diseases, limited harvesting techniques, price volatility, or food not produced, due to the lack of agricultural inputs [19–21]. Differently, food waste refers to the intentional discard of food suitable for the human consumption.
To put all these issues in one term, food waste and food loss are detrimental for the status of food security, and, by implying sustained prices [17], impact on the compositions of diets [3], that are sensitive to income and price changes [18, 24]. While the global demand for food grows, millions of people suffer from undernourishment worldwide [1]. About 1.3 billion tons of edible foodstuffs (one-third of the global food production) are lost or wasted along the food supply chain [9].
Food loss and waste may occur during production (e.g., pre-harvest, harvest, breeding), post-production procedures (e.g., handling, storage, transport), processing (e.g., canning, packaging, transformation), distribution (e.g., retail, transport), and consumption (e.g., preparation, table) [23]. The inefficient use of resources within the agri-food systems impacts on the three dimensions of sustainability: from the environmental perspective, food loss and waste contribute to natural resource depletion and environmental pollution; at the economic level, the impacts of food waste are substantial especially at the consumption and retail stages; from the social point of view, food loss and waste, by reducing food access and availability may undermine food security [4, 10].
The reduction of food loss and waste along the supply chain, from production to consumption, is essential to improve food security while reducing pressure on natural resources [9], as stated for the Sustainable Development Goals envisaged by the 2030 Agenda for Sustainable Development [25]. The global food losses and waste are constantly monitored1 on the basis of the Food Loss Index (FLI) and the Food Waste Index (FWI). While the FWI comprising the retail and consumption levels is still under development, the FLI considers food losses occurring from production up to the retail level.
What the literature has already emphasized and what needs to be further investigated
The first author that has investigated the connections between food loss and food security is likely to have been Nyambo [12], with the important claim farmers in Kenya, by reducing food losses (due to post‐harvest grain handling technology) are capable of enhancing food security.
After this pioneering study, the linkages between food loss and waste and food security have remained under-debated for a couple of decades. At the beginning of the new millennium Marsh et al. [11] focused on the impact that food losses along the global food supply chains have on food security and concluded that food losses are consistent for the vast majority of traded agricultural commodities. These studies have legitimated the strand of literature devoted to exploring how food losses increase food insecurity in developing countries, the most dependent on trade and in need of innovations.
More recently, Eikenberry and Smith [5] pointed out that food recovery and donation programmes may help reducing the amount of wasted food, and thus contribute to improve the status of food insecurity in most developed countries.
Containing losses and waste would help cutting the use of resources (i.e. water, energy) used for food production, with benefits for the environment and for the status of food security. In order to reduce food loss and food waste, governments are adopting legislative and non-legislative initiatives and consumer awareness campaigns [23] to favour the transition towards sustainable agri-food systems and supply chains that ensure food security in a green and circular economy perspective. For instance, countries in the European Union are committed to halve per capita food waste at the retail and consumer level and reduce food losses along the food production and supply chains by 2030, to meet the Sustainable Development Goals. To this end, since 2015, the European Commission took actions to prevent food losses and waste under the Circular Economy Action Plan, based on three major principles: reduce, reuse, and recycle (e.g., [14]).
Efficient containment policies along the entire agri-food supply chains may contribute to save water and energy and to implement an integrated resource use in a green economy [2]. Several topics are promising and should be explored more and more in order to follow new trends observed in the food industry [19, 20]: the development of improved food harvest, storage, processing, transport and retailing processes, the adoption of new technologies; the organization of farmers in cooperatives or professional associations; the promotion of awareness campaigns for retails and consumers; the development of communication strategies among all participants in food supply chains; the promotion of reuse and recycle strategies in a circular and green economy perspective. The recognition of sectoral interconnections may help to improve cross-sectoral collaborations to achieve long-term economic, environmental, and social goals [22].
Another issue that should be on the research agenda is the relationships linking water and energy use to the status of food security. The global agri-food systems consume large shares of water and energy for food production and supply chains. Agriculture accounts for 72% of all water withdrawals [26] and food production and supply chains are responsible of about 30% of total global energy consumption [6, 7]. In addition, in the global energy mix, the fossil fuel production (highly water-intensive) is still dominant with respect to renewable energy sources (less water-intensive).
Understanding the water–energy–food security nexus is crucial to achieve the UN Sustainable Development Goals: the domains “water”, “energy”, “food” are strictly interrelated and the achievement of social, economic and environmental goals in a perspective of sustainable development depends on an efficient management of these resources [8]. Global projections indicate that—due to a growing population, a rapid economic development and the urbanization, the changes in diets and the climate change [8]—the demand for water is expected to increase by 55% by 2050 [13], the energy consumption is expected to grow by up to 50% by 2035, and demand for food is expected to increase by 50% to feed the more than 9 billion people projected by 2050 [6]. Focusing on the nexus between water, energy, and food would help facing the global challenges that the globe.
To sum up, it is advisable to wisely orient the future research on understanding the interrelations between food loss and waste and food security. To this aim, scenario analyses would be useful to explore strategic decisions (e.g., policy, investment, technical intervention) planned or adopted to contain food loss and waste. In order to analyse the food loss/waste-food security nexus and assess the implications of containment policies, reliable, relevant and timely data is needed. Evidence-based analyses of the implications of food loss and waste on food security, supported by high-quality and available data, would provide key information to policymakers aimed at promoting environmentally, economically, and socially sustainable development.
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Footnotes
1For instance, the FAO provides an in-depth look at what food is being lost and wasted, and where. The FAO’s Food Loss and Waste database is a large collection of data on both food loss and food waste containing information and measures of food loss and waste across food products, stages of the value chain, and geographical areas.
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