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ABSTRACT

This article addresses the inefficiencies in the food
production system (aka continuum) within the nexus of
and water systems (FEWS). The food

food, energy,

processing industry in the U.S. and worldwide, is
responsible to excessive food waste. The processed foods
continuum ranges from minimally processed and ready-to-
eat items to complex preparations requiring packaging and
controlled temperature storage. Food waste is a very
complex issue that cannot be ignored because it is directly
associated with serious challenges in food security and very
negative impacts to the environment. The pressing need to
produce more food at a lower cost to the environment by
2050 makes improvement of the farm-to-table processing
stages both challenging and essential. Water and energy

demands by the food processing industry are continuously

increasing. Wastewater controls and best practices at the
processing and post- consumption stages are highly
effective in reducing the water footprint. Current efforts to
reduce the food waste stream within the processing chain
are minimal and clear benefits to food manufacturers are
not well defined and almost non-existent. The food industry
must get more involved with local and federal agencies to
understand the impact of reduction strategies in the food
waste stream. To efficiently feed humanity in 2050 and
beyond, innovative technologies must be developed, and
new societal norms must be adopted, that support food
waste mitigation and management across all stages of the
food processing continuum. These efforts should help
improve access to nutritious food, lower energy-to-food

ratios, and optimize the reduction of food waste streams.
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Food systems.

Introduction

The Food and Agriculture Organization [1]
identified the four pillars of food security as availability,
access, utilization, and stability. As more countries rely on
specific commodities to provide the required nutrients and
caloric intake, the availability of food supplies is threatened
[2]. As diversification of crops and other commodities are
necessary to ensure food security worldwide, within the
nexus of food, energy, and water systems (FEWS),
mitigating and managing material waste is a crucial factor in
fostering food security, improving resource efficiency and

reducing environmental impacts.
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Food systems are often defined along a farm-to-
table (aka field-to-fork) continuum. Yet, more sustainable
and resilient food systems may need to consider resource
inputs and outputs from soil-to-soil, akin to the cradle-to-
cradle model in progressive industrial systems. Managing
food systems as a cyclical flow of natural resources, within
human-scale spatial and temporal domains, can support
innovations in food waste mitigation and management.
Generally, a cyclical food system is divided into five
interconnected stages: (1) agricultural production; (2)
processing and manufacturing; (3) transportation, storage,
distribution and marketing; (4) consumption at home or
foodservice operations; and (5) post-consumption waste
diversion and conversion.

Engendering equality and security in food systems
and services are two of the biggest challenges facing
humanity. Concerns about the quantity and quality of
energy and water supplies amplify these problems as food
systems are natural resource intensive. Furthermore, a
growing global population needs more effective strategies
for reducing food waste and minimizing water and energy
consumption at various stages across food systems. In this
article, the concept of food waste refers to inefficiencies or
underutilization of material resources across any stage of a
food system. This article addresses common challenges to
food waste throughout the FEWS nexus and highlights a

selection of potential solutions.

Food Waste Challenges Throughout the Food

System

By some estimates, food production may need to
be doubled by 2050 in order to satisfy the needs of a world
population projected to grow to more than nine billion. [3]
However, other perspectives suggest humanity already
produces enough food to feed not only those billion
humans in hunger today, but additional billions yet to be
born [4]. Thus, poverty, inequality, and misallocated
resources are also factors of food system waste all-too-
often overlooked. Additionally, approximately 1.3 billion

tons of foods are wasted every year worldwide [5], further
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supporting the need for understanding and improving the
relationships between food supplies and demands.

In the United States (U.S.), 40 percent of edible
food is sent to landfills or remains unharvested at farms [6-
8], while 80 percent of the waste comes from perishable
foods. Several potential causes for, and indicators of,
wasteful food systems have been evaluated [8, 9]. The U.S.
food system uses more than 50 percent of arable land, 80
percent of freshwater and 10 percent of the total energy
budget [5, 8-10].

Overcoming the food security challenge is difficult
because ‘more food must be produced at a lower
environmental cost in a resource constrained environment’
[3, 11-13]. Thus, monitoring, measuring, and modeling the
connections among the food, energy, and water sectors
using a ‘nexus’ approach is necessary to understand the
challenges and empower practical solutions [14]. Strategies
that pay attention to the food waste across the FEWS nexus
should aim to also support more universal access to
abundant nutritious, safe food products that ensure healthy
diet habits and alleviate hunger while mitigating the
negative environmental impacts of the five stages of food

systems [15].

Challenges and Potential Solutions

Food Waste and the Environment

Food waste has negative environmental impacts,
most prominently the increase of greenhouse gas emissions
(CO2, methane, and nitrogen-based compounds) as food
decomposes [14]. In response, the U.S, Environmental
Protection Agency and U.S. Department of Agriculture have
established a national goal to halve food waste by 2030 [5,
9, 16, 17]. Strategies to reduce food waste will diminish its
impact on the environment including implementation of
composting and recycling programs to reduce greenhouse
gas emissions, use of new and more recyclable materials in
the packaging of foods, and more efficient disposal and

materials management methodologies (USEPA, 2015).

This work is licensed under a Creative Commons Attribution 4.0 International License.



Journal of Food & Nutritional Sciences [2019; 1(3):90-94]

Food Waste and Water Use

Water use in food systems is a pressing issue as
demands for water will continue to increase as food
production targets increase. Though local conditions will
vary, climate change is likely to limit access to freshwater
sources, increase drought conditions and water pollution,
affect harvest vyields, and decrease land productivity [3].
Strategies to reduce wasteful water use at the production
stage of a food system include changes in irrigation
methods to provide more crop per drop [3], adoption of
practices that reduce water use such as no-till agriculture,
and precision farming. Effective and safe on-farm storage
practices may further reduce food loss and waste. The food
processing industry is one of the largest consumers of
energy and water because, in the food processing plant,
water is used as an ingredient in raw or finished foods, in
production, or as an industrial utility [18]. There are
opportunities to reduce water usage at this stage by means
of careful water-reduction policies, plans, and enforcement
of emerging technologies that reduce water consumption
and improve water reuse. Wastewater controls and best
practices at the processing and post-consumption stages are

highly effective in reducing the water footprint [19-21].

Food Waste and Energy Consumption

U.S. food systems energy consumption is mostly
used for refrigeration, cooking, heating, sterilizing and
motor-driven systems such as conveyors and other
equipment [22]. However, the high energy-to-food ratio of
10:1 is often overlooked [23]. This problem of the FEWS
nexus has historically been addressed with energy efficiency
and fuel switching initiatives such as alternative and
renewable energy sources, conversion of agricultural waste
into power and increased used of biofuels [23-25]; [14].
Emerging technologies such as high-pressure processing,
pulse and electric fields, microwave, ultrasound and

infrared heating and drying have the potential to reduce

energy usage in food processing plants.

Open Access

Food Waste Management

Efforts to minimize food waste in service
industries, institutions, schools, and homes mainly focus on
measures to decrease and divert the amount of solid waste
that would typically be landfilled. Several programs are
already in place to divert ‘ugly’ foods from the waste stream
to foodservice facilities around the world including the U.S.
In the U.S., some states offer tax credit for donations of
wholesome food to food banks. However, these efforts are
currently minimal and there is need to clearly describe the
benefits of these tax incentives to the food manufacturers.
The food industry needs to get more involved with local and
federal agencies to understand the impact of these
reduction strategies in the food waste stream. Waste
management categorization methods have proven useful at

the production stages and further analysis must be carried

out at the processing and consumption stages.

Food Waste and Human Behavior

Consumers account for 21 percent of food loss and
waste in the U.S. Unified education efforts directed at
consumer food purchasing and eating behaviors, as well as
portion size offerings in foodservice facilities, must be
implemented to create a systemic transformation in
consumer and food business employee awareness of their
roles in the amount of food waste produced [26-30] [8].
Consumer education is highly cost-effective and critical to
the overall success of food waste reduction strategies.
Other strategies include increasing consumer awareness on
the effect of household storage, preparation and disposal

on food waste.

Conclusions

To efficiently and equitably feed humanity in 2050
and beyond, innovative technologies must be developed,
and new societal norms must be adopted, that support food
waste mitigation and management across all stages of
current food systems. Heating, cooking and drying
technologies to reduce energy usage in the processing
stages of the food production continuum are being

evaluated but have not been fully adopted. Likewise,
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technologies to treat and reuse water should be explored in
terms of their potential to reduce water usage. Effective
waste management methods that characterize the type and
amounts of food waste at every stage of the food
production continuum must be developed, evaluated, and
implemented.

Novel decision-support is necessary to prompt
constructive changes in public and private sector policies
and practices, as well as consumer behaviors toward food.
Global initiatives to implement comprehensive food waste
diversion and conversion programs may support integrated
solutions to maximize the economic, social, and
environmental benefits possible from more cyclical food
systems. These benefits may include improved household
access to nutritious food, lower energy-to-food ratios, and
the reduction, reuse, or recycling of food waste streams.

Such interventions should reduce food losses and waste

while increasing human health.
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