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Food losses in the agri-food sector have been estimated as representing between 30 and 80% of overall yield. The

agro-food sector has a responsibility to work towards achieving FAO sustainable goals and global initiatives on

responding to many issues, including climate pressures from changes we are experiencing globally. 

regeneration  food innovation  sustainability

1. Food Waste and Sustainability Impact

Food losses due to the processing and production operations of the agri-food sector have been estimated to

represent between 30 and 80% of overall yield , and this can be up to 1.3 billion metric tons of food material

wasted each year, as illustrated in Figure 1. The majority of the losses have been calculated as originating from

waste issues in the fruit and vegetable industry (possibly due to the high perishability of such products). However,

the aqua food industry and meat industries closely follow the overall amount of production and processing loss

related to supply chain issues .
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Figure 1. Pictorial representation of total amount of estimated food waste and loss per year based on the primary

sectors.

2. Distribution of Origins of Food Waste and Loss across the
Globe

Many researchers have illustrated that this issue of waste material originates from processing, supply chain and

consumer use stages of the lifecycle of food rather than production losses specifically derived from farming

practices . This is also dependent on culture and governmental influence. For instance, in Australasia, the

amount of food loss from grocery supply chains accounts for 5–6% of all food loss, whereas in Europe, the figure is

close to 16%, whilst in Asia, this can be between 20 and 30% . The research from Martindale et al.  illustrates

the need for an integrated approach to achieve the goals of sustainability, which we have been addressing for a

while, and that this needs to reflect strategies to reduce the impact of climate change on the supply and security of

the food and beverage industry. Table 1 illustrates a recent estimate of global food waste produced on behalf of

each household in major countries throughout the world. What it illustrates is that there is a significant variation in

the estimated food waste per capita each year depending on regionality and supply chain procedures . What is of

interest is the per capita differentiation between countries, possibly due to cultural influence.

Table 1. Estimated scale of food waste per household on an annual basis in selected countries data obtained from

.

[2]

[3] [2]

[3]

[3]

Country Total Annual Food Waste (Tonnes) Food Waste per Capita (kg per Person)

China 91,646,213 64

India 68,760,163 50

United States 19,359,951 59

Japan 8,159,891 64

Germany 6,263,775 75

Australia 2,562,110 102
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3. Potential of Digital Technology in Guiding Us through
Process Optimisation

The development of the Internet of Things (IoT) will aid the digitalisation of the food processing and production

sectors, and understanding the data that is within such studies would help improve our insight into the potential

methodologies we can employ to reduce waste as well as optimise industry processing. For instance, Caldeira et

al.  approached the issue from a mass balance exercise across multiple stages of the lifecycle analysis within the

food industries in Europe and broke the potential of waste generation into specific areas across the lifecycle of

food. Such a high level of waste has been subjected to evaluation in relation to the FAO sustainable goals and

global initiatives in harnessing food ingredients from secondary side streams of the agri-food industry . The focus

of the analysis by Caldeira et al.  was on the opportunity to develop strategies that could address Sustainable

Development Goal 12, which emphasises ensuring sustainable consumption and production patterns across

society and which has led to governmental policy documents outlining a proposal to reduce levels of waste by up to

a half by 2030.

4. Sustainability, Food Waste and Environmental Concerns
on Food Valorisation

Figure 2 is a simplistic diagrammatic representation of the complexity of the factors involved in food waste

utilisation in the food industry. Researchers have identified that food waste quantities vary across sectors and

regions, with differences in practices, infrastructure and cultural norms impacting the amount of waste generated.

[4]

[5]

[4]
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Figure 2. A simplified pictorial of the independent components that interact when considering food sustainability

and security. In particular, there is a dependency on supply chain, processing and production systems in reducing

waste generation in order to protect the environment for the future.

The environmental impact of food waste is considered a high priority from a governmental policy framework as it

contributes to greenhouse gas emissions, as decomposing food releases methane in landfills. The FAO has

reported that the carbon footprint of food waste could be as much as 3.3 billion tons of carbon a year, having a

significant effect on the levers of climate change . The impact of high levels of food waste on sustainability and

resource use cannot be underestimated, especially in the food production and processing industries, which

consume resources including water, land and energy. As such, this waste production exerts economic implications

as loss of resources invested in production, transportation and distribution. It affects profitability for businesses and

can lead to increased costs for consumers as well as food scarcity .

So, while the wasting of foods across the supply chain raises ethical concerns in a world where millions of the

population face hunger, it remains a possibility that redirecting food waste to those in need can address some

aspects of food insecurity issues. This emphasis on employing measures to reduce waste production in a short

period of time has also created intense interest in the opportunity to recover and reuse waste from production and

process operations . Much of the focus has been on improving the recovery rates from plant-  and meat-

[5]
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based material  to reduce the impact on the environment and create added-value products that can be used as

ingredients in the circular economy within food ingredient utilisation. These initiatives have a beneficial effect in

terms of recovering potentially powerful bioactive compounds, which may be effective in the improvement of

human health, with research illustrating the potential to utilise waste streams from plant-based products as

enhancers to the nutritional quality of processed foods .

It is undeniable that as the growth in the world’s population steadily progresses toward the figure of 9 billion

individuals, the stress and strain applied to the food production and processing systems upon a delicate global

environmental fabric will need to be addressed rapidly . Reflecting on this from a purely academic viewpoint,

we, as thought leaders, have a responsibility to act as stewards for the future and develop a sense of governance

of our land and waters, together with food systems regionally, nationally and globally. A word that springs to mind

when considering this situation is that of curation. We have the duty to be mature curators of our future whereby,

being respectful of the past, we can establish a new vision for the future with the principles of stewardship and

governance securely at the centre of our decision-making processes.

5. Can Valorisation Be the Answer to Sustainability and
Regeneration

This could include the role of waste recovery and reutilisation to address issues of sustainability and food

insecurity, with researchers indicating that up to 2% of global food consumers are facing real-life food insecurity

issues, which means that up to 2 billion people are witnessing the effects of malnutrition . The signposts are

clear and evident for all of us reading academic literature as well as social media content, namely that things have

to change. The term regenerative food innovation attempts to create a vision whereby researchers, policy makers,

industry stakeholders and the global consumer body can move not only to return to what was considered

appropriate in sustainability and security systems of the last decade or two but to reinvent these systems to create

newness and a more sustainable and secure future for food production, consumption and innovation. Tittonell et al.

 recently reviewed the importance of regenerative agriculture in providing agroecological solutions to

sustainability across diverse cultures and governments. The authors highlight that the proponents of regenerative

agriculture aim for outcomes beyond what sustainability can provide by establishing a balance between agricultural

use and practices of the land, which is deeply connected to the concept of governance of land and areas. This

could be a mixture of cultural–historical practices, socioeconomic pressures and sovereignty of lands and waters in

a complex interconnection of themes (Figure 3).

[11]
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Figure 3. Simplistic representation of factors interplaying with the socioeconomic and geopolitical cross-cultural

drivers for regenerative food systems.

There is undoubtable a link here between understanding production practices and process operations in order to

achieve some of the future benefits we are seeking. For instance, Das et al.  have evaluated the impact of food

production and storage processes in order to enhance both food security and sustainability in emerging nations. A

good example of this is the recent study that examined the effects of climate change and maritime security in the

Indo-pacific regions, as this has direct effects on smaller nations where land-based agricultural systems are only

part of the story for sustainability and security issues, as they rely heavily on maritime resources for trade,

economic development and basic provision of foods . At the same time, Bhatkar et al.  illustrated that

concerns related to production, processing and post farm gate systems are essential in creating efficiencies in the

overall supply chain of food production. Careful consideration of each step in the food production and processing

cycle will illustrate potential savings to be obtained at the pre-farm gate stages, harvesting and preparation,

ingredient generation and food production operations, as well as cold chain systems and consumer utilisation.

Small gains from each of these stages, when combined, could create large wholescale benefits in terms of

sustainability savings. Indeed, supply chain dynamics and improving the resilience of blockchains are major

subjects in addressing the sustainable development goals placed on food systems .
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