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The Food and Agriculture Organization of the United
Nations (FAO) estimates that 32 percent of all food
produced in the world was lost or wasted in 2009. This
estimate is based on weight. When converted into calories,
global food loss and waste amounts to approximately 24
percent of all food produced. Essentially, one out of every
four food calories intended for people is not ultimately
consumed by them.

Food loss and waste have many negative economic and
environmental impacts. Economically, they represent a
wasted investment that can reduce farmers’ incomes and
increase consumers’ expenses. Environmentally, food loss
and waste inflict a host of impacts, including unnecessary
greenhouse gas emissions and inefficiently used water and
land, which in turn can lead to diminished natural ecosys-
tems and the services they provide.

“Food loss and waste” refers to the edible parts of plants
and animals that are produced or harvested for human
consumption but that are not ultimately consumed by
people. In particular, “food loss” refers to food that spills,
spoils, incurs an abnormal reduction in quality such as
bruising or wilting, or otherwise gets lost before it reaches
the consumer. Food loss is the unintended result of an
agricultural process or technical limitation in storage,
infrastructure, packaging, or marketing. “Food waste”
refers to food that is of good quality and fit for human
consumption but that does not get consumed because it

is discarded —either before or after it spoils. Food waste
is the result of negligence or a conscious decision to throw
food away.
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Big inefficiencies suggest big savings opportunities. We
estimate that if the current rate of food loss and waste
were cut in half—from 24 percent to 12 percent—by the
year 2050, the world would need about 1,314 trillion
kilocalories (kcal) less food per year than it would in the
business-as-usual global food requirements scenario
described in “The Great Balancing Act,” the first install-
ment of this World Resources Report working paper
series. That savings—1,314 trillion kecal—is roughly 22
percent of the 6,000 trillion kcal per year gap between
food available today and that needed in 2050. Thus
reducing food loss and waste could be one of the leading
global strategies for achieving a sustainable food future.

Many approaches can be used to reduce food loss and
waste. We profile a subset of approaches that experts
suggest are particularly practical and cost-effective, that
could be implemented relatively quickly, and that could
achieve quick gains. These approaches include but are not
limited to: facilitating food redistribution or donation,
using evaporative coolers in places where refrigeration is
unavailable, introducing hermetically sealed plastic stor-
age bags for crops, using small metal silos, using plastic
crates instead of bags for crops, changing food date labels
to reduce consumer confusion about when food is unsafe,
conducting consumer awareness campaigns about how
to reduce household food waste, and reducing portion
sizes at restaurants and cafeterias. This non-exhaustive
list hints at the spectrum of approaches available across
selected stages of the food value chain.

Each of these approaches—and others like them—can
help reduce food loss and waste. To further galvanize
commitment to reducing food loss and waste, several
cross-cutting strategies are needed. These strategies will
require action from multilateral and bilateral donors,
intergovernmental agencies, national governments,

and the private sector, among others. We recommend
five strategies:

1. Develop a food loss and waste measurement protocol
2. Set food loss and waste reduction targets

3. Increase investment in reducing postharvest losses
in developing countries

4. Create entities devoted to reducing food waste
in developed countries

5. Accelerate and support collaborative initiatives
to reduce food loss and waste

The world faced an analogous failure of efficiency in the
1970s with energy. In the face of record oil prices and
growing demand, the world waged war on energy waste-
fulness and significantly improved its energy efficiency.
Yet a “war on waste” has yet to be waged when it comes to
food. With food prices recently hitting historic highs and
global food demand continuing to rise, now is the time.

Approximately one out of every four calories grown to
feed people is not ultimately consumed by humans.! Food
is lost and wasted to a varying extent across the globe,
across all stages of the food value chain, and across all
types of food. As a result, overall global food availability is
lower than it would be otherwise, negatively affecting food
security? and requiring the planet’s agriculture system to
produce additional food to compensate for the food that is
not ultimately consumed by people.

The potential benefits of reducing food loss and waste are
large. As a strategy for closing the food gap between food
available today and food needed in 2050 to adequately
feed the planet’s projected 9.3 billion people,® reducing
food loss and waste satisfies each of the development and
environmental criteria we introduced in the first install-
ment of the Creating a Sustainable Food Future series
(Table 1). While increasing food availability, reducing food
loss and waste can alleviate poverty and provide gender
benefits while reducing pressure on ecosystems, climate,
and water. Reducing food loss and waste may be one of
those rare multiple “win-win” strategies.

How can the world go about reducing food loss and waste
on a large scale? This installment of the forthcoming
World Resources Report Creating a Sustainable Food
Future (Box 1) addresses that question. This working
paper, which will feed into that report, begins by clarify-
ing definitions of food loss and waste, then quantifies the
scale of the problem and explores the impact addressing
the problem could have on the food gap. The paper then
focuses on practical solutions for reducing food loss and
waste and presents case studies of successful initiatives.
It concludes by offering recommendations for how to scale
up reductions in food loss and waste.
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Reducing Food Loss and Waste

Table 1 |

o

®

CRITERIA DEFINITION PERFORMANCE COMMENT

Poverty
Alleviation

Gender

Eco-
systems

Climate

Water

Box 1 |

Reduces poverty and
advances rural development,
while still being cost effective

Generates benefits for women

Avoids agricultural
expansion into remaining
natural terrestrial ecosystems
and relieves pressure on
overstrained fisheries

Helps reduce greenhouse gas
emissions from agriculture to
levels consistent with stabiliz-
ing the climate

Does not deplete or pollute
aquifers or surface waters

Reducing postharvest losses can increase the amount of food available to
farmers for their own consumption or for sale to market

Reducing postharvest losses can reduce the likelihood that small-holders
become net food buyers

Reducing losses in the value chain lowers expenditures of processors and
retailers per unit of food grown or harvested

Reducing food waste can lower household expenditures per unit of
food consumed

Reducing quality losses can better maintain nutritional value of food

Reducing food losses increases the return on investment of time spent
farming and could reduce the total time needed to work in fields

Reducing food waste could reduce total household expenditures on food,
freeing up resources for health, education, and other household benefits

Better utilizing food already grown reduces the need to convert more
ecosystems into food production or to harvest more wild food (e.g., fish)

Better utilizing food already grown reduces the need to convert more land,
apply more fertilizers, raise more livestock, and use energy for producing,
processing, transporting, and storing food

Diverting food loss and waste from landfills prevents methane emissions
from rotting food

Better utilizing food already grown reduces the need to withdraw more water
from aquifers or add more agricultural chemicals that may pollute water bodies

The world’s agricultural system faces a great balancing act among three needs. By mid-century, it needs to simultaneously close a gap of more than
60 percent between food available now and food required in 2050, help advance economic and social development, and reduce agriculture’s impact
on the environment.

This balancing act poses one of the paramount questions of the next 40 years: How can the world adequately feed more than 9 billion people by
2050 in a manner that advances social and economic development while reducing pressure on ecosystems, climate, and water resources? The
forthcoming World Resources Report, Creating a Sustainable Food Future, seeks to answer this question by proposing a menu of solutions that

can achieve the great balancing act. “Reducing Food Loss and Waste” profiles one of the solutions on this menu and is an installment in a series

of working papers leading up to the World Resources Report.

Since the 1980s, the World Resources Report has provided decision-makers from government, business, and civil society with analyses and insights
on major issues at the nexus of development and the environment. For more information about the World Resources Report and to access previous

installments and editions, visit www.worldresourcesreport.org.
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In this working paper, “food loss and waste” refers to the
edible parts of plants and animals produced or harvested
for human consumption but not ultimately consumed

by people. It represents a decrease in the mass, caloric,
and/or nutritional value of edible food intended for
human consumption at any stage in the food value chain.

Although the terms loss and waste are used in conjunction
throughout this working paper, they have distinct drivers
and, as a result, distinct solutions. “Food loss” refers to
food that spills, spoils, incurs an abnormal reduction in
quality such as bruising or wilting, or otherwise gets lost
before it reaches the consumer.# Food loss typically occurs
at the production, storage, processing and distribution
stages of the food value chain, and is the unintended result
of agricultural processes or technical limitations in storage,
infrastructure, packaging, and/or marketing.

“Food waste” refers to food that is of good quality and fit
for human consumption but that does not get consumed
because it is discarded—either before or after it spoils.5
Food waste typically, but not exclusively, occurs at the
retail and consumption stages in the food value chain and
is the result of negligence or a conscious decision to throw
food away.

Food loss and waste apply to food products in the value
chain starting from the moment that:®

Crops are ripe in the field, plantation, or orchard;

Animals are on the farm—in the field, sty, pen, shed, or
coop—ready for slaughter;”

Milk has been drawn from the udder;
Aquaculture fish are mature in the pond; and

Wild fish have been caught in the net.

The value chain ends at the moment food products are
consumed by people, discarded, or otherwise removed
from the food chain intended for direct human consump-
tion. Therefore, food that was originally meant for human
consumption but is removed from the food chain is con-
sidered food loss or waste, even if it is then used as animal
feed or bioenergy.®

Food loss and waste can occur at each stage of the food
value chain (Table 2). Some examples of how they can
occur at each stage are:

During production or harvest in the form of grain left
behind by poor harvesting equipment, discarded fish,
and fruit not harvested or discarded because they fail to
meet quality standards or are uneconomical to harvest.

During handling and storage in the form of food
degraded by pests, fungus, and disease.

During processing and packaging in the form of spilled
milk, damaged fish, and fruit unsuitable for processing.
Processed foods may be lost or wasted because of poor

order forecasting and inefficient factory processes.

During distribution and marketing in the form of
edible food discarded because it is non-compliant with
aesthetic quality standards or is not sold before “best
before” and “use-by” dates.

During consumption in the form of food purchased by
consumers, restaurants, and caterers but not eaten.?

In this working paper, food loss and waste do not include:

By-products—such as bones, organs, skins, seeds, peels,
hulls, and bran—that could be considered unavoidable
food waste because in specific supply chains they are
not intended for human consumption and are discarded
or used in non-food products;

Surplus food that is redirected to food banks and subse-
quently eaten by people;®°

Food grown intentionally for feed, seed, or industrial
use; and

Overconsumption beyond recommended caloric needs.
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Reducing Food Loss and Waste

Table 2 |

Production

DEFINITION

During or immediately
after harvesting on
the farm

INCLUDES

Fruits bruised during
picking or threshing

Crops sorted out post-
harvest for not meeting
quality standards

Crops left behind in
fields due to poor
mechanical harvesting or
sharp drops in prices

Fish discarded during
fishing operations

Handling
and Storage

After produce leaves the
farm for handling, storage,
and transport

Edible food eaten by pests

Edible produce degraded by
fungus or disease

Livestock death during
transport to slaughter or
not accepted for slaughter

Fish that are spilled or
degraded after landing

Processing
and Packaging

During industrial or
domestic processing and/
or packaging

Milk spilled during pas-
teurization and processing
(e.g., cheese)

Edible fruit or grains
sorted out as not suitable
for processing

Livestock trimming
during slaughtering and
industrial processing

Fish spilled or damaged
during canning/smoking

Distribution
and Market

During distribution

to markets, including
losses at wholesale and
retail markets

Edible produce sorted out
due to quality

Edible products expired
before being purchased

Edible products spilled
or damaged in market

Consumption

Losses in the home
or business of the

consumer, including
restaurants/caterers

Edible products sorted
out due to quality

Food purchased but
not eaten

Food cooked but
not eaten

percent of all food produced—a lower but still substantial
amount.'* Essentially, one out of every four food calories

The Food and Agriculture Organization of the United produced for humans is not being consumed.

Nations (FAO) estimates that 32 percent of all food pro-
duced in the world was lost or wasted in 2009."* Although
the waste estimates provided by the FAO have many
uncertainties, they are the most comprehensive global
numbers currently available (Box 2).

Box 2 |

The FAO data on food loss and waste used in this
working paper cover the following basic commodities
and their derived products:

The FAO estimate is based on weight. When consider-

ing weight, a ton of grain is the same as a ton of fruit,
which is the same as a ton of meat. However, food types
vary widely in terms of their water and caloric content
per kilogram. For instance, a kilogram of wheat flour on
average contains 12 percent water and 3,643 kcal whereas
a kilogram of apples on average contains 81 percent water
and 1,704 kcal.*? Consequently, measuring by weight does
not consistently reflect the energy in food products that
could have been consumed by people.

m \eat
m Fish and seafood
m Milk and eggs

m Cereals

m Roots and tubers

m Fruits and vegetables

m QOilseeds, pulses and nuts

Food products not included in this data are:

m Herbs, spices,
and condiments
m Coffee, tea, cocoa

m Sugar, honey

m Alcoholic beverages
m Confectionary products

Using the FAO Food Balance Sheets,3 we converted FAO’s
loss and waste estimates into calories. Measured this way,
global food loss and waste equates to approximately 24

Source: FAO (2013).
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Figure 1 |

1%

4%

LOSS AND WASTE
BY KCAL

(100% = 1.5 quadrillion kcal)

8%

Source: WRI analysis based on FAO. 2011. Global food losses and food waste—extent, causes and prevention. Rome: UN FAQ.

What is being lost and wasted?

Cereals comprise the largest share of global food loss and
waste by caloric content—53 percent (Figure 1). Meat is

a relatively small share—7 percent. However, not all loss
and waste is created equal. The relatively large envi-
ronmental impacts of meat in terms of greenhouse gas
emissions, land use, and water consumption per calorie
combined with the high economic costs of meat suggest
that reducing meat loss and waste should receive at least
as much attention as other commodities, despite compris-
ing a smaller share of caloric losses.'s

Whether one measures food loss and waste in terms of
calories or weight highlights different food commodities.
Whereas cereals comprise the most food loss and waste
relative to other food commodities on a caloric basis, fruits
and vegetables are the largest source of loss and waste on
a weight basis (Figure 1). This variance primarily results
from differences in water content; much of the lost and
wasted weight in fruits and vegetables is water. Nonethe-
less, reducing the loss and waste of fruits and vegetables is
clearly important since these foods provide people many
essential vitamins and minerals such as vitamin A, vitamin
C, and potassium needed for leading healthy lives.*

Figure 2 shows the percent of kcal lost or wasted for each
food commodity. Roots and tubers experience the greatest
amount of loss and waste—63 percent on a caloric basis.

2%
[¢]
Cereals
® Roots and
Tubers
LOSS AND WASTE ® Fruits and Vegetables
BY WEIGHT = Qilseeds and Pulses
0/ — HIN
(100% = 1.3 billion tonnes) Meat
m Milk
B Fish and Seafood
Figure 2 |
Roots Fruits Cereals Fish Meat Milk Oilseeds
and and and and
Tubers  Vegetables Seafood Pulses

Note: Values displayed are of waste as a percent of food supply, defined here as the sum of
the “Food” and “Processing” columns of the FAQ Food Balance Sheet.

Source: WRI analysis based on FAQ 2011.
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Reducing Food Loss and Waste

Forty-two percent is the rate for fruits and vegetables, Figure 3 |
and about a quarter of cereals and seafood produced are
lost or wasted.

Where is food loss and waste occurring?

Any effort to reduce food loss and waste needs to start
with a diagnosis of where it occurs. Analyzing the FAO

Industrialized Asia
® South and Southeast

data provides some insights."” Asia

® North America and
Regionally, about 56 percent of total food loss and waste Oceania
occurs in the developed world—North America, Oceania, = Europe

Europe, and the industrialized Asian nations of China,
Japan, and South Korea—whereas the developing world
accounts for 44 percent of the loss (Figure 3). On a per
capita basis, however, North America and Oceania®® stand
out from other regions (Figure 4), with about 1,500 kcal
per person per day lost or wasted from farm to fork.

Sub-Saharan Africa

® North Africa, West
and Central Asia

® | atin America

In terms of stages of the food value chain, 24 percent of Note: Number may not sum to 100 due to rounding.
global food loss and waste occurs at production, another Source: WRI analysis based on FAO. 2011. Global food losses and food waste—extent,
24 percent during handling and storage, and 35 percent at causes and prevention. Rome: UN FAQ.

consumption. These three stages taken together account
for more than 80 percent of global food loss and waste.

Figure 4 |

North America Europe Industrialized Asia North Africa, West Sub-Saharan Latin America South and
and Oceania and Central Asia Africa Southeast Asia

Source: WRI analysis based on FAO. 2011. Global food losses and food waste—extent, causes and prevention. Rome: UN FAQ.
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The distribution of this food loss and waste varies signifi-
cantly between developed and developing regions with
developed countries seeing more at consumption and
developing countries seeing more during production and
handling and storage (Figure 5).

Figure 6 shows that more than half of the food loss and
waste in North America, Oceania, and Europe occurs

at the consumption stage. In contrast, the two stages
closest to the farm—production and storage—account
for two-thirds to three-quarters of food loss and waste,
respectively, in South and Southeast Asia and in Sub-
Saharan Africa. This distribution suggests that efforts to
reduce food loss and waste should focus on stages “close
to the farm” in most developing regions and focus on
stages “close to the fork” in developed regions. However,
it should be noted that almost all urban areas experience
significant levels of food waste, regardless of whether
they are located in developed or developing countries.
These levels of waste may even be higher in cities located
in developing countries, which lack the infrastructure to
address this problem.*

Figure 5 |

The total share of food lost or wasted ranges from 15 per-
cent to 25 percent across most regions (Figure 6). The one
exception is North America and Oceania, where loss and
waste is approximately 42 percent of all available food,
suggesting the need for concentrated efforts to reduce the
waste levels in those regions.

What are the implications?

Food loss and waste have many negative economic and
environmental impacts. Economically, they equate to a
wasted investment that reduces the economic wellbeing
of actors in the food value chain. For example, food waste
at the consumption stage costs an average of US$1,600
per year for a family of four in the United States and £680
(about US$1,000) per year for the average household in
the United Kingdom.2° Annually, about US$32 billion
worth of food is thrown away in China. In Sub-Saharan
Africa, where many farmers earn less than US$2 a day,
postharvest losses have a value of up to US$4 billion

per year.*

Production and Storage

Handling Processing

and Packaging

Distribution
and Market

m Developing Countries
Developed Countries

24% 24%

35%

12%

Note: Number may not sum to 100 due to rounding.

Source: WRI analysis based on FAO. 2011. Global food losses and food waste—extent, causes and prevention. Rome: UN FAQ.
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Reducing Food Loss and Waste

Figure 6 |

Production

® Handling
and Storage

m Distribution
and Market

B Processing

= Consumption

North America Industrialized Asia Europe North Africa, West Latin America South and Sub-Saharan
and Oceania and Central Asia Southeast Asia Africa
42% 25% 22% 15% 17% 23%

Share of total food available that is lost or wasted

Note: Number may not sum to 100 due to rounding.

Source: WRI analysis based on FAQ. 2011. Global food losses and food waste—extent, causes and prevention. Rome: UN FAO.

Environmentally, food loss and waste represent unnec-
essary greenhouse gas emissions and wasted water and
land.22 Globally, the amount of food loss and waste in
2009 was responsible for roughly 3,300—5,600 million
metric tons of greenhouse gas emissions (carbon dioxide
equivalent), the upper end of which is almost equivalent
to the amount of carbon dioxide emissions from energy
consumption by the United States in 2011.2¢ Food loss and
waste are associated with approximately 173 billion cubic
meters of water consumption per year, which represents
24 percent of all water used for agriculture.? The amount
of cropland used to grow this lost and wasted food is

198 million hectares per year, an area about the size of
Mexico.2° And 28 million tons of fertilizer are used annu-
ally to grow this lost and wasted food.?” Beyond these
quantified impacts, natural landscapes and the ecosystem
services they provide are also adversely affected by the

resources that go into producing this lost and wasted food.

Big inefficiencies suggest big savings opportunities. But
how big is the potential? In 2012, the European Com-
mission set a target of reducing by 50 percent the rate

of food loss and waste in Europe by 2020.28 If this target
were extended globally to 2050, our analysis suggests that
achieving it would reduce the need to produce 1,314 tril-
lion kcal of food per year in 2050 relative to the business-
as-usual scenario described in “The Great Balancing Act,”
the first installment of this World Resources Report work-
ing paper series.? In other words, cutting the global rate
of food loss and waste from 24 percent of calories down

to 12 percent would close roughly 22 percent of the 6,000
trillion keal per year gap between food available today and
that needed in 2050.3° Thus our analysis suggests that
reducing food loss and waste could be one of the leading
global strategies or “menu items” for achieving a sustain-
able food future.
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Table 3 |

Production

Handling

and Storage

Processing
and Packaging

Distribution
and Market

Consumption

Facilitate donation of
unmarketable crops
p. 12-13

Improve availability of
agricultural extension
services

Improve market access

Improve harvesting
techniques

There is some precedent for progress. The Waste and
Resource Action Programme (WRAP) in the United
Kingdom achieved a 13 percent reduction in household
food waste from 2007 to 2010. Manufacturers and retail-
ers that signed up for Phase 2 of the Courtauld Commit-
ment, a voluntary agreement convened by WRAP, reduced
their food and drink waste by 8.8 percent between 2009
and 2011.* Pilot efforts in Benin, Cape Verde, India, and
Rwanda have documented reductions of food loss by more
than 60 percent during field trials of a variety of low-cost

Improve access to
low-cost handling and
storage technologies
(e.g., evaporative
coolers, storage bags,
metal silos, crates)

p. 14-21

Improve ethylene and
microbial management of
food in storage

Introduce low-carbon
refrigeration

Improve infrastructure
(e.g., roads)

storage techniques and handling practices.32
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Re-engineer manufacturing
processes

Improve supply chain
management

Improve packaging to keep
food fresher for longer

Facilitate increased
donation of

unsold goods

p. 12-13

Change food date
labeling practices
p. 22-23

Change in-store
promotions
p. 24-25

Provide guidance on food
storage and preparation
to consumers

Improve inventory systems

Facilitate increased
donation of unsold
goods from restaurants
and caterers

p. 12-13

Conduct consumer
education campaigns
p. 24-25

Reduce portion sizes
p. 26-27

Ensure home economics
taught in schools, col-
leges and communities

However, meeting a global 50 percent reduction goal

by 2050 is daunting. For example, even if approaches

to reduce losses at the production and storage stages in
developing countries prove successful, these gains might
be offset by increases in food waste at the consumption
end of the value chain as the global middle class grows.
Likewise, changing consumer behavior anywhere is
never easy. Nonetheless, the potential scale and multiple
benefits of reducing food loss and waste make the effort
worthwhile and desirable.



Reducing Food Loss and Waste

POSSIBLE APPROACHES

A wide range of approaches for reducing food loss and
waste are in use (Table 3). We do not cover all of them,
however, in this working paper. For instance, building
roads and introducing electric-powered refrigeration in
low-income countries would likely reduce food losses dur-
ing the handling and storage phase by enabling fresh food
to get to market more quickly and by preventing spoil-
age. Instead, we profile a subset of approaches that lit-
erature reviews, expert interviews, and co-author insights
suggest are particularly practical and cost-effective, could
be implemented relatively quickly, and could achieve
near-term gains once put into place. This non-exhaustive
subset is meant to indicate a range of approaches available
across selected stages of the food value chain. Some inter-
ventions, such as evaporative coolers for storage, directly
affect food, whereas others, such as consumer education
campaigns, indirectly affect food by influencing people’s
consumptive behavior.

We organize the approaches by stage in the value chain.
Approaches listed under the production, the handling and
storage, and the processing stages focus on reducing food
loss, and those listed under the distribution and mar-

ket and the consumption stages focus on reducing food
waste. Some approaches, such as increasing food redistri-
bution or donations, cut across multiple stages.

It is important to note that many technical solutions can
be effective only when other parts of the food supply chain
are effective. For example, improved on-farm storage will
not ultimately lead to reductions in food loss if farmers
have no access to a market where they can sell their har-
vest surplus. Retailers using poor forecasting techniques
may place food orders and later cancel them, negating per
unit efficiency gains made by food processors. Therefore,
progress in reducing food loss and waste will require an
integrated supply chain approach.34

Likewise, all actors in the food value chain need to be
involved if food loss and waste rates are to be significantly
curtailed. Farmers, agribusiness firms, and consumers

all have a role to play. Targeting solutions toward women
may be especially effective in many cases (Box 2).

Box 2 | The Role of Women in Reducing Food
Loss and Waste

Women in both developing and developed countries have
an important role to play in reducing food loss and waste,
since women interact with food at each stage of the value
chain from farm to fork. Close to the farm, women comprise
41 percent of the agricultural workforce worldwide and
make up the majority of agricultural workers in South Asia
and Sub-Saharan Africa.2 Close to the fork, surveys in a
wide range of countries show that women are responsible
for 85-90 percent of the time spent on household food
preparation.® Therefore, targeting women in food loss and
food waste reduction campaigns could result in greater
reductions than pursuing an unfocused campaign.

One such gender-targeted initiative in Tanzania focused on
providing female farmers with greater access to markets and
supplied participants with access to solar drying technology
that allowed for surplus fruits—that might other be lost—
to be dried and preserved.© Another campaign in Australia
called “1 Million Women” encourages women to take action
on a number of environmental issues, including reducing
food waste. The campaign has hosted events with a celebrity
chef to raise awareness of food waste, and its official
website provides tips on how to reduce waste and recipes
for how to efficiently use food.®

a. FAO (2007); World Bank, FAO and IFAD (2009)

b. World Food Programme (2013)

c. The Seed Initiative (2013) as cited in Think.Eat.Save (2013)
d. 1 Million Women (2012) as cited in Think.Eat.Save (2013)
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Food redistribution

Food redistribution or donation programs are a method
for reducing both food loss and waste. As used here, “food
redistribution” means voluntarily giving away food that
otherwise would be lost or wasted to recipients such as
food banks, which then redistribute the food to those

who need it. This strategy applies at the production stage
with crops that otherwise would go unharvested, at the
manufacturing stage with overproduced products, and at
the distribution and market stage with food left unsold at
stores and markets.

Why is there surplus food to redistribute?

There are a number of reasons edible grains, fruits, and
vegetables never leave the field. Some food might go
unharvested due to economic realities. If the price of a
given crop is too low to even pay for the labor required
to pick that crop and the transport costs associated

with selling it, it may be economically rational for the
farmer to let that food be lost. Crops also may not be
harvested due to weather or pest damage, blemishes, or
imperfections relating to shape, size, and color,3 although
these crops are often used for processed goods, given the
wide range of markets available to most farmers.3°

At the manufacturing stage, a food processor might pro-
duce a surplus amount of food when a product is gener-
ated to meet an order but then the order is subsequently
reduced by the retailer that placed it. This food is then
available to be redistributed to food banks.3”

At the market stage, surplus food might be generated
when a store purchases too much of a certain item that
then approaches or goes past the “sell-by” or “display
until” date printed by the manufacturer.3® Food is gener-
ally still safe to eat after these dates, as it is only a measure
of when a food item has passed its peak quality. But stores
are unable to sell such items in most places due to local
regulations and consumer concerns that the food has thus
“expired.”® In addition, fresh-cooked meals at food retail
stores that are unsold at the end of a day typically are
thrown away.+°

What are the key obstacles?

The leading obstacles to food redistribution are related to
transportation, legal, and economic factors. For instance,
farmers and stores with surplus food might not be physi-
cally close enough to food banks or food rescue groups

to economically deliver unused food. Prospective food
donors can be concerned about legal repercussions should
the food somehow be unsafe and the recipients of the food
suffer health consequences.+ Furthermore, if economic
considerations make it prohibitive for a farmer to harvest
and sell a type of food on the market, it seems unlikely
that the same farmer will then incur the labor, logistical,
and transportation costs to donate that food.
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What could facilitate increased food redistribution?

The transportation obstacle for food redistribution can

be difficult to address. Establishing additional food bank
locations could lessen travel distances and make redistri-
bution easier for many farmers and retailers. Likewise, an
adequately-funded nonprofit organization could run sched-
uled retrieval services, driving to farms and retail stores,
picking up donated goods, and delivering to food banks.

To address the legal obstacle, governments can pass “Good
Samaritan” laws which limit the liability of donors in case
redistributed food unexpectedly turns out to be somehow
harmful to the consumer. These laws generally do not pro-
tect against gross negligence or intentional misconduct,
but instead assure food donors that they will not be penal-
ized for redistributions made in good faith.4* In addition
to granting legal protection to donors, these laws may also
be seen as a symbolic endorsement of food redistribution
efforts, bringing attention to redistribution to those who
might not have considered it in the past.+3

One such example of this type of law is the Bill Emerson
Good Samaritan Act in the United States, enacted in 1996.
This law protects food donors from civil and criminal
liability if the product they redistributed in good faith to

a charitable organization later causes harm to the needy
recipient. It also standardizes donor liability exposure—
donors no longer have to accommodate 50 different
liability laws in 50 different states.+

To help address the economic obstacles, governments
can introduce tax incentives for food donations. In the
United States, California, Arizona, Oregon, and Colorado
each have passed state laws providing tax credits for food
redistribution to state food banks, but there is currently
no federal tax incentive for food donation.4

Case Study: SecondBite

In Australia, the nonprofit organization SecondBite facili-
tates food donation by linking farmers and retailers with
community groups and food banks. SecondBite effectively
functions as a broker, first collecting food from donors
and then distributing it among community groups that are
already aware of where hunger and malnutrition are most
prevalent. In this way, SecondBite draws upon existing
knowledge and expertise of other organizations to further
its mission. SecondBite also works with state governments
in Australia to introduce Good Samaritan Acts to promote
food donation. In 2012, SecondBite rescued and redirected
3,000 metric tons of fresh food that otherwise would have
been lost or wasted.
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Evaporative coolers

Evaporative coolers extend the shelf life of food and
avoid spoilage by keeping food at lower-than-room
temperatures without having to use electricity. This low-
cost, low-energy technique provides an opportunity to
store perishable foods longer in areas that lack electricity
infrastructure or that have low-income farmers.

How does evaporative cooling work?

When air passes over a wet surface, water from the surface
evaporates into the air. As the water evaporates, it with-
draws heat from the surface, creating a cooling effect upon
that surface.+” Evaporative coolers harness this effect in a
number of different ways, but the general design of each

is similar. One vessel, holding the food being stored, is
placed inside another vessel filled with water. As the water
evaporates, the inner vessel stays cool. Water is then
refilled as needed.*®

What are some example applications?

One of the simplest evaporative coolers is the “zeer,”
invented by Nigerian teacher Mohammed Bah Abba in
1995.4° The zeer follows the standard evaporative cooling
process, except that the outside vessel is filled with wet
sand instead of water, which yields an added insulating
effect for the internal vessel. The sand is generally re-wet
twice a day. The zeer itself costs less than US$2 to pro-
duce, can hold up to 12 kg, and can be reused for several
years before becoming saturated with salts and needing

replacement.5° The zeer dramatically extends the shelf life
of the items kept in it. For example, tomatoes and guavas,
which might normally expire within two days without any
storage, last up to 20 days in a zeer.>

A somewhat more complex evaporative cooler is the “zero
energy cool chamber.” The zero energy cool chamber
(ZECC) consists of two brick walls, one nested inside of
the other, with the cavity between the two filled with wet
sand. The external wall is submerged in water before con-
struction in order to soak the bricks and then is removed
for construction. The chamber has a cover constructed
out of bamboo and an awning to avoid direct sunlight or
rain.?? The outer wall and the sand inside are re-wet twice
daily while the chamber is in use.5 The total cost of
construction is about US$74, and the finished chamber
can hold 100 kg. Like the zeer, the ZECC can be reused for
many years.

Studies in India found that a ZECC was up to 11°C cooler
than the outside air temperature in the hottest months

of the year.5* The chamber significantly increases shelf life
and reduces weight loss for fruits and vegetables stored
within it (Table 4). Thus far, ZECCs seem to be most
common in India, and are now being actively promoted
in Tanzania by the World Vegetable Center (AVRDC).55

What are the benefits?

Evaporative cooling is a relatively low-cost method of pre-
serving fruits, vegetables, roots, and tubers, especially in
regions where electric refrigeration is either prohibitively
expensive or unavailable due to lack of a reliable electricity
supply.5® Almost all of the costs associated with evapora-
tive cooling are up-front, which provides certainty around
the expenses associated with using these coolers. Further-
more, the materials necessary to construct evaporative
coolers tend to be locally available and relatively simple

to acquire.”
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What are some limitations?

Limitations to evaporative coolers center on storage
capacity, ambient humidity levels, and water availability.
For instance, evaporative coolers tend to have relatively
low storage capacity, limiting their use to households and
small farms. Evaporative cooling as a principle does not
work in areas with high levels of humidity, since the air
is already saturated with moisture and thus not much
evaporation will occur.5® In addition, evaporative coolers
may also not be feasible in locations with limited access
to water, although the water used does not need to be
potable as long as food stored in the coolers is protected
from contamination.

What can promote the use of evaporative coolers?

Since evaporative coolers are constructed from locally-
available materials and do not require an extensive
amount of training to properly use, the primary challenges
for the spread of evaporative coolers are the need for
greater awareness about evaporative coolers and educa-
tion on how to use them. Extension agencies could play

a role in spreading awareness of evaporative cooling via
farmer engagement. Agencies could also create demon-
stration sites showing how to construct a ZECC, as is being
done during 2012—13 in Tanzania by the University of
California-Davis, the World Food Logistics Organization
(WFLO), and AVRDC.? These sites could then reach a
large number of people at the same time and could train
farmers and households on how to spread the word to
others—a “train the trainers” type of approach.®® In addi-
tion, public service announcements from extension agen-
cies and development organizations in the form of radio
stories, newspaper articles, and mobile texts could reach
farmers to spread information about evaporative cooling.

Case study: Evaporative coolers in India®’

In the mid-1990s, the extension organization Krishi
Vagyan Kendra (KVK) began to investigate a common
problem for farmers in dryland villages in India. Farmers
were taking their crops to market far more often than they
would prefer because otherwise the crops would spoil.
Taking the crops to market every other day was strenuous
and time-consuming, but lacking adequate storage, the
farmers had no choice.

Table 4 |

SHELF LIFE (IN DAYS)

ADDED
ZERO SHELF LIFE
ROOM ENERGY (PERCENT)
TEMPERATURE cooL
CHAMBER
Banana 14 20 43%
Carrot 5 12 140%
Cauliflower 7 12 71%
Guava 10 15 50%
Lime 1 25 127%
Mango 6 9 50%
Mint 1 3 200%
Peas 5 10 100%
Potato 46 97 111%

Source: Adapted from Roy. n.d. “On-farm storage technology can save energy and raise
farm income.” Presentation.

The KVK determined that ZECCs would be a useful solu-
tion for farmers facing this problem. With funds provided
by the National Horticulture Board of India, the KVK
constructed 200 ZECCs in 10 villages and conducted 40
training programs on their construction and use during
the period of 1997 through 2000. The KVK estimates that
1,200 farmers were reached as a result of this project, and
found that additional farmers outside the program area
were requesting the installation of the chambers in their
own villages.
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Plastic storage bags

Damage from pests is a major source of food loss during
the handling and storage phase of the supply chain. Take
cowpeas for instance. The crop is important for many
smallholder farmers due to the cowpeas’ ability to adapt
to dry, hot conditions.® The crop is especially impor-
tant in West and Central Africa, regions that account for
approximately 69 percent of the world’s total production
of cowpeas by volume.®® However, damage to cowpeas
from insects can result in lower prices for farmers and
even in outright loss of the crop.® Researchers at Purdue
University in the United States have worked to reduce this
damage by developing a simple reusable plastic storage
bag, the “Purdue Improved Cowpea Storage” (PICS) bag.

How does PICS work?

PICS uses three bags nested within each other, with the
innermost bag holding the crop being stored. After filling,
each bag is tied tightly so as to form an airtight seal. Once
the bag is tied, any pests remaining in the bag have a finite
amount of oxygen to draw upon. As oxygen is depleted,
the insects stop feeding on the cowpeas and become inac-
tive, eventually drying out entirely and dying.% PICS bags
allow the crop to remain in storage for many months with-
out degradation in quality due to pests. The bags may also
be useful for other crops, such as maize,® although use to
date has primarily focused on cowpeas.

What are the barriers to uptake?

A number of barriers to widespread use of PICS bags exist.
Limited availability of PICS bags is the main constraint

in many countries, due to an insufficiently dense network
of agricultural input retailers in many countries.®” For
example, the average distance to a PICS retailer is nearly
13 kilometers in some parts of Niger.®®

Low levels of awareness about PICS bags can also be a
constraint. In a survey of Nigerian villages that were not
part of any PICS pilot project, only about half of survey
respondents had heard of the PICS bags, suggesting that
word-of-mouth is not sufficient to spread awareness of

a new technology.® Up-front purchasing costs may also
deter some farmers, although relatively few farmers cite
this as the main barrier to adoption.” High import tariffs
on raw materials for manufacturing the bags add to the
cost, as do high transportation costs for vendors who sell
the bags.

The prevalence of other methods of storage may also
adversely affect the spread of PICS bags. Many farmers
use pesticides to kill insects in stored crops and are
skeptical of non-pesticide technology, despite the often
higher costs of using pesticides.”

How can PICS be scaled up?

Extension services have an important role to play in
spreading awareness of new technologies such as PICS
bags and educating farmers on how to use them. Exten-
sion services can answer questions, assuage concerns, and
provide training by hosting demonstrations and holding
events where PICS bags are filled with cowpeas, stored for
months, and then reopened to show the lasting freshness
of the stored cowpeas.

Donor agencies and governments can increase the avail-
ability of PICS bags and similar technologies through
interventions such as pilot programs that purchase large
volumes of the bags and distribute them to villages,
thereby priming demand for the bags. In addition, govern-
ments could reduce tariffs on the raw materials—primarily
plastics—used to make the bags so that they can be made
in-country at lower cost, which in turn can make the bags
more affordable to farmers.
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Figure 7 |
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Source: Grace, J., U. Ugbe, and A. Sanni. 2012. “Innovations in the Cowpea Sector of Northern Nigeria: Research Into Use Nigeria.” Presentation.

PICS bags are an example of a simple technology that is
easy to use. Similar approaches for other crops may be
attractive options for tackling storage-related losses.

Case study: PICS in Nigeria

A study led by Research Into Use (RIU) in Nigeria in 2009
distributed PICS bags to approximately 600,000 farmers
in an effort to introduce a commercially viable, non-toxic
method of storing cowpeas.” Before distributing any bags,
RIU conducted a survey to assess awareness levels among
farmers in the study areas. They found that only about half
of surveyed farmers were even aware of improved storage
techniques, such as PICS bags, while only about 25 per-
cent were making use of improved storage techniques.”
Many farmers were skeptical of the viability of the PICS

bags, despite PICS bags being cheaper than pest